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INTERNATIONALELECTROTECHNICAL COMMISSION

POWER INSTALLATIONS EXCEEDING
1 kV AC AND1,5kV DC -

Part1:-Commonrules AC

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien’comprising
al] national electrotechnical committees (IEC National Committees). The object of IEC is to premote interndtional
cq-operation on all questions concerning standardization in the electrical and electronic fields/To this end and
in|addition to other activities, IEC publishes International Standards, Technical Specifications;Technical Reports,

Pdblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG, RUblication(s)").[Their

prleparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with

mpy participate in thispreparatory work. International, governmental and non-governimental organizationsligising
with the IEC also participate in this preparation. IEC collaborates closely with the\nternational Organizatipn for

Sflandardization (ISO) in accordance with conditions determined by agreement'between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express,(@s nearly as possible, an interngtional
cqnsensus of opinion on the relevant subjects since each technicallcommittee has representation fr¢m all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Ndtional
Copmmittees in that sense. While all reasonable efforts are made to ensure thatthe technical content ¢f IEC
Pdblications is accurate, IEC cannot be held responsiblefof the way in which they are used or fgr any
m|sinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
tr@ansparently to the maximum extentpossible in their national andregional p ublications. Any divergence befjween
arnjy |IEC Publication and the corresponding national.@¥ regional publication shall be clearly indicated in thelatter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide confgrmity
agsessmentservices and, in some areas, aceess to IEC marks of conformity. IEC is notresponsible fgr any
sgrvices carried out by independent certification bodies.

6) Alll 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 experfs and
members of its technical commiftees and IEC National Committees for any personal injury, property damgge or
ofher damage of any nature(wh'atsoever, whether direct or indirect, or for costs (including legal feeq) and
e)lpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othegr IEC
Publications.

8) Aftention is drawn to the Normative references cited in this publication. Use ofthe referenced publicatipns is
in[dispensable for the ¢orrect application of this publication.

9) Aftention is drawn\fo the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall-not be held responsible for identifying any or all such patent rights.

allows’the user to identify the changes made to the previous IEC 61936-1:2010+AMD1:
2014 CSV edition 2.1. Futhermore, comments from IEC TC 99 experts are provided to
explain the reasons of the mostrelevant changes.

Thi}commented version (CMV) of the official standard IEC 61936-1:2021 editio&q&o

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the

comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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International Standard IEC 61936-1 has been prepared by IEC technical committee 99:
Insulation co-ordination and system engineering of high voltage electrical power installations
above 1,0kV ACand 1,5kV DC.

This third edition cancels and replaces the second edition published in 2010 and
Amendment 1:2014. This edition constitutes a technical revision.

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

a) introduction has been rewritten to reflect the status when this document is produced;

(o
~
—

he scope has beenimproved to clarify the application of this document;

missing and obsolete terms and definitions have been updated including improvemgnt of
gxisting terms;
1

able 1 has been updated where agreements between supplier and user.areneeded;

®
N—"
=

bquirements of electromagnetic compatibility have been clarified;

—
-~

ihsulation coordination clause (Clause 5) has improved wording fef.better clarity ang the
bchnical content has an updated coordination to the latest versions of the insulption
oordination standards;

o

g) wordingregarding electrical equipment has been improved,and made clearer;
h) dubclause for fuses has beenimproved and reworded;

i) requirements have been added for labelling when,multiple sources are required tp be
disconnected;

j) missingrequirements for GIS have been reintfeduced;

k) sgubclause regarding ventilation (HVAC) has'been improved;

) fljguresin Clause 7 have been updatedsand moved to the corresponding subclause;

m) requirements for transformer installations have been improved including adjustmept of
gditorial typing-errors;

n) dlause on protection, automation and auxiliary systems has been restructured|and
improved,;

0) plrotection againstlightning strokes has been extended;

p) dlarification of content‘due to the distinction between erection (and providing electfrical
gafety for the intended use of the electrical power installation) and subsequent actiyities
such as maintefiance and repair with safe working procedures;

g) where no provincial, national or regional regulations are available for safe wofking
drocedures;an informative guideline is provided in Annex F. This replaces the former parts
df Figure3'in Clause 7.

The fext 0f this International Standard is based on the following documents:

FDIS Reporton voting
99/311/FDIS 99/316/RVD

Full information on the voting forits approvalcan be foundinthe report on voting indicated in
the above table.

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

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


http://www.iec.ch/members_experts/refdocs
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A list of all partsinthe IEC 61936 series, published under the general title Power installations
exceeding 1kV AC and 1,5kV DC, canbe found on the IEC website.

A document on principles to be observed in the preparation of safety publications regarding
high voltage installations is currently under development (IEC TS 61936-0).

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specificdocument. At this date, the documentwill be

. econfirmed,

-

. ithdrawn,

=

—

bplaced by arevised edition, or

e admended.

The feader's attention is drawn to the fact that Annex G lists all of the "in-some-country" clguses
ond|ffering practices of aless permanent nature relating to the subjectof this document.

IMRPORTANT - The 'colourinside’'logo on the cover page of this publication indicates
thakit contains colours which are considered to be useful for the correct understanding

of ifts contents. Users should therefore print thiscdocument using a colour printer.
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INTRODUCTION

This part of IEC 61936 contains the minimum requirements for the design, erection, and
verification of high voltage power installations greater than 1 kV AC. The rules are intended to
provide for the safety of persons, livestock and property against dangers and damage which
may arise in the reasonable use of such electrical installations and to provide for the proper
functioning of those installations.

There are many provincial, national and regional laws, standards and internal rules dealing with
the matter coming within the scope of this document regarding high voltage power installations.

Theen nracticac hava hoontalkan ac o hacic farthic \awnrle
CpTra ot e o e e e o ST Ot WOk

Hations-

This|third edition of IEC 61936-1, first published in 2001, follows worldwide feedback to imgrove
clarify. It continues the effortto towards the alignment all ovefithe world of practices concejning
the design and erection of high voltage power installations:

Partjcular requirements for transmission and distribution installations, as well as partilcular
requjrements for power generation and industrial installations, are included in this document.

While national standards and regulationstake precedence, jurisdictions may electto adopt the
requjrements of this document.
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POWER INSTALLATIONS EXCEEDING
1 kV AC AND1,5kV DC -

Part1:-Commonrules AC

1 Scope

This|part of IEC 61936 provides-commonrules requirements for the design and the erectipn of

elecirical power installations in systems with nominal voltages-above exceeding 1 kM\A(Q and

nom|nal frequency up to and including 60 Hz, so as to provide safety and proper functioning for
the Use intended.

Forthe purpose of interpreting this document, an electrical power installation’is considergd to

be ophe of the following:

a) gubstation, including substationfor railway power supply;

b) dlectrical power installations on mast, pole and tower, switehgear and/or transformers
Ipcated outside a closed electrical operating area;

c) dne (or more) power station(s) located on a single site, the electrical power installption
includes generators and transformers with all associated switchgear and all electrical
guxiliary systems. Connections between generating‘stations located on different sitep are
gxcluded;

d) the electrical system of a factory, industrial plant or other industrial, agricultural, commercial
dr public premises;

e) dlectrical power installations—erected o offshoreplatforms facilities for the purpoge of
deneration, transmission, distribution&nd/or storage of electricity-e-g—offshore-wind plower
farms; |1

f) tfansitiontowers/poles (betweeroverhead lines and underground lines). [2

The Electrical power installation‘includes, among others, the following equipment:

— rotating electrical machines;

— sjwitchgear;

— transformers and“reactors;

— clonverters;

— cfables;

— Wiring-systems;

- atieres;

— capacitors;

— earthing systems;

— buildings and fences which are part of a closed electrical operating area;

— associated protection, control and auxiliary systems;

— large aircorereactor.

NOTE 1 In general,-astandardferan-tem-of equipment standards take precedence over the requirements of this

document.

This documentdoes notapply tothe designand erection of any of the following:

overhead and underground lines between separate electrical power installations;


The extent of this application area has been given an improved description. Included offshore installations are related to transmission, storage and generation. This also implies that for specific applications, e.g. offshore platform/units for exploration of petroleum resources, platforms for gas and oil, are excluded.

A clarification of former wording, see indent ”b)” above. A transition pole today normally includes installations, e.g. surge arresters etc.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956
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— electric electrified railway tracks and rolling stock; |3
— mining equipment and installations;
— fluorescentlamp installations;

— installations on ships according to IEC 60092 (all parts) and offshore units according to
IEC 61892 (all parts), which are used in the offshore petroleum industry for drilling,
processing and storage purposes;

— electrostaticequipment (e.g. electrostatic precipitators, spray-painting units);
— testsites;

— medicalequipment, e g medical X-ray equipment

This[documentdoes notapply to the design of prefabricated, type-tested switchgear and|high
voltgge/low voltage prefabricated substation, for which separate IEC standards exiist;

NOTIE 2 The scope of this document does not-apphy-te include the requirements for carrying out live working on
electtical power installations. |4

NOTE 3 The scope of this document considers safety requirements for HV installatiogsyand the influences of HV

installations on LV installations. H-retetherwisereguired-inthis-standard; Fordow-veliage electrical installatigns up
to 1V, IEC 60364 (all parts) applies.

2 Normative references

The following documents are referred to in the text in such a’way that some or all of their copntent
congtitutes requirements of this document. For datedreferences, only the edition cited applies.
For lundated references, the latest edition of thevreferenced document (including| any
amepdments) applies.

IEC 60034-1, Rotating electrical machines~Rart 1: Rating and performance

IEC 60034-3  Rotating electricalmachifies Part 3- Snecificreaguirements for svnchrdnous
+=S—OtaHG-6+ Boeadne el === P-e-HH FO-HB-HHSFOH—SY-HGHFGROUS

SGHH
gengra

IEC $0060-1, High-voltage testtechniques — Part 1: General definitions and test requirements
IEC $0071-1:2019, Insulkation co-ordination — Part 1: Definitions, principles and rules

IEC $0071-2:49986,(Insulation co-ordination — Part 2: Application guidelines

IEC 0076 (akparts), Powertransformers

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas
atmospheres

IEC 60079-10-2, Explosive atmospheres — Part 10-2: Classification of areas —Combustible
Explosive dustatmospheres

IEC 60255 (all parts), Measuring relays and protection equipment



Wording updated. Old wording obsolete.

The scope states that an electrical power installation shall provide electrical safety and proper functioning for the use intended. To make subsequent activities, such as maintenance, repair, etc., safe working procedures for the intended activity has to be applied according to such standards. See also Clause 8 and Annex F.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

- 14 - IEC 61936-1:2021 CMV © IEC 2021

IEC 60331-1, Tests for electric cables under fire conditions — Circuit integrity — Part 1: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm

IEC 60331-21, Tests for electric cables under fire conditions — Circuit integrity — Part 21:
Procedures and requirements — Cables of rated voltage up to and including 0,6/1,0 kV

IEC 60332 (all parts), Testson electric and optical fibre cables under fire conditions

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

IECHFS 60479-1:20052018, Effects of current on human beings and livestock — Part 1xGeheral
aspgcts

50529, Degrees of protection provided by enclosures (IP Code)

combustion-of materialsfrom cables Part 1-

oot oo — et oot T T

IEC TS 60815-1, Selectionand dimensioning of high-voltage insulators intended for use in
polldted conditions — Part 1: Definitions, information and general principles

IEC TS 60815-2, Sglection and dimensioning of high-voltage insulators intended for uge in
polldted conditions — Part 2: Ceramic and glass insulators fora.c. systems

IEC TS 608153, Selection and dimensioning of high-voltage insulators intended for use in
pollyted canditions — Part 3: Polymer insulators fora.c. systems

IEC TR 61000-5-2, Electromagnetic compatibility (EMC) — Part 5: Installation and mitigation
guidelines — Section 2: Earthing and cabling


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956
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IEC 61034-1, Measurement of smoke density of cables burning under defined conditions —

Part

1: Test apparatus

IEC 61219, Live working — Earthing or earthing and short-circuiting equipment using lances as

a sh

IEC

Drt-circuiting device— Lance earthing

51230, Live working — Portable equipment for earthing or earthing and short-circuitin

IEC TS 61463, Bushings — Seismic qualification

IEC $2271-1:20072017, High-voltage switchgear and controlgear — Part 1: Coni
spedifications for alternating current switchgear and contro
Amepdment 120414

IEC $2271-200, High-voltage switchgear and controlgear — Part 200: AC metal-enc

swit

IEC
encl
52 k

IEC

thgear and controlgear for rated voltages above 4 kV and up to and including 62 kV

52271-201, High-voltage switchgear and . controlgear — Part 201: AC solid-insu
bsed switchgear and controlgear for rated voltages above 1 kV and up to and incli
v

52271-202, High-voltage switchgear and controlgear — Part 202: High-voltage/low-vg

prefabricated substation

IEC
encl

IEC

52271-203, High-voltage Switchgear and controlgear — Part 203: Gas-insulated nj
bsed switchgear for ratedyvoltages above 52 kV

mon
gear

osed

ation
yding

tage

etal-

nf‘ﬂ

ndida

IEC
gas-

IEC

52271-207¢/-High-voltage switchgear and controlgear — Part 207: Seismic qualificatiqg
nsulated.switchgear assemblies for rated voltages above 52 kV

n for

R@®2271-300, High-voltage switchgear and controlgear — Part 300: Seismic qualifig

ation

of al

ernatingcurrentcircuit=-breakers
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IEC/IEEE 82079-1, Preparation of information for use (instructions for use) of products — Part 1:
Principles and general requirements

3 Terms and definitions

Forf

ISO
addr

3.1

3.1.1
elec
item
of e
mea

[SOL
repld

3.1.%
nom
valu

he purposes of this document, the following terms and, d€finitions apply.

and IEC maintain terminological databases fordse in standardization at the follg
esses:
FC Electropedia: available at http://www.elecCtropedia.org/

5O Online browsing platform: available aichttp://www.iso.org/obp

General definitions

trical equipment
used for such purposes as"generation, conversion, transmission, distribution or utiliz
ectric energy, such as jelectric machines, transformers, switchgear and control

suring instruments, protective devices, wiring systems, current-using equipment
JRCE: IEC 60050-826:2004, 826-16-01, modified — In the term, "electric" has

ced by "eleactrical".]

inalvalue
b of ‘a-quantity used to designate and identify a component, device, equipmentor sys

wing

ation
gear,

peen

tem

[SOURCE: IEC 60050-151:2001, 151-16-09, modified — The note has beenremoved.]

3.1.3
rated value
value of a quantity used for specification purposes, established for a specified set of operating

conditions of a component, device, equipment, or system


http://www.iso.org/obp
https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956
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[SOURCE: IEC 60050-151:2001, 151-16-08]

3.1.4

highest voltage for installation

Um

highest RMS value of phase-to-phase voltage for which the installation is designed in respect
of itsinsulation

Note 1 to entry: Forthe purpose of this document, "highest voltage for installation U,_"is equal to "highest voltage
for equipment U_"according to IEC 60071-1.

3.1.

tested connection zone
zong in the vicinity of equipment terminals which has passed a dielectric type test with the
appropriate withstand value(s), the applicable conductors being connected to the.terminals in

a mgnner specified by the manufacturer of the equipment

3.1.

isolating distance
<of g pole of a mechanical switching device> clearance between lopen contacts meeting the
safely requirements specified for disconnectors

[SOURCE: IEC 60050-441:49842000, 441-17-35]

3.1.7
isolation
swit¢hing off or disconnection of an electrical power installation, a part of an electrical ppwer
instgllation or an equipment from all non-earthed conductors by creating isolating gaps or
distgnces

3.1.8
live part
cond
cond

isold

Note|1 to entry: This conceptidoes not necessarily imply a risk of electric shock.

NOTE 2 Egor dofinitioneocft-PEMand PEl sealEC E0050-105-4008 105 02 123 and IEC 80050-495-10Q08 195 N2 14
L e —ae-HRHehR EtvahaT—Ec = t —t Tt =—to—aRa+E T —t Tt =t

[SOWRCE: IEC-60050-195:49982021, 195-02-19, modified — "conductor or " has been addpd at
the dtart of th€e‘definition. "neutral conductor and mid-point conductor" has been replaced with
"isolated newtral point". LV terms and relation notincluded.]

3.1.9
feeder

electric line originating at a main substationand supplying one ormore secondary sub stations,
oroneormore branch lines, or any combination of these two types of installations

[SOURCE: IEC 60050-601:1985, 601-02-08, modified — Branch lines included and the
combination of those installations]

3.1.10

ferro-resonance

resonance-of due to oscillations between the capacitance of an apparatus-with and the
inductance of the saturable magnetic circuit of an adjacent apparatus

[SOURCE: EC-60050-604-14987-604-04-14 |IEC 60050-614:2016, 614-01-19]
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3.1.11

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

[SOURCE: 4EC60050-604—Amendment1:1998,604-03-14 |[EC 60050-614:2016, 614-03-14,

mod

ified — The notes to entry have been deleted.]

3.1.12
temporary overvoltage

TOV

pow

Note
times

[SO

3.1.1
high
HV

voltd

[SOLl
to pn

3.1.1
low
LV

volt3

[SO
to pn

3.1.1
oper
all a
elec

Note

[SO
pow

br-frequency overvoltage of arelatively long duration

1toentry: Theovervoltagemaybe undamped or weakly damped.In somecases,its frequency may be s
smaller or higher than power frequency.

URCE: IEC 60071-1:2019, 3.17.1]

3
voltage

ge exceeding 1000V AC

JRCE: IEC 60050-601:1985, 601-01-27, modified — Fixed limitHV > 1 000 V and synq
eferred term moved to new line.]

4
yoltage

ge notexceeding 1000V AC

JRCE: IEC 60050-601:1985, 601-084-26, modified — Fixed limit LV <1 000 V and synd
eferred term moved to new linegy)

5

ation

tivities, including beth-electrical and non-electrical work activities, necessary to perm

ric power installation to function

1 to entry: These activities include switching, controlling, monitoring and maintenance.

JRCE: IE€60050-151:2001, 151-11-28, modified — Enlarged extent related to elq
brinstatations.]

pveral

nym

nym

it the

ctric

3.1.

6

normal conditions of operation
all operating conditions frequently encountered

Note 1 to entry: These include rated operating conditions, maximum and minimum operating conditions, partial

load,

normal transients (start-up, shut-down, load changes) and standby situations.

3.1.17
abnormal conditions of operation
operating conditions of low occurrence (typically only a few times during equipment lifetime)

Note 1 to entry: Theseinclude human errors, loss of power supply, overvoltages, earthquake, etc. After such a
condition has occurred, equipment inspection may be required.


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956
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3.1.18

electrical work

work on, with or near an electrical power installation such as testing and measurement,
repairing, replacing, modifying, extending, erection and inspection

3.2 Definitions concerningelectrical power installations

3.2.1

closed electrical operating area

room orlocation foroperation of electrical power installations and equipmentto which access
isintended to be restricted to skilled orinstructed persons orto lay-personnel ordinary persons
unde

3.2.2
opetating area subject to fire hazard
roon, area or location, indoor or outdoor, where there is a danger, due te local or opefating
conditions, that hazardous quantities of easily flammable materials may come so close tp the
elecirical equipment as to cause a fire hazard resulting from theChigh temperature of the
equipmentordue to arcing

3.2.3
sump
receptacle which is intended to receive the insulating liquid-of a transformer or other equipment
in cgse of leakage

3.2.4
catchment tank
collgcting tank for the leakage liquids,rain water, etc. for one or more transformers or ¢ther

equipment

3.2.5
busbar
conductor with associated connections, joints and insulated supports forming a conjmon
elecfrical connection befween a number of circuits orindividual pieces of apparatus

3.3 | Definitions concerningtypes of electrical power installations

3.3.1
subgtation
<of § power system)>part of a power system, concentrated in a given place, including mlainly
the tertminations of transmission or distribution lines, switchgear and housing and which{may

aISO melude teancfae
HerHaetHahRsStormers

Note 1 to entry: It generally includes facilities necessary for system security and control (e.g. the protective
devices).

Note 2 to entry: According to the nature of the system within which the substationis included, a prefix may qualify
it.

EXAMPLE Transmission substation (of a transmission system), distribution substation, 400 kV substation, 20 kV
substation.

[SOURCE: IEC 60050-605:1983, 605-01-01, modified — Supplementary information has been
moved from the definition to Note 1 to entry.]


The requirements for closed electrical operating areas has not been changed. As requirements are not permitted within definitions, the requirement has been transferred to Subclause 7.1.
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3.3.2

power station

installation whose purpose is to generate electricity and which includes civil engineering works,
energy conversion equipment and all the necessary ancillary equipment

[SOURCE: IEC 60050-602:1983, 602-01-01]
3.3.3

installations of open design
installations where the equipment does nothave protection against direct contact

334
: ati ¢ | | dosi
T ‘ :

MOTE

3.3.4
switchgear 'bay’ or 'cubicle’
eachH branch of abusbarinanelectrical power installation

3.4 | Definitions concerning safety measures against electric shock

3.4.1
protpction against direct contact
measures which prevent persons coming into hazardous proximity to live parts or those parts
which could carry a hazardous voltage, with parts of their bodies or objects (reaching the dgnger

zong)

3.4.

protpctionin case of indirect contact
protection of persons from hazards which could arise, in event of fault, from contact|with
expgsed-conductive-parts of electricalequipment or extraneous-conductive-parts

3.4.3
enclosure
part providing protection of equipment against certain external influences and, in any diregtion,
protection against directcontact

3.44
protpctive barvier
<eleptrically® part providing protection against direct contact by a human being or livestocl with
hazalrd ousshive-parts from any usual direction of access

[SOURCE: IEC 60050-195:-40982021 195-06-15_ madified — In the definition "cantact! has
beenreplaced with "direct contact".]

3.4.5

protective obstacle

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

[SOURCE:4EC60050-195:1998 195-06-16 IEC 60050-826:2004, 826-12-24]
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3.5

Definitions concerning clearances

3.5.1

clearance
distance between two conductive parts along a string stretched the shortest way between these
conductive parts

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.5.2

minimum clearance

smallest permissible clearance in air between live parts or between live parts and earth
3.5.3

protpctive barrier clearance

smallest permissible clearance between a protective barrier and live parts or those parts v
may|become subjectto a hazardous voltage

3.5.4

protpctive obstacle clearance

sma
whic

3.5.4

lest permissible clearance between a protective obstacle.and live parts or those
h may become subjectto a hazardous voltage

danger zone

inth
parts

Note

[SO

e case of high voltage, area limited by the minimium clearance-{£2_} around hazardous

b without complete protection-againstdirectcantact{ses Figure 3)
1 to entry: hafringing Entering the danger zone iséonsidered the same as touching hazardous-live-part

JRCE: IEC 61140:2016, 3.35]

hich

b arts

Hlive-

3.5.6

mini
N

mum clearance of danger zone

clearance which describes the area of danger zone around hazardous-live-parts without
complete protection against direct contact



"Vicinity zone" and "working clearance" definitions have been deleted. These concepts are treated in Clause 7 and Annex F.
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Note 1 to entry: The values for minimum clearance of danger zone in Table 2, Table 3 and Annex A are designated
as "N".

Note 2 to entry: The safety clearances as given in Clause 7 are based on the minimum clearance of danger zone. | 7

3.5.7
boundary clearance
smallest permissible clearance between an external fence and live parts or those parts which

may become subjectto a hazardous voltage

3.5.8

minimmummheigirt

smallest permissible vertical clearance between accessible surfaces and live partsswithout
protection against direct contact or those parts which may become subject to a hazargous

voltage{see Figure 3)

3.5.9

stan
sinu

[SO

3.5.1
stan
RMS
pow

Note

3.5.1
stan

impy
[SO

3.5.1
stan
peakl

Note

3.5.1
stan
impy

dard short-duration power-frequency voltage
boidal voltage with frequency between 48 Hz and 62 Hz, and duratign of 60 s

URCE: IEC 60071-1:2019, 3.18.1]

0
dard rated short-duration power-frequency withstand voltage

value standardized as withstand voltage for levéls of specified standard short-dur
br-frequency voltages

1 to entry: See IEC 60071-1:2019, 5.6 for specified,vojtage levels.

1
dard lightning impulse voltage
Ise voltage having a fronttime of.1zZ2'us and a time to half-value of 50 ys

UJRCE: IEC 60071-1:2019, 3. 183, modified — "voltage" added to term.]

2
dard rated lightningimpulse withstand voltage
value, standardjzed'as withstand voltage of standard lightning impulse voltage

1 to entry: Seen60071-1 2019, 5.7 for specified values.

3
dard switching impulse voltage
Iseoltage having atime to peak of 250 us and a time to half-value of 2 500 ps

ation

[SOURCE: IEC60071-1:2019, 3.18.2, modified — "voltage" added to term.]

3.5.14

stan

dard rated switching impulse withstand voltage

peak value, standardized as withstand voltage of standard switching impulse voltage

Note

1 to entry: See 60071-1 2019, 5.7 for specified values.


The definition for "Minimum safety clearance N" has been added. The definition is in alignment with IEC 61140 and states the clearance of danger zone in electrical power installations. The minimum clearances permitted for safe operation having regard to the minimum clearance of danger zone are given in Clause 7 during the use intended for electrical power installations.
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3.6

Definitions concerning control and protection

3.6.1

interlocking device
device which makes the operation of a switching device dependent upon the position or
operation of one ormore other pieces of equipment

[SOURCE: IEC 60050-441:1984, 441-16-49]

3.6.2

loca

| control

cont

[SO

3.6.3

ol of an operationfrom at a point on or adjacentto the controlled switching device

URCE IEC 60050-441:1984, 441-16-06]

remote control

cont

[SOL

3.6.4

ol of operation at a pointdistant from the controlled switching device

URCE: IEC 60050-441:1984, 441-16-07]

|

automatic reclosing

sient

ctric

automatic reclosing of a circuit-breaker associated withCa* faulted section of a network by
automatic means after a time interval which permits that section to recover from a tran
faulf

[SOURCE:1EC680050-604-1987,604-02-32 IEC\B0050-614:2016, 614-02-29]

3.7 | Definitions concerningearthing

3.7.1

IocaI earth

local ground (US)

part|of the Earth that is in eléctric contact with an earth electrode and that has an elg

potential not necessarily equal to zero

Note
equa

[SO

3.7.2
refe

refe

en as

led.]

1 to entry: The conductive mass of the Earth, whose electric potential at any point is conventionally tai
to zero.

JRCE: IEC60050-195:49982021, 195-01-03, modified — Note 1 to entry has been adq
enceearth

ence ground (remotesarth/ground US)

part

Note

Oof the Earth considered as conduclive, the electric potential ot which 1s conventionally
taken as zero, being outside the zone of influence of the relevant earthing arrangement

1 to entry: The concept"Earth" means the planet and all its physical matter.

[SOURCE: IEC 60050-195:42982021, 195-01-01, modified —"any earthing arrangement" has
beenreplaced with "the relevant earthing arrangement".]

3.7.3

earth electrode
ground electrode (US)
<electrical power installations> conductive part, which may be embedded in a specific
conductive medium, e.g. in concrete or coke, in electric contact with the Earth
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[SOURCE: IEC 60050-195:1998, 195-02-01, modified — "<electrical power installation>" has
been added.]

3.7.4

earthing conductor

grounding conductor (US)

conductor which provides a conductive path, or part of the conductive path, between a given
pointinasystemorinaninstallationorin equipmentand an earth electrode

Note 1 to entry: Where the connection between part of the installation and the earth electrode is made via a
disconnecting link, disconnecting switch, surge arrester counter, surge arrester control gap, etc., then only that part
of thd ;

[SOWRCE: IEC 60050-195:49982021, 195-02-03, modified — In the definition, "ferming a
conductive path between a conductive part" has been replaced with "which ‘ofovides a
conductive path, or part of the conductive path, between a given pointin a systemorin an
instgllation orin equipment". Note 1 to entry has been added.]

3.7.4
protpctive bonding conductor

protective conductor for ensuring equipotential bonding

3.7.1

earthing system
groynding system (US)
arrangement of electric connections and devices invel¥ed necessary to earth equipment|/or a
systemseparately orjointly

[SOURCE:1EC680050-604-1987,604-04-02 IEG60050-826:2004, 826-13-04, modified — Ih the
termf, "system" has been replaced by "arrangement". The definition clarifies thatinvolved parts
can be separately orjointly earthed.]

3.7.7
strugctural earth electrode

metgl part, which'is in conductive contact with the earth or with water directly or via congrete,
whoge origimalpurpose is not earthing, but which fulfils all requirements of an earth elec{rode
with¢ut impairment of the original purpose

Note|1 toventry: Examples of structural earth electrodes are pipelines, sheet piling, concrete reinforcement bars in
foundations and the steel structure of buildings, etc.

3.7.8
electric resistivity of soil

PE
resistivity of atypical sample of soil

[SOURCE: IEC 60050-195:1998, 195-01-19]

3.7.9

resistance to earth

Re

real part of the impedance to earth
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[SOURCE: IEC 60050-195:1998, 195-01-18]

3.7.10

impedance to earth

Zg

impedance at a given frequency between a specified pointin a systemorin aninstallation orin
equipment and reference earth

Note 1 to entry: The impedance to earth is determined by the directly connected earth electrodes and also by
connected overhead earth wires and wires buried in earth of overhead lines, by connected cables with earth electrode
effect and by other earthing systems which are conductively connected to the relevant earthing system by conductive
cabldsheatns, shields, PEN conductors or In another way. Impedance to earin 1s composed oTineresistance iq earth
of thg substation and connected parallel impedances such as overhead ground wires and cable sheaths.

[SOWURCE: IEC 60050-195:2021, 195-01-17, modified — The symbol Zg and Note 1 te_entry have
beerfadded.]

3.7.11
earth potential rise
EPR

voltage between an earthing system and reference earth

(effelctive) touch voltage
Ut
<effgctive> voltage between conductive parts when touched simultaneously

Note|1 to entry: The value of the effectiveitouch voltage may be appreciably influenced by the impedance pof the
persan in electric contact with these conductive parts.
[SOYRCE: IEC 60050-195:49982021, 195-05-11, modified — The symbol Ut has been added.

In the definition, "by a human'being orlivestock" has been deleted. In Note 1 to entry, "df the
human being orlivestockt has been replaced by "of the person”.]

3.7.13

permissible tofich voltage
UTp
limitjvaluese¥touch voltage Ut

3.7.14

prospective touch voltage
UVT

voltage between simultaneously accessible conductive parts when those conductive parts are
not being touched

3.7.15

prospective permissible touch voltage
Uva

limit value of prospective touchvoltage U, 1
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3.7.16

step
s

voltage

voltage between two points on the Earth's surface that are 1 m distantfromeach other

Note

1to entry: 1 mis considered to be the stride length of a person.

[SOURCE: IEC 60050-195:49982021, 195-05-12, modified — In the definition, "that are 1 m
distantfrom each other" has been added. Note 1 to entry has beenreplaced.]

3.7.17
trangferred potential

pot

ntial rise of an earthing system caused by a current to earth transferred by means

conrjected conductor (for example a metallic cable sheath, PEN conductor, pipeline; rail

area

occyrring between the conductor and its surroundings

Note
the a

1 to entry: The definition also applies where a conductor, which is connected to.reference earth, lead
ea of the potential rise.

3.7.18
stres$s voltage
voltage appearing during earth fault conditions between an‘earthed part or enclosu

of a
into

5 with low or no potentialrise relative to reference earth, resulting in a potential difference

s into

e of

ential

equipment or device and any other of its parts and which could affect its normal operatipn or
safefy

3.7.19

global earthing system

equipalent earthing system created by the interconnection of local earthing systems| that
ensyres, by the proximity of the earthing systems, that there are no dangerous touch voltages
Note|1 to entry: Such systems permitthe division of the earth faultcurrentin a way that results in a reducfion of
the eprth potential rise at the local earthing system. Such a system could be said to form a quasi-equipo
surfafe.

Note|2 to entry: The existence of a‘global earthing system may be determined by sample measurements or

calcu
areas

3.7.%
mulf

ation for typical systems. Typicallexamples of global earthing systems are in city centres; urban or ind
with distributed low- and highsvoltage earthing.

0
i-earthed{(multi-grounded) HV neutral conductor

mulfi-grounded HVieutral conductor (US)

neut
trang

3.7.3
expga

former and regularly earthed

1
sed-conductive-part

Listrial

ral conducter~of a distribution line connected to the earthing system of the squrce

con

uctive part or equipment that can be touched and that Is not-ReFHRatf lIve under n

conditions, butthat can become live when basic insulation fails

[SOURCE:1EC-60050-826:-2004--826-12-10 IEC 60050-195:2021, 195-06-10]

3.7.22
extraneous-conductive-part
conductive partnotforming part of the electrical power installation and-tiable likely to introduce

an el

ectric potential, generally the electric potential of alocal earth

rmal

[SOURCE: 1EC 60050-826:2004826-12-11__modified IEC 60050-195:2021, 195-06-11,
modified — In the definition, "electrical installation" has been replaced with "electrical power
installation"]
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3.7.23

PEN

conductor

conductor combining the functions of both a protective earthing conductor and a neutral
conductor

[SOURCE:1EC60050-826:2004-826-13-25 |[EC 60050-195:2021, 195-02-12]

3.7.24
earth/fault
ground fault (US)

fault caused by a conductor being connected to earth or by the insulation resistance to earth
becqming less than a specified value
Note|1 to entry: Earth faults of two or several phase conductors of the same system at differentlocatiofs are
designated as double or multiple earth faults.
HEC160050-151:10784 151.03-40]
3.7.25
earth fault current
Ip
currgnt which flows from the main circuit to earth or earthed parts at the fault location{parth
faullocation)
Note|1 to entry: Forsingle earth faults, this is in systems with:
— is¢plated neutral, the capacitive earth fault current;
— hipghresistive earthing, the RC composed earth fault current;
— reponant earthing, the earth fault residual current;
— sd|lid or low impedance neutral earthing, the line-to-éarth short-circuit current.
Note|2 to entry: Further earth fault current may result from double earth fault and line to line to earth
3. 7.26
. Lati ¢ |
portonof fault current which flows back to the transformer neutral point via the-metallic pars
. : liscl o i
4 Fundamentalrequirements
4.1 General
4.1.1 General requirements
Elecfriecal-power installations and equipment shall be capable of withstanding electfical,
mechanical, climatic and environmental influences anticipated on site.
Site selection should take into account matters including, but not limited to:
— access toallow for construction, maintenance and operations activities;

— community impactincluding proximity to sensitive sites, visual, noise, amenity and traffic;

- €

nvironmental impactincluding consideration of pollution, ventilation, fauna and flora;

— impact of topography, earthquake zones, fault lines, flood paths, swamps, avalanches or
landslides;

- S

oil conditions, including thermal and electrical resistivity and soil contamination;
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site dimensions;
line corridors;

site security.

The design shall take into account:

The

the purpose of the installation;

the user requirements such as power quality, reliability, availability, and ability of the

electrical network to withstand the effects of transient conditions such as starting of
motors, short power outages and re-energization of the electrical power installation;

large

¢ad conditions, design short circuit currents, etc.;
the safety of the operators and the public;

the environmentalinfluence;
t

ne possibility forextension (if required) and maintenance.

user shall define preferences for specific maintenance features and“identify the s

hfety

requjrements to be met for levels of segregation of the switchgear and{¢ontrolgear to ernsure

minifnal plant shutdown. Where necessary, the levels of segregation 6f'switchgear shall be

such

as tg minimize the spread of a fault, including a fire, occurringzn*any defined modulg into

adjapent modules.

Therp are operating conditions of low occurrence or low cumulative duration which can gccur

and f

equipment are subject to ag reement between the suppller and user. -In—seeh—easee—mea—

systemgrid orlocal grid, e.g. for voltagéeregulation, frequency response, etc.

4.1.3 Agreements between supplier{manufacturer)and user

The
powerinstallation.

For
suppflier/manufacturer/contractor/planner and user/orderer/owner (hereinafter denote
sup

or which specific design criteria-m
measures required to maintain safety condltlons and to avoid damage to electrlcal or

generators shall be capable of meeting the requirements for connection to the p

working procedures of the'user shall be taken into account in the design of the elec

design and erection of electric power installations, additional agreements bet

aqturer
p lant
res
shall

pwer

trical

veen
i as

lier and user) shall be followed, which also may have effects to necessary operafional
requjrements™References can be found in the subclauses as listed in Table 1 below.
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Table 1 — References to subclauses where agreement between
supplier and useris required

Subclause Item
4.1.1 General requirements (specific design criteria)
4.2.2 Voltage classification (Nominal values, rated values)
4.3.1 Mechanical requirements, local conditions
4.3.9 Special conditions and requirements for seismic environment
4.4.2.1 Climatic and environmental conditions (for auxiliary equipment: indoor)
4.4p.2 Climatic and environmental conditions (for auxiliary equipment: outdoor)
4.4B.1 Conditions different from the normal environmental conditions
4.4.5 Special conditions and requirements for vibrations
6.1.1 Compliance with operational and safety procedures
6.2./ Method of indication (contact position of interrupting or isolating equipment)
6.2.1 Interlocks and/or locking facilities
6.2./ Switching devices (reduced rating)
6.2.11 Rating of switchgear (specific requirements)
6.2.B Outdeorinsulatersinpotuted-erheawy Insulators, level @f pollution and wetting conditions
6.2.p.2 Insulated cables (temperature—rise temperatures at gpecial operating conditions)
7.1 Higher values for distances, clearances and dimensions
7.1 hstalatiens Common requirements (operating\procedures)
718 Documentation (extent of the documentatioh)
718 Transportroutes (load capacity, height\and width)
7.1 Lighting (presence and extent of the lighting)
7.54 Maintenance and operating ateas (distances of the escape route)
8.40 Means to protect persons working on electrical power installations (working procedures)
8.4.4 Devices for determining’the de-energized state (extent of provisions)
8.4.pb Devices for earthing’and short-circuiting (Extent of provision or supply)
8.4p.2 Insertable insulafed
8.46.3 Insertable partitipn
8.5 Protection from danger resulting from arc fault (degree of importance of measures)
8.6 Protections against direct lightning strokes (method of analysis)
8.7.1 Requirements for fire extinguishing equipment
8.7.2.2 Reduction of distances G, and G,
8.9 The language of the identification and marking
9.1 Meritoring-and-con rstems—{agreementoffaulilevelan
Protection systems, protection coordination, settings, backup, etc.
9.3.1.3 Auxiliary systems and battery sizing
9.3.2 Compressed air system (sectionalization for maintenance)
9.3.3 SF4 gas handling plants (design and capacity of the plant)
10.2.1 Fundamental requirements for design of the earthing system
11.1 Inspection and testing (extent of the inspection and testing / specification / documentation)
11.2 Verification of specified performances
11.3 Tests during installation and commissioning (requirements / test equipment / schedule of tests)
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Su

bclause Item

11

4 Trial running (performance)

4.2

Electrical requirements

4.2.1 Methods of neutral earthing

The method of neutral earthing strongly influences the fault current level and the fault current
duration. Furthermore, the neutral earthing method is important with regard to the following:

One| galvanically connected system has only one method of neutral earthing. Diff
galvpnically independent systems may have different methods of neutral earthing. If diff]
tral earthingsconfigurations can occur during normal or abnormal operating condifjons,
equipment andiprotective system shall be designed to operate under these conditions.

neu

4.2.7 Voltage classification

The

slelection of insulation level;
clharacteristics of overvoltage — limiting devices —such as spark gaps or surge afrreste
slelection of protective relays;
design of earthing system.

following are examples of neutral earthing methods:

olated neutral;

-

bsonant earthing;

=

igh resistive earthing;

(7))

olid (low impedance) earthing.
Choice of the type of neutral earthing is normally®based on the following criteria:

Ipcal regulations (if any);
clontinuity of supply required for the netwoxrk;

limitation of damage to equipment caused by earth faults;

n

elective elimination of faulty sections of the network;

o

etection of faultlocation;

—

buch and step voltages;
imductive interference;

operation and maintenance aspects.

erent
erent

osershattdefimethe momimatvottage anmdthe maximumoperating voitage of theirsystem.

Based on the maximum operating voltage, the highest voltage for installation (U,,,) shall be
selected either from Table 2, Table 3 or Annex A.

4.2.3 Currentin normal operation

Every part of an electrical power installation shall be designed and constructed to withstand
currents under defined operating conditions.

4.2.4 Short-circuit current

Electrical power installations shall be designed, constructed and erected to safely withstand the
mechanical and thermal effects resulting from short-circuit currents.
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NOTE 1 Where an installation has on-site generation, motors or parallel operation with a network (co-generation),
fault levels can increase.

For the purpose of this document, all types of short-circuit shall be considered. Examples
include:

— three-phase;

— phase-to-phase;

— phase-to-earth;

— double phase-to-earth.

Elecfrical power installations shall be protected with automatic devices to disconnect\three-
phage and phase-to-phase short-circuits.

Elecfrical power installations shall be protected either with automatic devices,to disconnect
earth faults or with devices to indicate the earth fault condition. The selectiof of the device is
depgndentuponthe method of neutral earthing.

The ptandard value of rated duration of the short-circuitis 1,0 s.

NOoTE2If a value other than 1 s is appropriate in the design process, recommended values
would be 0,5s, 2,0s and 3,0s.

NOTIE 2 The rated duration-sheuld-be-d-etermined-taking-inte-consideration includes the fault-switehing cledrance

time.

Methods for the calculation of short-circuit currents in three-phase AC systems are given in the
IEC 0909 (all parts).

MethHods for the calculation of the effects of\short-circuit current are given in IEC 60865-1 [and,
for power cables, in IEC 60949.

4.2.5 Rated frequency

Elecfrical powerinstallations.shall be designed for the rated frequency of the system in which
they|shall operate.

4.2.6 Corona

The [design of efectrical power installations shall be such that radio interference dye to
elecfromagnetic fields, e.g. caused by corona effects, will not exceed a specified level.

NOTE 1 Recommendations for minimizing the radio interference of high-voltage installations are reporfed in
CISPR 1841,/CISPR 18-2 and CISPR 18-3.

NOTE
authorities.

ional

NOTE 3 Guidance on acceptable levels of radio interference voltage for switchgear and controlgear can be found
in IEC 62271-1:2007.

When the acceptable value is exceeded, the corona level may be controlled, for example, by
the installation of corona rings or the recessing of fasteners on bus fittings for high-voltage
suspension insulator assemblies, bus support assemblies, bus connections and equipment
terminals.

4.2.7 Electric and magnetic fields

The design of an electrical power installation shall be such as to limitthe electric and magnetic
fields generated by energized equipmentto an acceptable level for exposed people.
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NOTE —Neatienalandierinternational Provincial, national or regional regulations-may can specify acceptable levels.
Further information is available from International Commission on Non-lonizing Radiation Protection (ICNIRP) or
IEEE.

4.2.8 Overvoltages

Equipment shall be protected against overvoltages resulting from switching operations or
lightning that could exceed the withstand values according to IEC 60071-1 and IEC 60071-2.

4.2.9 Harmonics

Consideration should be given to the effect of harmonic currents and harmonic voltages on the

elecyrical power installation, e.g. in industrial installations. Harmonic analyses may be req
to dgetermine what corrective measures are needed to meet local regulations and/or to e

corr

4.2.10 Electromagnetic compatibility [8

Elecfrical power installations should be designed so that they function properly in their ¢
EM{Jenvironment.

NOTE Guidance on ensuring electromagnetic compatibility and to ensuringthat electromagnetic fields
provipcial, national orregional authority permissible limits can be foundin Clagse 9and Clause 10. As well, gui
can e found in IEC 61000 (all parts), with particular reference to IEC*61000-5 (all parts), IEC 6100
IEC 62271-1, IEC 62271-208 and CIGRE Technical Brochure 535.

4.3

4.3.1 Equipmentand supporting structures Geheral

Equipment and —supporting structures, including their foundations, shall withstand all
antidipated-mechanicalstresses load combipations.

Due|consideration should be given.to,the ultimate and serviceability limit states of
strugtures.

The
between the supplier and uger

Two [load cases shall be-considered, normal and exceptional.

In edch of theseload cases, several combinations shall be investigated. The mostunfavou
compination shall’be used to determine the mechanical strength of the structures. In the ng
load|case, theyfollowing loads shall be considered:

ct operation of the whole electrical system.

Mechanical requirements

load assumptions relatedA6-the local conditions shall be determined in an agree

dead\load;

uired
sure

jiven

meet
lance
0-6-5,

the

the

ment

rable
rmal

pnsion load;

—

erection load;
iceload;

wind load.

Consideration-shall should be given to temporary stresses and loads that may be applied during
construction or maintenance procedures. Specific equipment can be affected by cyclic loads
(refer to specificequipment standards).

In the exceptional load case, dead load and tension load acting simultaneously with the largest
of the following occasionalloads shall be considered:

switching forces;

short-circuit forces;


As the former edition of the document only covered the subject in the specific areas, such as control systems Clause 9 and in Clause 10 regarding earthing considerations, a general EMC subclause has been added.
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— loss of conductor tension;
— seismicloads;

— buoyantforce to the foundation at flooding.
4.3.2 Tension load

The tension load shall be calculated from the maximum conductor tension under the most
unfavourable local conditions.

NOTE Possible combinations include, for example: —20 °C without ice and without wind; -5 °C with ice and without
wind; +5 °C with wind

4.3.7 Erection load

The erection load is aload of at least 1,0 kN applied at the most critical position of asup pgrting
strugture, tensioning portal, etc.

4.3.4 Ice load

In regions where icing can occur, the resulting load on flexible conductors and on rigid bugbars
and gonductors shallbe taken into account.

If ngtional standards and regulations, local experience or‘statistics are not availablg, ice
coatjngs of 1 mm, 10 mm or 20 mm based on criteria given in IEC 62271-1:200Z maly be

assymed %e@ens%eﬁh&%&as&mweﬁo@e@@@#g%mgm%eemgmm%&

4.3.4 Wind load

Wing loads, which can be very differentdepending on the localtopographic influences ang the
heigpht of the structures above the surrounding ground, shall be taken into account. The most
unfajourable wind direction shall be considered.

IEC $2271-1:2007 contains requireméents for wind loading on switchgear and controlgear.

4.3.9 Switching forces

Switphing forces shall be considered when designing supports. The forces shall be deternmined
by the designer of the equipment.

4.3.7 Short-circuit forces

The [mechanical effects of a short-circuit can be estimated by the methods detailed in
IEC $0865-1

NOTIENCIGRE Technical Brochure 214, "The mechanical effects of short-circuit currents in open air substgtions"
gives aaditiomatadvice:

4.3.8 Loss of conductor tension

A structure with tension insulator strings shall be designed to withstand the loss of conductor
tension resulting from breakage of the insulator or conductor which gives the most unfavourable
load case.

NOTE 1 General practiceis to base the calculation on 0 °C, noice and no wind load.
NOTE 2 For bundle conductors, only one subconductor is assumed to fail.
4.3.9 Seismic loads

Special conditions and requirements shall be agreed between the supplier and user (see also
4.4.3.5and IEC 60721-2-6) and have regard to local requirements if any.
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Electrical power installations situated in a seismic environment shall be designed to take this
into account.

Where load specifications apply to the installation of civil work or equipment to meet seismic
conditions, then these specifications shall be observed.

Seismic loads shall be dealt with in accordance with appropriate standards for electric power
installations: e.g. IEC 62271-207 for GIS, I[EC 62271-210 for metal enclosed and solid-
insulation enclosed switchgear and controlgear assemblies, IEC TR 62271-300 for circuit-
breakers and IEC TS 61463 for bushings.

The following measures shall be taken into account.
a) Anyindividualequipment shallbe designed to withstand the dynamic forces resulting [from
he vertical and horizontal motions of the soil. These effects may be modified by the
bsponse of the foundation and/or the supporting frame and/or the flaor“in which| this
quipment is installed. The response spectrum of the earthquake shall be considered for
he design of the equipment.

he layout shall be chosenin order to limit the loads due to interconnections betyween
djoining devices needing to accommodate large relatively axialh, tateral, torsional or pther
novements to acceptable values. Attention should be paid.to’other stresses which|may
evelop during an earthquake.

O 0 QO - ~+ @ = ~+ 3o

4.3.10 Dimensioning of-supporting structures

The mensioninaof sunnortina-structures-shallbe inh 8ccordancewith-annlicable coded -an
e ehelohn g-60+-SUp-portRg-StHucttH-e8s—ShaHb-64-a rence st Sp-P-HG3D+ G H

ot

Natipnal standards and regulations exist regagding the dimensioning of structures.

4.4 Climatic and environmental conditions
4.4.1 General

Elecfrical power installations, dfncluding all devices and auxiliary equipment which forrlz an
integral part of them, shall-be*designed for operation under the climatic and environm
conditions listed below.

Speg¢ific attention shall be given to hazardous areas. The presence of condens
precjpitation, particles, dust, corrosive elements and hazardous atmospheres shall be spegified
in sych a mannerthat appropriate electrical equipment can be selected. Zone classification for
hazardousareas explosive atmospheres shallbe performed in accordance with IEC 6007
1 anfl IEC.60079-10-2. Egquipment Classification of environmental conditions can be
accqrding to IEC 60721 (all parts).

4.4.2 Normal conditions

4.4.2.1 Indoor

Forindoor electrical power installations, normal conditions shall be as follows.

a) The ambient airtemperature does not exceed 40 °C and its average value, measured over
a periodof 24 h, does notexceed 35 °C.
The minimum ambient air temperatures are:
— -5°Cforclass"-5°Cindoor"

— -15°C forclass"-15°Cindoor";

— =25°C forclass"-25°Cindoor".
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On auxiliary equipment, such as relays and control switches, intended to be used in ambient
air temperaturebelow -5 °C, an agreement between the supplier and useris necessary.

b) The influence of solar radiation-may-beneglected shall notbe takeninto account.
c) The altitude does not exceed 1 000 m above sealevel.

d) The ambient airis not significantly polluted by dust, smoke, corrosive and/or flammable
gases, vapours or salt.

e) The average value of the relative humidity, measured over a period of 24 h, does not exceed
95 %.

Forthese conditions, condensation may occasionally occur.

NOTE 1 Condensation can be expected where sudden temperature changes occur in periods of high-humidity.

=z

OTE 2 To avoid breakdown of insulation and/or corrosion of metallic parts due to high{humidity and
p ndensation, equipment designed for such conditions and tested accordingly-sheutd-be is nofmally used.

O

NOTE 3 Condensation-may can be prevented by special design of the building ophusing, by sditable
ventilation and heating of the station or by the use of dehumidifying equipment.
\

ibration due to causes external to the equipmentor to earth tremotsiis negligible.

4.4.2.2 Outdoor

For gutdoor electrical power installations, normal conditiops'shall be as follows.
The ambient air temperature does not exceed 40<C and its average value, measured|over
g period of 24 h, does notexceed 35 °C.

The minimum ambient airtemperatures are:
-10°C forclass"-10 °C outdoor";
-25°C forclass"-25 °C outdoor";
-30°C forclass"-30 °C outdoor”;

—-40 °C forclass "-40 °C outdoor".

apid temperature changes-should shall be taken into account, see 4.4.2.2, item g} and
.4.3.4.

uxiliary equipment,ssuch as relays and control switches, intended to be used in ampient
irtemperatures below -5 °C,shall are to be a subject of an agreement between the supplier
nd user.

> B T

b) $Solar radiatien up to a level of 1 000 W/m2 (on a clear day at noon)-should sh4l be
onsidered}

OTE~\. Under certain conditions of solar radiation, appropriate measures, for example roofing, fprced
venitilation, etc.,-may can be necessary, or derating-may can be used in order not to exceed the spqcified
tegmperature rises.

NOTE 2 Details of global solar radiation are given in IEC 60721-2-4.

NOTE 3 UV radiation can damage some synthetic materials. For more information, IEC 60068 (all parts) can
be consulted.

c) The altitude does not exceed 1 000 m above sealevel.

d) The ambient airis not significantly polluted by dust, smoke, corrosive gases, vapours or
salt. Pollution does not exceed site pollution severity class ¢ — Medium, according to
IEC TS 60815-1.

e) The ice coatingdoesnotexceed 1 mmforclass 1, 10 mm forclass 10 and 20 mm for class
20. Additional information is givenin 4.3.4.

f) The wind speed does notexceed 34 m/s{correspondingto 700 Paoncylindricalsurfaces).

NOTE 4 Characteristics of wind are described in IEC 60721-2-2.
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- Presence of
condensatlon and preC|p|tat|on|nthe form of dew, condensatlon fog, rain, snow, ice or hoar
frost shall be taken into account.

NOTE 5 Precipitation characteristics for insulation are described in IEC 60060-1 and IEC 60071-1. For other
properties, precipitation characteristics are described in IEC 60721-2-2.

h) Vibration due to causes external to the equipmentorto earth tremorsis negligible.

4.4.3 Special conditions

4.4.3.1 General

Whep high-voltage equipment is used undercondltlons different from the normal enwronmental
conditions givenin4.4.2,
stepp-giveninthe following subclauses 4. 4 3.2 to 4 4.3.5 shall be complled W|th

4.4.3.2 Altitude

For ¢lectrical power installations situated at an altitude higher than'4000 m above sea level,
the |nsulation level of external insulation under the standardized reference atmospheric
conditions shall be determined by multiplying the insulation withstand voltages required gt the
serv|ce locationby afactor K, in accordance with IEC 6227 1-4;200+.

Linegar interpolation of clearances, as stated in Table 2ahd Table 3, is acceptable.

For Jow-voltage auxiliary and control equipment\special precautions shall be taken if the
altityde is higherthan 2 000 m above sealevelxSee IEC 60664-1. |9

NOTIE 1 For internal pressurized insulation, the dielectric characteristics are identical at any altitude and no special
precdutions need be taken.

NOTE 2 Forlow-volt

Fowes

sment—nRo-special-precadtionsneedbetaken Hf theglitlideis
HHReHR++H SP ot oot LA~
d

NOTE 2 The pressure variation d ue'to altitude is given in IEC 60721-2-3.-Regarding-thisphenromenonparficular
attentionshould-be-deveotedto-théigHowingpeints Issues that will arise, include the following:

— thlermal exchanges by conyvection, conduction or radiation;

— efficiency of heating or-air-conditioning;
— operatinglevel of ptessure devices;
— efficiency of diesel'generating set or compressed air station;

— in|crease ofcerona effect.

NOTE 3 The.correction factor K, of IEC 62271-1:2007 reflects the fact that modification is not required for altftudes
below 1000 m.

NOTE 4 For correction of creepage distance for DC installations, IEC TS 60815-4 can be consulted.
4.4.3.3 Pollution

For equipment in polluted ambient air, a site pollution severity class shall be specified, e.g.
according to IEC TS 60815-1 class d (heavy) or class e (very heavy)—as—definedin

IEC/TS 60815-1-should bespecified.
4.4.3.4 Temperature and humidity

Forequipmentin a place where the ambienttemperature can be significantly outside the normal
service condition range stated in 4.4.2, the preferred ranges of minimum and maximum

temperature to be specified should be as follows:

e -50°C and +40°C forverycold climates;


The adjustment to move the note to normative text is based on the fact that instructions and recommendations are not accepted within notes.
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e -5°Cand +50°C forveryhot climates.

In certain regions with frequent occurrence of warm, humid winds, sudden changes of
temperature may occur, resulting in condensation, even indoors.

In tropical indoor conditions, the average value of relative humidity measured during a period
of 24 hcanbe 98 %.

In some underground electrical power installations, equipment might occasionally be located

under water. Such equipment shall be designed accordingly-and-properoperatingprocedures
defined

4.4.3.5 Vibration

Speg¢ial conditions and requirements shall be agreed between the supplier and-user (seejalso
4.3.9).

Vibration caused by wind, electromagnetic stresses, traffic (e.g. temporary road and railway
traff|c), operation (e.g. opening/reclosing of circuit-breakers), industrial processes (e.g. bldsting
and piling) and other foreseeable sources shall be considered. Transmitted vibrations thrpugh
a common monolithic foundation or floor shallalso be taken intg actount. 10

The withstand capability of equipment against vibrations shalkbe given by the manufacturer.

The bervice-stressesof nqnnpmnnf which may be-transmitted fhrnunh a—common-mondlithic

founldationor floor /fr\r ovamnln npnnlnn/rnr\lnslp

accdunt-

oFf circuit hrnalznrc\ shall be takenlinto

4.5 | SpecialParticular requirements
4.5.1 Effects of small animals and nicro-organisms

If biplogical activity (through birdsy other small animals or micro-organisms) is a hazard,
measures against such damage shall be taken. These may include appropriate choige of
matgrials, measures to prevenfaccess and adequate heating and ventilating (for more d ¢tails
see [EC 60721-2-7).

4.5.2 Noise level

If nojse level limits are given (usually by administrative authorities), they shallbe achieved by
apprnopriate mgasures such as:

— Using sewund insulation techniques against sound transmitted through air or solids;

— usingtownoise equipment.

Criteria for noise evaluation for different places and different periods of day are given in
ISO 1996-1.

4.5.3 Transport

The transportto site, e.g. large transformers and storage constraints may have consequences
on the design of the high-voltage electrical power installation.

NOTE The transportation and storage parameters associated to their duration are defined in accordance with
IEC 60721-3-1and IEC 60721-3-2.



Text has been updated to include the needs for requirements regarding vibrations from sources with higher frequencies, e.g. blasting.
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5 Insulation

5.1 General

As conventional (air insulated) electrical power installations are normally not impulse tested,
the installation requires minimum clearances between live parts and earth and between live
parts of phases in order to avoid flashover below the impulse withstand level selected for the
electrical powerinstallation.

Insulation coordination shallbe in accordance with IEC 60071-1.

The procedure forinsulation co-ordination consists of the selection of the highest voltage|(for
the gquipmenttogether with a corresponding set of standard rated withstand voltageswhich
charpcterize the insulation of the equipment needed for the application.

NOTHE Table2, Table 3 and Annex A are based on the requirements of IEC 60071-1.
5.2 | Selection of insulation level

5.2.1 General

The {nsulation level shall be chosen according to the established highest voltage for installption
Up, gnd/orimpulse withstand voltage.

5.2.7 Consideration of methods of neutral earthing

The choice should be made primarily to ensure reliability in service, taking into account the
method of neutral earthing in the system and the characteristics and the locations of overvol|tage
limit|jng devices to be installed.

NOTE Insulation coordination distinguishes between different types of overvoltages, e.g. power freqpiency
overJoltage, transient overvoltages and very fasP{ransient overvoltages.

In elgctrical power installations where

— the configuration of the system, or

—

ne adopted method of nettral earthing, or

—

he protection by surge arresters,

and a highlevel of 'safety is required, will make it inappropriate to lower the level of insuITtion;
one |of the highertalternative values of Table 2, Table 3 and Annex A shall be chosen.-n
instdllations_ifavhich the configurationof the system the adopted method of neutral eanthing
y L the
3 hativevaluesof Table 1 Table 2 and Annex-A-aresufficient- Where the mentipned
factprsabove make it appropriate, the lower values of Table 2, Table 3 and Annex A are
sufficient

5.2.3 Consideration of rated withstand voltages

In the voltage range | (1 kV < U, < 245 kV), the choice shall be based on the standard rated
lightning impulse withstand voltages and the standard rated short-duration power-frequency
withstand voltages of Table 2; in the voltage range Il (U,, > 245 kV), the choice shall be based
on the standard rated switching impulse withstand voltages and the standard rated lightning
impulse withstand voltages given in Table 3. Values of rated insulation levels not standardized
by IEC but based on current practice in some countries are listed in Annex A (Table A.1,
Table A.2 and Table A.3).

NOTE 1 Standardrated short-duration power-frequency withstand voltage is applied in accordance with standard
short-duration power-frequency voltage.
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NOTE 2 Standardrated lightningimpulsewithstand voltage is appliedin accordance with standard lightning impulse
voltage.

NOTE 3 Standard rated switching impulse withstand voltage is applied in accordance with standard switching
impulse voltage.

5.3 Verification of withstand values

If the minimum clearancesin air givenin Table 2, Table 3 and Annex A are maintained, it is not
necessary to apply dielectric tests.

If the minimum clearances in air are not maintained, the ability to withstand the test voltages of
the ghosen mMsufation tevetshattbe estabtished by applying the appropriate diefectric tegts in
accdrdance with IEC 60060-1 for the withstand voltage values given in Table 2, Tabde-3| and
Anngx A.

If th¢ minimum clearances in air are not maintained in parts or areas of anc€lectrical power
instgllation, dielectric tests restricted to these parts or areas will be sufficient,

NOTE In accordance with-+HeC-60074-2:4996, Annex-A |[EC 60071-1:2019, Annex A,minimum clearances-mdy can
be loer if this has been proven by tests or by operating experience of lower overvoltages

5.4 | Minimum clearances of live parts
5.4.1 General

The minimum clearancesinairgivenin Table 2, Table8.and Annex A apply for altitudes up to
1 000 m above sealevel. For higheraltitudes, see 4.4.3.2.

NOTE Saomae res-of-minimum-clearances—atre-desianatedias—AC T his-is-a-swmbol-forthose-minimum-clearinces
™ y i SO + SHgHSHEBE = N HS15a—5 oS

A
JT

ane sted-¢& Ae ae LHE ste ag etsole stelhc see e s —a-nd-
a ALS hlg nd a¥lla' ) 00 Amendmen 0 a¥Wa) a¥aYa
b—akwellas Tables 2a—and 2b o C6 007, < 0 b etweenisuch
part$of aninstalationtheminimumsclearancesof Table 1 forranagel respectivelrthe minimum
pa = stellad o ntthe—-RHa e G B g —F8SP6 O+ u
phade-to-nhase clearances of Tabhle 2 forranae ll are increased bv 25 9% aor more it id not
P +o-pA3S +e8afahn SOo+—ab+ f g Gy —< o :

The yalues for the minifpal clearance of danger zone are givenin Table 2, Table 3 and Anngx A,
desipnated with the-letter N. These values define the basis for the safety distances given in
Clauge 7. 11

If pafts of arf eélectrical power installation can be separated from each other by a disconngctor,
thesp parts=shall be tested at the standard rated impulse withstand voltage for the isolating
distance\(see Tables 2 and 3 of IEC 62271-1:2017). If between such parts of an installatiop the
minipmum phase-to-phase clearances of Table 2 for voltage range |, and Table 3 for voltage
range Il of thisdocument, are increased by 25 % or more, itis not necessary to apply dielectric
tests.

5.4.2 Minimum clearances in voltage range |

In the voltage range | (see Table 2) the minimum clearancesin air are based on unfavourable
electrode configurations with small radii of curvature (i.e. rod-plate). As the standard rated
lightning impulse withstand voltage (LIWV) inthese voltage ranges is the same as for the phase-
phase insulation and phase-earth insulation, the clearances apply for both insulation distances

(in accordance with IEC 60071-1:2019, Table A.1).



The former note describing the relation between the values for minimum clearance of danger zone (see Subclause 3.5.6) and the relation to the protective distances of Clause 7, are described as normative text as this relation is fundamental for an electrical power installation and its ability to fulfil the necessary protection and provide safety for the use intended.
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5.4.3 Minimum clearances in voltage range |l

In voltage range Il (see Table 3) the clearances in air are determined by the standard rated
switching impulse withstand voltage (SIWV). They substantially depend on the electrode
configurations. In cases of difficulty in classifying the electrode configuration, itis recommended
to make a choice based on the phase-to-earth clearances of the most unfavourable
configuration such as, for example, the arm of-an—iselater a disconnector against the tower

construction (rod-structure) (in accordance with IEC 60071-1:2019, Tables A.2 and A.3).

NOTE Other electrode configurations (gap factors) lead to different clearances, see IEC 60071-2:2018, Annex F.
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Table 2 — Minimum clearances in air — Voltage range |

—41 -

(1 KV < U,, < 245 kV)

Voltage Highest voltage | Standard rated | Standard rated Minimum phase-to-earth
range for installation short-duration lightning and phase-to-phase clearance
power- impulse
frequency withstand N
withstand voltagea
voltage
U, U, U Indoor Outdoor
p . . . h
installations installations
RMS RMS 1,2 us/50 ps
tpeakvatue)
kV kV kV mm mm
20 60 120
3,6 10
40 60 120
40 60 120
7,2 20
60 90 120
60 90 150
12 28 75 120 150
95 160 160
75 120 160
17,5 38
95 160 160
95 160
24 50 125 220
145 270
145 270
36 70
170 320
52 95 250 480
72,5 140 325 630
185° 450° 900
123
230 550 1100
185P 450P 900
145 230 550 1100
275 650 1300
230° 550 ° 1100
170 275 650 1300
325 750 1500
275° 650° 1300
3250 7500 1500
245 360 850 1700
395 950 1900
460 1050 2100

@ The standard rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth.

b If values are considered insufficient to prove thatthe required phase-to-phase withstand voltages are met,
additional phase-to-phase withstand tests are needed.
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Table 3 — Minimum clearances in air — Voltage range Il
(Um > 245 kV)

IEC 61936-1:2021 CMV © IEC 2021

Standard Standard rated Standard
. rated . . L rated L
Highest : : switching Minimum ce 1 Minimum
lightning r switching
voltage for impulse impulse phase-to-earth impulse phase-to-phase
installation withstand withstand clearance withstand clearance
voltage
voltage? voltage
U, U U, Conductor Rod U, Conductor Rod
Voltage P _ - _ -
range RMS 1,2 ps/ Phase-to- structure | structure| Phase-to- | conductor| conductor
50 ps earth phase parallel
(peak 250 us/2 500 ps 250 ps/
value) (peak value) 2 500 ps
(peak value)
N
kV kV kV mm kV mm
1600
850/950 750 1900 1125 2 300 2 600
1700°
300
1800
950/1 050 850 2400 1275 2600 3100
1900°P
1800
950/1 050 850 2 400 1275 2600 3100
362 1900°
1050/1 175 950 2200 2 900 1425 3100 3600
1900
1050/1 175 850 2400 1360 2900 3400
2200°
420 2 200
1175/1 300 950 2900 1425 3100 3 600
2400°"
1300/1 425 1050 2600 3400 1575 3600 4 200
2200
I 1175/1 300 950 2900 1615 3700 4 300
2400°"
550
1300/1 425 1050 2600 3400 1680 3900 4 600
1 42574550 1175 3100 4100 1763 4 200 00
1(675/1 800 1300 3600 4 800 2210 6 100 7 400
800 1 800/1 950 1425 4 200 5600 2423 7 200 9 (000
1950/2 100 1550 4900 6 400 2480 7 600 9400
1950/2 100 1425°¢ 4200 5600 - - 3
2 100/2 250 1550 4900 6 400 2635 84004 10 oo 9
1100
2 250/2 400 1675 5600 ¢ 7 4004 2764 9100¢ 10900 ¢
2 400/2 550 1800 63009 830014 2 880 98009 11 600 ¢
2 100/2 250 1675 5600 ¢ 7 4004 2848 96009 11 400 ¢
1200 2 250/2 400 1800 63009 | 8300¢ 2970 10300¢ | 123004
2550/2 700 1950 72009 | 9500¢ 3120 112009 | 13300¢

@8 The standard rated lightning impulse withstand voltage is applicable phase-to-phase and phase-to-earth.
Minimum clearance required for upper value of standard rated lightning impulse withstand voltage.
¢  This valueis only applicable to the phase-to-earth insulation of single phase equipment not exposed to air.

Tentative values still under consideration.
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Minimum clearances between parts under special conditions 12

i neltherthe neutral pn!nt nota r\hacn conductoris affnr‘h\lal\l earthedinanifstallationthatis

fed Vigauto frgncfnrmnrc the |nc1|lghnn of the lower \lnlfann side-shall-be-rated ar‘r‘nrdl'}g to

tho |n hestvoltage fnrnnlnnmnnf on-the hlnhar voltage cldn Attention-shou Mhenaidtao nguitral

the ! estvoltageforeguips 18 tage-side hould be paid qutra

Undé¢r steady state conditions minimum clearances are increasedsuch that, expressed|as a

percentage of minimum clearance values givenin Table 2, Tab}le)3 and Annex A, the follgqwing

cleafances are present:

a) Hetween parts of an electrical power installation if plrase opposition might occur: 120 %b;

b) Hetween parts of an electrical power installationdn’¢ase of differentinsulation levels: 125 %
df the higher insulation level.

Undér dynamic conditions, the minimum temporary clearances expressed as a percentage of

the minimum clearances under steady state\conditions givenin Table 2, Table 3 and Annex A

[if ngcessary corrected in accordance with a) or b)] are to be considered independently] and

shallbe greater than:

1) ip the case of conductor swingigue to the influence of wind: 75 %, or

2) ip the case of rupture of ghesub-chainin a multiple insulator chain: 75 %, or

3) ip thecase of conductorswing due to the influence of short-circuit: 50 %.

5.6 | Tested connection zones 13

Infofmation on mounting and service conditions of type tested equipment supplied by the

manufacturer shallbe observed on site.

Where no-Sinformation is available, special considerations shall be given to the design df the

trangitiohfrom the type tested equipment to the equipment which is in accordance with Taljle 2,

Tablp8and Annex A. This transition shall be as short as possible. 14

NOTE In tested connection zones, the minimum clearances according to Table 2, Table 3 and
Annex A need not be maintained because the ability to withstand the test voltage is established

by a

dielectric type test.

NOTE Typical transitions zones are less than three times phase-to-phase clearance.

6 Electrical equipment

6.1

General requirements



No change in requirements but the text is restructured to make it easier to understand and for the understanding that Table 2 and Table 3 are "100% values" and that these clearances are in relation to this.

Recommendations of how to connect equipment with clearance less than minimum clearances according to Table 1 and Table 2 has been improved together with indicative experienced based practical values in a note.

This clause has been added to clarify consideration of issues in the transition between clearances used for type test equipment to the installation clearances in accordance with this Standard. The former note has become a normative requirement as requirements cannot be defined in notes. The new note gives a typical value of transition length as three times phase to phase clearance.
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Electrical equipment safety 15

pplyinaccordance with this document.

orexternalinfluences.

frical equipment shall be installed according to‘the manufacturer's instructions.

brinstallation, such procedures shall bgdpecified by the user.

frical equipment shall comply withitke applicable IEC product standards. In absence of
Hards, applicable provincial, national or regional standards may be considered.

Personnel User safety

cular attention shall be given at the design stage to the safety of persons durin
Ilation, operation and maintenance of electrical equipment.

may includet

hanualsand instructions for transport, storage, installation, operation and maintenan
pecjialtools required for operation, maintenance and testing;
af€mworking handling procedures developed for specific locations;

frical equipment shall not cause a danger from electric-$hock, fire, thermal effed
icalinjury in the event of reasonably expected conditian$\6f overload, abnormal operation,

frical equipment shall have a safe construction when assembled, inStalled and conngcted

ts or

e specific additional operational and safety procedures are needed for a certain elgctric

such

y the

Le;

d) safe earthing measures.

NOTE Training and authorization for operating persons can be subject to provincial, national or regional regulation.

6.2

Specific requirements

6.2.1 Switching devices 16

Switching devices include, for example, circuit breakers and disconnectors. These devices shall
be selected according to requirements in Clause 4.

A facility shall be provided to indicate the contact position of the interrupting or isolating
equipment (including earthing switches). The method of indication shall be specified by the user
and should be inaccordance with the equipment standards.


This subclause has been rewritten and revised to clarify and define the necessary requirements for electrical equipment. The safety of the system, the electrical power installation, is formed by a system of electric equipment and the coordination of those by the system requirements. Therefore, the requirements to ensure correct electric equipment is a fundamental for achieving a correct and safe installation. The basic way to do this is to comply with IEC product standards.
The structure, requirements and wording are similar to other system IEC Standards for electrical installations.

Improved description of requirements for switching devices by referencing to Clause 4 and to clarify that for situations where prospective fault currents exceed the characteristics, an interlocking or operation procedures are required.
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The position indicator shall provide an unambiguous indication of the actual position of the
equipment primary contacts.

The device indicating the open/close positionshall be easily visible to the operator.

Disconnectors and earthing switches shall be installed in such a way that they cannot be
inadvertently operated by tension or pressure exerted manually on operating linkages.

Where specified by the user, interlocking devices and/or locking facilities shall be installed to
provide a safeguard againstinappropriate operation.

If anfinterlocking system is provided which prevents the earthing switch from carrying the full
short-circuit current, it is permissible, by agreement with the user, to specify a reduced nating
forthe switch which reflects its possible short-circuit-current stress.

Switphing devices that are not capable of making prospective fault current may be used where
satidfactory interlocking or switching procedures are provided.

Equipment shall be installed in such a way that ionized gas released during switching does not
resultindamage to the equipmentorindanger for operating persans.

NOTE The word"damage" is considered to signify any failure of the equipméent which impairs its function.

Protpction from danger resulting from internal arc faultghatl be considered as specified in 8.5.

Ratimgs of switchgear shall be based on the appfopriate IEC high-voltage standards| The
swit¢hing of certain circuits may however require the use of more severe constraints|than
defiTed in those standards. Examples of such cCircuits are filter banks and loads having|very

highlreactance/resistance (X/R) ratios suchiaslarge transformers and generators. The sp ¢cific
requjrements of switchgear for such circuits shall be agreed upon between the suppliefand

user

6.2.2 Power transformers and\reactors

Unleps otherwise stated, 6:2:2 applies to both transformers and reactors even when |only
trangformers are referred to'in the text.

The main selection.criteria for transformers are given in Clause 4 and Clause 8.

Fhetran
the-H

IEC 60076 (all parts) and IEC 61378 (all parts) define the specific details associated with the
condirnction and performance of various types of transformers. The classification (used in this
document) of these various types of transformers depends on a wide range of factors, such as
winding materials, dielectrics and cooling systems.

When designing the transformer installation, the-possibility risk of fire propagation (see 8.7)
shall be considered. Similarly, means shall be implemented to limit, if necessary, the acoustic
noise level (see 4.5.2).

For transformers, care should be taken to mitigate the risk associated with excessive
temperature rise. Suitable measures for cooling and ventilation shall be provided [see 7.5.7 and

referto IEC 60076 (all parts)].
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Water (ground water, surface water and waste water) shall not be polluted by transformer
installations. This shall be achieved by the choice of the design of transformer type and/or site
provisions. Formeasures see 8.8.

If it is necessary to take samples (oil sampling) or to read monitoring devices (such as fluid
level, temperature, or pressure), which are important for the operation of the transformer whilst
the transformeris energized, it shall be possible to perform this safely and without damage to
the equipment.

Air-core reactors shall be installed in such a way that the magnetic field of the short-circuit
current will not be capable of drawing objects into the coil. Adjacent equipment shall be
desipned to withstand the resulting electromagnetic forces. Adjacent metal parts such as
foundation reinforcements, fences and earthing grids shall not be subject to excessive
temperature rise under normal load conditions.

The |risk of damage to transformers—from—oversiresses resulting from-férro-resonance,
harmonics, voltage surges, temporary overvoltages and other causes should’be minimizqd by
appfropriate system studies and measures (e.g. surge arresters or appropriate choige of
trangformers' insulation).

Trangformer pressure-relief devices, if used, shall be arranged“to direct the oil discharge
dowhwards and away from the operational controls where operating persons are likely fo be
stanfing.

6.2.3 Prefabricated type-tested switchgear

The [requirements for gas insulated metal-enclosed switchgear (GIS), metal-enclpsed
swit¢hgear, insulation-enclosed switchgear andJother prefabricated type-tested switchgear
assgmblies are givenin 7.4. For safety of persons and gas handling, referto 8.8.3 and 9.8.3.

6.2.4 Instrument transformers
6.2.4.1 General

The secondary circuits of inductive instrument transformers shall be bonded to earth, ofr the
secdndary circuits shall beSegregated by earthed metallic screening, in accordance with the
recommendations of Clause 10.

The parthable point-of‘the secondary circuit shall be determined in such a way that elecjtrical
interference is avoided.

Instiument transformers shall be installed in such a way that their secondary terminal§ are
easily accessible when the switchgear assembly has been de-energized. The recommendations
of IHCH1869 (all parts) shallbe considered.

6.2.4.2 Current transformers

The rated overcurrent factor and the rated burden shall be selected so as to ensure correct
functioning of the protective equipment and prevent damage to measuring equipment in the

event of a short-circuit.

In high-voltage networks where the primary time constant is long and where automatic reclosing
is practiced, it is recommended that the transient stress due to the aperiodic portion of the
short-circuit currentbe taken into account. The recommendations of lEC60044-6 |[EC 61869-2
should be considered.

If measuring devices are also connected to protective currenttransformer cores, the measuring
devices shall, if necessary, be protected against the damage resulting from large short-circuit
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currents by means of suitable auxiliary transformers. Overcurrent protective devices shall not
be used in secondary circuits of inductive current transformers. A7

If necessary, an effective screen between the primary circuit and the secondary circuit shall be
provided for the reduction of the transient overvoltages on secondary circuits arising from the

switching operation.

To protect against dangerous overvoltages, provisions shall be made to facilitate shorting the
secondary windings of current transformers.

6.2.4
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F-3—Vottage transformers

hge transformers shall be selected in such a way that the nominal output and aceurac

y are

uate for the connected equipment and wiring. The effects of ferro-resonance shall be
idered.
secondary side of voltage transformers shall be protected against the“effects of short-

its, and it is recommended that protective devices be monitored.

Surge arresters

e arresters shall be designed or positioned in such a way."as to provide-personnels
g operationin case of breaking of the housing or operatityg of any pressure-relief de

volt-time characteristics of surge arresters installed.in the same circuit as current-lin
5 shall takeinto accountthe overvoltages produced by the fuses.

nitors are provided in the earth conductorof non-linear resistor type arresters, the
uctor between an arrester and the monitor, and the monitor itself, shall be protect
a way as to prevent it being touched."It shall be possible to read the monitors and
ters with the equipment energizedy

6.2.6 Capacitors
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Safe discharge of power capacitors shall be guaranteed. Discharge units shall be thermally and
mechanically capable of carrying out their task.

The short-circuiting and earthing facilities provided for a capacitor bank shall take into account
the interconnection of units within the bank, the discharge resistors and the type of fusing.

6.2.7 Line traps

The bandwidth shall be determined in accordance with the network frequency allocation.


It has been considered as a superfluous requirement in earlier editions of the document, but countries have noted problems why this has been clarified.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

— 48 - IEC 61936-1:2021 CMV © IEC 2021

6.2.8 Insulators

Unless otherwise specified, the minimum specific creepage distance of insulators shall comply
with-the—recommendationsof IEC TS 60815-1, IEC TS 60815-2 and IEC TS 60815-3 for the
level of pollution specified by the user.

The requirements of the wet test procedure of IEC 62271-1:2007 shall apply for all external
insulation.

Insulator profiles and/or requirements for performance of outdoor insulators in polluted or heavy
wetting conditions may be specified by the user.

6.2.1 Insulated cables

6.2.9.1 General 18

Subg¢lause 6.2.9 is applicable to insulated cables except when used as ojyérhead lings. If
insulated cables are installed as overhead lines, they shall comply withthe'requirements gf the
apprnopriate IEC standards for overhead lines.

NOTE An example of a standard for overhead lines is IEC 60826.

6.2.9.2 Temperature

Insulated cables shall be selected and laid in such,aCway that the maximum permitted
temperature is not exceeded for conductors, their insulation, the connections, the elecjrical

equipmentterminals or the surroundings under thefollowing conditions:
a) normal operation;

b) gpecialoperating conditions, subjectto previous agreement between the supplier and user;

c) ghort-circuit.

NOTE For dimensioning of cables related telcurrent, IEC 60287, IEC 60853 (all parts) and IEC TR 62095 gan be
constlted.

The connection of a cable to.efectrical equipment (for example motors, circuit-breakers)|shall
not fesult in the cable being subjected to temperatures higher than those admissible far the

cablpinthe foreseeableoperating conditions.

6.2.9.3 Stress due-to temperature changes

The [stress on,etectrical equipment due to temperature-dependent changes in the length of
conductors shall be taken into account. If necessary, the stress shall be relieved by suiftable
measgures (for example flexible connections, expansion terminations or snaking). If these
measgures are not taken, the additional forces due to temperature changes shall be takern into
accdquniduring verification of the mechanical strength of the equipment.

6.2.9.4 Flexible reeling and trailing cables

Flexible reeling and trailing cables shall be selected in accordance with the following require-
ments and conditions.

a) Trailing cables, or cables having at least equivalent mechanical and electrical character-
istics as trailing cables, shall be used for supplying power to hoisting mobile or moveable
equipment.

b) Inthe case of more severe mechanical stress, for example where the cables are subject to
abrasion, tension, deflection or winding during operation, double-sheathed trailing cables
orcables with atleast equivalent mechanical and electrical characteristics as trailing cables
shall be used.


See also Subclause 6.2.10 for overhead lines with bare conductors.
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c)

d)

e)

Insulated cables for the power supply of hoisting mobile or moveable equipment shall
contain a protective earth conductor.

The design of any connection, be it a joint, termination or other connection arrangement,
shall be such that in the event of a strain being placed upon the cable, the protective
conductor shall be the lastto partor separate.

Insulated cables which are to be wound ona drum shall be dimensioned so that when the
conductoris fully wound and subjectto the normal service loading, the maximum permitted
temperature is notexceeded.

The terminal ends of flexible and trailing cables shall be free from tension and compression;
cablge_sleeves shall he protected againcf Q’rrilnping and cable ends againcf ’rwiqfing The

termjnals shallalso be designed so that the cables will not kink.

6.2.9.5 Crossings and proximities

Where insulated cables cross or are near to gas, water or other pipes, an apprepriate cleafance
shall be maintained between cables and the pipelines. Where this clearance canndt be
maintained, contact between the cables and the pipelines shall be prevented, for examplg, by
the insertion of insulating shells or plates. These measures shall be~coordinated with the
opernator of the pipeline. In the case of along parallel routing, a calculation of the overvo|tage
indufped on the pipeline during a short-circuit shall be effected. It may be necessary to detefmine
appfopriate measures (for example, an alternative routing folr the cables or pipelines,|or a

greater clearance between cables and pipelines).

Whefe insulated cables cross or are near to telecommunication installations, an appropriate

clearance shall be maintained between cables and telecommunication installations.

In the case of a long parallel routing, the overvoltage induced on the telecommunication
instgllation during a short-circuit shall be_c@lculated (for guidance refer to ITU—diregtives
recommendations). It may be necessary.,to take appropriate measures to reduce]| this
overpoltage (alternative routing for the cables or the telecommunication installations, grgater

cleafance between cables and telecommunication installations).

Where insulated cables cross orlare near to otherinsulated cables, the mutual thermal efffects
shall be calculated in order to.determine the minimum clearance between cables or to detefqmine
othef appropriate measures_(e.g.-derating rerouting). Cables shall be installed at a suff{cient
distance from heat sourges.or shall be separated from such heat sources by means of the¢rmal

insulating shields.

NOTE Crossing.and proximity of insulated cables, gas and water pipes or other pipeg and

apptopriate clearance should be in compliance with national regulations and standards.

6.2.9.6 Imstallation of cables

Provision of suitable access shall be made for the maintenance and testing of cgbles
(see Clause 11).

Care-shoud betakentoprotect The cable shall be protected from mechanical damage during

and after installation as follows.

a)

b)

c)

To avoid any damage to the cable, the laying operations shall be performed at the ambient
temperature specified by the equipment standards or by the manufacturer.

Single-core insulated cables shallbe laid and fastened in such a way as to ensure that the
forces resulting from short-circuit currents do not cause damage.

The method of laying shall be chosen to ensure that the external effects are limited to
acceptable safe values. In addition, when buried in troughs, the cables shall be installed at
a specific depth and covered by slabs or a warning grid to prevent any damage being caused
by third parties. Underground and submarine cables-should shall be mechanically protected
where they emerge from the water or the soil.
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Laying of cablesin earth shall be carried outon the bottom of a cable trench free of stones.
The bedding shallbeinsand or soil, free of stones. Special constructions of cables can be
chosen, if necessary, to protect against chemical effects.

Measures shall be taken to prevent cables in troughs from being damaged by vehicles
running over them.

Ground movements and vibrations shall be takeninto account.

For vertical installations, the cable suitable for that installation shall be supported by
suitable cleats, at intervals determined by the cable construction, and information provided
by the manufacturer.

lfsi i

he steel reinforcing bars shall be considered. If necessary, suitable structural measures to
I{mit the heating shall be determined.

—

Cables installed in metallic pipes shall be grouped in such a way that the conductors ¢f all
phages (and the neutral, if any) of the same circuitare laid in the same pipe to, minimize pddy

currgnts. Considerationshould begivento The location of the earthing conductor shall be flaken

into

hccount.

Insulated cables shall be installed so that touch voltages are withinithe permissible valugs, or
so that accessible parts with impermissible touch voltages are protected against contagt by

adequate measures.

Wheh earthing metallic screens and sheaths, consideratign'should be given to issues su¢h as

indufped voltages, fault currents, transfer voltages and-8drrent transformer locations.

NOTE When earthing metallic screens and sheaths, there-a¥ay can be a risk of high circulating currents in sdreens

of shpathed single-core cables, especially when laid flat.

Metgllic sheaths shall be earthed in accordance with Clause 10.

The
mininize the occurrence of ferro-resonance.

Carels

ength of cable connecting transformers and reactors to a circuit shallbe selected so ps to

ipment When connecting power caples,

the rwechamcal stress on electncal eq U|pment shaII be I|m|ted so as not to impair the property

of thle equipment.

6.2.9.7 Bending radius

The
cablp. Theseare givenin the relevant standards or shall be specified by the manufacturef.

6.2.1.8 Tensile stress

minimum yalues of bend radius during and after installation are dependenton the type of

The maximum permissibletensile stress during laying depends on the nature of the conductor
and onthetype of cable. These are givenin the relevant standards or shall be specified by the
manufacturer.

The continuous static and peak tensile stress applied to the conductors of flexible and trailing
cables shallbe as small as possible, and shall not exceed the values given by the manufacturer.

6.2.10 Conductors and accessories

Subclause 6.2.10 deals with conductors (rigid or flexible) and accessories, which are part of
outgoing feeders or busbars in installations.

Covered conductors shallbe treated as bare conductors.
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Provision shall be made to allow for the expansion and contraction of conductors caused by
temperature variations. This shallnotapply where the stress caused by temperature variations
has been allowed for in the conductor system design.

NOTE For bare flexible conductors outside closed electrical operation areas, see IEC 60826. 19

Joints between conductors and connections between conductors and electrical equipment shall
be without defects and shall not deteriorate while in service. They shall be chemically and
mechanically stable. The joint faces shall be suitably prepared and connected as specified for
the type of connection. The temperature rise of a connection between conductors and
switchgearin service shallnot exceed the values specified in IEC 62271-1:2007.

NOTE-The open ends of tubular busbars should be plugged to prevent corrosion.and birds
nest|ng.

Proision shall be made to avoid possible resonant oscillation of tubular busbars causgd by
wind|.

6.2.11 Rotating electrical machines

The fisk of personalinjury from faults within the terminal boxes of machines shall be mininfized.
The terminal boxes of motors shall withstand the local short-cifcuit conditions. Current-limiting
devices may be necessary.

The Hegree of protection of the equipmentagainstthejrdgress of objects, dust and water ghall
be clhosen in accordance with the climatic and epviconmental conditions at the site of the
elecfrical power installation. Hazardous parts of the machine shall be protected agpinst
acciflental contact by persons. The degree of protection shall be defined in accordance with
IEC $0529.

The |nsulation level of the machine shallbe selected in accordance with IEC 60034-1.

Suff|cient cooling shall be provided.

NOTE-Machines—should can $d be protected against exceeding the maximum pernjitted
temperaturerise by use of suitable electric protective devices. Particularly for large machines
orthpse critical for a production process, protection devices should be installed which indjcate
an internal faultof thé machineor, if necessary, automatically shut it down.

The pverall design'of the installation shall identify requirements for the type of motor enclojsure,
particularly if<the motor is to be installed in a hazardous area. In addition, safety issues |such
as npise levels, maximum temperature of surfaces accessible to operating persons, contfol of
spillpge@nd guarding, shall meet the particular requirements of the installation.

Starting Targe motors resulis In voltage drops In the electrical distnbution system. Diiferent
techniques are available for reducing the impact on the electrical network when starting large
motors. The protection equipment shall be designed to provide adequate protection of the motor
during the complete starting sequence.

The contribution of large motors to the short-circuit current shall be considered.

6.2.12 Generating units

The type of power rating for the generating unit shall be stated (e.g. continuous, prime, or
standby power). Operation of the generator in parallel with the utility or in parallel with other
generators should be stated. The switching devices to be used for synchronizing shall be
defined.


For overhead lines within an electrical power installation, but outside closed electrical operating areas, the IEC Standard for overhead lines is applicable. Note as well that for overhead and underground lines between separate electrical power installations is outside the scope of this document. See also Subclause 6.2.9.1 for cables.

The adjustment to move the note to normative text is based on the fact that instructions and recommendations are not accepted within notes.
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The overall design-of-the-installation shall identify the general safety requirements specific to
the—eguipment generating units, particularly for fire protection and use of hydrogen. See
IEC 60034-3 .

6.2.13 Generating unit main connections

For small generating units, selection and specification of generator main connections (busbars)
may be based upon appropriateclauses provisionof IEC 62271-200.

However, particular care-shal should be taken in the selection of rated peak making currents.
It may also be necessary to specify additional testing or calculations for connections that are
not flactory-built and type-tested.

Where necessary, fault studies shall be conducted to establish peak making and._shorttime
withstand currents, particularly for branch connections of reduced cross-section (e.g. to
auxiliary transformers).

Forlarger generating units, and where higher system security is required,itis recommendgd to
use phase isolated or phase segregated busbar systems.

The jmpact of the magnetic field due to the use of generating-unit main connections without
metdllic enclosures shall be considered in the design of the installation.

The fesign shalltake into accountthe factthatwhen a generating unit is offline but rotatipg at
low gpeed to prevent deformation of the generator shaft;

a) thereis a possibility of induced voltages presenting a safety hazard, and

means shall be provided to change the off-circuit tap position on transformers connected
directly to generator terminals.

NOTE-When connections between the generator and the transformer are short, provision should
be made to add capacitorsin the conhection gear to limit overvoltages which can occur during

swit¢hing.

6.2.14 Static converters

Accgssible parts of converter units that can carry dangerous voltage during normal opergtion
orurjder fault conditions-shall be adequately marked and shall be adequately protected aglainst
accigental contactbyypersons. This may be achieved by providing suitable protective barriers.

The ooling and-heat transfer mediums shall not contain mechanical pollution or chemi|cally
aggressive'components which might cause malfunction of the equipment.

Whenhwater is used as coolant, the possibility of corrosion caused by leakage currents (curfents
due {0 the conductivity of water) shall be considered.

When oil is used as coolant, similarprotection against fire and pollution of ground water shall
be provided as for oil-filled transformers and reactors.

When planning the layout of converter units, the possibility of magnetic interference, caused by
high AC currents, on other electrical equipment or parts of the installation, especially steel
components, shall be considered.
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6.2.15 Fuses 21

Fuses shall be installed in such a way that their replacement can be carried out safely according
to manufacturer's instructions.

All necessary information should be available to persons during operating and maintenance for
the proper selection of replacement fuses.

There are two types of fuse in use:

— clurrent-limiting fuses according to IEC 60282-1;

— expulsion fuses according to IEC 60282-2.

NOTE 1 More information concerning operational aspects can be found in IEC TR 62655.

Forpgroper function, the fuse-link shall be securely locked in the service position.

NOTIE 2 IEC TR 62655 states thatit is advisable to replace all three fuse-links wher’th e fuse-link on one ¢r two
phasgs of a three-phase circuit has operated, unlessit is definitely known that ne“Qvercurrent has passed thfough
the npn-operated fuse-links.

Current limiting fuses according to IEC 60282-1 need no fyrther observations due to ftheir
behgviour of currentlimiting and high breaking capacity dufing fault.

Instglling expulsion fuses according to IEC 60282-2\minimum electrical clearances for|fuse
assgmbly installations shall take into consideration all possible positions of the live parts bgfore,
during and after operation.Mented fuses They shall be provided with adequate clearances or
appfopriate protective barriersin the direction-ordirections in which they are vented.
Disclharges from vented fuses may contain hot gases, arc plasma and molten metal. They|may
also|be conductive.

Facil|ities shall be provided to ensure that persons are not exposed to discharges of-v¢nted
expylsion fuses according ta:lEC 60282-2, either during replacement or-when other wofking
acti\lities in the area. When this is not possible, the circuit feeding the fuse shall be de-energized
priofto possible exposuges,orif not the persons shall use protective shielding and clothing.
Fusgs-shallbednstalledinsuchaway that theirreplacementcanbecarriedoutsafelyaccotding
NOTE XNl Dhoocossarnsinformation-shouldbe-gvailable-to-th e operatina-and-maintenance-p-ersonnelforthe nroner
NOTE Atha ary-informationshould be-available-to-the-operating-and-maintenance-personnel-forthegroper
seleglion-ofreplacementfuses:

6.2.16 Electrical and mechanical interlocking

Interlocking may be necessary to ensure the correct sequence of operation of electrical
equipment, to prevent danger for operating persons and to prevent damage to the electrical
equipment.

Interlocking may be achieved by electrical or mechanical methods. Interlocking shall be
designed and constructed to operate reliably. In the event of the loss of power supplies,
electrical interlocking schemes shall be designed to-failsafely preserve safety in the case of

failu

re.



Requirements for current limited fuses have been added and the Subclause 6.2.15 has been restructured for improved clarity.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

- 54 — IEC 61936-1:2021 CMV © IEC 2021

7 Electrical powerinstallations

7.1 General
7.1.1 General Common requirements

Electrical power installations comprise installations within sites and can include one or more
closed electrical operating areas.

The access to closed electrical operating areas shall be restricted and only be possible by the
opening or removal of a door, gate or protective barrier using a key or tool. Closed electrical
opelfating areas shall be clearly marked by appropriate warning signs. 22

Clause 7 specifies only general requirements for the electrical power installations regafding
choite of circuit arrangement, circuit documentation, transport routes, lighting; operafional
safefy and labelling.

Distances, clearances and dimensions specified are the minimum values permitted for|safe
opeffation. They are generally based on the minimum values given’in the former natjional
stanfards of the IEC members. A user may specify higher values iffnecessary.

Cleal and adequate space, as agreed between the user and sUpplier, shall be provided in [front
of allf switchgear and fuses for safe operation, isolation and earthing. See, for example, 7.5.4 23

NOTE- 24 For minimum clearances-{(A)of to live parts)refer to minimum clearance of dgnger
zong (N) in 5.4 and to Table 2, Table 3 and Annex A«

National standards and regulations-may-can require the use of higher clearance values.

Where an existing electrical power installation is to be extended, the requirements appli¢able
at thp time of its design and erection may be specified as an alternative.

NOTE When extending an existing installation, the requirements applicable to new parts can be subjgct to
provinpcial, national or regional regulatofs.

The felevant standards for-operationof working and maintaining electrical {power} installgtions
shalladditionally be takén into account. Operating Safe working procedures shall be defingd by
the yser (see~4-4alse*Annex F).

7.1.2 Circuitiarrangement

The [circuit\arrangement shall be chosen to meet operating requirements and to enable
implementation of the safety requirements in accordance with 8.3. The continuity of se
undgr fault and maintenance conditions, taking into account the network configuration,
also . A o )

out safely and-guickly efficiently.

Each electrically separated system shall be provided with an earth faultindicating device which
permits detection or disconnection of an earth fault.

It shall be ensured that isolated sections of an electrical power installation cannot be
inadvertently energized by voltage from parallel connected secondary sources (for example
instrument transformers).

Isolating equipment accessible to the general public shall be capable of being locked.

Electrical power installations shall be capable of withstanding the thermal and dynamic stresses
resulting from short-circuit current in accordance with Clause 4.


The requirements for closed electrical operating areas have been moved from the definitions as requirements are not accepted within definitions.

General requirements for user safety with respect to electrical equipment are given in Subclause 6.1. More specific requirements for the electric power installation have been implemented in this subclause.

The adjustment to move the note to normative text is based on the fact that instructions and recommendations are not accepted within notes.
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The circuit arrangement may, however, be configured in such a way that sections of the
installation which are normally operated separately are interconnected for short periods during
switching operations, even when, as a result of such connection, the short-circuit current
exceeds the design rating for the electrical power installation. In such cases, suitable protective
measures shall be taken to preventdanger for operating persons. Defined operating procedures

may

be required for this purpose.

NOTE 1 This situation-may-beuraveidable occurs for example in operation if feeders are switched from one busbar
to another.

In circuits that have current-limiting protective devices, electrical equipment and short

connections may have rafinge that nr\rrncpnnd tothe cut nff(lnf fhrnllgh) currentofthe cu
limitjng device.

NOTE 2 Electrical equipment located between the busbar and the current-limiting devices will have suf
through-fault current duty only in case of faults on the load side of the current-limiting devices.

7.1.3 Documentation

Where applicable, the documentation shall be provided with each electrical power install
to allow erection, commissioning, operation, maintenance and envirehmental protection. 2
The pxtent and the language of the documentation shallbe agrfeed upon between the sug
and user.

Diag

1ECH

Rule

7.1.4 Transportroutes

Tran

antiqipated transport units and shalkbe agreed upon between the supplier and user.

With

bengath orin proximity to live parts (without protective measures) is permitted, provide

rent-

5 forthe preparation of documentation are‘@ivenin IEC 61082-1.

sport routes, their load capacity,sheight and width shall be adequate for movemerj

In closed electrical operating areas, the passage of vehicles or other mobile equip

icient

ation
5

plier

ts of

ment
H the

following conditions are met (see Figure 1):

— the \lQh!C!Q with g{)an‘ doors and-itsload-doesnot |nfr|ngn the Hongnr zone—minimum
P for a vehicle, with open doors and its loads, a minimum
adpproach distance to live partsis 7= N + 100 mm (minimum 500 mm);

— the minimum height, H, of live parts above accessible areas is maintained (see 7.2.4)

Undé¢r these circumstances, persons may remain in vehicles or mobile equipment only if there

are adequate protective measures on the vehicle or mobile equipment, for example thg cab

roof,

to ensure that the danger zone defined above cannotbe infringed.

Forthe lateral clearances between transport units and live parts, similar principles apply.

NOTE Heightrestrictions for vehicles can be indicated by the use of height restriction bars.


Improved requirements regarding the documentation stated here have been introduced in Clause 12.
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Dimensions in millimetres
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H minimum height of live parts
N minimum clearance of danger zone

T=N+ 100 (minimum 500)

Figure 1 — Minimum approachdistance for transport
within closed electrical operating areas

7.1.5 Aisles and access areas

The width of aisles and access areas shall be adequate for work, operational access,
emergency access, emergency evacuation and for transport of equipment.
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NOTE Maintenance and operating areas in buildings are described in 7.5.4.
7.1.6 Lighting

Accessible indoor and outdoor electrical power installations shall be provided with suitable
lighting for routine operations.

Emergency/auxiliary lighting shall be provided if necessary; this may be a fixed installation or
portable electrical equipment.

In some cases, in small distribution substations, alighting installation may not be required. In
suchtases,; the presence and extentof the fightmgshafrbe agreed upon between the supplier
and user.

ANy
ARy

lamy
totiy

The |ighting system shall be installed in such a way that its operation catvbe carried out safely.

NOTIE For correctlighting | evels-sheuld-be-raccordance-with-eurrent (luminosity), applicable international gnd/or
natiopal standards and regulations can be consulted.

7.1.1 Operational safety

Opefational safety of electrical power installations shall be designed so that the escapg and
rescpe paths and the emergency exit can be safely’used in the event of a fire, and|that

protection and environmental compatibility are ensured.

Where necessary, electrical power installatiohs themselves shall be protected againstt fire
hazard, flooding and contamination. If required, additional measures shall be taken to prptect

impqrtantinstallations against the effectsof road traffic (salt spray, vehicle accident).

7.1.8 Labelling

Identification and labelling arexequired to avoid operating errors and accidents.

All important parts of theyelectrical power installation, for example switchgear 'bay' or 'culicle’,
swit¢hgear, busbars-§ystems, conductors, shallbe clearly, legibly and durably labelled.

Safdty warnings;-for example warning notices, safety instruction notices, operation of|key-
interfjocking sctiemes and informative notices, shall be provided at suitable points in the
electrical power installation (see 8.9).

NOoTE3-Safety warnings may be provided wherever multiple sources of-high-voltage electrical
power are required to be disconnected for the complete de-energization of electrical equipment
orwhere equipment may be inadvertently back-fed.

7.2 Outdoorelectrical power installations of open design
7.2.1 General

The layout of opentype outdoor installations shall take into account the minimum phase-to-
phase and phase-to-earth clearances givenin Clause 5.
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The design of the electrical power installation shall be such as to restrict access to danger
zones, taking into account the need for operational and maintenance access. See Annex F.
External fences shall therefore be provided and, where safety distances cannot be maintained,
permanent protective facilities shall be installed. For electrical power installations on mast, pole
and tower, external fences may not be required if the installation is inaccessible from ground

level

to the general public and meets the safety distances givenin 7.7.

A separation shall be provided between bays or sections by appropriate distances, protective

barri

7.2.?l_P_r.a.Lea|.ixe_b.a.uLgL;Lga.r.ance<

Withjn an electrical power installation, the following minimum protective clearances'shz

main

- f
P
- f

C

NOTE

For non-rigid protective barriers and wire meshes, the clearance values shall be increas

take

7.2.3

live

- f

- f

Whe
max

NOTE

With;Ln electrical power installations, the following'minimum clearance shall be maintained

minimum protective obstacle clearance is O, = N + 300 mm (minimum 600 mm);

ers or protective obstacles.

tained between live parts and the internal surface of any protective barrier (sefe Figu

pr solid walls, without openings, with a minimum height of 1 800 mm, the mini
rotective barrier clearanceis B1 = N;

br wire meshes, screens or solid walls with openings, with a minimum height of 1 80(

learance is B, = N + 80 mm.

The degree IPXXB ensures protection against access to hazardous,paris with fingers.

into account any possible displacement of the protective barrieror mesh.

Protective obstacle clearances

arts to the internal surface of any protective obstacle (see Figure 2):

br solid walls or screens less than~1' 800 mm high, and for rails, chains or ropes

br chains orropes, the values'shall be increased to take into account the sag.

mum heightof 1 400 mm.

Rails, chains and'ropes are not acceptable in certain countries.

Il be
re 2):

mum

mm

and a degree of protection of IPXXB (see IEC 60529), the minimum protective barrier

bd to

from

, the

re appropriate, protectivesobstacles shall be fitted at a minimum height of 1 200 mm and a
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Dimensions in millimetres
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Indoor: O, =N+ 200 (= 500) B,=N Solid walls without bpenings
Outdoor: 0, =N + 300 (= 600) Non-accessible surface B,=N+80  Wire mesh / Screen
inside a barrier or obstacle IPXXB
Barrier less than 1 800 high

or rails, chains, ropes
IEC

Key

H m|nimum clearance of live parts above accessible surface at the external(fepce
B, bdrrier clearance to solid walls without openings

B, bgrrier clearance to wire mesh/screen IPXXB

N m|nimum clearance of danger zone

0, olstacle clearance, indoor

0, olpstacle clearance, outdoor

Figure 2 - Protection(@gainst direct contact by protective
barriers or protective obstacles withinclosed electrical operating areas

7.2.4 Boundary clearances

The |external fence of outdoor electrical power installations of open design shall have the
following minimum boundary clearances in accordance with Figure 3:

|
»

olid walls (for height, see 7.2.7): C=N+ 1 000 mm;

— Wire mesh/screens (for height, see 7.2.7): E=N+ 1 500 mm.
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Dimensions in millimetres
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E o Area without
=] = live parts
ﬁ N and insulators
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vz
STy £
S o ence
8 = .
A
£
S o
o
[ee]
N
Acg¢essible
syrface .
y
C=N+1000 | Solidwalls
E=N+1300 | Wire mesh/ Screens
IEC
Key

m|nimum distance from bdundary to solid wall

E m|nimum distance frogh Boundary to wire mesh or screens

m|nimum clearance(ofjlive parts above accessible surface at the external fence
m|nimum clearapce bf danger zone

a Iffhis distance(to live parts is less than H (see 7.2.5), protection by barriers or obstacles shall be provided.
b Iffhis digtatree is smaller than 2 250 mm, protection by barriers or obstacles shall be provided.

Figure 3 — Boundary distances and minimum height at the external fence/wall

7.2.5 Minimum height over access area

The minimum height of live parts above surfaces or platforms where only pedestrian access is
permitted shall be as follows.

— Forlive parts without protective facilities, a minimum height #=N + 2 250 mm (minimum
2 500 mm) shall be maintained (see Figure 2, Figure 3 and Figure 4). The height H refers
to the maximum conductor sag (see Clause 4).

— The lowest part of any insulation, for example the upper edge of metallic insulator bases,
shall be not lessthan 2250 mm above accessible surfaces unless other suitable measures

to prevent access are provided.
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Where the reduction of safety distances due to the effect of snow onaccessible surfaces needs
to be considered, the values given above shallbe increased.

- Danger zone
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Key

H m|nimum clearance of live parts above accessible surface

N m|nimum clearance of danger zone

Figure 4 — Minimum heights-andworkingclearances within.closed electrical operat

7.2

.6 Clearances to buildings
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Dimensions in millimetres

Live parts
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= 8
= 0
pamy N
= a
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N
+
3 =z,
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Al

Accessible surface

Y U U, U SIS

IEC

areas 26

ng

Where bare conductors cross buildings which aredoeated within closed electrical operating

areap, the following clearances to the roof shall bémaintained at maximum sag (see Figu

Whe

the clearances specifiedin7.2.5forlive parts above accessible surfaces, where the rqg
adccessible when the conductors are live;

N + 500 mm where the roof cannot beiaccessed when the conductors are live;

are live.

e 5):

of is

Q, in lateral direction from the endiof the roof if the roof is accessible when the condugtors

re bare conductors approach buildings which are located within closed electrical operfating

areap, the following clearances shall be maintained, allowing for the maximum sag/swing ip the

casgof stranded conductors:

duter wall with Unscreened windows: minimum clearance given by-Dy, I7;

clearancges,'B, in accordance with 7.2.2;

oluterwall without windows: N.

outer wall with screened windows (screened in accordance with 7.2.2): protective barrier



This figure has been reduced. The part, describing working distances, is transferred to Annex F.
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g) The roof cannot be accessed when the conductors are live
1}) The roof can be accessed when the conductors are live

N Minimum clearance

Figure 4a — Outer wall with unscreened windows

H Minimumrheight

Dy= N+1000 for Uy <110 kV (EC 1864b10
Dy= N+2000 for Up >110%V

Bz BZ
4
<1
B, >N+ 100 N Minimum clearance IEC 1865/10
Figure 4b — Outer wall with screened windows
»

N Minimum clearance

c) Nif the roof is non-accessible when the conductors are live
d) 0,>N + 300 (600 min.) if the roof is accessible when the conductors are live

Figure 4c — Outer wall without windows

IEC 1866/10
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Dimensions in millimetres

IEC

B

e

IEC

b) Outer wall with’'screened windows

c)=N
d)=0,

IEC

c) Outerwall without windows

Key

a) The roofcannot be accessed when the conductors are live.

b) The roofcan be accessed when the conductors are live.

c) Niftheroofis non accessible when the conductors are live.

d) 0,2 N +300 mm (minimum 600 mm) if the roof is accessible when the conductors are live.
B,2N+80mm

W=N+1000for U, < 123kV

W=N+ 2000 for U, > 123 kV

H minimum height

N minimum clearance of danger zone

Figure 5 — Approaches with buildings (within closed electrical operating areas)
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7.2.7 External fences or walls and access doors

Measures shall be taken to minimize the risk of unauthorized access to outdoor electrical power

installations-shallbeprevented.

Where this is by means of external fences or walls, the height and construction of the fence/wall
shall be-adeguate designed to-deter prevent climbing. Additional precautions may be required
in some installations to preventaccess by excavation beneath the fence.

Precautions may also be required in some installations to prevent adjoining climbing structures
from reducing the protection of externalfences or walls. 27

NOTIHE 1 Examples of such adjacent climbing structures are trees, external fences, other buildings, ete;

The pxternal fence/wall shall be atleast1 800 mm high. The lower edge of a fence shall npt be
morg than 50 mm from the ground (for clearances, see Figure 3).

Accgss doors to outdoor electrical power installations shall be equipped-with security locKs.

External fences/walls and access doors shall be marked with safety signs in accordance
with[8.9.

In sgme cases, for public security reasons, additional measures may be necessary.
The fegree of protection of IP1X (see IEC 60529) shallbe used.

NOTE-The use of metal mat fences with a mesh size of 50 mm x 200 mm (width x height) [28-s
appl i i i i 3 fulfils the requiremegnt of
IP1X.

7.3 | Indoor electrical power installations of open design

The layout of open-type indoor instalfations shall take into account the minimum phase-to-phase
and phase-to-earth clearances specified in Clause 5.

The design of the electrical power installation shall be such as to prevent access to danger
zongs taking into acceunt the need of access for operational and maintenance purpg¢ses.
Thergfore, safety distances or permanent protective facilities within the installation sh3ll be
provfided.

For protectivesbarrier clearances, safety distances and minimum height, see 7.2.

For buildings, corridors, escape routes, doors and windows, see 7.5.

Forsolid walls or screens less than 1 800 mm high, and for rails, chains or ropes, the protective
obstacle clearances are at least:

- 04 =N+ 200 mm (minimum 500 mm, see Figure 2).

For chains or ropes, the values shall be increased taking into account the sag. They shall be
fitted at a minimum height of 1 200 mm to a maximum of 1 400 mm, where appropriate.


A more detailed specification of the requirements in the previous paragraph to clarify the requirements needed to minimize the risk of unauthorized access by clarifying that also extraneous structures in the vicinity of the installation has to be considered.

The note has been converted to normative text and it is based on the fact that instructions and recommendations are not accepted within notes.
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7.4

7.4.1

Installation of prefabricated type-tested switchgear

General

Subclause 7.4 specifies additional requirements for electrical equipment which apply to external
connections, erection and operation at the place of electrical power installation. The installation
shall be dimensioned and designed to avoid danger to persons and damage to property, taking

into accountthe type of installation and local conditions.

Factory-built, type-tested high voltage switchgear shall be manufactured and tested in

accordance with relevant IEC standards such as IEC 62271-1:2007, |IEC 62271-

IEC |

NOTE
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5227 =20t andtEC 62271203

In some countries, switchgear complying with IEC 6227 1-201+ay-be is considered to be an opentypei
ical power installation.

switchgear shall be well adapted to its purpose, clearly arranged and.s§0,'designed
ntial parts are accessible for erection, operation and maintenance, Atrangements
ss shall be provided to permit assembly at site. Future possible-extensions shou
idered.

opriate arrangements shall be made for external connections.‘Conductors and cables
blected and arranged in such a way as to ensure safe insulation level between condu
between each conductor and surrounding earthed metaltic’structures.

ty devices that are intended to reduce the interpalk switchgear pressure resulting fr
shall be designed and arranged with consideration for their potential hazard to pers
brc faults, see also 8.5 and 8.8.3. For SKg [eakage see 8.8.2.-The—accumulatig
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Additional requirements for gas-insulated metal-enclosed switchgear
A Design

tforms and ladders are necessSary for operation and maintenance, they shall be desi
brranged to provide safe-accessforpersonnel. These elements may be fixed or remoy,

e necessary, arrangements shall be made to protect the switchgear from dang
tions from transfermers/reactors with gas-insulated connections. Bellows shal
ided, where neCessary, to allow for heat expansion, erection tolerances and settleme
dations.

electrical/power installations with gas-insulated equipment, having several pres
hbers,clearlabels shall be provided indicating the construction of the installation an
tiohr 0f partitions. Monitoring devices shall be clearly marked and located to permit
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Gas pipelines and fittings in areas where mechanical damage is expected shall be protected.

SFg gas pipelines shall be marked where there is a possibility of confusion with other pipelines.

7.4.2.2 Erection on site

Erec

tion of GIS shall be carried outin a clean environment.

Foroutdoorelectrical power installations, it may be necessary to provide a suitable temporary
enclosure housing over the work area to protect the equipment from the environmental
conditions whilstinstallation and/or maintenance is taking place.
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For SFg gas handling, see 9.3.3.

For SFgleakage, see 8.8.2and 8.8.3.

7.4.2.3 Protection against overvoltages

Protection of the GIS against overvoltages should normally be provided by the surge arresters
installed on the feeders. In some cases, the protection given by this equipment may be
inadequate. This situation arises mainly in the following configurations:

tanca hatwoantha OIS and traoncfarmarc:
oo o-o-etw e et o roartattrat SO eSS

-t

— lpng busbars open at their ends;

— C

— lpcations with high probability of lightning-strikes strokes.

For fhese configurations, the installation of additional surge arresters.immay be required.
location should be based on experience with similar situations or on©alculations.

7.4.2.4 Earthing

The enclosure of a GIS—should shall be connected to the earthing system at least at the follg
points:

a) ipsidethe bays:

b) ¢

The
conr
feed
swit
shal

Add
pres

ansformers connected to the GIS by means of cables;

onnectionto overhead lines by means of insulated cables;

close to the circuit-breaker;
close tothe cable sealing end;

close to the SFg/air bushing;

close tothe instrumenttransformer;
nthe busbars:

at both ends and at intermediate points, depending on the length of the busbars.

three enclosures of, a-’single-phase type GIS shall be bonded together with

ections and earthe@.at least at the end of the enclosure of the outgoing and inco
ers. The bonding ¢conductor shall either be rated to carry the nominal current o
hgear 'bay' or(cubicle' and busbars, orif alower rated bonding conductoris used, th
be provedbytests that such a conductoris sufficientfor safe operation. 29

tional bonding straps are not required at flange joints if it can be ensured that the co
sure of the flange provides adequate contact connection for high frequencies.

Their

wing

5 hort
ming

the
en it

ntact

Eart

NINg conductors of surge arresters tor the protection of gas-insulated electrical p

ower

installations shall be connected to the enclosure with a connection which is as short as possible.

Metallic sheaths (for example metal enclosures, armoured coverings, screens) of cables with
nominal voltages above 1 kV should be connected directly to the GIS enclosure.

In some special cases, e.g. cathodic protection of cables, it may be necessary to separate the
earth connection of the cables from the GIS enclosure. In this case, the installation of a voltage

surg

e protection device is recommended between the sealing end and enclosure.


The original text restored as the missing wording was caused by an editorial error in previous edition of the document.
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7.5 Requirements for buildings
7.5.1 Introduction General

Buildings-shal comply with national building codes and fire regulations. Where such nat
standards do notexist, the following may be used as aguide.

ional

Subclause 7.5 indicates the requirements that have to be satisfied in areas orlocations where
electrical equipment for high-voltage installations is installed. For the purpose of this document,

prefabricated substations covered by IEC 62271-202 are not considered as buildings.

7.5.7 Structural provisions

7.5.2.1 General

Load-carrying structural members, partition walls, claddings, enclosures, etc. shall be selgcted

to withstand the expected combustible load.

Elecfrical operating areas shall be designed to prevent ingress of .water and to mini
condensation.

Matgrials used for walls, ceilings and floors on the ground(shall, where possible, ng
dampged by water penetration or leakage. If thisrequirementcannotbe met, precautions
be taken to prevent the consequences of a leak or of condensation affecting the oper
safely.

The puilding design shalltake into accountthe exp&cted mechanical loading and also int
prespure caused by an arc fault.

Pipdlinesand Other equipment such as pipglines, if allowed in substations, shall be desi
so that the electrical power installation isthot affected, even in the event of damage.

7.5.2.2 Specifications for walls

The external walls of the building;shall have sufficient mechanical strength for the environm
conditions.

The mechanical strength'of the buildings shall be sufficient to withstand all staticand dyr
loadks due to normatagperation of the electrical power installation.

The passage of'piipes or wiring systems shall not affectthe structuralintegrity of the wallg.

Metgl pafts-that pass through walls shall meet the requirements of Clause 10.

mize

t be
s hall
ating

ernal

gned

ental

amic

Panels ofthe exterior surface of putldings thatare accessible 10 the general public shall n

tbe

removable from the outside. The constituent materials of the external enclosures shall be
capableof withstanding the attacks of atmospheric elements (rain, sun, aggressive wind, etc.).

7.5.2.3 Windows

Windows shall be designed so that entry is difficult. This requirement is considered fulfil
one or more of the following measures are applied:

— thewindowis made of unbreakable material;

— thewindowis screened,;

— theloweredge of the windowis at least1 800 mm above the access level;

— thebuildingis surrounded by an external fence atleast1 800 mm high.

led if
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7.5.2.4 Roofs

The roof of the building shall have sufficient mechanical strength to withstand the environmental
conditions.

If the ceiling of the switchgear room is also the roof of the building for pressure relief, the
anchoring of the roof to the walls shallbe adequate.

7.5.2.5 Floors

The floors shall be flatand stable and shall be able to support the staticand dynamic loads.

7.5.3 Rooms for switchgear

The gdimensions of the room for switchgear and of the required pressure-relief openings depend
on the type of switchgear and the short-circuit current.

If pressure-relief openings are necessary, they shall be arranged and situated in such a|way
that when they operate (blow out due to an arc fault) the danger to persons and damage to
proplerty is minimized.

7.5.4 Maintenance and operating areas

Maintenance and operating areas comprise aisles, access areas, handling passages| and
escgpe routes.

Aislg¢s and access areas shall be adequately dimensioned for carrying out work, operjating
swit¢hgear and transporting equipment.

Aislgs shallbe at least 800 mm wide.

The width of the aisles shallnot be reduced even where equipment projects into the aisles, for
example permanently installed opefating mechanisms or switchgear trucks in isolated posifjons.

Spage for evacuation shallalways be at least 500 mm, even when removable parts or ppen
doots, which are blocked in'the direction of escape, intrude into the escape routes. If relejvant,
the qoors of switchgeagr \bay' or 'cubicle' should close in the direction of escape.

Forgrection or service access ways behind closed installations (solid walls), a minimum yidth
of 500 mm is required.

Clear andsafe access for operating persons shallbe provided at all times.

MOTE

Below ceilings, covers or enclosures, except cable accesses, a minimum heightof 2000 mm is
required.

Exits shall be arranged so that the length of the escape route within the room does not exceed
40 m forinstallation of rated voltages U, greater than 52 kV, and 20 m forinstallation of rated

voltages up to Uy, =52 kV. This does not apply to accessible bus ducts or cable ducts. If the
above distances of the escape route cannotbe met, an agreement shallbe made with the user.

Permanently installed ladders or similar are permissible as emergency exits in escape routes.

7.5.5 Doors

Access doors shall be equipped with security locks to prevent unauthorized entry.


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 CMV © IEC 2021 - 73 -

Access doors shall open outwards and be provided with safety signs in accordance with 8.9.

Doors which lead to the outside shall be of low flammability material, except where the building
is surrounded by an external fence at least 1 800 mm high.

Doors between various rooms within a closed electrical operating area are not required to have
locks.

It shall be possible to open emergency doors from the inside without a key by using a latch or
other simple means, even when they are locked from the outside. This requirement need not
b e cgmptedwith-forsmal-nstaltations-where-the-doorhastebekeptopenduringoperatng or

serv|cing.

The minimum height of an emergency door shallbe 2 000 mm and the minimum gclear op ¢ning
750 mm.

7.5.6 Draining of insulating liquids

Protpctive measures shallbe taken when insulating liquids are used(see also 8.8).

7.5.1 Airconditioningandventilation Heating, ventilation and air conditioning
(HVAC)

A General 30

rclimateconditions-shallbe established e o bihadaau
—oHARet Petohe—shall-2 HERHSAB8G-8-g—4 a6

7.5.7

Indo au
Hae 37 g4
MWWW i i i O

His

ate coolina heatina dehumidifiving
= HAg—A8aHRG—G-8-RLHHGHYHRYG

Eorged ventilationsystems(permanentormobile}shallbe designedtotake intoconsideration
Suitable indoor conditions shalf'be provided to ensure correct operation of the electrical

equipment(e.g. by adequate sooling, heating, dehumidifying, ventilationor by attentiontp the
desipn of the building).

NOTE For precautions \teducing pollution, condensation, temperature variation and humidity occurrihg in
high-poltage substations, see Annex C of IEC TS 62271-304:2019.

Adegquate ventifation shall be provided to dissipate heat generated by the electrical equipnent.

Whefe natural ventilation is inadequate, additional measures shall be implemented. Mechgnical
vent

pressure-relief vents.

Monitoring of the operation of a permanent fan is recommended.

Ventilation openings shall be designed so as to prevent any dangerous proximity to live parts
and any dangerousingress of foreignbodies.

Coolants and heat transfer media shall not contain mechanical impurities or chemically
aggressive substances in quantities or qualities which may be hazardous to the correct function
of the electrical equipmentin the electrical power installation.

Filters or heat exchangers shallbe provided, if necessary.



The text has been revised and extended to consider a broader view regarding indoor climate aspects for the electric equipment as well as fire propagation issues. It is also more clearly stated that the method of ventilation is a part of the design process. This is indicated by the removal of the former expression of preferable methods and the introduction of the consideration that if natural ventilation is inadequate, additional measures has to be implemented.
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Rooms containing high-voltage transformers and switchgear, located within public or residential
buildings shall be provided with dedicated inlet and outlet ventilation ducts terminating outside

the building.

Wherever possible, air intakes should be positioned remote from any potential source of
atmospheric contamination.

Facif 2 A v
swit¢hgear, transformers or facilities.

7.5.7.2 Ventilation of battery rooms

Rooms containing batteries shall take into account the ventilation requirements, if necesjsary,
dep¢nding on battery types, to prevent the explosive build-up of combustible gas during b attery

charging.
7.5.7.3 Rooms for emergency generating units

Congideration should be given to installing emergency generdting units in separate roomsg.

Venfiilation equipment shallbe provided. Containment shallbe provided to capture and cqgntrol
fuel prlubricating oil spills.

Engilr;e exhaustsystems shall be installed and located such that exhaust fumes shall notrgtumn
to the ventilating air intake of the switchgear andcontrol rooms, nor enter the airintake fgr the
emefgency generating unit.

7.5.8 Buildings whichrequire special consideration

Forhigh-voltage electrical power installations located in public or residential buildings,-sgecial
conditionsshallbeimposedinascordancewith existing standards or national regulationsf may

exis{ for special conditions.

7.6 | High voltage/low\voltage prefabricated substations

For-therulesgovetningmanufacture manufacturing and testing of prefabricated substations,
see |IEC 62271-202.

Coml|pact stbstations shall be situated so that they are unlikely to be damaged by road vehicles.
Ad e<l1uate space for operating and maintenance purposes shallalso be provided.

7.7 Electrical power installations on mast, pole and tower

The minimum height H' of live parts above surfaces accessible to the general public shallbe:
— H'=4300 mm forrated voltages U, up to 52 kV;

— H'=N+4500 mm (minimum 6 000 mm) forrated voltages U,, above 52 kV;

where N is the minimum clearance of danger zone (see Figure 3).

Where the reduction of safety distances due to the effect of snow onaccessible surfaces needs
to be considered, the values given above shallbe increased.
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Isolating equipment and fuses shallbe arranged so that they can be operated without danger.
Isolating equipment accessible to the general public shall be capable of being locked.Fhe

NOTE For portable operating rods or sticks, see the relevant standard, e.g. IEC 60832 (all parts) and IEC 60855-1.

Safe phase-to-phase connection and earthing of the overhead line shallbe possible.

8 Safety measures 31

8.1 General

Elecfrical power installations shall be constructed in such a way as to enable opgerating and
maintenance persons 32 to circulate and intervene within the framework of theirduties the
instructions and authorizations—accordingtocircumstances for the installationsattany pojnt of

the glectrical power installation.

Speg¢ific maintenance work, preparation and repair work, which involvEworking in the viginity
of liye parts or actual work on live parts,-are should be carriedcut observing the rples,
prociedures and work distances as defined in provincial, national’standardsand or regjonal
regujations.

8.2 | Protection againstdirect contact
8.2.1 General

Elecfrical power installations shall be constructed:so'that unintentional touching of live pafts or
unintentional reaching into a dangerous zone nearlive parts is prevented.

Protection shall be provided for live parts, parts with functional insulation only and parts which
can lbe considered to carry adangerous;piotential.

Examples of such parts are as follows:

- posed live parts;

- arts of installations where earthed metallic sheaths or conducting screens of cablesave
eenremoved;

— cJjables and accessories without earthed metallic sheaths or earthed conducting elastomeric
slcreens, as wellas flexible cables without conducting elastomeric screens;

— terminations-and conducting sheathing of cables, if they can carry a dangerous voltagg;

— ipsulatihg-bodies of insulators and other such parts, for example electrical equipjment
insulated by castresin, if adangerous touch voltage can occur;

— frameés or cases of capacitors, converters and converter transformers, which can cafry a
dangerous voltage during normal operation;

— windings of electrical machines, transformers and air-cored reactors.

Protection may be achieved by different means, depending on whether the electrical power
installation is located in a closed electrical operating area or not.

When referred to in this document, the use of IP classification and testing methods according
to IEC 60529 is extended to be used also for voltages above 72,5 kV.


According to the scope, an electrical power installation shall provide electrical safety and proper functioning for the use intended. E.g. distances, clearances and dimensions specified by the Standard are the minimum values for safe operation (see e.g. Subclause 7.1) in accordance with the intended use. To make subsequent activities, such as maintenance, repair, etc. on the installation possible and in a safe way, the design should allow the use of safe working procedures the user intends to use. In absence of provincial national, regional or international regulations available, the Annex F provides general guidelines.

Throughout the document the former wording "personnel" has been replaced with "person". This document for electrical power installations shall provide safety for all persons during the intended use of the installation.
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8.2.2 Measures for protection against direct contact

8.2.2.1 Recognized protection measures

The following types of protection are recognized:

Y

rotection by enclosure;

near

oors
d as

rson

vers,

— protectionbybarrier;

— protection by obstacle;

— protection by placing out of reach.

8.2.2.2 Design of protective measures

Protective barriers can be solid walls, doors or screens (wire mesh) with a minimum height of
1 800 mm to ensure that no part of the body of a person can reach the dangerous zone

live parts.

Protective obstacles can, for example, be covers, rails, chains and ropes-as well as walls, ¢

and |screens which are less than 1 800 mm high and therefore cannot be considere
protective barriers.

Protpction by placing out of reach is achieved by placing live, parts outside a zone extending
from any surface where persons can usually stand or move about, to the limits which a pg

can feach with a hand in any direction (see Clause 7).

Protective facilities used as a protective measure againstdirect contact, such as walls, co
protective obstacles, etc., shallbe mechanically rebust and securely mounted.

Doofs of switchgearroomsorbays 'bay' oricubicle’ used as a part of an enclosure sh3ll be
designed so that they can be opened only'by using a tool or a key. In areas outside cl

elec

Mov
reley
be n
the U

In arn
from

8.2.3

8.2.3

rical operating areas, these doors shall be provided with safety locks.

hble, conductive protective fagilities shall be secured so that when correctly useq
ant protective barrier or protective obstacle clearance is maintained; otherwise they

ade of insulating materialordrywood. ltis permittedthat A rail may be removed wi

se of atool. Protective'rails shall be rigid.

eas or rooms accessible to the public, protective facilities shall not be easily remo
outside with.nermal tools.

Protection requirements

A Protection outside of closed electrical operating areas

psed

i the
s hall
hout
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placing outof reachis allowed.

When protection by enclosure is used, the minimum degree of protection shallbe IP2XC.

n by

NOTE-As an exception, ventilation openings may be such that a straight wire cannot intrude
into the electrical equipmentin such a way that it causes danger by approaching parts needing
to be protected from direct contact.

When protection by placing out of reach is used, the vertical clearances between accessible
surfaces and the parts to be protected from direct contact shall be in accordance with 7.2.7 and

7.7.
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8.2.3.2 Protection inside closed electrical operating areas

Inside closed electrical operating areas, protection by enclosure, protective barrier, protective
obstacle or placing out of reach is allowed.

When protection by enclosure is used, the degree of protection shall meet the requirements of
IP2X in minimum. However, special protection measures to meet danger resulting from arc
faults may be necessary.

When protection by protective barrieris used, see 7.2.2.

When protection by protective obstacle is used, see 7.2.3 and 7.3.

Wheh protection by placingoutofreachis used,see7.2.5and 7.2.6.

NOTE For more detailed requirements on external fences, transport routes, crossings and acgéess to buildingg, etc.,
see (lause 7.

8.2.3.3 Protection during normal operation

NOTE -The relevant standards for operation of electrical installations should be taken|into
accqunt.

Protection measures in an electrical power installation shall take into account the need for
accgss for purposes of operation and control and maintenance, e.g.:
— clontrol of a circuit-breaker or a disconnector;

— c¢hangingafuseoralamp;

— 4ddjusting a setting valueof a device;

— resettingarelay oran indicator;

- jarthing forwork;

rection of a temporary insulating shutter;

— reading the temperature or©il level of a transformer.

In ingtallations with U, < 52 KV, where doors orcovers have tobe openedin order to carry out
normal operation or maintenance, it may be necessary to provide fixed non-conductive rails as
a warning.

8.3 | Means to_protect personsin case ofindirect contact

Measures<to.be taken for protection in case of indirect contact in order to protect personis are
givehin Clause 10.

8.4 Means to protect persons working on or near electrical power installations
8.4.1 General

Electrical power installations shall be constructed and installed to ensure that the measures
necessary for the protection of persons working in or on electrical power installations can be
employed. The relevant standards for operation and maintenance of electrical power
installations shall also be taken into account. The working procedures shall be agreed upon
between the-manufacturer supplier and user.

NOTFE-Whilst individual functions are considered in separate subclauses, these functions-may
canbecombinedinasingleitemof equipment.
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8.4.2 Electrical equipment for isolating installations or apparatus

Electrical equipment shall be provided by means of which the complete electrical power
installation or sections thereof can be isolated, depending on operating requirements.

This may be achieved by disconnectors or switch disconnectors (see 6.2.1) or by disconnecting
part of the installation, for example by removing links or cable loops. In the latter case, see
5.4.1.

Electrical power installations or parts of installations which can be energized from several
sources shall be arranged so that all sources can be isolated from points of supply from which
eachsectionorpart thereof canbe made live.

If the neutral points of several pieces of electrical equipment are connected to a common ngutral
bus,|it shallbe possible to isolate each neutral pointindividually. This also applies to assocjated
earth fault coils and resistors.-Fhe Any required overvoltage protection shall®e/maintained in

operational condition.

Where electrical equipment may be charged at some voltage following disconnection from the
elecirical power installation, for example capacitors, devices shall ble provided to dischargp the

system/equipment.

Isolgting gaps may only be bridged by insulators if leakage currents from the terminal or one
sidefto the terminal on the other side are prevented.

8.4.7 Devices to prevent reclosing of isolating/devices

Suitable devices shall be provided to render inoperative the actuating force (i.e. spring fprce,
air pfressure, electrical energy) or the controlof power mechanisms used for the operatign of
swit¢hgear employed for isolating purposes:

NOTE 1 It-may-be-statutery is mandatory in.gertain countries that these devices-shal-be are rendered inopdrative
by sulitable locking facilities.

Where removable parts such @as fuses or screw-in circuit breakers are used for complete
discpnnection and are replaced by screw caps or blank inserts, these caps or inserts shall be
suchthat they can only be removed using a suitable tool.

Manually operated,switches shall permit the use of mechanical locking devices in ordler to
prevent reconnection’'to the system following isolation.

NOTE 2 WhereNocking ofthe manually operated switchis not practical, operating procedures can be appllied to
prevgnt recqonhection to the system following isolation.

8.4.4 Devices for determining the de-energized state

Devices fordetermining that the electrical equipmentis no longer energized shall be provided,
where required, considering operational requirements. The extent of such provisions, wherever
practicable, shall be agreed between the supplier and user.

All devices supplied shall permit the de-energized state to be checked at all points where
activityis tobe done thathave previously been live, without danger for operational persons.

Either fixed equipment (see IEC 62271-206) or portable devices [see IEC 61243 (all parts)] can
be used to meet this requirement.

8.4.5 Devices for earthing and short-circuiting

Each part of an electrical power installation that can be isolated from the system shall be
arranged to enable it to be earthed and short-circuited.
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Equipment (for example transformers or capacitors) shallbe provided with a means of earthing
and short-circuiting adjacent to the equipment. This requirement shall not apply to parts of a
system where this is not practicable or is unsuitable (for example transformers or electrical
machines with flange-mounted cable sealing ends or with cable connection boxes). In these
cases, earthing and short-circuiting shall be effected by the application of circuit main earths at
the associated switchgear 'bay' or 'cubicle' on the primary and secondary sides. Normally, it
should be possible to earth and short-circuit all sides of a transformer, including neutrals.

The following shall be provided for or supplied as earthing and short-circuiting devices, with the
scope being agreed between the supplier and user:

- arthing switches (preferably tault-making and/or interlocked);

- arthing switch trucks;

- arthing equipmentintegrated with other switching devices, e.g. circuit-breakers;
— free non-guided earthing rods and short-circuiting equipmentin accordancewith IEC 61230;
— gluided earthing rods and short-circuiting equipmentin accordance with IEC 61219.
For ¢ach part of an electrical power installation, suitably dimensioned,and easily accessible
conrnection points shall be provided on the earthing system and on thellive parts for conneftion
of earthing and short-circuiting equipment. Switchgear 'bay' or 'cubicle' shall be designgd so
thatFonnection of the earthing and short-circuiting equipment by hand to the earth terminal

point can be carried outin accordance with the rules for carrying out work in the vicinity of live
parts.

When earthing and short-circuiting is achieved by rémotely controlled earthing switcheg, the
swit¢h position shall be reliably transmitted to thesremote control point.

Wheph earthing is achieved through a load-breaking device having control circuits, all cgntrol
circyits of the load-breaking device shall be.smade inoperative following the application df the

circyit main earth. Inadvertentre-energization of the control circuits shall be prevented.

8.4.6 Equipment acting as protective barriers against adjacent live parts
8.4.4.1 General

All bpundary elements such as walls, floors, etc. shallbe constructed accordingto 7.2 or f.3.

If walls or protectiyve\facilities do not exist, the separation to neighbouring-bays-orsecftions
swit¢hgear 'bay' ar 'cubicle' shall respectthe appropriate distances.

H wdrkina clearances cannot be maintained- live pnarts inthe vicinitv of the workina arealshall
HWGHHRg-8aah SHHRe+—BeRaHaHhee—epatsSiHHiih VHGHHRY-6+HR-8-Wo«Hhg—a+ea{shaH
be clapnableof beina covered bv insertable insulated partitionsor walls in-such-a wavlthat
B P2+ —b-eth V-8+8a—-y—HA HapoetHistHatedpatHHoh —WaHS—HA—SHGR—a—WayHAat
accitdentalnroximitvytothese narts bv bodvpnarts tools eauinment and materials-is prevehted
& H-eh e HAHHo-+HR PSSO Y08 PSS+ +S—8-g-HHpe 3 RG a6 HaSISPFeV-BRea-

Measures shall be provided to prevent entering into the danger zone if clearances cannot be
maintained for the operation intended. If clearances cannot be maintained, the electrical power
installation shall have the capability for insertable insulated obstacles or barriers to prevent
reaching the danger zone with body parts, or equipment needed for operation intended shall be
utilized. 33

8.4.6.2 Insertable insulated partitions
Movable-screens—and Insertable insulated partitions shall meet the following requirements:

a) the edges ofinsulating shutters shallnotbe located within the dangerzone;

b) any gaps-arepermissible outside the dangerzone shall be:
— uptoenomorethan 10 mm wide without limitation;



As an electrical power installation shall provide electrical safety and proper functioning for the use intended, this paragraph has been given a revised wording to fulfil this. See e.g. Subclauses 6.1.2. and 7.1.1.
To make subsequent activities, such as maintenance, repair, etc. on the installation possible and in a safe way, the design should allow the use of safe working procedures the user intends to use. See e.g. Clause 8 and Annex F.
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— up-to no more than 40 mm wide provided the distance from the edge of the shutter to
the dangerzoneis atleast 100 mm;

— upteno morethan 100 mm wide in the vicinity of disconnector bases.
Insertable insulated partitions used as protective barriers againstlive parts shall be part of the

equipment or provided separately in accordance with operational requirements by agreement
between the supplier and user.

Insertable insulated partitions shall be capable of being secured so that their position cannot
be accidentally altered where this would lead to a hazardous condition.

Inseftable insulated partitions used as protective barriers against live parts shall not.toutch or
bein contact with live parts.

It shpll be possible to install and remove insertable insulated partitions without|persons being
requjred to enter the danger zone.

NOTIE This can be achieved by the type of insulating shutters (for example angled plate(associated insulating|rods,
suitaIle operating rods) or by the installation (for example guide rails).

8.4.6.3 Insertable partition walls

For |electrical power installations without permanently installed partition walls, suitable
inseftable partition walls should be provided to isolate adjacent live switchgear 'bay' or 'cupicle'
in agcordance with the operational requirements. Whef) required, the extent shall be agreed
upon between the supplier and user.

Inseftable partition walls which enter the danger zone during installation or removal, or which
lie w|thin the danger zone when fitted, shall meet the requirement for mobile insulating plates.

Inseftable insulated partition walls used as protective barriers againstlive parts shall not tpbuch
orbe¢in contactwith live parts.

8.4.7 Storage of personal protection equipment

If pefsonal protection equiptnentis to be stored in the electrical power installation, a place(shall
be pfovided for this purpose where the equipmentis protected from humidity, dirtand darpage
whilgt remaining readilyzaccessible to operational persons.

8.5 | Protectionifrom danger resulting from arc fault

Electrical pawer installations shall be designed and installed so that persons are protected as
far as praetical from arc faults during operation.

The following list of measures to protect against dangers resulting from arc fault shall sente as
a guide in the design and construction of electrical power installations. The degree of
importance of these measures shall be agreed upon between the supplier and user.

a) Protection againstoperating error, established, forexample, by means of the following:
— load break switches instead of disconnectors;
— short-circuit rated fault-making switches;
— interlocks;
— non-interchangeable key locks.
b) Operating aisles as short, high and wide as possible (see 7.5).

Solid covers as an enclosure or protective barrier instead of perforated covers or wire mesh.

o 0O
-~ ~

Electrical equipment tested to withstand internal arc fault instead of open-type equipment
(e.g. IEC 62271-200, IEC 62271-203).


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 CMV © IEC 2021 - 81—

e) Arcproductsto be directed away from operating persons, and vented outside the building,
if necessary. The design shall neitherimpair norimpede this function.

f) Use of current-limiting devices.

g) Very short tripping time; achievable by instantaneous relays or by devices sensitive to
pressure, lightor heat.

h) Operationoftheplantfrom a safe distance, e.g.remote control.

i) Prevention of re-energization by use of non-resettable devices which detect internal
electrical equipmentfaults, enable pressure relief and provide an external indication.

j)  Minimization of impact to critical equipment.

8.6 | Protection againstdirectlightning strokes

Diffgrent methods of analysis are available. The method to be used shall be agreed lpon
between the supplier and user.

The user shall select the level of protection to be achieved, depending on_the reliability|level
requjred, and the protection method to be used.

NOTIE 1 For calculation methods, see for example either Annex E or IEEE Guide 998.

Lighfning rods and shield wires shallbe earthed.

It is|not necessary to equip a steel structure with a separate earthing conductor where it
provfides a suitable path for the lightning current itself-

Shield wires shall be connected to the steel structure or earthing conductor to ensure thdt the
lighthing current flows to earth. For buildings®and similar structures, IEC 62305 (all plarts)
appljes.

Forassociated standards, IEC 62305-4(should be referred to.

NOTE 2 For technical and economic reasons, damage resulting from lightning strokes cannot be fully prevented.

8.7 | Protection against fire

8.7.1 General

Provincial, gational orregional regulations normally exist regarding fire protection.

NOTE_Fire hazard and fire risk of electrical equipment is separated into two categories| fire

victim—and—fire—origin—Precautionsforeach-categorvshowldbe-takenintoaccountin the
A—aha—H o-HgH—FecadHoehRs+oread6h—6ate go-/—sho-tha—b-e—taeh—Htoe—= o-tHH—H

installation requirements.

a) Precautionsto fire victim:
i) space separation fromorigin of fire;
ii) flame propagation prevention:
— physicallayoutof the substation,
— liquid containment,
— fire barriers (e.g. fire walls with fire resistance of minimum 60 minutes),
— extinguishing system.
b) Precautionsto fire origin:

i) electrical protection;
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ii) thermal protection;

iii) pressure protection;

iv) non-combustible materials.

The user of the electrical power installation shall specify any requirements for fire extinguishing
equipment. The precautions to personal safety depending on the fire suppression system shall
be observed.

The [escape and rescue paths and the emergency exits shall be usable in the eveA{of fire
(see|7.1.7).

The [user-orowner of the electrical power installation shall specify any requitément fof fire
extinguishing equipment.

Autgmatic devices to protect against equipment burning due to severe 0'verheating, overloading
and faults (internal/external) shall be provided, depending on the size and significance df the

elecyrical power installation.

Equipment in which there is a potential for sparks, arcing; explosion or high temperaturg, for
example electrical machines, transformers, resistors, switches and fuses, shall not be usgd in
opefating area subject to fire hazard unless the construction of this equipment is such| that
flammable materials cannotbe ignited by them.

If this cannotbe ensured, special precautions, forexample fire walls, fire-resistant separations,
vaulis, enclosures and containment, are necessary.

Consideration should be given to separating different sections of switchgear by fire walls|This
can be achieved by means of bus ducts which penetrate the fire wall and which conneqt the

sect|ons of the switchgear togethef.

NOTIE Forpreventionoffire propagation in ventilation,see 7.5.7. Forlow voltage equipment, guidance can be ffound
in IEC TR63054.

8.7.3 Transformers;-reactors
8.7.2.1 General

In 8..2.110,8.7.2.6 the word 'transformer' represents 'transformers and reactors'.

For tlhe identification of coolanttypes, see 6.2.2.

IEC 81100 IEC 61039 classifies insulating liquids according to fire point and net-caleric calorific
value (heat of combustion). IEC 60076-11 classifies dry-type transformers in terms of their

behaviour when exposedto fire.

The fire hazard associated with transformers of outdoor and indoor electrical power installations
is dependent on the rating of the equipment, the volume and type of insulating mediums, the
type and proximity and exposure of nearby equipment and structures. The use of one or more
recognized safeguard measures shallbe used in accordance with the evaluation of the risk.

NOTE For definition of risk, see ISO/IEC Guide 51.

Common sumps or catchment tanks, if required, for severaltransformers shall be arranged so
that a firein one transformer cannot spread to another.
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The same applies to individual sumps which are connected to the catchment tanks of other
transformers; crushed stone layers, fire protection gratings or pipes filled with fluid can, for
example, be used for this purpose. Arrangements which tend to minimize the fire hazard of the
escaped fluid are preferred.

8.7.2.2 Outdoor electrical power installations

The layout of an outdoor electrical power installation shall be such that burning of a transformer
with a liquid volume-ef equal to or more than 1 000 | will not cause a fire hazard to other
transformers or objects, with the exception of those directly associated with the transformer.
Forthis purpose, adequate clearances, G4 and G,, shall be necessary. Guide values are given
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If auttomatically activated fire extinguishing equipment is installed, the clearancés G4 an

ble 4. Where transformers with a liquid volume below 1 000 | are installed near wa
b ustible material, special fire precautions may be necessary, depending on the nature

se of the building.

ereduced.
reduction of distances G4 and G, shall be agreed upon betweencthe supplier and use

is not possible to allow for adequate clearance as indicated in Table 4, fire-res
rating walls with the following dimensions shall be providéed:

etween transformers (see Figure 6) separating walls *For example EIl 60:

height /: higher than or equal to top of the expansion chamber (if any), otherwis
top of the transformer tank;

length-width-orlength L: longer than orféqual to longest part of the sump width/Iq

Is of
and

d G,

stant

b the

ngth

(in the case of adry-type transformer, the width or length of the transformer, depending

upon the direction of the transformet);

etween transformers and buildings'separating walls. For example EI 60; if additional fire

eparating wall is not provided,fire rating of the building wall should be increaseq
xample REI90 (see Figure 7).

F 1 REl represents the bearing.system (wall) whereas El represents the non-load bearing system (wall)
he load bearing capacity, E(is the fire integrity, | is the thermal insulation and 60/90 refers to fire resig
on in minutes.

F 2 Definitions of fiperesistance are given in EN 13501-2 .

, for

where
tance
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Table 4 — Guide values for outdoor transformer clearances

Transformer type Liquid volume Clearance G, to other | Clearance G, to building
transformers or building | surface of combustible
surface of non- material
combustible material
| m m
Qil insulated transformers 1000 <-<...<2000 3 7,5
o
(©) 2000=...<20000 5 10
20000=...<45000 10 20
>45000 15 30
Lesd flammable liquid 1000 <-—-<3800
insujated transformers (K) 1,5 7,6
withput enhanced protection 1000=...<38000
=2-200
4,5 15
> 38000 34

Lesd flammable liquid
insujated transformers (K)
with|lenhanced protection

Clearance G, to building surface or adjacent'transformers

Horizontal Vertical
m m
0,9 1,5

Dry-type transformers (A)

Fire behaviour class

Clearance G, to building surfacq or
adjacent transformers

Horizontal Verticdl
m m
FO 1,5 3,0
F1 None None
a) Hnhanced protection means

- tankrupture strength,
- tank pressure relief,
- low-current fault protection,
- high-current fault protection
Hor examples of enhanced protection, see : } FM G|obal

o
~
jmall¢))

o
~
Q -7 =z

Data Sheets 5-4, ProperfinLoss Prevention and IEC 60076-13.

ufficient space sheuld’be allowed for periodic cleaning of resin-encapsulated transformer windings, in qrder
b prevent possiblewelectrical faults and fire hazard caused by deposited atmospheric pollution.

on-combustible'materials may be chosen in accordance with EN 13501-1.

or transf@rmer type "less flammable liquid insulated transformers (K) with enhanced protection" and "dryjtype
ansformers (A)", the clearance G, is the minimum direct distance to building surfaces of either pon-

o mbustible or combustible materials.



The change from 3 800 to 38 000 is due to editorial error in previous edition. The FM Global data sheet 5-4 states 10 000 gallons or 38 m3, which is 38 000 litre.
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Minimum fire resistance 60 min for the separating wall (El 60) /
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Minimum fire resiStance 60 minutes for the separating wall (EI 60) EC

Key

B, Lgngth of transformer sump
B, W[dth of transformer sump

H Heightof fire-resistant separating wall

H, Heightof the transfgrmrer expansion chamber (if any) or transformer tank of the higher transformer
H, Heightof the transformer expansion chamber (if any) or transformer tank of the lower transformer

L Lgngth of fireyresistant separating wall

Figure 6 — Separating walls between transformers
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a) Fire protection between transformer and
building surface of non-combustible material
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b) Fire protection between transformer and
building surface of combustible material

Key
G, Clearance to other transformers or building surface of non-combustible material, see Table 4
G, Clearance to building surface of combustible material, see Table 4

Sectora The wallin this area is designed with a minimum fire resistance of 90 minutes (REI 90)
Sectorb The wallin this area is designed with non-combustible materials
Sectorc No fire protection requirements

NOTE Due to the risk of vertical fire spread, sector ¢ exists only in the horizontal direction.

Figure 7 — Fire protection between transformerand building


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 CMV © IEC 2021 - 91—

8.7.2.3 Indoor electrical power installationin closed electrical operating areas

Minimum requirements for the electrical power installation of indoor transformers are given in
Table 5.

Table 5 - Minimum requirements for the installation of indoor transformers 35

Transformer type Class Safeguards
Qil insulated transformers Liquid volume
O
() =<1000I El 60 respestively/ REI60
1000 El 90 respestively/ REI90 or
El 60 respestively/ REI 60 and-auiomatic-sphrinkipr
10001 =...<5000] pretestion fire extinguishing unit
El 120 / REI 120 or
=5 000
EI 90 / REI 90 and fire extinguighjhg unit
Lesq flammable liquid Nominal power/max.
insujated transformers (K) voltage

Withjout enhanced protection

El 60 respestivelyy/ REMO or automatic sprinkler

(no restriction) protection

W ith|enhanced protection <10 MVA and El 60 respestivel)REI 60 or separation distancs

U, s38kV 1,5 m horizoqtdlly and 3,0 m vertically

Dry-type transformer (A) Fire behaviour class

El 60 respestively/ REI 60 or separation distance

Fo 0,9 mvhorizontally and 1,5 m vertically

F1 No n-combustible walls

d)

vl

El represents the bearing system (wall) whereas EJ represents the non-load bearing system (wall) wherg
he load bearing capacity, E is the fire integrity,\'is"the thermal insulation and 60/90 refers to fire resist
uration in minutes.

—

efinitions of fire resistance are given in EN’13501-2.

m QO o

nhanced protection means
- tankrupture strength,

tank pressure relief,

low-current fault protection,

- high-current fault protection.
Hor an example of enhanced protection, see Factory Mutual Global standard 3990-e+eguivatentand |IEC 6
113.

Jufficient spaceshould be allowed for periodic cleaning of resin-encapsulated transformer windings, in
tp prevent possible electrical faults and fire hazard caused by deposited atmospheric pollution.

R is
hnce

076-

rder

Doofsshall have a fire resistance of at least 60 minutes. Doors which open to the outsid
adequate If they are of Tow flammability material. veniilaiion openings necessary 10

e are

r the

operation of the transformers are permitted in the doors or in adjacent walls. When designing
the openings, the possible escape of hot gases shall be considered.

8.7.2.4 Indoor electrical power installations in industrial buildings

For all transformers in industrial buildings, fast-acting protective devices which provide
immediate automatic interruption in the event of failure are necessary.

Transformers with coolanttype O require the same provisionsas in8.7.2.3.

For all other liquid-immersed transformers, no special arrangements in respect of fire protection
are required, except for the provisions for liquid retention in case of leakage and the provision

of portable fire extinguishing apparatus suitable for electrical equipment.



The classification of the volumes for oil-insulated transformers has been improved.
The safeguard requirements for transformers with 5 000 l or more of oil has been increased. Classification is aligned with FM Global data sheet 5-4.
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Dry-type transformers (A) require the selection of the correct fire behaviourclass depending on
the activity of the industry and on the material present in the surroundings. Fire extinguishing
provisions are advisable, particularly for class FO.

NOTE For all transformers in industrial buildings, additional fire precautions-+aay can be necessary, depending on
the nature and use of the building.

8.7.2.5 Indoor electrical power installations in buildings which are permanently
occupied by persons

beobsaorvaedinaccaordancowith gxistina standards ornationalrogulationg
~J ~J

Provincial, national or regional fire protection regulations may exist for special cohditions in
publjc orresidential buildings.

8.7.2.6 Firein the vicinity of transformers

If there is an exceptional risk of the transformer being exposed to external fire,.considertion
evalpation shallbe given to:

re-resistant separating walls;

f
— gas-tightvessels capable of withstanding the internal pressure generated;
clontrolled release of the hot liquid;

f

re extinguishing systems.
8.7.3 Cables

The fanger of the spread of fire and its consequences shall be reduced, as far as possible, by
seleg¢ting suitable cables and by the method(ofinstallation.

The tables-may shall be assessed byreference to the following categories:

ables without particular fire performance characteristics;
ables (single) with resistance to flame propagation [IEC 60332 (all parts)];
ables (bunched) with resistance to flame propagation [IEC 60332 (all parts)];

ables with low@mission of acidic and corrosive gases [IEC 60754-4and lEC60754-2) (all
arts)];

C
C
C
— clables with low emission of smoke (IEC 61034-1);
C
P
clables with{fire-resisting characteristics (IEC 60331-21 or IEC 60331-1).

Cables in-trenches and buildings shallbe laid in such a way that the regulations regarding fire

A physical separation or different routing of power circuits from the control circuits for high-
voltage equipment is recommended if it is necessary to preserve the integrity of the latter as

long as possible following damage to the power circuits.

Where necessary, afire alarm and fire extinguishing systems shallbe installed in cable tunnels
and in cableracks in the basementof control buildings.

8.7.4 Other equipment with flammable liquid

For all electrical equipment, such as switchgear which contains more than 100 | of flammable
liquid in each separate compartment, special fire precautions as specified for transformers may
be necessary, depending on the nature and use of the electrical power installation and its
location.
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Protection against leakage of insulating liquid and SFg

8.8.1 Insulating liquid leakage and subsoil water protection

8.8.1.1 General

Measures shall be taken to contain any leakage from liquid-immersed equipment so as to
prevent environmental damage.-Nationaland/orlocal Provincial, national or regional regulations
may specify the minimum quantity of liquid contained in an equipment for which containment is
required. As a guideline, where no provincial, national and/ordecal regional regulations exist,
containment should be provided around liquid-immersed equipment containing more than

1 00p-HaccordingtotEEE-080,2-500-H

NOTE—In all cases, local regulations should be taken into accountand approvals obtained

requ

jred.

8.8.1.2 Containment forindoor equipment

Inin

joor electrical power installations, spills of insulating liquid may be(éontained by provj

impgrmeable floors with thresholds around the area where the equipment is located
collgcting the spilled liquid in a designated holding area in the building (see Figure 8).

The

olume of the insulating liquid in the equipment as well asany volume of water discha

fromafire protection system shallbe considered when selécting height of threshold or vo
of thie holding area.

N
R

ivhen

iding
r by

rging
lume

/ Threshold

R .

IEC 1874/10
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Threshold

IEC

NOTE The dotted area denotes the volume of the entire quantity of insulating fluid of the transformer spilled ¢n the
floor.

Figure 8 - Example for small transformers without gravel layer and catchment tank

8.8.1.3 Containment for outdoor equipment

The [quantity of insulating liquid in electrical equipment, such as transformer, the volume of
water from rain and fire protection systems, the proximity to water courses and soil conditions
shallbe considered in the selection of a containment system.

NOTE 1 Containments (sumps) around liquid immersed eqdipment and/or holding tanks (catchment tankp) are
exter|sively used to prevent escape into the environment of insulating liquid from equipment.

Conflainments and holding tanks, where provided, may be designed and arranged as follows:

— tanks;

— slump with integrated catchment tank’for the entire quantity of fluid (Figure 9);

— slump with separate catchmenttank. Where there are several sumps, the drain pipes| may
I¢ad to a common catchment-tank; this common catchment tank shall then be capable of
hjolding the fluids of the largest transformer (Figure 10);

— sjump with integrated common catchment tank for several transformers, capable of holding
the fluids of the largest transformer (Figure 11).

The Wwalls and the associated pipings of sumps and catchment tanks shall be impermealhle to
liquif.

The papacity-of the sumps/catchment tanks forinsulating and cooling fluids shall not be unpduly
reduced(by'water flowing in. It shall be possible to drain orto draw off the water.

A simple device indicating the level of liquid is recommended.
Attentionshall should be paid to the danger of frost.

The following additional measures shall be taken for protection of waterways and of ground
water:

— the egress of insulating and cooling fluid from the sump/tank/floor arrangement shall be
prevented (for exceptions, see 8.8.1.1);

— drained watershould shall pass through devices for separating the fluids; for this purpose,
their specific weights shallbe taken into account.

For outdoor electrical power installations, it is recommended that the length and width of the
sump be equal to the length and width of the liquid-filled part of the transformer plus 20 % of
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the distance between the highest point of the transformer (including the conservator) and the
upperlevel of the containment on each side.

NOTE 2 IEEE 980 recommends that the spill containment extends a minimum 1 500 mm beyond any liquid-filled
part of the equipment.

NOTE 3 Examples of oil/water separator can be found in CIGRE Technical Brochure 537, Guide for Transformer
Fire Safety Practices.

..... - Provincial, national or

regional leg

B SESRERS SRt e

b IEC

Key
a Containment: the entire quantity of fluid of the transformer plus water from rain and fire protection systems
b Forinformation concerning fire protection gratings or fire blocking outlets, see 8.7.2

Figure 9 — Sump with integrated catchment tank
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0 O
I 1
a
N
b

O
O

IEC

Key

a Containment outdoor: the entire quantity of fluid of the largest transformer plus water from rain and fire protection
systems

Containmentindoor: the entire quantity of fluid of the largest transformer

b For information concerning fire protection gratings or fire blocking outlets, see 8.7.2

Figure 11 — Sump with integrated common catchment tank

8.8.2 SFgleakage

Recommendations for use and handling of SFg gas are given indEC/TR62274-303 IEC 62271-
4 and IEC 60376.
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To cover the unlikely event of an abnormal leakage, ventilation shall be provided in the
switchgearroom and in other accessible locations where the accumulation of gas may present
a hazard. In case of outdoor electrical power installation, no special precautions are needed.

In rooms with SFg-instalations; equipment which are above ground, natural venting is sufficient

if the gas volume of the largest compartment at atmospheric pressure does notexceed 10 % of
the volume of the accessible switchgear room. If this demand cannot be fulfilled, mechanical

ventilation shallbe installed.

In rooms with SFg-rstallations equipment which are below ground on all sides, mechanical

ventj and
y of persons are capable of collecting in terms of gas quantity versus size of the 00

Chambers, ducts, pits, shafts, etc., situated below SFg installation rooms andiconnected to
then, shall have the possibility of being ventilated.

To guarantee that no thermal decomposition of SFg present in the atmesphere can occuf, the
following provisions shall be made:

— npo parts of any equipmentinstalled in the switchgear room whieh are in contact with air[shall
exceed atemperature of 200 °C;

— WwWhen filling of equipment is carried out during erection’on site (not sealed systeéms),
measures should be taken to prevent smoking, open fire and welding in the working areas.

NOoFHE-For maximum SFg concentration, national regutations should be considered.

NOTE The use of otherinsulating gases is under considesation.

8.8.1 Failure with loss of SFg and its decomposition products
R ati ‘ . £SEg . in IEC/TR 62771-303.

Reco¢mmendations for failures With loss of SFg and its decomposition products are given in
IEC $2271-4 and IEC 60480~

NOTE Guidance has beenfissued by CIGRE-23-84-{29} Report 23-03.
8.9 | Ildentification.and marking

8.9.1 Genetal

opefatioh-of the electrical power installation shall be applied. This is to avoid incqgrrect
operation, human error, accidents, etc. while operation and maintenance are carried out|(see
also 7.1.8).

Clea:[ identification and unambiguous marking-arereguired in languages necessary fof the

The language of the identification and marking shallbe agreed upon between the supplier and
user.

For clear identification, installed electrical equipment may require more than one marking
depending onits access, such as equipmentwith rear access.

Signs, boards and notices shall be made of durable and non-corrosive material and printed with
indelible characters.
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A single line diagram shall be easily accessible within the electrical power installation. In
installations where a mimic diagram is visible from one single viewpoint and gives the equivalent
information, asingle line diagram is notnecessary. 36

The operational state of switchgear and controlgear shall be clearly shown by indicators except
when the main contacts can clearly be viewed by the operator.

Cable terminations and components shall be identified. Relevant details making identification
possible in accordance with a wiring list or diagram shallbe provided.

8.9. 2—informationplatesandwarnmingptates

In clpsed electrical operating areas and in industrial buildings, all electrical equipment rgoms
shall be provided, on the outside of the room and on each access door, with.necegsary
infofmation identifying the room and pointing out any hazards.

The colours and contrasting colours shall comply with IEC standards-ornrationalregulations.
ProVlincial, national or regional legislation may exist.

8.9.3 Electrical hazard warning

All access doors to closed electrical operating areas, all sides-ef outer perimeter fenceg and
mas{s, poles and towers with a transformer or switching device*shall be provided with a wafning
sign

The [signs shall comply with IEC standards-o+rnatichalregulations. Provincial, nationfal or
regignal legislation may exist.

8.9.4 Electrical power installations withiincorporated capacitors

The papacitors shallbe provided with awarning label indicating the discharge time.

8.9.4 Emergency signs for emergency exits

Emefrgency exits shall be indicated by the appropriate safety warning sign. The signs shall
comply with IEC standards‘eknationalregulations. Provincial, national or regional legislption
may [exist.

8.9. Cable identification marks

The position where cables enter buildings should be identified. Identification marks shall npt be
placed on removable covers or doors that could be interchanged.

9 rotection,control automation and auxiliary systems 37

9.1 Monitoringandcontrol Protection systems

The design of the electrical power installation shall include the selection and provision of
protection systems for the correct and safe functioning of the system and to prevent damage,
injury orloss of life, and disruption to electricity supply.



The need for single line diagrams is emanated from the fact that it gives important information both for safety during operation according to the use intended as well as for subsequent activities, such as maintenance, repair, etc. on the installation possible and in a safe way.

This clause has been restructured and reworded to clarify the requirements of the different subjects. The clause has therefore been given subclauses for each subject, i.e. protection systems, automation systems and auxiliary systems to point out and structure the requirements related to the relevant area.
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Considerationshal should be given for protection against the following effects:

- 0

- 0

- 0

- u

- u

vercurrent, short-circuit and earth fault;
verload and thermal effect;

vervoltage;

ndervoltage;

nderfrequency.

Protection coordination studies shall be conducted as agreed between the supplier and userin
order to determine the setting of protective devices. Back-up protection shall be considered for

shorr-circuit protection and also for earth fault protection when clearing of earth fau
requjred.
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frequency conditions generally indicate power system problems. Forinstallations sup|
power system, low-frequency disconnection devices may be required in(ac€ordance

br supply, consideration should be given to implementing load shedding to prevent
of power during disturbances.

stigations shall be performed to determine possible overvoltages during oper
itions. Protection shall be installed where overvoltages may_exceed tolerance limits g
lled electrical equipment.

effects of undervoltages on the operation of elecirical equipment shall be consid

fers to an alternative supply, or to disconnect:the equipment to preventincorrect oper
mage from occurring.

rated control and protection apparatus/equipment may be used provided that the prote]
fions are functionally independent giithe control functions, i.e. failure or mal-operati
ontrolfeatures will notimpair opgration of the protection system.

Automation systems

toring, protection, regulating and controldevices shall be provided, as necessary, fd

matic devices{designed to offer selectivity and quick operation, shall provide prote
hst the effeci$wof unacceptable overload and internal and external faults appropriate {
and significance of electrical power installation.

fricdl equipment of the automation system shall comply with the severity class defin
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Facilities shall be provided for isolating the control circuit of each primary switching equipment
oreach switchgear 'bay' or 'cubicle'in orderto allow maintenance of high-voltage equipment to
be performed safely.

Provision shall be made to allow for repair, maintenance, and/or testing to be carried out on
protection and controldevices withoutany danger to persons or the equipment.

Control circuits and signalling circuits shall, preferably, be functionally separated. Tripping
signals shall be displayed on the protection panelif it exists.

Alarm and fault-indicating equipment shall clearly indicate danger and fault conditions; several
signals can be combined as a common signal to be transmitted to a remote control point.
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The controlequipment and system, including cables and cords, shallbe designed and installed
to minimize the possibility of damage to the connected electrical equipment due to electro-
magnetic interference. Basicrules are givenin 9.4.

The controlequipment and system, including cables and cords, shallbe designed and installed
in such a way that they minimize the danger from operating failure, inadvertent operation or
incorrect information. In meeting this requirement, influences such as voltage dips, supply
failure, insulation faults and electromagnetic interference effects shall be takeninto account.

The actuating elements for the controlof a switchgear shall be designed and installed in such
a way that accidental actuationis avoided

Where aremote controlis available, local/remote control selection shall be provided.at-the(local
opelfating position (i.e. at orin the close vicinity of the switches).

The fcontrol circuit of switching devices operated remotely or automatically'shall be proyided
with|suitable means near the device to prevent accidental operation duringplanned-oufiages

mairitenance or repair.

When required, the monitoring and control system shall implement lead shedding, emergency
shut|{down, automatic transfer and network reconfiguration, motor re-acceleration and re-
startling, etc. in order to maintain safe operating conditions during electrical sygtem
distyrbances.

For safety reasons, itis recommended that hard-wired)interfaces to-industrial process cqgntrol
equipment be designed such that maintenance of the process control circuits can be carried
out without accessing high-voltage equipment, for.example by using interposing relays insfalled
in a geparate cubicle.

9.3 | Auxiliary systems
9.3.1 AC and DC supply circuits
9.3.1.1 General

Auxiliary power supply systems shall be designed for the permitted voltage fluctuation rgnge
and |suitable power capacity which is required by the equipment for control and auxjliary
systems.

Low{voltage AC.and DC systems shall be designed in accordance with IEC 60364 (all parfs).

Auxijiary-switchboards distribution boards shall be provided to separate and protect the vdrious
auxiliaryccircuits.

A voltage loss orratiure in the supply Circuit shoula initiate a signalto a control Tocation.

Powersupphrsystems Auxiliary power supplies may be categorized into essential and non-
essentialgroups. Essential supplies should be continuously available without any interruption,

whereas non-essential ones may be-allowed-to-be subject to interruptions.

9.3.1.2 AC supply

For AC auxiliary power supplies belonging to the essential group, such as the supplies to a
computerized control system, or the supplies to any electrical equipment whose interruption
might cause a hazardous condition after a transient loss of power, the provision of a suitable
UPS (uninterruptible power supply) is recommended.
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Some equipment (e.g. SFg-breaker heaters) may require the provision of changeover power
supplies.

9.3.1.3 DC supply

DC supply units shall be capable of supplying power to allpermanent DC loads and to the loads
associated with essential operations. This may be achieved by choosing an appropriate number

of independent units of sufficient capacities.

It is recommended that DC supply units such as batteries and chargers be provided with
instrumentsfaor mnni‘rnring \Inlfngn and current

DC batteries shall be sized to provide power for operation of an electrical power ifstallation

during total loss of AC station serwces lhe4n@s¢—p4ebab¢e—d+mat+en—ef—a—e—s¢ahen—semses%ss
shall ,

Sizing of batteries shall be based on either the most probable duration ofN\AC station seryices
or the worst-case scenarios that might cause a total loss of AC stationh services (i.e. |total
blackout, faulton a major busin the installation, etc.). This is subjectto.-an agreement between
the liser and supplier. As a minimum, the DC batteries shall have“enough capacity tg trip
breakers and switches at the beginning of the discharge period, to supply power tq the
contjnuous DC load and to close the elements of the installation-that will restore AC servifes.

Battery banks with exposed live parts shall be kept inra*voom or cubicle accessible only to
authprized persons.

Battery rooms or cubicles shall be dry and adequately ventilated to limit hydrogen accumulation.
Alloyable hydrogen levels and recommended number of air changes-shall conform mdy be
subjpctto provincial, national+tegulations orregional legislation.

An epsy means of escape frombatteryfooms shall be provided. Eyewash stations or pergonal
protective equipmentshall be provided, preferably located outside the battery room and ¢lose
to the batteryroom door.

Battery banks shall preferably'be isolated from control rooms to prevent the spread of fumes
and {o prevent accidental contact.

Whefe the risk of explesion cannotbe avoided, explosion-protected equipment shall be usfed in
accdrdance with IEC60079-0.

The Fisk of.explosion due to combustion of gas mixtures in the presence of an open flame or
glowing patts shall be indicated by means of corrosion-resistant, legible signs of suitable pize.

N t i+lnnl»nnr~l na tha niilatis ndod raomma cantainina A Aan v load hattariac nl«rll b
O IvHAStah AZLLEAS B S B A7 Y-eRtHatoh '.lluvlu\.,u OO TS U\JIILUIIIIIIH ot Lypu rcoC—oTaTttcTrCo—oTal e

considered as locations with corrosive environments. Walls, ceilings and floors shall meet the
requirements for protection against corrosionand gaseous products. Means shall be provided
to prevent corrosive substances from entering any drainage systems.

9.3.2 Compressed air systems

Compressed air systems shall be designed to comply with the appropriate legislative rules
regarding pressure vessels and pressurized systems.

Instruments and alarms shall be provided to ensure safe and reliable operation of the
compressed air system.
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The compressed air system shallbe capable of providing air of relative humidity appropriate to
the type and operating pressure of the electrical equipment to be supplied under all
environmental conditions. Where necessary, drying equipment shallbe provided.

Compressed air systems shall be designed so that water can be drained from all receivers or
other points where it may collect during operation.

The compressed air system shall be designed to operate at its maximum and minimum capacity
over the full range of environmental conditions to be expected for the associated switchgear
and/or system. Adequate compressor cooling shall be provided as well as suitable protection
to allow intermittent operation under freezing conditions

Presjsure vessels and pipelines shallbe protected against corrosion internally and externally.

The function of various components of the compressed air system shall be cledr]ly indicated on
this equipment. Different pressures shall be identified on pipework, vessels and diagrams|by a
method acceptable to the-purchaseruser.

The compressed air system shallbe provided with sufficient points oflisolation and drainage to
allow sectionalization for maintenance in accordance with the opetrating and safety rules df the
user

Pipels which are permanently under pressure shall be protécted against damage due to direct
arcing.

All controls of the compressed air system whichshave to be used during operation shdll be
arranpged so that they are safely accessible.

9.3.3 SFg gas handling plants

Whefe SFg gas has to be handled and-retrieved, a SFg gas service unit shall be provided to
trangfer SFg5 gas to and from gas-filled electrical equipmentin order to permit maintenange on
the grimary equipment. This SE§-gas service unit shall be capable of evacuating and stpring

the llargest quantity of gas,specified and of evacuating the largest volume specified t¢ the
vacyum level and refilling to’the highest filling pressure specified by the manufacturer] The
desipn and capacity of the SF5gas service unit shallbe determined by agreement betweep the

supplierand user.

The BFg gas service unit shall also be capable of extracting air at atmospheric pressure from

the largest violume specified to the vacuum level specified by the manufacturer. The gas sevice
unit $hall.be-capable of returning gas to the electrical equipment and recycling used gas thrpugh

filtens.

NOTE Guidance on handling of plants containing SFy is given in IEC 60480 and+E6-62274-303 |[EC 62271-4.

9.3.4 Hydrogen handling plants

The hydrogen-cooled generator, synchronous condenser or any other high-voltage equipment
and its hydrogen cooling system shallbe installed in the following way.

— The structure of the generator or synchronous condenser and its hydrogen cooling system
shall be leak-tight and capable of preventing the mixture of hydrogen and air.

— The generator, synchronous condenser, hydrogen pipes, valves and other fittings in the
hydrogen system shall be capable of withstanding the explosion of hydrogen at atmospheric
pressure.

— The generator plant shall be provided with a device through which hydrogen gas can be
purged to the open air safely when hydrogen leaks out from the generator shaftseal.
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A device capable of introducing hydrogen safely into the generator or synchronous
condenser and also a device capable of expelling hydrogen safely out of the generator or
synchronous condenser shallbe installed.

An instrument shall be provided which detects abnormal conditions of the electrical
equipmentand gives a warning.

Basic rules for electromagnetic compatibility of control systems

9.4.1 General

Subclause 9.4 deals with the protection of control circuits against electromagnetic interference.

See piso 47210

9.4.7 Electrical noise sources in-highvoltage electrical power installations

Interferences may be transmitted into-H\. electrical power installations by meansjof condugtion,

capdcitive coupling, induction or radiation.

a)

Protection againstinterference'is based on two general principles:

9.4.7 Measures to be taken to reduce the effects of high frequency interference

High frequency interferences are produced by
— switchingin primary circuits;

— lightning strokes on overhead lines or on grounded componeénts of-highvoltage eledfrical
powerinstallations;

-1 operation of surge arresters, in particular those with.air'gaps;
- switchingin secondary circuits;

— highfrequencyradio transmitters;

-{ electrostatic discharges.

How frequency interferences are produced:;by

- short-circuits;

- earth faults;

-1 electromagnetic fields generated by equipment (busbars, power cables, reactances,
transformers, etc.).

reduction of the penetration of electromagnetic fields into the electrical equipment;

gstablishment of-equal potential between every piece of equipment and the earthing system.

The fecommendations listed below-are-the-mostimportantonesforreducing (non-exhaugtive)

will reducethe effects of high frequency electromagnetic interference:

a)

b)
c)
d)

suitable construction of instrument fransformers (voltage transformers, culrrent
transformers), effective shielding between primary and secondary winding, testing of high
frequency transmission behaviour;

protection againstlightning strokes;

improvement of the earthing system and earthing connections (see 10.3.3);

shielding of secondary circuitcables:

— shields should be continuous;

— shields should have alowresistance (afew ohms per kilometre);

— shields should have alow coupling impedance within the interference frequency range;
— earthing of the shields should be as short as possible;

— theshields should be earthed at both ends and intermediate points where possible;
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— the shields should be earthed at their entry to the control cabinets so that the currents
circulating in the shields do not affect the unshielded circuits. Connections should
preferably be circular by using suitable cable glands or a welding procedure;

e) grouping of circuits:in order to reduce the differential mode overvoltages, the incoming and
outgoing wires associated to a same function should be grouped within the same cable.

As far as possible, control cables should be segregated from other cables.

9.4.4 Measures to be taken to reduce the effects of low frequency interference

The recommendations listed below are the most importantones for reducing the effects of low-
frequency electromagnetic interference.

a) Nleasures concerning cablelaying:
-1 separation of control cables from power cables by using spacing or differenf routes;
-1 powercablesintrefoil formation should be preferred to a flat formation;

-| as faras possible, cable routes should notbe parallel to bus bars or pjower cables
-1 control cables should be laid away frominductances and single-phase transformers.
b) Nleasures concerning the circuit arrangement:
- loops should be avoided;

— for DC auxiliary supply circuits, a radial configuration ispreferable to a ring configurItion;

-1 the protection of two different DC circuits by the samé miniature circuit-breaker should

be avoided;
-1 parallel connection of two coils located in separate cubicles should be avoided;

-1 all wires of the same circuitshould be located in the same cable. When different cables
have to be used, they should be laid in the’same route.

c) Twisted pairs cables are recommendedforlow level signals.

9.4.5 Measures related to the selection of electrical equipment

The |electrical power installation~shall be divided into different zones, each of t{hem
corrgsponding to a specific class of environment{see4-4).

In egch zone, electrical equipment shall be selected in accordance with the associated class of
envifonment.

Where necessary the following measures shall be taken in the internal circuitry of the cqntrol
system:

a) metallicisolationof the I/O signal circuits;
b) ipstallation of filters on auxiliary power supply circuits;

c) ipstallation of voltage-limiting devices such as:

— capacitor or RC circuits;

— lowvoltage surge arresters;

— zener diodesorvaristors;

— transzorbtransient-voltage-suppression (TVS) diodes.

These devices shallbe installed inside the protection and control equipment.

The following additional measures concern gas-insulated switchgear:

d) connection of concrete reinforcement grids to the earthing system at various points,
especiallyinthe floor (see Clause 10);
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e) adequate earthing for power frequency and transient effects at the GIS/air-bushings and

f)

GIS-tubes. This isachieved by multiple connections between the enclosure and the building
wall (to the reinforcement grid or metallic cladding) and multiple connections between the
wall and earthing system;

adequate design and testing of secondary equipment concerning their immunity against
electrical transients.

9.4.6 Other possible measures to reduce the effects of interference

The following recommendations supplement, when applicable, theprevious recommendations
measures listed in 9.4.5:

10 Earthing systems

10.1] General

jvstallation of control cables in metallic cable ducts is recommended. Continuity| and
arthing of ducts should be ensured along their whole length;

Where possible,-installationof cables should be installed along metallic surfaces;
dseof opticalfibre cables should be used with appropriate equipment.

This|Clause 10 provides the criteria for design, installationiAgsting and maintenance gf an
earthhing system such thatit operates under all conditions and-ensures the safety of humah life
in anly place to which persons have legitimate access. It , also provides the criteria to ensure that
the integrity of electrical equipment connected and~if proximity to the earthing systgm is

maintained.

10.2| Fundamental requirements

10.2|1 Safety criteria

The phazard to human beings is that awctrrent will flow through the region of the heart whigh is
sufficient to cause ventricular fibrillation. The current limit, for power-frequency purposes is
deriyed from the appropriate curve in IEC [FS—60479-1:2005. This body current limit is
tranglated into voltage limits fof comparison with the calculated step and touch voltages taking

into pccount the following factors:

plroportion of currentflowing through the region of the heart;
blody impedanceatong the current path;

—

bsistance befween the body contact points and, for example, metal structure to hand
mcluding.glove, feetto remote ground including shoes or gravel;

fhult duration.

It-mystihall also be recognized that fault occurrence, fault current magnitude, fault durgtion
and presence of humamn beings are probapitisticimmature:

The earthing design parameters (relevant fundamental requirements, e.g. fault current, fault
duration) shall be agreed between the supplier and user.

Forelectrical powerinstallation design, the curve shown in Figure 12 is calculated according to
the method defined in Annex B.

NOTE The curve is based on data extracted from IEC A4S-60479-1:20052018:

body impedance from Table 1 of IEC A-S-60479-1:20052018 (not exceeded by 50 % of the population);

p ermissible body current corresponding to the ¢, curve in Figure 20 and Table 11 of IEC A-8-60479-1:20052018
(probability of ventricular fibrillation is less than 5 %);

heart-current factor according to Table 12 of IEC A-S-60479-1:20052018.
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The curve in Figure 12, which gives the permissible touch voltage, should be used. Annex C
shows the IEEE 80 curve which can be used as an alternative to the curve in Figure 12.

As a general rule, meeting the touch voltage requirements satisfies the step voltage
requirements, because the tolerable step voltage limits are much higher than touch voltage

limits due to the different current path through the body.

For electrical power installations where high-voltage electrical equipment is not located in
closed electrical operating areas, e.g. in an industrial environment, a global earthing system

should be-used applied to prevent intolerable touch voltagesresultingfrom H\ faults exceeding

the I
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earthing system, its components and bonding conductors shall be capable,of distribjuting
jischarging the fault current without exceeding thermal and mechanical désign limits blased

hckup protection operating time.

earthing system shall maintain its integrity for the expected electrical power install
me with due allowance forcorrosion and mechanical constraints,

potential differences within the earthing system and due te excessive currents flowi
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iary paths not intended for carrying parts of the fault current.

earthing system, in combination with appropriate measures (e.g. potential control,

brmal operating time of protection relays and breakers.

earthing system performance shall contribute to ensuring electromagnetic compat

R 61000-5-2.

3 High and low voltageearthing systems
3.1 General

e high- and lowyveltage earthing systems existin proximity to each other and do not

practices arepresently used:

nterconnectionof all HV with LV earthing systems;
epafation of HV from LV earthing systems.

In e

ation

ning system performance shall avoid damage to equipmett due to excessive potentialrise,

g in

local

tion) shall maintain step, touch and transferred potentials within the voltage limits bjased

bility

C) among electrical and electronic @pparatus of the high-voltage system in accordancqg with

form

bal earthing system, part of the EPR from the HV system can be applied on the LV system.

htials

ther case the relevant rpquirpmpnte r‘nnr‘prning step touch and transfer paote

specified below shall be complied with within a substation and at an LV installation supplied
from that substation.

NOTE-Interconnection is preferred when practicable.

10.2.

3.2 LV supplyonly within HV.substations an electrical power installation

Where the LV system is totally confined within the area covered by the HV earthing system,

both

earthing systems shallbe interconnected even if there is no global earthing system.
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10.2.3.3 LV supplyleavingorcomingtoHV substationsincoming to or outgoing from

an electrical power installation

Full compliance is ensured if the earthing system of theH\. electrical power installationis part
of a global earthing system or connected to a multi-earthed HV neutral conductorin a balanced
system. If there is no global earthing system, the minimum requirements of Table 6 shall be
used to identify those situations where interconnection of earthing systems with low-voltage

supply outside the high-voltageinstallation is feasible.

If high-voltage and low-voltage earthing systems are separate, the method of separating earth
electrodes shall be chosen such that no dangerto persons or electrical equipment can occurin
the l[ow-voltage Installation. This means that siep, touch and transier potentuals and sjress
voltage in the LV installation caused by a high-voltage fault are within the appropriatetimits.

10.2|3.4 LVin the proximity of HV-substations an electrical power installdation

Speg¢ial consideration-should shall be given to LV systems which are located’ in the zone of
influence of the-H\substation earthing system of the electrical power installation.

Forindustrialand commercial installations, a common earthing systemcan be used. Due tp the
closp proximity of equipment, it is not possible to separate earthing,systems.

Table 6 - Minimum requirements for interconnection of low-voltage and
high-voltage earthing systems basedion EPR limits

EPR requirements
. Stress voltage ¢
T fLvV tem 2
ypeo system Touch.voltage Fault duration Fault durat{on
t;<5s t>5s
TT Not applicable EPR <1200V EPR < 250|V
TN EPR < F x U, d.e EPR <1200V EPR < 250|V
Distributed protective earth
conductor As per TN system EPR <1200V EPR < 250|V
T
Protective earth conductor not .
distributed Not applicable EPR <1200V EPR < 250(V

or definitions of the(type of LV systems, see IEC 60364-1.

imit may belincreased if appropriate LV equipmentis installed or EPR may be replaced by local potentip

F
b Hor telecommunication equipment, the ITU recommendations should be used.
L
dlifferences based on measurements or calculations.

th o PEWN or nautral conductor-of-thelow-voltage-svystem-is-connectedto-earth-onhratthe-H\,. ecarthinag-svdiem
tHE = - o et HEHGto e WOt SYSteS H tea—t St O-Hr ettt e v —eatH R g—Sy-gtet

|

thefabue-of L shal-be—- The typical value for Fis 2, indicating the touch voltage is 50 % of EPR. Higher values
off k¥ NUp to 5) may be applied where there are additional connections of the PEN conductor to earth ﬂhich
tierefore may reduce the touchvoltage as a pefrcentage o ~Forcertain Soil Structures, cauton 1S necessary
in soils with high contrast of top layer resistivity and underlying lower resistivity. In this case F is closer to 1 as

the touch voltage can exceed 50 % of the EPR. If the PEN or neutral conductor of the low-voltage system is
connected to earth only at the HV earthing system, the value of F shall be 1. 38

€ Us, is derived from Figure 12.



The adjustment to move the note to normative text is based on the fact that instructions and recommendations are not accepted within notes.
The conversion of the former note causes a rewording and the text was improved to facilitate the understanding and selection of factor F in soil environments with high contrast layers.
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10.3

Design of earthing systems

10.3.1 General

Desi

a) d
b)
c) d
d)
r
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f) d
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i) i
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=0 —q ~ =

Once the above criteria have been met, the.design can be refined, if necessary, by repe

the 4
earth

A flg
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10.3

gn of an earthing system can be accomplished as follows:

ata collection, e.g. earth fault current, fault duration and layout;

initial design of the earthing system based on the functional requirements;

etermine ifitis partof aglobalearthing system;

if not, determine soil characteristics e.g. of layers with different specific-sei electric

eststivity offFeyerssoit;
etermine the current flowing into earth from the earthing system, based on earth
urrent;

etermine the overall impedance to earth, based on the layout, soil characteristics
arallel earthing systems;

etermine earth potential rise;
etermine permissible touch voltage;

the earth potential rise is below the permissible touch voltage-and the requiremern
able 6 are met, the designis complete;

not, determine if touch voltages inside and in the vicinity.of the earthing system are b
he tolerable limits;

etermine if transferred potentials present a hazard, outside or inside the electrical p
nstallation; if yes, proceed with mitigation at expésed location;

etermine if low-voltage equipmentis exposed.to excessive stress voltage; if yes, pro

bove steps. Detailed design is necessary to ensure that all exposed-conductive-parts
ed. Extraneous-conductive-parts;stall be earthed, if appropriate.

wchart of this design process is given in Annex D.

uctural earth electrodel.if any, shallbe bonded and form part of the earthing system.
ed, verification is necessary to ensure that all safety requirements are met.

Illic structures(with cathodic protection may be separated from the earthing sys
autions, suchhas labelling, shall be taken to ensure that when such measures are t3
tenance work or modifications will notinadvertently nullify them.

2 (Power system faults

ith mitigation measures which can include’separation of HV and LV earthing systems

f ault

and

ts of
elow
ower

iceed

Py

ating
, are
f not

tem.
ken,

The

hJinr"I'i\/n is to determine the worst case fault scenario for every relevant ncpnr‘f

f the

functional requirements, as these may differ. The following types of fault shallbe examined at
each voltage levelpresentin the electrical power installation:

a) three phases to earth;

b) two phases to earth;

c) s

ingle phase to earth;

d) if applicable: phase to phase viaearth (cross-country earth fault).

Faults within and outside the electrical power installation site shall be examined to determine
the worst faultlocation.
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10.3.3 Lightning and transientovervoltages

Lightning and switching operations are sources of high- and low-frequency currents and
voltages. Surges typically occur when switching long cable sections, operating GIS
disconnectors or carrying out back-to-back capacitor switching. Successful attenuation requires
sufficient electrode density atinjection points to the earthing system to deal with high-frequency
currents, together with an earthing system of sufficient extent to deal with low-frequency
currents. The HV earthing system shall form part of the lightning protection system and
additional earthing conductors may be required at-injection connection points between the
lightning protection system and the earthing system.

Relejrant elfectromagnetic compatibility and lightning standards shall be used to address
spedific aspects related to the transient performance of the earthing system and its comgonents.

Wheh an industrialor commercial electrical power installation includes more thah.one building
or lofcation, the earthing system of each shall be interconnected. Since during-surges su¢h as
lighthing strokes, there will be a large difference in potential between the earthing systems of
eacH building and location in spite of the interconnection, measures shall'be taken to prégvent
dampge to sensitive electrical equipment connected between differept\buildings or locatjons.
Whefe possible, non-metallic media, such as fibre optic cable, should’be'used for the exchange
of lojw-level signals between such locations.

10.4| Constructionofwork on earthing systems

Where construction work involves an existing earthing'system, protective measures shall be
takeh to ensure the safety of persons during fault conditions.

10.5| Measurements

Measurements shall be carried out after construction, where necessary, to verify the adequacy
of tHe design. Measurements may include the earthing system impedance, prospective tpuch
and [step voltages at relevant locations and transferred potential, if appropriate. When
measuring touch and step voltages under test conditions, e.g currentinjection test, two choices
are gossible. Either measure the prospective touch and step voltages using a high impedjance
voltmeter or measure the effective'touch and step voltages appearing across an appropriate

resigtance which represents the‘human body.

10.6]/ Maintainability
10.6}/1 Inspections

The tonstruction-of the earthing system shall be carried out in a way that the condition df the
earthing system can be examined periodically by inspection. Excavating at selective locations
and yisualkinspection are appropriate means which shallbe considered.

10.6l2~ Measurements

Design and installation of the earthing system shall allow measurements to be carried out
periodically or following major changes affecting fundamental requirements, or even for

continuity tests.
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Figure 12 - Permissible.touch voltage Utp

nspection and testing

General

bctions and tests-shall-be are-carried out to verify compliance of the electrical p
Ilation with this documentand compliance of the electrical equipment with the applig
hical specifications.

following shall be subjectto agreement between the supplier and user:

ne extent of the.inspection and testing;
hich specifications are applicable;
ne extent.and type of documentation provided.

Specific tests on site for factory-built and type-tested equipment and for factory-built assemblie

1

ower
able

S are

e

htadhdnd-are-based-en+EG provided in the relevant IEC product standards.

Verification may be achieved by the following methods:

a) v
b) f

isual inspections;
unctional tests;

Cc) measuring.

Inspections and tests on parts of the electric power installations may be carried out after
delivery as well as when the installation has been completed.

Typical activities that are usually carried out are, for example:

— verification of characteristics of the electrical equipment (including rated values) for the

g

iven operating conditions;
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verification of minimum clearances between live parts and between live parts and earth;
power frequency voltage test for switchgear;

voltage test for cables;

verification of minimum heights and of protective barrier clearances;

visual inspections and/or functional tests of electrical equipment and parts of installation;

functional tests and/or measuring of protective, monitoring, measuring and controlling
devices;

inspection of markings, safety signs and safety devices;

erirication or correctrire ratings 1or oulidings/enciosures,

<

erification that emergency exits are operational,

vlerification of the earthing system.

Testp will, ingeneral, be carried out on the various items of electrical equipment comprising an
elecirical power installation at appropriate stages of the contract to ultlmately Verify

perfprmance of the installation.

lobe

defihed- The conditions and organization of the reqwred tests shaII be deflned and agreed
between the supplier and the user. This may include definition gf the provision of site senfices,

perspnnel, etc.

11.3| Tests during installation and commissioning

Fhe pserand suppliershallagreson The requirements (methods and acceptance criterig) for

testg during installation and commissioning together with a listing of the testing standards {o be
appljed are the subject of agreement between the'supplier and user. This may include funct]ional

testg to demonstrate the ability of the.electrical equipment to satisfy the opera
requjrements, such as automatic start-up_.and shutdown.

ional

The {est equipment for demonstration-of achievement of design requirements should be agreed

between supplierand user.

Fheliserand suppliershalliagyeeon A schedule of tests shallbe prepared forcomponentg and
systems to be tested during the installation and commissioning period. Details of the schegdule
are flhe subject of agreement between the supplier and user. The necessary services to allow

the tpsts to be carried out should be agreed between the parties.

NOTE-The contractual consequences of the outcome of the tests during installation| and

commissioning'should be stated in the enquiry, where appropriate.

11.4( Trial running

ormed- The scope of work

ag reed between the suppller and user may mclude a trlal run. The purpose of the trial run is to
prove the functional capability of the-high-voltage electrical power installation. During the run,
therefore, all significant components should be in operation.

The agreement should define under what circumstances a breakdown of a significant
component constitutes an interruption of the trial. The user may also give exception criteria for
breakdowns of a very short period, for example simply extending the period of the trial by the
outage time.

The conditions that have to be met for the successful completion of the trial run should be
defined in the enquiry.
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NOTE-The contractual consequences of the outcome of the trial run should be stated in the
enquiry, where appropriate.

12 Operationand maintenance manual

Each electrical power installation should have an operation manual describing the normal,
emergency, and maintenance procedures as well as safety instructions for the operation of the
high-voltage electrical installation.

Forthe preparation of manuals and instructions, IEC/IEEE 82079-1 applies.

Infogmation in form of instructions, diagrams, and data, shal b€ available to personpg for
opeffation, maintenance, in charge of work or working in elec{pieal areas to ensure propef and
safe| control of electrical equipment and isolation for worKing. The information includes
necgssary manufacturerinstructions for the electrical equipmentin the installation. 39

Opefating instructions should be site specific and/narrative describing switching opergtion
seqyences, protection schemes including inter-tripping, and interlocking arrangements.

Emefgency information, e.g. routes to thexnéarest hospital and emergency phone numbers
shoyld be displayed in a visible locationin the electrical power installation.



The clause has an improved documentation requirement emanated from needs requested in Subclause 7.1.3 and the general provisions that electrical power installations shall provide electrical safety for the use intended. Also to make subsequent activities, such as maintenance, repair, etc. on the installation possible and in a safe way, the documentation provides information about the safe working procedures that the design of the installation has taken into account.

https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

(rormativeinformative)

— 114 -

Annex A

based on currentpracticein some countries

Values ofrated insulation levels and minimum clearances

Table A.1 - Values of rated insulation levels and minimum clearances in air for
1 kV < U, =245 kV for highest voltage for installation U, not standardized by the IEC

based on current practice in some countries

IEC 61936-1:2021 CMV © IEC 2021

Highest Rated short- Rated lightning Minimum phase-to-earth
voltage for duration power- impulse withstand and phase-to-phase clearanice
installation frequency voltage 2

withstand voltage N
Voltage
aee | O ‘e "p insratagons D nstasngpe
RMS RMS 1,2 us/50 ps
(peak value)
kV kV kV mm mm
2,75 15 30 60 120
45 70 120
60 90 120
4,76 19 60 90 120
5,5 19 45 70 120
60 90 120
75 120 120
8,25 27 60 90 120
75 120 150
95 160 160
8,25 26 75 120 150
35 95 160 160
15 35 95 160 160
50 110 180 180
15,5 35 75 120 150
85 150 160
110 180 180
17,5 38 110 180
125 220
25 50 95 190 290
125 210
150
25,8 50 125 220
70 150 280
27 50 95 160
125 220
150 280

28 The ratedlightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth.
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Table A.2 — Values of rated insulation levels and minimum clearances in air
for 1 kV < U,,, = 245 kV for highest voltage for installation U, not standardized by the

IEC based on current practicein some countries

Highest Rated short- Rated lightning Minimum phase-to-earth
voltage for duration power- impulse withstand and phase-to-phase clearance
installation frequency voltage @

withstand voltage N
Voltage
rangg Um Ua Up inslpac:lc;:,i:)ns in(s)tl;tlrac:i(’;ns
RMS RMS 1,2 us/50 ps
(peak value)
kV kV kV mm mm
30 70 160 290
36 70 200 380
38 70 125 220
150 280
200 360
38 70 150 280
95 200 360
38,5 75 155 270 400
180 320
195
40,5 80 190 350
41,5 80 170 320
200 360
48,3 105 150 280
200 360
250 480
48,3 120 250 480
72,5 160 350 690
82,5 150 380 750
100 150 380 750
185 450 900
204 275 650 1300
325 750 1500
a8  Tlhe,rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth.
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Table A.3 — Values of rated insulation levels and minimum clearances in air
for U,, > 245 kV for highest voltages for installation U, not standardized by the IEC

based on current practice in some countries

Highest | Rated Rated Rated Minimum phase- Rated Minimum phase-
voltage for| short- |lightning| switching | to-earth clearance |switching| to-phase clearance
installation|duration| impulse | impulse impulse

power- |withstand| withstand withstand
fre- voltage? [ voltage voltage
quency
S with-
s stand
;", voltage
g U, Uy U, U, Conductor Rod U, Conductor Rod
S - - -
> RMS RMS 1,2 us/ Phase-to-| structure |structure|Phase-to-{ conductor 7
50 ps earth phase | parallel |condyctor
(peak
value) 250 ps/ N 250 ps/
2500 us 2500 us
(peak (peak
value) value)
kV kV kV kV mm kV mm
362 520 1300 950 2 400 2900 1425 3100 3600
550 680 1800 1175 4 000 6 500
550 710 1800 1175 3300 4 100 2210 6 100 7400
I 550 775 1800 1175 3350 3 650 4600 5200
550 635 1300 5800 5800
1425
1550
1800

-

he rated lightning impulse withstand voltage ts applicable phase-to-phase and phase-to-earth.
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Annex B
(normative)

Method of calculating permissible touch voltages

The equation to calculate the permissible touch voltage is as follows.

Formula:
1
Uq, =I5 () x xZ7(Ut)xBF
T = ls(t) TF 1(U7)
where
Ut is touch voltage
Uty is permissible touch voltage
ts is fault duration

Ig(%f) is body current limit

HF is heart current factor

Z1(Ut) isbodyimpedance

BF is body factor

NOTE 1 Different touch voltage-conditions, e.g. lefthand to feet, hand to hand, lead to different tolerable
voItaEes. Figure 12 of thisdocument is based on a weighted average taken from four different touch v

confi
volta

NOTE 2 Differentyparameter values are applicable for some countries (as indicated in Annex G).

For ppecific.consideration of additional resistances, the formula to determine prospe

permissible'touch voltage becomes:

urations. Touch voltage'left hand to feet (weighted 1,0), touch voltage right hand to feet (weighted 1,0),
e both hands to feet (weighted 1,0) and touch voltage hand to hand (weighted 0,7).

¢, in Figure 20 and Table 11 of IECFS 60479-1:2

2018, where probability of ventricular fibrillatio
less than 5 %. Ig«depends on fault duration

Table 12 of JECTS 60479-1:20052018, i.e. 1,0
left handto.feet, 0,8 for right hand to feet, 0,4
hand texhand

Table\*’and Figure 3 of IECTS 60479-1:20052
Zpnot exceeded by 50 % of the population
depends on touch voltage. Therefore,
calculation has to start with assumed level
Figure 3 of IECTS 60479-1:20052018, i.e. 0,75
hand to both feet, 0,5 for both hands to feet

D05
nis

for
for

18,
Z7

irst

for

touch
Iltage
touch

ictive

1
Uytp =IB(tf)xﬁ><(ZT(UT)xBF+RH +Re)

where
Uva
Ry is additional hand resistance

RE is additional footresistance

is prospective permissible touch voltage
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Annex C
(normative)

Permissible touch voltage accordingto IEEE 80
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F 2 Figure C.1 assumes a personfweighing 50 kg and a gravel surface.

Figure C.1 - Permissible touch voltage Urp according to IEEE 80

F 1 The touch voltage curve is based on.a‘pecific-se# electric resistivity of soil of 100 Qm and a surfacg

10 000
Time (m

s)
IEC

layer


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936

-1:2021 CMV © IEC 2021 - 119 -

AnnexD
(normative)

Earthingsystem designflow chart
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Annex E 40
(informative)

Protection measures againstdirectlightning strokes

General

el tests, measurements, observation and experience over mahy’years have shown
t lightning strokes can be avoided with a high degree“ef certainty by using
gements of lightning shield wires or rods. Protection zones can be defined by usin
g sphere method or obtained based on local operating\&xperience shown in Figur

throgigh Figure E.4.

wher
strik

wher
with

For{

s applying the rolling sphere method. A ndmber of formulas have been propose
mining the striking distance. The most compon are:

In gjfneral, the lightning protection zone can be defermined through the striking distancg

R =10 x [0.65 [(IEC 62305-1:2010,"Rormula A.1, Annex A)]
R =8 xk x[0.65 [(IEEE 998, Fapmula 2-1D)]

e [ is the lightning stroke retusf@current in kA and k is a coefficientto account for diff]
ng distances to arod or a shield wire (k=1 for shield wires and k= 1,2 forrod).
]_2,2><LIWV
Z

[

tand voltage)

ubstations with arresters, /can be obtained from the arrester discharge current.

that

the
j the
b E.1

R in
d for

erent

e Z. (Q) is the(conductor surge impedance and LIWV (kV) is the rated lightning impulse

Ope

atlgnal experience for electrical power installations up to 420 kV have shown that pfoper

lightning protection can be achieved using the geometric method shown in Figure E.1 through
Figure E.4 with heights H up to 25 m. For heights exceeding 25 m the protection zone is

redu

ced.

This method has proven to achieve a sufficient protection level but without the need of detailed
insulation coordination studies.

E.2

Shield wires

A single shield wire provides a tent-shaped protection zone, the limits of which are formed by
arcs with a radius of R = 2 H beginning at the shield wire peak (see Figure E.1) and following
the length of the wire.


The Annex E has been improved with new figures and a more informative general description of the rolling sphere method and calculation methods for figures given.
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Two shield wires at a distance of less than or equal to 2 H apart provide an extension of the
protection zone which is limited by the two conductors, an arc of radius R and centre Mg at a

height 2 H (see Figure E.2).

This zone is continuous all along the span of conductors.

E.3 Lightningrods

Upward streamer discharges develop earlier from lightning rods than from shield wires.

The protection zone of alightning rod is generally larger than that of a shield wire at the\game
heigpt.

A single lightning rod provides a cone-shaped protection zone with limits of andrc.of radius 3 H
pasding through the tip of the lightning rod (refer to Figure E.3).

Two |lightning rods at a spacing of less than or equal to 3 H providéan extension of the
protection zone which is limited by an arc of radius R with the ceptre"Mg at a height of 3 /

pasging through the tips of the lightning rods (see Figure E.4).

2H

H

/‘.......X.

Pl

A T R ) N S B R e
N RN NN 222N NN 2 222NN\ 22228 N\ Y224

IEC

Figure E.1 - Single shield wire
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Figure E.2 - Two shield wires

3H

Figure E.3— Single Iighfning rod
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Figure E.4-Two lightning rods
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AnnexF 41
(informative)

Considerations of design for safe working

The design of electrical power installations should comply with any provincial, national or
regional regulations, standards and codes of practices pertaining to safe working in electrical
powerinstallations.

If no such regulations or standards are available, this informative annex outlines basic

cons
In p4g
sup
elec

Wor
netw
out 3
- d

- W

Each
elec

Wor
into
inad
cond

NOTIE
ISO 2

An il

|
= o O

mstallation); and

iderations relating to the key aspects and application of safe working distancesin %{
rticular, it is essentialto highlightthe importance of interaction and coordinatio g\
liers and users to ensure maintainability in addition to constructability and o@ bil
rical power installations. (1/

activities may be undertaken in an electrical power installation und(?\r{| ariety of s
ork conditions. Due to common operation practices, these work ac(_toy es may be ¢4
ccording to the following procedures:

ead working (work on de-energized parts of an installation); @
orking in the vicinity of live parts (see IEV 651-21-02) @pk near energized parts
N\

S\

ve working (see IEV 651-21-01).

of these three procedures involves ad equatngety measures that mitigate the ris
ric shocks, short-circuit and arc faults. \\

sign.
veen
ty of

te or

rried

bf an

s of

ing distances may be determined base on minimal clearance of danger zone (N), taking

vertent movements (full or expec each) of persons, tools, equipment, vehicleg

consideration overvoltage conditiog nd ergonomic factors (e.g. consideration
uctors). Q\

1 The ergonomic factors, es Iy the reach distances, can be derived from EN 547 or ISO 714
6800, in the absence of workf r national information.

ustration of workin; dlg)ances is givenin Figure F.1. These are described as follows

y- Distance (D fining the outer limit of the vicinity zone, which is the limited s
utside the m'n{:v?al clearance of danger zone (N).

w- Worki %stance (Dy) to be observed between exposed live parts and any pe
orkin%® closed electrical operating area including any conductive tool directly han

s of
and

D and

bace

rson
dled.

zone

orre

Wor @‘é vicinity zone is considered to be all work where a person is eitherinside the
B S

into the zone with parts of the body ortools, equipment and devices being handled

but does not reach into the danger zone.

Design should consider the working distance D,, and vicinity distance D,, where works are

intended to be carried out when some or all of the equipment are intended to be energized
based on userrequirements. It shall be ensured that the minimum separation between the de-
energized part being worked on and the energized part does notresultina person working on
the de-energized partentering the vicinity zone of any live part with any part of the body, tools
orequipment. Other than in defined circumstances, D,, should be greater than or equal to D,,.

NOTE 2 Further information regarding safe work methods can be found in CIGRE Technical Brochure 805,
Guidelines for safe work methods in substations.


This annex provides general guidelines in case there are no provincial national, regional or international regulations available to make subsequent activities on an electrical power installation such as maintenance, repair, etc. on the installation possible and in a safe way. The design should allow the use of safe working procedures the user intends to use.
See also Clause 8.
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Live parts

= Danger zone

Vicinity zone —

nimum clearance of danger zone %

cinity distance according to provincial, national or regional standardngj)egulations

orking distance according to provincial, national or regional stand&&&and regulations
& O
Figure F.1 — Working clearances within Q) ed electrical operating areas
A\
gnated work areas for routine maintenan é\}%ould be considered during the design s

that there are no energized parts wit§\ e work area and that danger zones are 0
h from the work areas. Design consi@r ions should be given to safe access to these
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Annex G
(informative)

List of notes concerning particular conditionsin certain countries

Country

Clause

Country note

AU

4.1.1

Risk Management

Assetowners, designers and others carry common law and legislative

obligations to manage risks to health and safety of personnel. The

following hierarchy of risk controls provide guidance on meeting these

obtgatons:

— Elimination of the hazard.

— Minimization of the risk by the following means:
a) Substitution (to get a lower hazard).
b) Isolation (from persons).
c) Engineering controls.

— Administrative controls.

— Personal protective equipment (PPE).

Elimination of the hazard is rarelyan, option given the utility/ameni
involved. Minimizing the risk is gon-trivial with fundamentally

hazardous substances such as‘el€ctricity. Duty of care is demonstr
when allreasonably practicahle precautions have been taken. Wh3
reasonably practicable ipclutdes a measure of the significance of th
risk versus the effort reqilired to reduce it. The risk thatis assesse
this process includesthe riskimposed on any individual (commonl
determined for the maximally exposed, reasonably behaved individ

Yy
lated
tis
e
Hin

ual)

and for the risk impdsed on society (commonly determined for mulfiple

fatality risk for a\single event). For further guidance on risk
managemenfsee ISO 31000.

Acceptablerrisk targets for hazards in HV installations, even those
withingeVels recognized by the international safety industry as bein
'safedmay not be sufficient to meet a duty of care obligation. It is,

hoWwever, reasonable that allknown and commonly applied precauf
Rave been assessed, and applied so far as is reasonably practicab
(SFAIRP) or as low as reasonably practicable (ALARP) where the

cost/risk reduction is not grossly disproportionate. A risk target bel
the assessed mean risk for all other hazards across all asset class|
of the enterprise could also be used to help decide when seeking

further precautions for a particular hazard will no longer be require]

High voltage installations require a detailed quantitative risk

assessment, based onindustry or enterprise data including previo
assessments. Realistic estimates of the associated cost increment
are required to ensure the decision to not use a risk treatment, wh
the cost is disproportionate to the risk reduction, is soundly based.

g

ions
le

pw
es

jon

AT

4.2.4

Values of rated duration of the short-circuitless than 1 s does not
apply for electrical power installations design, construction and
erection.

Fl

7422a)

Even class —50 °C could be needed.

IE

4.4.2.2g)

North Atlantic Maritime climatic conditions as per |.S. EN 50341 apply.

AU

5.4.1

The smaller clearances available in Table 2 and Table 3 are not
applicable.
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Country Clause Country note

BE 5.4.1 Add:

The minimal clearance distances between bare live parts, between

these parts and the exposed conductive part, or between bare live

parts of the same phase when they are separated in the opening

positionis at least equal to:

d=50+6.75(Uy-1)

where:

d is the above-mentioned clearance in mm;

L - is the nominal valtage hetween phases ofthe apparatus expressed
in kVand rounded up to the next unit.

IE Table 2 Where the Grid & Distribution codes apply then
- For U 123kVU,=230kV
- For U, 245kVU,=460kV

IE Table 2 Where the Grid codes apply then the following apyplies:

- Fory, 123kV, minN=1100mm
- For U, 245kV, min N (Ph-Ph) 2 700'm and min N (Ph-Earth
2400 mm
IE Table 3 Specific Grid Code requirementstat 400 kV apply.
Lightning Impulse (1,2/50 pg)y's 1 550 kV, switching impulse
(0,25/2,5 ms)is 1 175 k\,,
A value of 4750 mmyphaeSe—phase and 4 100 mm phase—earth applies.

IE 6.2.1 The Distribution Code & Grid Code mandate specific requirements|for
switch gear locking and interlocking.

IE 6.2.4.1 The Grid €ode mandate the instrument transformer should be of
compositeNsilicone rubber) insulator material. The composite insuljator
shouldfet fragment and project parts on failure.

IE 6.2.4.2 Add\the following:

[#/IE The Grid and Distribution Codes mandate the following: require
the short circuit withstand rating of current transformers to be
consistent with that of the associated equipment and the system
design fault levels.

IE 6.2.% At transmission level, designs using porcelain are prohibited by the
Transmission System Operator.

SE 71 A new extension of an existing installation shall comply with, at thg
time for the erection, valid standard

AU 7.1.1 Insert before last paragraph:

Consideration shall be given to the spatial separation between live
parts and work sections determined in accordance with national /Igcal
relations in order to restrict access to danger zone, taking into accpunt
the need for operational and maintenance access.

AU 7.2.1 Replace first sentence of second paragraph with:

The design of the electrical power installation shall give consideration
to the spatial separation between live parts and the limits of work
sections determined in accordance with national / local regulations and
practices be such as to restrict access to danger zones, taking into
accountthe need for operational and maintenance access. In
designing layouts, the limits of work sections may be from ground or
floor level from a platform from which a person works. For persons free
to be in proximity of live parts itis necessary to provide enough spatial
separation between the person's standing point and danger zone
measured along a taut string stretched the shortest way between those
parts. See Annex F.

AU 7.2.2 Consideration of taut string clearance distances,
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Country

Clause

Country note

BE

7.2.2

The minimal protective barrier and protective obstacle clearances shall
be at least equal to the prescriptions of clause 4.2.2 of Book 2 of the
GREI.

BE

7.2.2

The barriers for installations shall comply with the prescriptions of
Book 2 of the GREI. The minimum height for outdoor installations shall
also have a minimum height of 2,0 m.

AU

7.2.2

In the second dash:

The degree of protectionis IP1XB or IP2X (see AS 60529) and the
minimum protection barrier clearance is B, =N + 300 mm (to reflect a

fool being inserted)

Fl

7.2.2

Barriers for outdoor installations shall have a minimum height 02,0 m.
They shall fulfil the same requirements as the external fencexlhe
minimum height of live parts behind a barrier shall be N + §00"'mm [with
a minimum of 800 mm.

BE

7.2.3

The minimal protective barrier and protective obstadleyelearances $hall
be at least equal to the prescriptions of clause 4.2.2,0f Book 2 of the
GREI.

Fl

7.2.3

The use of protective method obstacles is mot-allowed in electrical
installations outside of buildings.

SE

7.2.3

Rails, chainsand ropes are not allowed)as protective obstacle

IE

7.2.4

C=4500mm
E=4500mm

AU

7.2.5

Regarding the minimum heigbt over access areas, replace 2 250 wfith
2 440 for both dash pojdis.

Fl

7.2.5

The height H for outdoof installations shall be at least H = N +
2 600 mm, with asminimum of 2 800 mm.

IE

7.2.5

Replace "2 250%Wwith "2 300" in subclause

SE

7.2.5

The height{/*for outdoor installations shall be at least # = N + 2 570
mm, with @a*minimum of 3 000 mm.

AU

Figure 4

Replacte 2 250 with 2 440 for both dimensions in figure.

AU

7.2.7

The external fence/wall shall be atleast 2 500 mm high.

7.2.7 50 mm x 50 mm mesh is the maximum mesh size accepted.

Fl

7.2.7

The height of the external fence shall be atleast 2 000 mm. The lojcal
conditions of snow shall be taken into account.

AU

753

Replace first sentence of second paragraph with:

The design of the electrical power installation shall give considerafion
to the spatial separation between live parts and the limits of work
sections determined in accordance with national/local regulations gnd
practices be such as to prevent access to danger zones taking intg
accountthe need of access for operational and maintenance purpdgses.
Therefore, safety distances or permanent protective facilities within the
installation shall be provided.

In designing layouts, the limits or work sections may be from grour|d or

fToor Tevelfrom a platform from wWhich a person Works. For persons free
to be in proximity of live parts itis necessary to provide enough spatial
separation between the person's standing point and danger zone
measured along a taut string stretched the shortest way between those
parts. See Annex F.

Fl

7.3

The use of indoor installations of open designis not allowed

SE

7.3

Rails, chainsand ropes are not allowed as protective obstacle

SE

7.4.1

Outside closed electrical operation areas electrical equipment and
cables shall either be constructed with an earthed intermediate shield
or be protected against unintentional contact by placing out of reach.
With an earthed intermediate shield, a metal enclosure for equipment
or a screen for cables are understood.

SE

7.5.4

Gangways longer than 10 m shall be accessible from both ends. Indoor
closed restricted access areas with length exceeding 20 m shall be
accessible by doors from both ends (See also IEC 60364-7-729).
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Country

Clause

Country note

AU

7.7

The minimum height H' of live parts above surfaces accessible to the
general public shall be in accordance with national standards and
regulations.

Fl

7.7

The minimum height /' of live parts above surfaces accessible to the
general public shall be 7' =5 500 mm for rated voltages U, up to

24 kV and H'=N + 5 300 mm for rated voltages U above 24 kV.

SE

8.2.1

Exposed-conductive-parts shall be earthed. Also extraneous-
conductive-parts which by faults, induction, or influence could become
live and be a hazard to persons or damage to property shall be
earthed.

BE

8.2.2.2

Rails, chainsand ropes are not allowed as protective obstacle

SE

8.2.2.2

Rails, chainsand ropes are not allowed as protective obstael€

SE

8.2.3.1

Outside closed electrical operation areas, equipment and cables shall
either be constructed with an earthed intermediate shield or be
protected against unintentional contact by placingeut of reach. With an
earthed intermediate shield, a metal enclosure for equipment or a
screen for cables are understood.

Fl

8.2.3.2

The use of protective method obstacles is hot™allowed in electrical
installations of buildings. The use of prafective method placing out|of
reach is restricted only to situations where the use of insulation or
enclosures or barriers is not practjeable.

SE

8.2.3.2

Rails, chainsand ropes are notallewed as protective obstacles.

Fl

8.2.3.3

In installations with U < 52(k\#, where doors or covers have to be

opened in order to carry‘Qut normal operation or maintenance, a rigid
non-conductive rail shfall)be used as an additional protective meastfre.

AU

8.7.1.

For each installatien a fire risk assessment (FRA) should be
undertaken asdeseribed in Section 4.1.

Fire rating ofBarriers must be a minimum fire rating of 120 minuteg.

AU

8.7.2.2

The dimensions G, and G, are to be measured from the inside edge
wal| efany bund wall rather than the measured point shown in Figyre

7a)wad 7b) from the transformer where the bund wall is wider than the
transformer.

For this purpose, adequate clearances from the fire source, which $hall
include a firein the bunded area shall be provided.

AU

8.7.2.2

Indent a), replace "For example EI 60" with "Shall be REI 120".
indentb), delete second sentence and add "shall be REI 120" at th
end to the first sentence.

[©)

AU

8.772.2

Insert new paragraph after Indentb) as follows:

— An alternative performance-based analysis can be carried out py
calculation of radiated head flux which Is dependent on the oil pool
area and depth of bund for fire duration to determine separatign
distance to accurately model the fire conditions and the impacis to
the adjacent equipment and buildings. Refer to CIGRE Technigal
Brochure 537 and IEEE standard 979. Further guidance can b¢
obtained from the International Fire Engineering Guidelines.

AU

Figure 6

Replace figure text "Minimum fire resistance 00 min for the separating
wall (El160)" with "Minimum fire resistance 120 min for the separating
wall (RE120)".

AU

Figure7

Drawing a)
Figure shall be changed to indicate a bund and the dimensions G, and

G, are to be measured from the inside edge of the bund wall.
Drawing b)

Figure shall be changed to indicate a bund and the dimensions G, and
G, are to be measured from the inside edge of the bund wall.

AU

Figure7

Key, Sector a: Replace 90 min (REI 90) with 120 min (REI 120))
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Country

Clause

Country note

AU

Table 4

After indent d) insert:

An alternative performance-based analysis can be carried out by
calculation of radiated head flux which Is dependent on the oil pool
area and depth of bund for fire duration to determine separation
distance to accurately model the fire conditions and the impacts to the
adjacent equipment and buildings. Refer to CIGRE Technical Brochure
537 and |IEEE Standard 979. Further guidance can be obtained from
the International Fire Engineering Guidelines.

AU

Table 5

After indent c) insert:

An alternative performance-based analysis can be carried out by

calculation of radiated head 1TUX Which Is dependent on the ol po
area and depth of bund for fire duration to determine separatign

distance to accurately model the fire conditions and the impagtstofthe
adjacent equipment and buildings. Refer to CIGRE TechnitalBrochure
537 and |IEEE Standard 979. Further guidance can be opbtained frofn
the International Fire Engineering Guidelines.

AU

8.8.1.3

The internal dimensions of the bund shall extend 2 minimum of 60
mm or 50 % of the height of the highest liquid Iewet, whichever is the
greater.

AU

10

The requirements regarding earthing refépto”’AS 2067, Substations| and
high voltage installations exceeding 1.k\Ad"c.

SE

10

For requirements according to clagse 10, the standard SS-EN 50522 is
applicable

AT

10.2.1

The curvein Figure 12, whicli\gives the permissible touch voltage,
shall be used. The IEEE_80 slrve shown in Annex C shall not be uged
as an alternative to the~¢drve in Figure 12.

El

10.2.2

The Grid and Distribytion Code identify requirements. Where the
customer plantisiadjacent to a TSO/DSO substation, the two eartHling
systems shouléhe interconnected, however each station earth grid
should have the capability to perform independently. The point of
interconngction should be provided with isolation links

AT

10.3.1

In Austfia, the designis also complete if U, is less than 2 Usyp andfthe

requirements of Table 6 are met. Furthermore, the design is also
complete if Ug is less than 4 Uqyp with specified measures M applig|

and the requirements of Table 6 are met.

joN

Therefore the flowchart of the design process in Annex D is not
applicable.

BE

Figure12

The values of Ur, for times longer than 10 s is equal to 75 V.

DE

Afnex F

Safe working procedures are regulated in the national standard DIIN
VDE 0105-100. The term "danger zone N" as used in figure F.1 is
defined in Germany by "live working zone D, ". The values for the

distances D| are determined in Table 101, values for the vicinity zgne
and the according distances D,, in Tables 102 and 103 of DIN VDH
0105-100.
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Country

Clause

Country note

AT

Annex E

According to the Electrical Engineering Act 1992 (BGBI. Nr. 106/1993,
in therelevant version) and the associated electrical engineering
regulation 2020 (BGBI. 11 Nr. 308/2020), the following provisions on
lightning protection in high-voltage systems shall apply as stated in
OVE-Richtlinie R 1000-3:

High-voltage switchgear must be equipped with a lightning protection
system (external and internal lightning protection). A distinction can be
made between buildings and outdoor switchgear.

State-of-the-art documentation must be available for planning and
testing the lightning protection system. In this documentation, the
boundaries of the danger zone to live parts (high voltage) must be

drawn. A

When installing lightning protection systems in high-voltage
switchgear, the minimum lightning protection class Il acco@)w to
OVE-Richtlinie R 1000-2 to be used. N
Buildings: Q(l/
Buildings are structural systems and must be eq{ﬁafed with a statg-of-
the-art lightning protection system. %,

Outdoor switchgear: 0_')

protection systems. The air-terminati ystems are to be positiongd in
such a way that the lightning ch QJ penetration of the danger zonme is
prevented. In outdoor switchgeg,deviations from the requirements of
minimum lightning protectionﬂQa s Il with regard to the rolling sphgre
radius =30 - (1 +0.15) % afe)permitted if this can be justified fron] the

Outdoor switchgear must be eq uippegﬁth state-of-the-art lightning
s

location of the high-voltage system parts.

Down-conductor sy? are to be designed, erected and connectgd to
the earthing syst Ni such a way that safe conduction of the lightping
currents into t rth is ensured.

The use of lightning protection rods is recommended in outdoor
switchgea\Conductive structural parts with an earth effect (e.g.
framewgrk, portals) can also be used as natural air-termination

sysj@g

O
Th‘éseparation distance to the danger zone of high-voltage parts shall
@ observed.

=]

I~ When locating the air-termination systems of the lightning protectiq

N
r‘\\o

—

system, maintenance and operation shall also be taken into accou

NS

\J

NOTE The nature of the@notes is permanent or less permanent according to |IEC Directives.
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Listof comments

The extent of this application area has been given an improved description. Included
offshore installations are related to transmission, storage and generation. This also
implies that for specific applications, e.g. offshore platform/units for exploration of
petroleum resources, platforms for gas and oil, are excluded.

A clarification of former wording, see indent ”b)” above. A transition pole today normally
includes installations, e.g. surge arresters etc.

Wording updated. Old wording obsolete.

The scope states that an electrical power installation shall provide electrical safety and
proper functioning for the use intended. To make subsequent activities,"such as
maintenance, repair, etc., safe working procedures for the intended actiyity-has to be
applied according to such standards. See also Clause 8 and Annex F.

The requirements for closed electrical operating areas has not,beén changed. As
requirements are not permitted within definitions, the requirement.has been transferred
to Subclause 7.1.

"Vicinity zone" and "working clearance" definitions have béen deleted. These congepts
are treated in Clause 7 and Annex F.

The definition for "Minimum safety clearance N" has _been added. The definitionfis in
alignment with IEC 61140 and states the clearance-of danger zone in electrical power
installations. The minimum clearances permitted\for safe operation having regard tp the
minimum clearance of danger zone are given'in Clause 7 during the use intendefl for
electrical power installations.

As the former edition of the document ofaly covered the subjectin the specific areas, [such
as control systems Clause 9 and in.Clause 10 regarding earthing consideratiops, a

general EMC subclause has been.added.

The adjustmentto move the pote to normative textis based on the fact that instructions
and recommendations are not accepted within notes.

Text has been updated to include the needs for requirements regarding vibrations [from
sources with higher frequencies, e.g. blasting.

The former notedescribing the relation between the values for minimum clearange of
danger zone((see Subclause 3.5.6) and the relation to the protective distancgs of
Clause 7, are. described as normative text as this relation is fundamental for an electrical
power installation and its ability to fulfil the necessary protection and provide safety for

the use_intended.

No“ehange in requirements but the text is restructured to make it easier to undergtand
and for the understanding that Table 2 and Table 3 are "100% values" and that these

clearances arein relation to this.

Recommendations of how to connect equipment with clearance less than minimum
clearances according to Table 1 and Table 2 has been improved together with indicative
experienced based practical values in a note.

This clause has been added to clarify consideration of issues in the transition between
clearances used for type test equipment to the installation clearances in accordance with
this Standard. The former note has become a normative requirement as requirements
cannot be defined in notes. The new note gives a typical value of transition length as
three times phase to phase clearance.

This subclause has been rewritten and revised to clarify and define the necessary
requirements for electrical equipment. The safety of the system, the electrical power
installation, is formed by a system of electric equipment and the coordination of those by
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the system requirements. Therefore, the requirements to ensure correct electric
equipmentis a fundamental for achieving a correct and safe installation. The basic way
to do thisis to comply with IEC product standards.

The structure, requirements and wording are similar to other system IEC Standards for
electrical installations.

Improved description of requirements for switching devices by referencing to Clause 4
and to clarify that for situations where prospective fault currents exceed the
characteristics, aninterlocking or operation procedures are required.

It has been considered as a superfluous requirementin earlier editions of the document,

but countries have noted problems why this has been clarified.
See also Subclause 6.2.10 for overhead lines with bare conductors.

For overhead lines within an electrical power installation, but outside closed elecitrical
operating areas, the IEC Standard foroverhead lines is applicable. Note’as well that for
overhead and underground lines between separate electrical power installatiops is

outside the scope of this document. See also Subclause 6.2.9.1 farcables.

The adjustmentto move the note to normative textis based.onthe fact that instrugtions
and recommendations are not accepted within notes.

Requirements for current limited fuses have been added and the Subclause 6.2.14 has
beenrestructured forimproved clarity.

The requirements for closed electrical operating areas have been moved from the
definitions as requirements are not accepted within definitions.

General requirements for user safety withtespect to electrical equipment are given in
Subclause 6.1. More specific requiremeénts for the electric power installation have peen
implemented in this subclause.

The adjustmentto move the noteto normative textis based on the fact that instructions
and recommendations are not-accepted within notes.

Improved requirementsrégarding the documentation stated here have been introduced in
Clause 12.

This figure has been reduced. The part, describing working distances, is transferred to
Annex F.

A more detailed specification of the requirements in the previous paragraph to clarifly the
requirements needed to minimize the risk of unauthorized access by clarifying that also
extraneous structures in the vicinity of the installation has to be considered.

The-note has been converted to normative textand itis based on the fact that instructions

and recommendations are not accepted within notes

The original text restored as the missing wording was caused by an editorial error in
previous edition of the document.

The text has been revised and extended to consider a broader view regarding indoor
climate aspects for the electric equipment as well as fire propagation issues. It is also
more clearly stated that the method of ventilation is a part of the design process. This is
indicated by the removal of the former expression of preferable methods and the
introduction of the consideration that if natural ventilation is inadequate, additional
measures has to be implemented.

According to the scope, an electrical power installation shall provide electrical safety and
proper functioning for the use intended. E.g. distances, clearances and dimensions
specified by the Standard are the minimum values for safe operation (see e.g.
Subclause 7.1) in accordance with the intended use. To make subsequent activities, such


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

32

33

34

35

36

37

38

39

40

41

- 138 - IEC 61936-1:2021 CMV © IEC 2021

as maintenance, repair, etc. on the installation possible and in a safe way, the design
should allow the use of safe working procedures the user intends to use. In absence of
provincial national, regional or international regulations available, the Annex F provides
general guidelines.

Throughout the document the former wording "personnel" has been replaced with
"person”. This document for electrical power installations shall provide safety for all

persons during the intended use of the installation.

As an electrical power installation shall provide electrical safety and proper functioning
for the use intended, this paragraph has been given a revised wording to fulfil this. See

e-g Subeclauses 8. 12 and 7 11

To make subsequent activities, such as maintenance, repair, etc. on the installption
possible and in a safe way, the design should allow the use of safe working(procedures
the user intendsto use. See e.g. Clause 8 and Annex F.

The change from 3 800 to 38 000 is due to editorial error in previous gdition. The FM
Global data sheet 5-4 states 10 000 gallons or 38 m3, which is 38 000. litre.

The classification of the volumes for oil-insulated transformerschas been improved.

The safeguard requirements for transformers with 5 000 Y or more of oil has been
increased. Classification is aligned with FM Global data’sheet 5-4.

The need for single line diagrams is emanated from the fact that it gives impgrtant
information both for safety during operation accotding to the use intended as well ag for
subsequent activities, such as maintenance, repair, etc. on the installation possiblg and

in a safe way.

This clause has been restructured and reworded to clarify the requirements of the different
subjects. The clause has therefore been'given subclauses for each subject, i.e. protetion
systems, automation systems and\auxiliary systems to point out and structurg the
requirements related to the relevant area.

The adjustmentto move the.note to normative textis based on the fact that instructions
and recommendations are.not accepted within notes.

The conversion of the former note causes a rewording and the text was improved to
facilitate the understanding and selection of factor F in soil environments with [high

contrast layers,

The clause has’an improved documentation requirement emanated from needs requgsted
in Subclause 7.1.3 and the general provisions that electrical power installations jshall
provide-glectrical safety for the use intended. Also to make subsequent activities, jsuch
as maintenance, repair, etc. on the installation possible and in a safe way,| the
documentation provides information about the safe working procedures that the design of
therinstallation has taken into account.

The Annex E has been improved with new figures and a more informative general
description of the rolling sphere method and calculation methods for figures given.

This annex provides general guidelines in case there are no provincial national, regional
orinternational regulations available to make subsequent activities on an electrical power
installation such as maintenance, repair, etc. on the installation possible and in a safe
way. The design should allow the use of safe working procedures the user intends to use.

See also Clause 8.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER INSTALLATIONS EXCEEDING
1 kV AC AND 1,5 kV DC -
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien‘\comp

-operation on all questions concerning standardization in the electrical and electronic fields.' To this en
addition to other activities, IEC publishes International Standards, Technical Specifications;»Technical Re|
blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publfication(s)").
eparation is entrusted to technical committees; any IEC National Committee interested\in.the subject dea
by participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the dnternational Organizati
andardization (ISO) in accordance with conditions determined by agreement befween the two organizati

e formal decisions or agreements of IEC on technical matters express, as early as possible, an interng
nsensus of opinion on the relevant subjects since each technical committee has representation frg
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are made €0 ensure that the technical content g
blications is accurate, IEC cannot be held responsible fof«the way in which they are used or fol
sinterpretation by any end user.

order to promote international uniformity, IEC Natiopal "\Committees undertake to apply IEC Public
nsparently to the maximum extent possible in their natiohal and regional publications. Any divergence be
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

C itself does not provide any attestation of corfoermity. Independent certification bodies provide conf
sessment services and, in some areas, access“to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certificationbodies.

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

embers of its technical committees.and IEC National Committees for any personal injury, property dam
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
penses arising out of the (publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to thé:Normative references cited in this publication. Use of the referenced publicati
Hispensable for the cortect application of this publication.

tention is drawn,to‘the possibility that some of the elements of this IEC Publication may be the subject of
hts. IEC shallsnot-be held responsible for identifying any or all such patent rights.

hational._Standard IEC 61936-1 has been prepared by IEC technical committeg]
atiop- €o-ordination and system engineering of high voltage electrical power installa
e d,0-kV AC and 1,5 kV DC.

liability shall attach to IEC or its directors, employees, servants or agents including individual experg and

rising

national electrotechnical committees (IEC National Committees). The object of IEC is to promote.international

d and
ports,
Their
t with
hising
bn for
ns.

tional
m all

C Publications have the form of recommendations for internatiohal use and are accepted by IEC Ngtional

f IEC
I any

htions
ween
atter.

rmity
r any

ge or
) and
r IEC

ns is

atent

99:
ions

This third edition cancels and replaces the second edition published in 2010
Amendment 1:2014. This edition constitutes a technical revision.

and

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

a)
b)
c)

d)
e)

introduction has been rewritten to reflect the status when this document is produced,;

the scope has been improved to clarify the application of this document;

missing and obsolete terms and definitions have been updated including improvement of
existing terms;

Table 1 has been updated where agreements between supplier and user are needed;

requirements of electromagnetic compatibility have been clarified;


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 © IEC 2021 -9-

f) insulation coordination clause (Clause 5) has improved wording for better clarity and the
technical content has an updated coordination to the latest versions of the insulation
coordination standards;

g) wording regarding electrical equipment has been improved and made clearer;

h) subclause for fuses has been improved and reworded,;

i) requirements have been added for labelling when multiple sources are required to be
disconnected;

j) missing requirements for GIS have been reintroduced;

k) subclause regarding ventilation (HVAC) has been improved;

) A
m) T

=]
~
_—0 [0}

©
~
w o T

o]
-
=

Qo

The

Full
the 3

The

This
acco
at wi
desg

A lis
exce

gures in Clause 7 have been updated and moved to the corresponding subclause;

equirements for transformer installations have been improved including adjustme
ditorial typing-errors;

lause on protection, automation and auxiliary systems has been restructured
mproved;

rotection against lightning strokes has been extended;

larification of content due to the distinction between erection(Cftand providing elec
afety for the intended use of the electrical power installation) 'and subsequent acti
uch as maintenance and repair with safe working procedures;

here no provincial, national or regional regulations\’are available for safe wo
rocedures, an informative guideline is provided in Annéx F. This replaces the former
f Figure 3 in Clause 7.

fext of this International Standard is based on the following documents:

FDIS Report on voting
99/311/FDIS 99/316/RVD

nformation on the voting for its_approval can be found in the report on voting indicat
bove table.

anguage used for the deyelopment of this International Standard is English.

rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avai
ww.iec.ch/members_experts/refdocs. The main document types developed by IEG
ribed in greater detail at www.iec.ch/standardsdev/publications.

of all\parts in the IEC 61936 series, published under the general title Power installa
eding’1 kV AC and 1,5 kV DC, can be found on the IEC website.

nt of
and
rical
ities

king
barts

bd in

document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in

able
are

fions

A document on principles to be observed in the preparation of safety publications regarding

high

voltage installations is currently under development (IEC TS 61936-0).
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

The feader's attention Is drawn to the fact that Annex G lists all of the "in-some-country” clauses
on d|ffering practices of a less permanent nature relating to the subject of this document:

IMRORTANT - The 'colour inside’ logo on the cover page of this publication indic(jtes
tha{ it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using’acolour printer.
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INTRODUCTION

This part of IEC 61936 contains the minimum requirements for the design, erection, and
verification of high voltage power installations greater than 1 kV AC. The rules are intended to
provide for the safety of persons, livestock and property against dangers and damage which
may arise in the reasonable use of such electrical installations and to provide for the proper
functioning of those installations.

There are many provincial, national and regional laws, standards and internal rules dealing with
the matter coming within the scope of this document regarding high voltage power installations.

Thecn nracticac-hava hoaan takan ac A hacic far thic \wnrle
Jepraotrtceo o v o e tehce oS oot To Tt oW Ok

This|third edition of IEC 61936-1, first published in 2001, follows worldwide feedback-to:imgrove
clarily. It continues the effort to towards the alignment all over the world of practices concefning
the design and erection of high voltage power installations.

Particular requirements for transmission and distribution installations, as.well as partigular
requjrements for power generation and industrial installations, are included in this document.

Whilg national standards and regulations take precedence, jurisdi¢tions may elect to adopt the
requjrements of this document.



https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

-12 - IEC 61936-1:2021 © IEC 2021

POWER INSTALLATIONS EXCEEDING
1 kV AC AND 1,5 kV DC -

Part 1: AC

1 Scope

This|part of IEC 61936 provides requirements for the design and the erection of electrical'p
installations in systems with nominal voltages exceeding 1 kV AC and nominal frequency
and [ncluding 60 Hz, so as to provide safety and proper functioning for the use intended.

bwer
ip to

For fhe purpose of interpreting this document, an electrical power installation\is ‘consideréd to

be ope of the following:

a) dubstation, including substation for railway power supply;

b) glectrical power installations on mast, pole and tower, switchgear and/or transfor
Ipcated outside a closed electrical operating area;

c) gne (or more) power station(s) located on a single site;\the electrical power install

includes generators and transformers with all associated switchgear and all elec
uxiliary systems. Connections between generating stations located on different sites
xcluded;

3
6
d) the electrical system of a factory, industrial plant or other industrial, agricultural, commg
qr public premises;

e)

o))

lectrical power installations on offshére facilities for the purpose of generd
fansmission, distribution and/or storage.of electricity;

—

f) transition towers/poles (between overhead lines and underground lines).

The glectrical power installation includes, among others, the following equipment:

|
-

ptating electrical machines;

- itchgear;

— transformers and reactors;
- nverters;

- bles;

- iring systems;

- atteries;

ners

htion
rical
are

rcial

tion,

- pacitors;

— earthing systems;

— buildings and fences which are part of a closed electrical operating area;
— associated protection, control and auxiliary systems;

— large air core reactor.

NOTE 1 In general, equipment standards take precedence over the requirements of this document.
This document does not apply to the design and erection of any of the following:

— overhead and underground lines between separate electrical power installations;
— electrified railway tracks and rolling stock;
— mining equipment and installations;
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— fluorescent lamp installations;

— installations on ships according to IEC 60092 (all parts) and offshore units according to
IEC 61892 (all parts), which are used in the offshore petroleum industry for drilling,
processing and storage purposes;

— electrostatic equipment (e.g. electrostatic precipitators, spray-painting units);
— test sites;

— medical equipment, e.g. medical X-ray equipment.

This document does not apply to the design of prefabricated, type-tested switchgear and high
volta i ' i i

NOTH 2 The scope of this document does not include the requirements for carrying out live working_en\elegtrical
powef installations.

NOTH 3 The scope of this document considers safety requirements for HV installations and the|influences pf HV
installations on LV installations. For electrical installations up to 1 kV, IEC 60364 (all parts) applies.

2 Normative references

The following documents are referred to in the text in such a way that, some or all of their content
consttitutes requirements of this document. For dated references, only the edition cited appglies.
For lundated references, the latest edition of the referémced document (including|any
amenpdments) applies.

IEC p0034-1, Rotating electrical machines — Part 1: Rating and performance
IEC B0060-1, High-voltage test techniques — Part1: General definitions and test requirements
IEC p0071-1:2019, Insulation co-ordination™ Part 1: Definitions, principles and rules
IEC B0071-2, Insulation co-ordination"Part 2: Application guidelines

IEC 0076 (all parts), Power transformers

IEC p0079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC b0079-10-1, ExploSive atmospheres — Part 10-1: Classification of areas — Explosiveg gas
atmqspheres

IEC B0079-10-2, Explosive atmospheres — Part 10-2: Classification of areas — Explosive|dust
atmqspheres

IEC BODELE (oll norto) Aaaciipina palavao oy A ppratfantinmy Aniinpannf
OUZoo(art partS,vicasuariitg rerays ana orotCCh O CqUToTTTCTIt

IEC 60331-1, Tests for electric cables under fire conditions — Circuit integrity — Part 1: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm

IEC 60331-21, Tests for electric cables under fire conditions — Circuit integrity — Part 21:
Procedures and requirements — Cables of rated voltage up to and including 0,6/1,0 kV

IEC 60332 (all parts), Tests on electric and optical fibre cables under fire conditions
IEC 60364 (all parts), Low-voltage electrical installations

IEC 60479-1:2018, Effects of current on human beings and livestock — Part 1: General aspects
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IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60754 (all parts), Test on gases evolved during combustion of materials from cables

IEC TS 60815-1, Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions — Part 1: Definitions, information and general principles

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions — Part 2: Ceramic and glass insulators for a.c. systems

IEC
polld

IEC
guid

IEC
Part

IEC
a sh

IEC
IEC

IEC
for a

IEC
switd

IEC
encl
52 k

IEC
prefa

IEC
encl

'S 608715-3, Selection and dimensioning of high-voltage insulators intended for U3
ted conditions — Part 3: Polymer insulators for a.c. systems

R 61000-5-2, Electromagnetic compatibility (EMC) — Part 5: Installation_and mitig
plines — Section 2: Earthing and cabling

51034-1, Measurement of smoke density of cables burning under._defined conditio
1: Test apparatus

51219, Live working — Earthing or earthing and short-circuiting-equipment using lance
Drt-circuiting device — Lance earthing

51230, Live working — Portable equipment for earthing.-or earthing and short-circuiting
'S 61463, Bushings — Seismic qualification

52271-1:2017, High-voltage switchgear and*controlgear — Part 1: Common specifica
ternating current switchgear and controlgear

52271-200, High-voltage switchge@r and controlgear — Part 200: AC metal-encl
hgear and controlgear for rated.voltages above 1 kV and up to and including 52 kV

52271-201, High-voltage:.switchgear and controlgear — Part 201: AC solid-insul
psed switchgear and confrolgear for rated voltages above 1 kV and up to and inclu
v

52271-202, High-voltage switchgear and controlgear — Part 202: High-voltage/low-vo
bricated substation

52271-203, High-voltage switchgear and controlgear — Part 203: Gas-insulated m
bsed-switchgear for rated voltages above 52 kV

a¥al

e in

htion

S as

fions

bsed

htion
ding

tage

etal-

IEC

B4 o= [ J:. n ) s 4 g Dol OA~—. O - . gog: Lt
O 1=2U7T, TTIgri=vortaygc switirigycdar dard Curnrorgedr = rdart 2U7. oSCISTTIG Judiinicalio

gas-insulated switchgear assemblies for rated voltages above 52 kV

1 for

IEC TR 62271-300, High-voltage switchgear and controlgear — Part 300: Seismic qualification
of alternating current circuit-breakers

IEC 62305 (all parts), Protection against lightning

IEC/IEEE 82079-1, Preparation of information for use (instructions for use) of products — Part 1:
Principles and general requirements
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3 Terms and definitions

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

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

addr

esses:

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

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

3.1

3.1.1
elec
item
of e
mea

[SOL
repla

3.1.2
nom
valu

[SOL

3.1.3

valu
cond

[SO

3.1.4

& defiiti

trical equipment
used for such purposes as generation, conversion, transmission, distribution ‘or utiliz

uring instruments, protective devices, wiring systems, current-using equipment
JRCE: IEC 60050-826:2004, 826-16-01, modified — In the term), "electric" has
ced by "electrical".]

inal value

JRCE: IEC 60050-151:2001, 151-16-09, modified — The note has been removed.]

ratet value

of a quantity used for specification purposes, established for a specified set of oper
itions of a component, device, equipment, or system

IRCE: IEC 60050-151:2001,,151-16-08]

highlest voltage for installation

Um
high
of its

Note
for eq

st RMS value©f-phase-to-phase voltage for which the installation is designed in reg
insulation

to entry%__For the purpose of this document, "highest voltage for installation U_" is equal to "highest v
uipment U " according to IEC 60071-1.

3.1.5

ption

ectric energy, such as electric machines, transformers, switchgear.and controlgear,

been

e of a quantity used to designate and identify a component, device, equipment or sysfem

bting

pect

Itage

tested connection zone
zone in the vicinity of equipment terminals which has passed a dielectric type test with the
appropriate withstand value(s), the applicable conductors being connected to the terminals in
a manner specified by the manufacturer of the equipment

3.1.6

isolating distance
<of a pole of a mechanical switching device> clearance between open contacts meeting the
safety requirements specified for disconnectors

[SOURCE: IEC 60050-441:2000, 441-17-35]
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isolation
switching off or disconnection of an electrical power installation, a part of an electrical power
installation or an equipment from all non-earthed conductors by creating isolating gaps or
distances

3.1.8

live part
conductor or conductive part intended to be energized in normal operation, including the
isolated neutral point

Note

[SOL

to entry: This concept does not necessarily imply a risk of electric shock.

start| of the definition. "neutral conductor and mid-point conductor" has been replaced
"isolated neutral point". LV terms and relation not included.]

3.1.9

feedrr

electric line originating at a main substation and supplying one or more 'secondary substat

or of

[SOL
com

3.1.1
ferrd
reso
the g

[SOL

3.1.1

over
high

e or more branch lines, or any combination of these two types-of installations

JRCE: IEC 60050-195:2021, 195-02-19, modified — "conductor or " has been added 4t the

with

ons,

JRCE: IEC 60050-601:1985, 601-02-08, modified — “Btanch lines included and| the
bination of those installations]
0
-resonance
hance due to oscillations between the capacitance of an apparatus and the inductange of
aturable magnetic circuit of an adjacent apparatus
JRCE: IEC 60050-614:2016, 614-01-19]
1
trangient overvoltage
voltage with a duration ofa-few milliseconds or less, oscillatory or non-oscillatory, uspually
y damped
JRCE: IEC 60050-614:2016, 614-03-14, modified — The notes to entry have been delgted.]

[SOL

3.1.1

2

temporary overvoltage

TOV

power-freqiency overvoltage of a relatively long duration

[SOURCE: IEC 60071-1:2019, 3.17.1]

3.1.13

high
HV

voltage

voltage exceeding 1 000 V AC

everal

[SOURCE: IEC 60050-601:1985, 601-01-27, modified — Fixed limit HV > 1 000 V and synonym
to preferred term moved to new line.]
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3.1.14

low voltage

LV

voltage not exceeding 1 000 V AC

[SOURCE: IEC 60050-601:1985, 601-01-26, modified — Fixed limit LV <1 000 V and synonym
to preferred term moved to new line.]

3.1.15

operation
all activiti
elec

t the
ric power installation to function

Note [l to entry: These activities include switching, controlling, monitoring and maintenance.

[SOURCE: IEC 60050-151:2001, 151-11-28, modified — Enlarged extent related to elgctric
power installations.]

3.1.16
normal conditions of operation
all operating conditions frequently encountered

Note || to entry: These include rated operating conditions, maximum andvminimum operating conditions, partial
load, pormal transients (start-up, shut-down, load changes) and standby-situations.

3.1.147
abnormal conditions of operation
operpting conditions of low occurrence (typically only a few times during equipment lifetime)

Note || to entry: These include human errors, loss_of\power supply, overvoltages, earthquake, etc. After such a
condifion has occurred, equipment inspection may he“required.

3.1.18

electrical work
work on, with or near an electrical power installation such as testing and measurement,
repajring, replacing, modifying,(extending, erection and inspection

3.2 | Definitions concerning electrical power installations

3.2.1
clospd electrical.operating area
roon} or location“for operation of electrical power installations and equipment to which access
is infended to-be restricted to skilled or instructed persons or to lay ordinary persons undey the
supgrvision of’skilled or instructed persons

3.2,

operating area subject to fire hazard
room, area or location, indoor or outdoor, where there is a danger, due to local or operating
conditions, that hazardous quantities of easily flammable materials may come so close to the
electrical equipment as to cause a fire hazard resulting from the high temperature of the
equipment or due to arcing

3.2.3

sump

receptacle which is intended to receive the insulating liquid of a transformer or other equipment
in case of leakage
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3.24

catc

hment tank

collecting tank for the leakage liquids, rain water, etc. for one or more transformers or other
equipment

3.2.5

busbar
conductor with associated connections, joints and insulated supports forming a common
electrical connection between a number of circuits or individual pieces of apparatus

3.3

3.3.
sub
<of
the
also

Note
devic

Note
it.

EXAM
subst

[SOL
mov

3.3.2
pow

instdllation whose purpose is to generate-glectricity and which includes civil engineering w

ener
[SOL

3.3.3

tation

power system)> part of a power system, concentrated in a given place, including m
rminations of transmission or distribution lines, switchgear and housing~and which
include transformers

to entry: It generally includes facilities necessary for system security andjcontrol (e.g. the prot
PS).

P to entry: According to the nature of the system within which the substation is included, a prefix may g

PLE Transmission substation (of a transmission system), distribution substation, 400 kV substation,
btion.

JRCE: IEC 60050-605:1983, 605-01-01, modifiedh~ Supplementary information has
ed from the definition to Note 1 to entry.]

pr station

gy conversion equipment and all the’necessary ancillary equipment

JIRCE: IEC 60050-602:1983,602-01-01]

inst
inst

3.3.4
swit
each

llations of open design
llations where the“equipment does not have protection against direct contact

chgear 'bay* or "'cubicle’
branch'of a busbar in an electrical power installation

3.4

Definitions concerning safety measures against electric shock

pinly
may

bctive

ualify

PO kV

been

Drks,

3.4.1

protection against direct contact
measures which prevent persons coming into hazardous proximity to live parts or those parts
which could carry a hazardous voltage, with parts of their bodies or objects (reaching the danger

zone

)

3.4.2
protection in case of indirect contact
protection of persons from hazards which could arise, in event of fault, from contact with

expo

sed-conductive-parts of electrical equipment or extraneous-conductive-parts
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3.4.3

enclosure

part providing protection of equipment against certain external influences and, in any direction,
protection against direct contact

3.4.4

protective barrier

<electrically> part providing protection against direct contact by a human being or livestock with
hazardous-live-parts from any usual direction of access

[SOURCE: IEC 60050-195:2021, 195-06-15, modified — In the definition, "contact"” has been
replgced with "direct contact".]

3.4.5
protective obstacle
part |preventing unintentional direct contact, but not preventing direct contact”by delibgrate
actign

[SOYURCE: IEC 60050-826:2004, 826-12-24]

3.5 | Definitions concerning clearances

3.5.1
cleafrance
distgnce between two conductive parts along a string strétched the shortest way between these
conductive parts

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.5.2
minirnum clearance
smallest permissible clearance in air between live parts or between live parts and earth

3.5.3
protgctive barrier clearance
smallest permissible clearance between a protective barrier and live parts or those parts which
may |become subject to.athazardous voltage

3.5.4
protective obstacle clearance
smallest permissible clearance between a protective obstacle and live parts or those parts
which may.beécome subject to a hazardous voltage

3.5.5
danger zone

in the case of high voltage, area limited by the minimum clearance around hazardous-live-parts
without complete protection

Note 1 to entry: Entering the danger zone is considered the same as touching hazardous-live-parts.

[SOURCE: IEC 61140:2016, 3.35]

3.5.6

minimum clearance of danger zone

N

clearance which describes the area of danger zone around hazardous-live-parts without
complete protection against direct contact
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Note 1 to entry: The values for minimum clearance of danger zone in Table 2, Table 3 and Annex A are designated
as "N".

Note 2 to entry: The safety clearances as given in Clause 7 are based on the minimum clearance of danger zone.

3.5.7

boundary clearance

smallest permissible clearance between an external fence and live parts or those parts which
may become subject to a hazardous voltage

3.5.8

minimum height
smallest permissible vertical clearance between accessible surfaces and live parts wifhout
protgction against direct contact or those parts which may become subject to a hazargous
voltage

3.5.
standard short-duration power-frequency voltage
sinugoidal voltage with frequency between 48 Hz and 62 Hz, and duration,of 60 s

[SOYRCE: IEC 60071-1:2019, 3.18.1]

3.5.10

standard rated short-duration power-frequency withstand\voltage
RMS value standardized as withstand voltage for levels ©f specified standard short-durgtion
powegr-frequency voltages

Note [l to entry: See IEC 60071-1:2019, 5.6 for specified voltage levels.

3.5.11
standard lightning impulse voltage
impUylse voltage having a front time of 1,2yus and a time to half-value of 50 ys

[SOYRCE: IEC 60071-1:2019, 3.18:3, modified — "voltage" added to term.]

3.5.12
standard rated lightning impulse withstand voltage
peal value, standardized.as withstand voltage of standard lightning impulse voltage

Note [l to entry: See 60071-1 2019, 5.7 for specified values.

3.5.13
standard switching impulse voltage
impUylse voltage having a time to peak of 250 ys and a time to half-value of 2 500 us

[SOURCE:- IFC 60071-1-2019 3 18 2 madified — "valtage" added to term ]

3.5.14
standard rated switching impulse withstand voltage
peak value, standardized as withstand voltage of standard switching impulse voltage

Note 1 to entry: See 60071-1 2019, 5.7 for specified values.
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3.6 Definitions concerning control and protection

3.6.1

interlocking device

device which makes the operation of a switching device dependent upon the position or
operation of one or more other pieces of equipment

[SOURCE: IEC 60050-441:1984, 441-16-49]

3.6.2
local control
contfol of an operation at a point on or adjacent to the controlled switching device

[SOYRCE IEC 60050-441:1984, 441-16-06]

3.6.3
remote control
control of operation at a point distant from the controlled switching device

[SOYURCE: IEC 60050-441:1984, 441-16-07]

3.6.4
automatic reclosing
recldsing of a circuit-breaker associated with a faulted section of a network by automatic mgans
after{a time interval which permits that section to recovef from a transient fault

[SOYRCE: IEC 60050-614:2016, 614-02-29]

3.7 | Definitions concerning earthing

3.7.1
local earth

loca] ground (US)
part |of the Earth that is in eleeiric’ contact with an earth electrode and that has an elgctric
poteptial not necessarily equakio zero

Note [l to entry: The conductive mass of the Earth, whose electric potential at any point is conventionally taken as
equallto zero.

[SOURCE: IEC 60050-195:2021, 195-01-03, modified — Note 1 to entry has been added.]

3.7.2
refefence<earth
reference ground (US)
part |of.the Earth considered as conductive, the electric potential of which is conventiopally
taken as zero, being outside the zone of influence of the relevant earthing arrangement

Note 1 to entry: The concept "Earth" means the planet and all its physical matter.

[SOURCE: IEC 60050-195:2021, 195-01-01, modified —"any earthing arrangement" has been
replaced with "the relevant earthing arrangement".]

3.7.3

earth electrode

ground electrode (US)

<electrical power installations> conductive part, which may be embedded in a specific
conductive medium, e.g. in concrete or coke, in electric contact with the Earth

[SOURCE: IEC 60050-195:1998, 195-02-01, modified — "<electrical power installation>" has
been added.]
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3.7.4

earthing conductor
grounding conductor (US)
conductor which provides a conductive path, or part of the conductive path, between a given
point in a system or in an installation or in equipment and an earth electrode

Note

1 to entry: Where the connection between part of the installation and the earth electrode is made

2021

via a

disconnecting link, disconnecting switch, surge arrester counter, surge arrester control gap, etc., then only that part
of the connection permanently attached to the earth electrode is an earthing conductor.

[SOURCE: IEC 60050-195:2021, 195-02-03, modified — In the definition, "forming a conductive

path
part
equi

3.7.5

between a conductive part" has been replaced with "which provides a conductive pa

, or

of the conductive path, between a given point in a system or in an installation
bment". Note 1 to entry has been added.]

bondling conductor
protective conductor for ensuring equipotential bonding

3.7.6

earthing system
groynding system (US)

arra
syst

gement of electric connections and devices involved necessary to earth equipment
m separately or jointly

[SOURCE: IEC 60050-826:2004, 826-13-04, modified~ In the terms, "system" has

repla
joint

3.7.7
stru
metg
whoq

y earthed.]

ctural earth electrode

withg@ut impairment of the original pUrpose

Note
found

3.7.8
elec

PE

ptions and the steel structure_of buildings, etc.

tric resistivity of soil

residtivity of aypical sample of soil

[SOL

3.7.9

JRCE:NEC 60050-195:1998, 195-01-19]

Dr in

or a

been

ced by "arrangement". The definition clarifies_that involved parts can be separate]y or

| part, which is in conductive conta¢t with the earth or with water directly or via condrete,
e original purpose is not earthing,*but which fulfils all requirements of an earth elecfrode

to entry: Examples of structural earth electrodes are pipelines, sheet piling, concrete reinforcement bfars in

resistance to earth

Rg
real

part of the impedance to earth

[SOURCE: IEC 60050-195:1998, 195-01-18]
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3.7.10

impedance to earth

Zg

impedance at a given frequency between a specified point in a system or in an installation or in
equipment and reference earth

Note 1 to entry: The impedance to earth is determined by the directly connected earth electrodes and also by
connected overhead earth wires and wires buried in earth of overhead lines, by connected cables with earth electrode
effect and by other earthing systems which are conductively connected to the relevant earthing system by conductive
cable sheaths, shields, PEN conductors or in another way. Impedance to earth is composed of the resistance to earth
of the substation and connected parallel impedances such as overhead ground wires and cable sheaths.

[SOURCE: IEC 60050-195:2021, 195-01-17, modified — The symbol Zg and Note 1 to entry have
beer] added.]

3.7.11

earth potential rise
EPR
U
voltgdge between an earthing system and reference earth

3.7.12

touch voltage
Ur
<effgctive> voltage between conductive parts when toughed simultaneously

Note [l to entry: The value of the effective touch voltage may\be appreciably influenced by the impedance pf the
persop in electric contact with these conductive parts.

[SOURCE: IEC 60050-195:2021, 195-05-11, modified — The symbol Uy has been added. In the

defirfition, "by a human being or livestock" has been deleted. In Note 1 to entry, "of the hyman
being or livestock" has been replaced by;of the person".]

3.7.13

permissible touch voltage
UTp
limitvalue of touch voltage Us

3.7.14

progpective touch voltage
UvT
voltage between simultaneously accessible conductive parts when those conductive part$ are
not heing-touched

3.7.15
prospective permissible touch voltage

Uva

limit value of prospective touch voltage U, 1

3.7.16
step voltage
voltage between two points on the Earth's surface that are 1 m distant from each other

Note 1 to entry: 1 m is considered to be the stride length of a person.

[SOURCE: IEC 60050-195:2021, 195-05-12, modified — In the definition, "that are 1 m distant
from each other" has been added. Note 1 to entry has been replaced.]
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3.7.17

transferred potential

potential rise of an earthing system caused by a current to earth transferred by means of a
connected conductor (for example a metallic cable sheath, PEN conductor, pipeline, rail) into
areas with low or no potential rise relative to reference earth, resulting in a potential difference
occurring between the conductor and its surroundings

Note 1 to entry: The definition also applies where a conductor, which is connected to reference earth, leads into
the area of the potential rise.

3.7.18

stress—voltage
voltgge appearing during earth fault conditions between an earthed part or enclosufe of
equipment or device and any other of its parts and which could affect its normal operatign or
safely

3.7.19

globial earthing system
equiyalent earthing system created by the interconnection of local garthing systems]that
ensures, by the proximity of the earthing systems, that there are no dangerous touch voltgges

Note [l to entry: Such systems permit the division of the earth fault current jn a~way that results in a reductjon of
the efprth potential rise at the local earthing system. Such a system could be’ said to form a quasi-equipofential
surfage.

Note P to entry: The existence of a global earthing system may be’/determined by sample measuremeits or
calculation for typical systems. Typical examples of global earthing'Systems are in city centres; urban or indyistrial
areas|with distributed low- and high-voltage earthing.

3.7.20

mulﬂi-earthed HV neutral conductor
mulfi-grounded HV neutral conductor (US)
neutral conductor of a distribution line \connected to the earthing system of the squrce
trangformer and regularly earthed

3.7.21
expaosed-conductive-part
conductive part of equipment that can be touched and that is not live under normal condit|ons,
but that can become live when basic insulation fails

[SOYRCE: IEC 60050-195:2021, 195-06-10]

3.7.32

extraneous<conductive-part
conductive-part not forming part of the electrical power installation and likely to introdude an
eleciric-patential, generally the electric potential of a local earth

[SOURCE: IEC 60050-195:2021, 195-06-11, modified — In the definition, "electrical installation"
has been replaced with "electrical power installation".]

3.7.23

PEN conductor

conductor combining the functions of both a protective earthing conductor and a neutral
conductor

[SOURCE: IEC 60050-195:2021, 195-02-12]
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3.7.24

earth fault

ground fault (US)

fault caused by a conductor being connected to earth or by the insulation resistance to earth
becoming less than a specified value

Not

e 1 to entry: Earth faults of two or several phase conductors of the same system at different locations are

designated as double or multiple earth faults.

3.7.25
earth fault current

If

currgnt which flows from the main circuit to earth or earthed parts at the fault location

Not

Note P to entry: Further earth fault current may result from double earth fault andyline to line to earth

4

4.1
4.1

e [l to entry: For single earth faults, this is in systems with:
isglated neutral, the capacitive earth fault current;
high resistive earthing, the RC composed earth fault current;
resonant earthing, the earth fault residual current;

sojid or low impedance neutral earthing, the line-to-earth short-circuit current.

Fundamental requirements

General

.1 General requirements

Elecirical power installations and equipment shall be capable of withstanding electfical,

mechanical, climatic and environmental influences anticipated on site.

Sit

Th

e pelection should take into account\matters including, but not limited to:

dccess to allow for constructiony maintenance and operations activities;

community impact including-proximity to sensitive sites, visual, noise, amenity and traffic;

nvironmental impact incldding consideration of pollution, ventilation, fauna and flora;

pact of topography; earthquake zones, fault lines, flood paths, swamps, avalanchgs or

il conditionsyincluding thermal and electrical resistivity and soil contamination;

ite dimensions;

e design shall take into account:

the purpose of the installation;

the user requirements such as power quality, reliability, availability, and ability of the
electrical network to withstand the effects of transient conditions such as starting of large
motors, short power outages and re-energization of the electrical power installation;

load conditions, design short circuit currents, etc.;

the safety of the operators and the public;

the environmental influence;

the possibility for extension (if required) and maintenance.
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The user shall define preferences for specific maintenance features and identify the safety
requirements to be met for levels of segregation of the switchgear and controlgear to ensure
minimal plant shutdown. Where necessary, the levels of segregation of switchgear shall be such
as to minimize the spread of a fault, including a fire, occurring in any defined module into
adjacent modules.

There are operating conditions of low occurrence or low cumulative duration which can occur
and for which specific design criteria and measures required to maintain safety conditions and
to avoid damage to electrical or plant equipment are subject to agreement between the supplier
and user.

The [generators shall be capable of meeting the requirements for connection to the ‘ppwer
systém grid or local grid, e.g. for voltage regulation, frequency response, etc.

4.1.2 Agreements between supplier and user

The working procedures of the user shall be taken into account in the designof the elecfrical
power installation.

For |design and erection of electric power installations, additional agreements between
supplier/manufacturer/contractor/planner and user/orderer/ownef) (hereinafter denoteqd as
supplier and user) shall be followed, which also may have effects to necessary operatjonal
requjrements. References can be found in the subclauses as\isted in Table 1 below.
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Table 1 — References to subclauses where agreement between
supplier and user is required

Subclause Item

4.1.1 General requirements (specific design criteria)

4.2.2 Voltage classification (Nominal values, rated values)

4.3.1 Mechanical requirements, local conditions

4.3.9 Special conditions and requirements for seismic environment

4421 Climatic and environmental conditions (for auxiliary equipment: indoor)
4.4.2.2 Climatic and environmental conditions (for auxiliary equipment: outdoor)
4.4.8.1 Conditions different from the normal environmental conditions

4.4.8.5 Special conditions and requirements for vibrations

6.1. Compliance with operational and safety procedures

6.2. Method of indication (contact position of interrupting or isolating equipment)
6.2. Interlocks and/or locking facilities

6.2. Switching devices (reduced rating)

6.2. Rating of switchgear (specific requirements)

6.2. Insulators, level of pollution and wetting conditions

6.2.9.2 Insulated cables (temperatures at special operating conditions)

7.1. Higher values for distances, clearances and dimensions

7.1. Common requirements (operating procedures)

7.1. Documentation (extent of the documentation)

7.1.4 Transport routes (load capacity, height and width)

7.1. Lighting (presence and extent of the lighting)

7.5.4 Maintenance and operating areas-(distances of the escape route)

8.4. Means to protect persons working on electrical power installations (working procedures)
8.4.4 Devices for determining thesde-energized state (extent of provisions)

8.4.% Devices for earthing«and’ short-circuiting (Extent of provision or supply)
8.4.6.2 Insertable insulated-partitions

8.4.6.3 Insertable partition walls

8.5 Protectign from danger resulting from arc fault (degree of importance of measures)
8.6 Protections against direct lightning strokes (method of analysis)

8.7. Requirements for fire extinguishing equipment

8.7.2.2 Reduction of distances G, and G,

8.9 The language of the identification and marking

9.1 Protection systems, protection coordination, settings, backup, etc.

9.3.1.3 Auxiliary systems and battery sizing

9.3.2 Compressed air system (sectionalization for maintenance)

9.3.3 SFg4 gas handling plants (design and capacity of the plant)

10.2.1 Fundamental requirements for design of the earthing system

1.1 Inspection and testing (extent of the inspection and testing / specification / documentation)
11.2 Verification of specified performances

11.3 Tests during installation and commissioning (requirements / test equipment / schedule of tests)
11.4 Trial running (performance)
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Electrical requirements

Methods of neutral earthing

The method of neutral earthing strongly influences the fault current level and the fault current
duration. Furthermore, the neutral earthing method is important with regard to the following:

- S

election of insulation level;

— characteristics of overvoltage — limiting devices — such as spark gaps or surge arresters;

- S

election of protective relays;

de + £ lo 4
- Sy urcdartiiiTyg oy otlTIrl.

The
— i:

- r

following are examples of neutral earthing methods:

solated neutral;

bsonant earthing;

— High resistive earthing;

—  §

The

olid (low impedance) earthing.

choice of the type of neutral earthing is normally based on thé‘following criteria:

cal regulations (if any);
ntinuity of supply required for the network;

itation of damage to equipment caused by earth-faults;

— sklective elimination of faulty sections of the network;

etection of fault location;

— topuch and step voltages;

— imductive interference;

- 0

One

peration and maintenance aspects:

galvanically connected system has only one method of neutral earthing. DiffIrent

galvanically independent systems may have different methods of neutral earthing. If diff

neut
equi

4.2.2

The
Bassd

sele

ral earthing configurations can occur during normal or abnormal operating condit
bment and protective system shall be designed to operate under these conditions.

Voltage classification

user shall define the nominal voltage and the maximum operating voltage of their sy
d on theymaximum operating voltage, the highest voltage for installation (U,) sh

tted either from Table 2, Table 3 or Annex A.

4.2.3

L~ Current-innormal operation

rent
ons,

tem.
Il be

Every part of an electrical power installation shall be designed and constructed to withstand
currents under defined operating conditions.

4.2.4 Short-circuit current

Electrical power installations shall be designed, constructed and erected to safely withstand the
mechanical and thermal effects resulting from short-circuit currents.

NOTE 1

fault levels can increase.

Where an installation has on-site generation, motors or parallel operation with a network (co-generation),
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For the purpose of this document, all types of short-circuit shall be considered. Examples
include:

— three-phase;

— phase-to-phase;

— phase-to-earth;

— double phase-to-earth.

Electrical power installations shall be protected with automatic devices to disconnect three-
phase and phase-to-phase short-circuits.

Elecfrical power installations shall be protected either with automatic devices to discornect
earth faults or with devices to indicate the earth fault condition. The selection of the devifce is
depgndent upon the method of neutral earthing.

The ptandard value of rated duration of the short-circuit is 1,0 s.

If a yalue other than 1 s is appropriate in the design process, recommended values would be
0,54, 2,0 sand 3,0 s.

NOTH 2 The rated duration includes the fault clearance time.

Methods for the calculation of short-circuit currents in threésphase AC systems are given ip the
IEC 0909 (all parts).

Methods for the calculation of the effects of short=¢ircuit current are given in IEC 60865-1|and,
for ppwer cables, in IEC 60949.

4.2.5 Rated frequency

Electrical power installations shall be.designed for the rated frequency of the system in which
they|shall operate.

4.2.4 Corona

The [design of electricak power installations shall be such that radio interference dye to
elecfromagnetic fields;~e.g. caused by corona effects, will not exceed a specified level.

NOTH 1 Recommendations for minimizing the radio interference of high-voltage installations are reporfed in
CISPR 18-1, CISPR.#8-2 and CISPR 18-3.

NOTH 2 Maximum permissible levels of radio interference can be given by provincial, national or regional
authofities(

NOTH_ 3\ ‘Guidance on acceptable levels of radio interference voltage for switchgear and controlgear can be ffound
in [EC 62271-1.

When the acceptable value is exceeded, the corona level may be controlled, for example, by
the installation of corona rings or the recessing of fasteners on bus fittings for high-voltage
suspension insulator assemblies, bus support assemblies, bus connections and equipment
terminals.

4.2.7 Electric and magnetic fields

The design of an electrical power installation shall be such as to limit the electric and magnetic
fields generated by energized equipment to an acceptable level for exposed people.

NOTE Provincial, national or regional regulations can specify acceptable levels. Further information is available
from International Commission on Non-lonizing Radiation Protection (ICNIRP) or IEEE.
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4.2.8 Overvoltages

Equipment shall be protected against overvoltages resulting from switching operations or
lightning that could exceed the withstand values according to IEC 60071-1 and IEC 60071-2.

4.2.9 Harmonics

Consideration should be given to the effect of harmonic currents and harmonic voltages on the
electrical power installation, e.g. in industrial installations. Harmonic analyses may be required
to determine what corrective measures are needed to meet local regulations and/or to ensure
correct operation of the whole electrical system.

4.2.1

Elec
EMQ

NOTH
provir
can f
IEC 6
4.3

4.3.1

Equi
com

Due
strug

The
betw

Two

In es
com
load

- d

|
—

0 Electromagnetic compatibility

rical power installations should be designed so that they function properly jin their g
environment.

Guidance on ensuring electromagnetic compatibility and to ensuring that electromagnetic fields
cial, national or regional authority permissible limits can be found in Clause 9 and Clause 10. As well, gui
e found in IEC 61000 (all parts), with particular reference to IEC 61000-5"(all parts), IEC 6100
P271-1, IEC 62271-208 and CIGRE Technical Brochure 535.

Mechanical requirements
General

pment and structures, including their foundationss,.shall withstand all the anticipated
binations.

consideration should be given to the ullimate and serviceability limit states of
tures.

load assumptions related to the.local conditions shall be determined in an agree
een the supplier and user.

load cases shall be considered, normal and exceptional.

ch of these load cases, several combinations shall be investigated. The most unfavou
bination shall be used'to determine the mechanical strength of the structures. In the ng
case, the following loads shall be considered:
ead load;

bnsion load;

rection.load;

iven

meet
Hance
D-6-5,

load

the

ment

able
rmal

iceJoad;

wind load.

Consideration should be given to temporary stresses and loads that may be applied during
construction or maintenance procedures. Specific equipment can be affected by cyclic loads

(refe

r to specific equipment standards).

In the exceptional load case, dead load and tension load acting simultaneously with the largest

of th

- S

- S

e following occasional loads shall be considered:

witching forces;
hort-circuit forces;

— loss of conductor tension;

- S

eismic loads;


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 © IEC 2021 -31-

— buoyant force to the foundation at flooding.
4.3.2 Tension load

The tension load shall be calculated from the maximum conductor tension under the most
unfavourable local conditions.

NOTE Possible combinations include, for example: =20 °C without ice and without wind; -5 °C with ice and without
wind; +5 °C with wind.

4.3.3 Erection load

The prection load is a load of at least 1,0 kN applied at the most critical position of a supparting
struqture, tensioning portal, etc.

4.3.4 Ice load

In regions where icing can occur, the resulting load on flexible conductors and,on rigid bugbars
and ponductors shall be taken into account.

If ngtional standards and regulations, local experience or statistics are not available] ice
coatings of 1 mm, 10 mm or 20 mm based on criteria given in IEC\62271-1 may be assumjed.

4.3.5 Wind load
Wind loads, which can be very different depending on the local topographic influences ang the

height of the structures above the surrounding ground, shall be taken into account. The most
unfajourable wind direction shall be considered.

IEC B2271-1 contains requirements for wind loading on switchgear and controlgear.

4.3.6 Switching forces

Switghing forces shall be considered,when designing supports. The forces shall be deternfined
by the designer of the equipment.

4.3.7 Short-circuit forces

The |mechanical effectstof a short-circuit can be estimated by the methods detaildd in
IEC p0865-1.

NOTH CIGRE Tethnical Brochure 214, "The mechanical effects of short-circuit currents in open air substafions"
gives|additionaladvice.

4.3.8 Loss of conductor tension

ASt oot S-oHe& S oro—o+ & Ho— oo+ =ac o— ot S < o2, *
tension resulting from breakage of the insulator or conductor which gives the most unfavourable
load case.

NOTE 1 General practice is to base the calculation on 0 °C, no ice and no wind load.
NOTE 2 For bundle conductors, only one subconductor is assumed to fail.

4.3.9 Seismic loads

Special conditions and requirements shall be agreed between the supplier and user (see also
4.4.3.5 and IEC 60721-2-6) and have regard to local requirements if any.

Electrical power installations situated in a seismic environment shall be designed to take this
into account.
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ere load specifications apply to the installation of civil work or equipment to meet seismic

conditions, then these specifications shall be observed.

Sei

smic loads shall be dealt with in accordance with appropriate standards for electric power

installations: e.g. IEC 62271-207 for GIS, IEC 62271-210 for metal enclosed and solid-

ins
bre

ulation enclosed switchgear and controlgear assemblies, IEC TR 62271-300 for circuit-
akers and IEC TS 61463 for bushings.

The following measures shall be taken into account.

a)

b)

4.3

Natignal standards and regulations exist regarding the dimensioning of structures.

4.4
4.4

Ele

Any individual equipment shall be designed to withstand the dynamic forces resulting from
the vertical and horizontal motions of the soil. These effects may be modified by the
psponse of the foundation and/or the supporting frame and/or the floor in which| this
quipment is installed. The response spectrum of the earthquake shall be consideref for
he design of the equipment.

djoining devices needing to accommodate large relatively axial, lateral, torsional or ¢ther
hovements to acceptable values. Attention should be paid to other.stresses which|may

i,
q

t

The layout shall be chosen in order to limit the loads due to interconnections between
4

"

develop during an earthquake.

.10 Dimensioning of structures

Climatic and environmental conditions
.1 General

cfrical power installations, including all dewvices and auxiliary equipment which form an

intedral part of them, shall be designed for-operation under the climatic and environmental

conditions listed below.

Spegific attention shall be given t0" hazardous areas. The presence of condensdtion,

pre

c|pitation, particles, dust, corrosive elements and hazardous atmospheres shall be spegified

in such a manner that appropriate-electrical equipment can be selected. Zone classification for
explpsive atmospheres shalk-be performed in accordance with IEC 60079-10-1 | and
IEC p0079-10-2. Classification of environmental conditions can be according to IEC 6p721

(all

4.4
4.4
For

a)

b)
c)
d)

parts).

.4 Normal conditions

.4.1 Indoer

Idoor electrical power installations, normal conditions shall be as follows.

heambient air temperature does not exceed 40 °C and its average value, measured|over
a period of 24 h, does not exceed 35 °C.

The minimum ambient air temperatures are:
— =5°C for class "-5 °C indoor";

— -15°C for class "-15 °C indoor";

— =25 °C for class "-25 °C indoor".

On auxiliary equipment, such as relays and control switches, intended to be used in ambient
air temperature below -5 °C, an agreement between the supplier and user is necessary.

The influence of solar radiation shall not be taken into account.
The altitude does not exceed 1 000 m above sea level.

The ambient air is not significantly polluted by dust, smoke, corrosive and/or flammable
gases, vapours or salt.
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e) The average value of the relative humidity, measured over a period of 24 h, does not exceed
95 %.

For these conditions, condensation may occasionally occur.
NOTE 1 Condensation can be expected where sudden temperature changes occur in periods of high humidity.

NOTE 2 To avoid breakdown of insulation and/or corrosion of metallic parts due to high humidity and
condensation, equipment designed for such conditions and tested accordingly is normally used.

NOTE 3 Condensation can be prevented by special design of the building or housing, by suitable ventilation
and heating of the station or by the use of dehumidifying equipment.

f) ibration due to causes external to the equipment or to earth tremors is negligible.

4.4.2.2 Outdoor
For gutdoor electrical power installations, normal conditions shall be as follows.

a) The ambient air temperature does not exceed 40 °C and its average value;-measured|over
d period of 24 h, does not exceed 35 °C.

—

he minimum ambient air temperatures are:
-10 °C for class "-10 °C outdoor";
-25 °C for class"-25 °C outdoor™;
-30 °C for class "-30 °C outdoor";
-{ -40 °C for class "-40 °C outdoor".
Rapid temperature changes shall be taken into account, see 4.4.2.2, item g) and 4.4.3|4.

Auxiliary equipment, such as relays and control ‘switches, intended to be used in ambient
gir temperatures below -5 °C, are to be a subject of an agreement between the supplief and
user.

b) Solar radiation up to a level of 1 000 W/m? (on a clear day at noon) shall be considergd.

NOTE 1 Under certain conditions of solar radiation, appropriate measures, for example roofing, florced
ventilation, etc., can be necessary, or derating can be used in order not to exceed the specified temperature
rises.

OTE 2 Details of global solar'radiation are given in IEC 60721-2-4.

OTE 3 UV radiation can damage some synthetic materials. For more information, IEC 60068 (all part$) can
be consulted.

c) The altitude does'not exceed 1 000 m above sea level.

d) The ambient air.is not significantly polluted by dust, smoke, corrosive gases, vapoufs or
alt. Pollutioh does not exceed site pollution severity class ¢ — Medium, accordifg to
I[EC TS 60815-1.

e) The ice coating does not exceed 1 mm for class 1, 10 mm for class 10 and 20 mm for ¢lass
0<£Additional information is given in 4.3.4.

f) The wind speed does nof exceed 34 m/s.

NOTE 4 Characteristics of wind are described in IEC 60721-2-2.
g) Presence of condensation and precipitation in the form of dew, condensation, fog, rain,
snow, ice or hoar frost shall be taken into account.

NOTE 5 Precipitation characteristics for insulation are described in IEC 60060-1 and IEC 60071-1. For other
properties, precipitation characteristics are described in IEC 60721-2-2.

h) Vibration due to causes external to the equipment or to earth tremors is negligible.
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4.4.3 Special conditions
4.4.31 General

When high-voltage equipment is used under conditions different from the normal environmental
conditions given in 4.4.2, the following subclauses 4.4.3.2 to 4.4.3.5 shall be complied with.

4.43.2 Altitude

For electrical power installations situated at an altitude higher than 1 000 m above sea level,
the insulation level of external insulation under the standardized reference atmospheric
.G““; i‘i“““i VA AR ERL® Gv‘i ““.;G‘-v OTta G eSS i tthe
serv|ce location by a factor K, in accordance with IEC 62271-1.

Linear interpolation of clearances, as stated in Table 2 and Table 3, is acceptable.

For Jow-voltage auxiliary and control equipment, special precautions shall-be taken if the
altityde is higher than 2 000 m above sea level. See IEC 60664-1.

NOTH 1 For internal pressurized insulation, the dielectric characteristics are identjcal’at any altitude and no special
precautions need be taken.
NOTH 2 The pressure variation due to altitude is given in IEC 60721-2-3. IsSues that will arise, include the follqwing:
— thermal exchanges by convection, conduction or radiation;
— efficiency of heating or air-conditioning;

— operating level of pressure devices;

— efficiency of diesel generating set or compressed air station;

— ingrease of corona effect.

NOTH 3 The correction factor K, of IEC 62271-1 refleets the fact that modification is not required for altitudes pelow
1 000 m.

NOTH 4 For correction of creepage distance-for DC installations, IEC TS 60815-4 can be consulted.

4.4.3.3 Pollution

For equipment in polluted ambient air, a site pollution severity class shall be specified,| e.g.
according to IEC TS 60815-1 class d (heavy) or class e (very heavy).

4.4.3.4 Temperature and humidity

For equipmentin‘a place where the ambient temperature can be significantly outside the ngrmal
service condition range stated in 4.4.2, the preferred ranges of minimum and maximum
temgeraturexto be specified should be as follows:

50CC and +40 °C for very cold climates;

e -5°C and +50 °C for very hot climates.

In certain regions with frequent occurrence of warm, humid winds, sudden changes of
temperature may occur, resulting in condensation, even indoors.

In tropical indoor conditions, the average value of relative humidity measured during a period
of 24 h can be 98 %.

In some underground electrical power installations, equipment might occasionally be located
under water. Such equipment shall be designed accordingly.
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4.4.3.5 Vibration

Special conditions and requirements shall be agreed between the supplier and user (see also
4.3.9).

Vibration caused by wind, electromagnetic stresses, traffic (e.g. temporary road and railway
traffic), operation (e.g. opening/reclosing of circuit-breakers), industrial processes (e.g. blasting
and piling) and other foreseeable sources shall be considered. Transmitted vibrations through
a common monolithic foundation or floor shall also be taken into account.

The withstand capability of equipment against vibrations shall be given by the manufactur

4.5
4.5.1

If bi
mea
mate
see

4.5.2

If no
appr

o

o

Crite
ISO

4.5.3

The
on th

NOTH
IEC 6]

5

5.1

Particular requirements

Effects of small animals and micro-organisms
blogical activity (through birds, other small animals or micro-organisms) is a ha
bures against such damage shall be taken. These may include appropriate choiq

rials, measures to prevent access and adequate heating and ventjlating (for more de¢
EC 60721-2-7).

Noise level

se level limits are given (usually by administrative authorities), they shall be achievs
bpriate measures such as:

sing sound insulation techniques against sound_transmitted through air or solids;

sing low noise equipment.

ria for noise evaluation for different places and different periods of day are give
1996-1.

Transport

fransport to site, e.g. large transformers and storage constraints may have conseque
e design of the high-voltage electrical power installation.

The transportation and, storage parameters associated to their duration are defined in accordancq
0721-3-1 and IEC 6Q721-3-2.

nsulation

General

As ¢

paventional (air insulated) electrical power installations are normally not impulse te

rard,
e of
tails

d by

n in

nces

with

sted,

the i

oot H 1 Jor o 'H 4 ol dlo ol oot
RPUdITadliulT TCTUYUITTS TTTITTTranT eical aribts UTLWTTITT TIVE paltlos altitu ©alrllt diifu UTiwccTl

live

parts of phases in order to avoid flashover below the impulse withstand level selected for the
electrical power installation.

Insul

ation coordination shall be in accordance with IEC 60071-1.

The procedure for insulation co-ordination consists of the selection of the highest voltage for
the equipment together with a corresponding set of standard rated withstand voltages which
characterize the insulation of the equipment needed for the application.

NOTE Table 2, Table 3 and Annex A are based on the requirements of IEC 60071-1.
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5.2 Selection of insulation level
5.2.1 General

The insulation level shall be chosen according to the established highest voltage for installation
U,, and/or impulse withstand voltage.

5.2.2 Consideration of methods of neutral earthing

The choice should be made primarily to ensure reliability in service, taking into account the
method of neutral earthing in the system and the characteristics and the locations of overvoltage
limitijng devices to be installed.

NOTH Insulation coordination distinguishes between different types of overvoltages, e.g. power\freqhency
overvpltage, transient overvoltages and very fast transient overvoltages.

In elgctrical power installations where

—

ne configuration of the system, or

—

ne adopted method of neutral earthing, or

—

he protection by surge arresters,

and p high level of safety is required, will make it inappropriate to lower the level of insulgtion;
one pf the higher alternative values of Table 2, Table 3 and Annex A shall be chosen. Where
the mentioned factors above make it appropriate, the lower values of Table 2, Table 3| and
Anngx A are sufficient.

5.2.3 Consideration of rated withstand voltages

In the voltage range | (1 kV < U, £ 245 kV)~the choice shall be based on the standard fated
lightning impulse withstand voltages and\thee standard rated short-duration power-frequgncy
withgtand voltages of Table 2; in the voltage range Il (U, > 245 kV), the choice shall be bpsed
on the standard rated switching impulse withstand voltages and the standard rated lightning
impulse withstand voltages given in-Table 3. Values of rated insulation levels not standardized
by IEC but based on current practice in some countries are listed in Annex A (Table|A.1,
Tablg A.2 and Table A.3).

NOTH 1 Standard rated shert*duration power-frequency withstand voltage is applied in accordance with stapdard
short{duration power-frequency voltage.

NOTH 2 Standard ratedightning impulse withstand voltage is applied in accordance with standard lightning impulse
voltage.

NOTH 3 Standard rated switching impulse withstand voltage is applied in accordance with standard swi{ching
impulge voltage:

5.3 | “Verification of withstand values

If the minimum clearances in air given in Table 2, Table 3 and Annex A are maintained, it is not
necessary to apply dielectric tests.

If the minimum clearances in air are not maintained, the ability to withstand the test voltages of
the chosen insulation level shall be established by applying the appropriate dielectric tests in
accordance with IEC 60060-1 for the withstand voltage values given in Table 2, Table 3 and
Annex A.

If the minimum clearances in air are not maintained in parts or areas of an electrical power
installation, dielectric tests restricted to these parts or areas will be sufficient.

NOTE In accordance with IEC 60071-1:2019, Annex A, minimum clearances can be lower if this has been proven
by tests or by operating experience of lower overvoltages.
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5.4
5.4.1

Minimum clearances of live parts

General

The minimum clearances in air given in Table 2, Table 3 and Annex A apply for altitudes up to
1 000 m above sea level. For higher altitudes, see 4.4.3.2.

The values for the minimal clearance of danger zone are given in Table 2, Table 3 and Annex A,
designated with the letter N. These values define the basis for the safety distances given in
Clause 7.

If pa
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tests.

5.4.2
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elecfrode configurations with small radii of curvature (i.e. rod-plate). As the standard 1

light
phag
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5.4.3
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to nmpake a choice based on the phase-to-earth clearances of the most unfavou

conf
(rod-

NOTEH

distﬂrr:ce (see Tables 2 and 3 of IEC 62271-1:2017). If between such parts of an installatio

rts of an electrical power installation can be separated from each other by a disconng
b parts shall be tested at the standard rated impulse withstand voltage for the isol

um phase-to-phase clearances of Table 2 for voltage range |, and Tabler3 for vo
e || of this document, are increased by 25 % or more, it is not necessary to.apply dielg

Minimum clearances in voltage range |

e voltage range | (see Table 2) the minimum clearances in air-are based on unfavou
ning impulse withstand voltage (LIWV) in these voltage ranges is the same as for the ph

e insulation and phase-earth insulation, the clearances.apply for both insulation dista
ccordance with IEC 60071-1:2019, Table A.1).

Minimum clearances in voltage range Il
Iltage range Il (see Table 3) the clearances™in air are determined by the standard T
gurations. In cases of difficulty in classifying the electrode configuration, it is recomme

guration such as, for example, the arm of a disconnector against the tower constru
structure) (in accordance with {EC 60071-1:2019, Tables A.2 and A.3).

Other electrode configurations (gap factors) lead to different clearances, see IEC 60071-2:2018, Annsg
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ctric
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Table 2 — Minimum clearances in air — Voltage range |
(1 kV < U, <245 kV)

IEC 61936-1:2021 © IEC 2021

Voltage Highest voltage Standard rated Standard rated Minimum phase-to-earth
range for installation short-duration lightning and phase-to-phase clearance
power- impulse
frequency withstand N
withstand voltage 2
voltage
U, Uy U, Indoor Outdoor
installations installations
RMS RMS 1,2 us/50 ps
(peak vatue)
kV kV kV mm mm
20 60 120
3,6 10
40 60 120
40 60 120
7,2 20
60 90 120
60 90 150
12 28 75 120 150
95 160 160
75 120 160
17,5 38
95 160 160
95 160
24 50 125 220
145 270
145 270
36 70
170 320
52 95 250 480
72,5 140 325 630
185 b 450 ° 900
123
230 550 1100
185 P 450 900
145 230 550 1100
275 650 1300
230° 550 © 1100
170 275 650 1 300
325 750 1500
275°P 650 P 1300
3250 750 © 1500
245 360 850 1700
395 950 1900
460 1050 2100

a

b

The standard rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth.

If values are considered insufficient to prove that the required phase-to-phase withstand voltages are met,
additional phase-to-phase withstand tests are needed.
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Table 3 — Minimum clearances in air — Voltage range Il
(U, > 245 kV)

Standard Standard rated Standard
. rated . . L rated L
Highest . : switching Minimum s Minimum
lightning R switching
voltage for | . impulse phase-to-earth . phase-to-phase
installation impulse withstand clearance impulse clearance
withstand withstand
a voltage
voltage voltage
U, Up U, Conductor Rod U, Conductor Rod
Voltage - - - -
range RMS 1,2 ps/ Phase-to- structure |structure| Phase-to- |conductor |conductor
50 ps earth phase parallel
(peak 250 ps/2 500 ps 250 ps/
value) (peak value) 2 500 ps
(peak value)
N
kV kV kV mm kV mm
1600
850/950 750 1900 1125 2 300 2 600
1700°b
300
1800
950/1 050 850 2 400 149275 2 600 3100
1900 P
1800
950/1 050 850 2 400 1275 2 600 3100
362 1900Pb
1050/1 175 950 2 200 2 900 1425 3100 3 600
1 900
1050/1 175 850 2 400 1360 2 900 3 400
2.200°
420 2 200
1175/1 300 950 2900 1425 3100 3 600
2400°
1 .300/1 425 1 050 2 600 3400 1575 3600 4 200
2 200
Il 1175/1 300 950 2900 1615 3700 4 300
2400°
550
1 .300/1 425 1 050 2 600 3400 1680 3900 4 600
1 425650 1175 3100 4100 1763 4200 5 000
1(675/1 800 1300 3600 4 800 2210 6 100 7 400
800 1 800/1 950 1425 4 200 5600 2 423 7 200 9 000
1950/2 100 1 550 4 900 6 400 2 480 7 600 9 400
1950/2 100 1425°¢ 4 200 5600 - - -
2 100/2 250 1 550 4 900 6 400 2 635 8 4001 10 ¢oo 9
1100
2 250/2 400 1675 5600 7 400 9 2764 91004 10 900 9
2 400/2 550 1 800 6 3009 8 300 ¢ 2 880 9800 ¢ 11 6009
2 100/2 250 1675 5600 ¢ 7 400 ¢ 2 848 9 600 d 11 400 9
1200 2 250/2 400 1 800 6 300 ¢ 83004 2970 10 300 d 12 300 ¢
2 550/2 700 1950 720049 95009 3120 11 200 d 13 300 ¢

2 The standard rated lightning impulse withstand voltage is applicable phase-to-phase and phase-to-earth.
b Minimum clearance required for upper value of standard rated lightning impulse withstand voltage.
¢ This value is only applicable to the phase-to-earth insulation of single phase equipment not exposed to air.

Tentative values still under consideration.
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5.5 Minimum clearances between parts under special conditions

Under steady state conditions minimum clearances are increased such that, expressed as a
percentage of minimum clearance values given in Table 2, Table 3 and Annex A, the following
clearances are present:

a) between parts of an electrical power installation if phase opposition might occur: 120 %;

b) between parts of an electrical power installation in case of different insulation levels: 125 %
of the higher insulation level.

Under dynamic conditions, the minimum temporary clearances expressed as a percentage of

the Tmmmmgwmmmmex A
[if necessary corrected in accordance with a) or b)] are to be considered independepntly| and

shall be greater than:

1) ip the case of conductor swing due to the influence of wind: 75 %, or
2) in the case of rupture of one sub-chain in a multiple insulator chain: 75 %) or

3) in the case of conductor swing due to the influence of short-circuit: 50,%.
5.6 | Tested connection zones

Information on mounting and service conditions of type tested equipment supplied by the
man(facturer shall be observed on site.

Whefe no information is available, special consideratiohs“shall be given to the design of the
trangition from the type tested equipment to the equipment which is in accordance with Table 2,
Tablg 3 and Annex A. This transition shall be as short as possible.

In tested connection zones, the minimum clearances according to Table 2, Table 3 and Annex A
need not be maintained because the ability(to withstand the test voltage is established by a
dielgctric type test.

NOTH Typical transitions zones are less thanthree times phase-to-phase clearance.
6 Electrical equipment

6.1 General requirements
6.1.1 Electrical equipment safety

Electrical equipment shall have a safe construction when assembled, installed and conngcted
to sypply in accordance with this document.

Elecfrical-equipment shall not cause a danger from electric shock, fire, thermal effecjs or
physiicalinjury in the event of reasonably expected conditions of overload, abnormal operdtion,
fault or external influences.

Electrical equipment shall be installed according to the manufacturer's instructions.

Where specific additional operational and safety procedures are needed for a certain electric
power installation, such procedures shall be specified by the user.

Electrical equipment shall comply with the applicable IEC product standards. In absence of such
standards, applicable provincial, national or regional standards may be considered.

6.1.2 User safety

Particular attention shall be given at the design stage to the safety of persons during the
installation, operation and maintenance of electrical equipment.
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This

may include:

a) manuals and instructions for transport, storage, installation, operation and maintenance;

b) special tools required for operation, maintenance and testing;

c) safe handling procedures developed for specific locations;

d) safe earthing measures.

NOTE Training and authorization for operating persons can be subject to provincial, national or regional regulation.

6.2

Specific requirements

6.2.1

Swit
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Switching devices

Ching devices include, for example, circuit breakers and disconnectors. These dévices
blected according to requirements in Clause 4.

Cility shall be provided to indicate the contact position of the interrupting or isol
bment (including earthing switches). The method of indication shall be specified by the
should be in accordance with the equipment standards.

position indicator shall provide an unambiguous indication of the actual position o
bment primary contacts.

Hevice indicating the open/close position shall be easily visible to the operator.

bnnectors and earthing switches shall be installed in such a way that they canng
ertently operated by tension or pressure exerted manually on operating linkages.

de a safeguard against inappropriate operation.

interlocking system is provided which prevents the earthing switch from carrying th
-circuit current, it is permissible, by agreement with the user, to specify a reduced r

for the switch which reflects its possible short-circuit-current stress.

Swit

ching devices that are'not capable of making prospective fault current may be used w

satisffactory interlocking:or switching procedures are provided.

Equi
resu

NOTH

pment shall be installed in such a way that ionized gas released during switching doe
t in damage'to the equipment or in danger for operating persons.

The-word "damage" is considered to signify any failure of the equipment which impairs its function.

Prots

shall

hting
user

f the

t be

re specified by the user, interlocking devices and/or locking facilities shall be install¢d to

e full
bting

here

5 not

pction from danger resulting from internal arc fault shall be considered as specified in

8.5.

Ratings of switchgear shall be based on the appropriate IEC high-voltage standards. The
switching of certain circuits may however require the use of more severe constraints than
defined in those standards. Examples of such circuits are filter banks and loads having very
high reactance/resistance (X/R) ratios such as large transformers and generators. The specific
requirements of switchgear for such circuits shall be agreed upon between the supplier and
user.

6.2.2 Power transformers and reactors

Unless otherwise stated, 6.2.2 applies to both transformers and reactors even when only
transformers are referred to in the text.

The

main selection criteria for transformers are given in Clause 4 and Clause 8.
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IEC 60076 (all parts) and IEC 61378 (all parts) define the specific details associated with the
construction and performance of various types of transformers. The classification (used in this
document) of these various types of transformers depends on a wide range of factors, such as
winding materials, dielectrics and cooling systems.

When designing the transformer installation, the risk of fire propagation (see 8.7) shall be
considered. Similarly, means shall be implemented to limit, if necessary, the acoustic noise
level (see 4.5.2).

For transformers, care should be taken to mitigate the risk associated with excessive
temperature rise. Suitable measures for cooling and ventilation shall be provided [see 7.5.7 and

referfto IEC 60076 (all parts)].

Water (ground water, surface water and waste water) shall not be polluted by transfofmer
instgllations. This shall be achieved by the choice of the design of transformer type and/of site
prov|sions. For measures see 8.8.

If it |s necessary to take samples (oil sampling) or to read monitoring (d€vices (such as|fluid
level, temperature, or pressure), which are important for the operatiomyof the transformer whilst
the transformer is energized, it shall be possible to perform this safely and without damage to
the gquipment.

Air-dore reactors shall be installed in such a way that thé. magnetic field of the short-c|rcuit
currgnt will not be capable of drawing objects into the‘-coil. Adjacent equipment sha|l be
designed to withstand the resulting electromagnetic~forces. Adjacent metal parts such as
founflation reinforcements, fences and earthing grids shall not be subject to excegsive
temperature rise under normal load conditions.

The fisk of damage to transformers resultingffom ferro-resonance, harmonics, voltage sufges,
temporary overvoltages and other causesishould be minimized by appropriate system stddies
and measures (e.g. surge arresters or,appropriate choice of transformers' insulation).

Transformer pressure-relief devicesy’if used, shall be arranged to direct the oil discharge away
from|the operational controls where operating persons are likely to be standing.

6.2.3 Prefabricated type-tested switchgear

The | requirements _for)'gas insulated metal-enclosed switchgear (GIS), metal-enclpsed
switghgear, insulation-enclosed switchgear and other prefabricated type-tested switchigear
assemblies are given in 7.4. For safety of persons and gas handling, refer to 8.8.3 and 9.3.3.

6.2.4 Instrament transformers

6.2.4.1 General

The secondary circuits of inductive instrument transformers shall be bonded to earth, or the
secondary circuits shall be segregated by earthed metallic screening, in accordance with the
recommendations of Clause 10.

The earthable point of the secondary circuit shall be determined in such a way that electrical
interference is avoided.

Instrument transformers shall be installed in such a way that their secondary terminals are
easily accessible when the switchgear assembly has been de-energized. The recommendations
of IEC 61869 (all parts) shall be considered.
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6.2.4.2 Current transformers

The rated overcurrent factor and the rated burden shall be selected so as to ensure correct
functioning of the protective equipment and prevent damage to measuring equipment in the
event of a short-circuit.

In high-voltage networks where the primary time constant is long and where automatic reclosing
is practiced, it is recommended that the transient stress due to the aperiodic portion of the
short-circuit current be taken into account. The recommendations of IEC 61869-2 should be
considered.

If mgasuring devices are also connected to protective current transformer cores, the meastring
deviges shall, if necessary, be protected against the damage resulting from large short-c{rcuit
currgnts by means of suitable auxiliary transformers. Overcurrent protective devicés,shall not
be uged in secondary circuits of inductive current transformers.

If nepessary, an effective screen between the primary circuit and the secondabry circuit shall be
prov|ded for the reduction of the transient overvoltages on secondary circuits arising fronm the
swit¢hing operation.

To protect against dangerous overvoltages, provisions shall be_made to facilitate shorting the
secondary windings of current transformers.

6.2.4.3 Voltage transformers
Voltdage transformers shall be selected in such a way)that the nominal output and accuracy are

adeduate for the connected equipment and wiring.* The effects of ferro-resonance shall be
consfidered.

The |secondary side of voltage transformers' shall be protected against the effects of short-
circuits, and it is recommended that protective devices be monitored.

6.2.5 Surge arresters

Surge arresters shall be designed or positioned in such a way as to provide safety diring
operption in case of breaking of the housing or operating of any pressure-relief device.

The polt-time characteristics of surge arresters installed in the same circuit as current-linjiting
fuse$ shall take int@ account the overvoltages produced by the fuses.

If m@nitors aré¢provided in the earth conductor of non-linear resistor type arresters, thenp the
conductor between an arrester and the monitor, and the monitor itself, shall be protect¢d in
suchl a way-as to prevent it being touched. It shall be possible to read the monitors and any
countets with the equipment energized.

6.2.6 Capacitors

The risk of resonance and overvoltages due to harmonics shall be taken into consideration, and
appropriate means for limitation of this risk shall be provided.

For the selection of the rated voltage and the current capacity of capacitors, the voltage
increase caused by inductive reactances connected in series such as damping reactors and
sound frequency or filter circuits shall be considered.

Capacitors for coupling, voltage measuring and overvoltage protection shall be selected
according to the rated voltage of the switchgear, even if the operating voltage is lower.
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Safe discharge of power capacitors shall be guaranteed. Discharge units shall be thermally and
mechanically capable of carrying out their task.

The short-circuiting and earthing facilities provided for a capacitor bank shall take into account
the interconnection of units within the bank, the discharge resistors and the type of fusing.

6.2.7 Line traps

The bandwidth shall be determined in accordance with the network frequency allocation.

6.2.8—lnsulators

Unless otherwise specified, the minimum specific creepage distance of insulators shall'comply
with|IEC TS 60815-1, IEC TS 60815-2 and IEC TS 60815-3 for the level of pollution)spegified
by tHe user.

The fequirements of the wet test procedure of IEC 62271-1 shall apply for all external insulgtion.

Insulator profiles and/or requirements for performance of outdoor insutators in polluted or hpavy
wetting conditions may be specified by the user.

6.2.9 Insulated cables
6.2.9.1 General

Subglause 6.2.9 is applicable to insulated cables/except when used as overhead lings. If
insulated cables are installed as overhead lines, they shall comply with the requirements df the
apprppriate IEC standards for overhead lines.

NOTH An example of a standard for overhead lines“is’|EC 60826.
6.2.9.2 Temperature

Insulated cables shall be selected’ and laid in such a way that the maximum pernitted
temperature is not exceeded for-conductors, their insulation, the connections, the elecjrical
equipment terminals or the surroundings under the following conditions:
a) rjormal operation;

b) gpecial operating'conditions, subject to previous agreement between the supplier and tser;
c) dhort-circuit.

NOTH For dimensioning of cables related to current, IEC 60287, IEC 60853 (all parts) and IEC TR 62095 cpn be
consylted.

The cahnection of a cable to electrical equipment (for example motors, circuit-breakers) ghall
not nesult in the cable heing subjected to temperatures higher than those admissible for the
cable in the foreseeable operating conditions.

6.2.9.3 Stress due to temperature changes

The stress on electrical equipment due to temperature-dependent changes in the length of
conductors shall be taken into account. If necessary, the stress shall be relieved by suitable
measures (for example flexible connections, expansion terminations or snaking). If these
measures are not taken, the additional forces due to temperature changes shall be taken into
account during verification of the mechanical strength of the equipment.
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6.2.9.4 Flexible reeling and trailing cables

Flexible reeling and trailing cables shall be selected in accordance with the following require-
ments and conditions.

a) Trailing cables, or cables having at least equivalent mechanical and electrical character-
istics as trailing cables, shall be used for supplying power to hoisting mobile or moveable
equipment.

b) In the case of more severe mechanical stress, for example where the cables are subject to
abrasion, tension, deflection or winding during operation, double-sheathed trailing cables
or cables with at least equivalent mechanical and electrical characteristics as trailing cables

hall be used.

c) lpsulated cables for the power supply of hoisting mobile or moveable equipment ghall
ontain a protective earth conductor.

d) The design of any connection, be it a joint, termination or other connection)arrangement,
hall be such that in the event of a strain being placed upon the cable, the proteftive
onductor shall be the last to part or separate.

e) lIhsulated cables which are to be wound on a drum shall be dimensioned so that when the
onductor is fully wound and subject to the normal service loading)the maximum permitted
temperature is not exceeded.

The fterminal ends of flexible and trailing cables shall be freg from tension and compresgion;
cabl¢ sleeves shall be protected against stripping and «cable ends against twisting.| The
termjnals shall also be designed so that the cables will not kink.

6.2.9.5 Crossings and proximities

Where insulated cables cross or are near to gasywater or other pipes, an appropriate clearpnce
shall be maintained between cables and_the pipelines. Where this clearance canngt be
maintained, contact between the cables and:the pipelines shall be prevented, for examplg, by
the Insertion of insulating shells or plates. These measures shall be coordinated with the
operptor of the pipeline. In the case of\a’long parallel routing, a calculation of the overvoltage
induged on the pipeline during a short-circuit shall be effected. It may be necessary to determine
apprppriate measures (for example, an alternative routing for the cables or pipelines, |or a
grealer clearance between cablés and pipelines).

Whefe insulated cablescross or are near to telecommunication installations, an appropriate
cleaftance shall be maintained between cables and telecommunication installations.

In the case of .a\long parallel routing, the overvoltage induced on the telecommunicgtion
installation dGring a short-circuit shall be calculated (for guidance refer to |ITU
recommendations). It may be necessary to take appropriate measures to reduce]| this
overpoltage (alternative routing for the cables or the telecommunication installations, grg¢ater
cleatance-between cables and telecommunication installations).

Where insulated cables cross or are near to other insulated cables, the mutual thermal effects
shall be calculated in order to determine the minimum clearance between cables or to determine
other appropriate measures (e.g. rerouting). Cables shall be installed at a sufficient distance
from heat sources or shall be separated from such heat sources by means of thermal insulating
shields.

Crossing and proximity of insulated cables, gas and water pipes or other pipes and appropriate
clearance should be in compliance with national regulations and standards.

6.2.9.6 Installation of cables

Provision of suitable access shall be made for the maintenance and testing of cables
(see Clause 11).
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cable shall be protected from mechanical damage during and after installation as follows.

To avoid any damage to the cable, the laying operations shall be performed at the ambient
temperature specified by the equipment standards or by the manufacturer.

Single-core insulated cables shall be laid and fastened in such a way as to ensure that the
forces resulting from short-circuit currents do not cause damage.

The method of laying shall be chosen to ensure that the external effects are limited to
acceptable safe values. In addition, when buried in troughs, the cables shall be installed at
a specific depth and covered by slabs or a warning grid to prevent any damage being caused
by third parties. Underground and submarine cables shall be mechanically protected where

thevemerge-from-the water orthe soil
Y )

Uaying of cables in earth shall be carried out on the bottom of a cable trench free ofistgnes.
The bedding shall be in sand or soil, free of stones. Special constructions of cables cgn be
dhosen, if necessary, to protect against chemical effects.

NMeasures shall be taken to prevent cables in troughs from being damaged by vehijcles
running over them.

bround movements and vibrations shall be taken into account.

uitable cleats, at intervals determined by the cable construction,>and information proyided

(

Hor vertical installations, the cable suitable for that installationyshall be supported by
[

hy the manufacturer.

If single-core cables are laid through reinforced ceilings, and/walls, the possibility of heating
he steel reinforcing bars shall be considered. If necessary, suitable structural measurgs to
Iimit the heating shall be determined.

—

Cables installed in metallic pipes shall be grouped<in such a way that the conductors ¢f all

pha

currgnts. The location of the earthing conductor'shall be taken into account.

des (and the neutral, if any) of the same circuitrare laid in the same pipe to minimize gddy

Insulated cables shall be installed so that\touch voltages are within the permissible values, or
so that accessible parts with impermisSible touch voltages are protected against conta¢t by

ade

dquate measures.

Wheh earthing metallic screens and sheaths, consideration should be given to issues sugh as

induged voltages, fault currents, transfer voltages and current transformer locations.

NOT

sheathed single-core cables, especially when laid flat.

Met

The
min

H When earthing metallic'screens and sheaths, there can be a risk of high circulating currents in scregns of

dllic sheaths.shall be earthed in accordance with Clause 10.

ength of-cable connecting transformers and reactors to a circuit shall be selected so as to
imize the occurrence of ferro-resonance.

When connecliing power cables, the mechanical stress on electrical equipment shall be Timited
so as not to impair the property of the equipment.

6.2.

The
cab

6.2.

The
and

9.7 Bending radius

minimum values of bend radius during and after installation are dependent on the type of
le. These are given in the relevant standards or shall be specified by the manufacturer.

9.8 Tensile stress

maximum permissible tensile stress during laying depends on the nature of the conductor
on the type of cable. These are given in the relevant standards or shall be specified by the

manufacturer.
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The continuous static and peak tensile stress applied to the conductors of flexible and trailing
cables shall be as small as possible, and shall not exceed the values given by the manufacturer.

6.2.10 Conductors and accessories

Subclause 6.2.10 deals with conductors (rigid or flexible) and accessories, which are part of
outgoing feeders or busbars in installations.

Covered conductors shall be treated as bare conductors.

Provjsion-shallbe-made-to—alowforthe-expansion-and-coniraction-of-conductors—causad by
temgerature variations. This shall not apply where the stress caused by temperature variations
has been allowed for in the conductor system design.

NOTH For bare flexible conductors outside closed electrical operation areas, see IEC 60826.

Join{s between conductors and connections between conductors and electrical’equipment ghall
be without defects and shall not deteriorate while in service. They shall ‘be chemically] and
mechanically stable. The joint faces shall be suitably prepared and connected as specified for
the fype of connection. The temperature rise of a connection,between conductors|and
switghgear in service shall not exceed the values specified in IEC(62271-1.

The ppen ends of tubular busbars should be plugged to prevent corrosion and birds nesting.

Provjsion shall be made to avoid possible resonant escillation of tubular busbars caus€d by
wind|

6.2.11 Rotating electrical machines

The fisk of personal injury from faults within‘the terminal boxes of machines shall be minim|zed.
The terminal boxes of motors shall withstand the local short-circuit conditions. Current-linjiting
devi¢es may be necessary.

The degree of protection of the ‘€quipment against the ingress of objects, dust and water ghall
be chosen in accordance with-the climatic and environmental conditions at the site of the
eleclrical power installation.)Hazardous parts of the machine shall be protected agpinst
accidlental contact by persons. The degree of protection shall be defined in accordance|with
IEC p0529.

The jnsulation level-of the machine shall be selected in accordance with IEC 60034-1.

Sufficient cooling shall be provided.

Machinés can be protected against exceeding the maximum permitted temperature rise by use
of surtable eleciric proteciive devices. Particularly for large machines or those critical for a
production process, protection devices should be installed which indicate an internal fault of the
machine or, if necessary, automatically shut it down.

The overall design of the installation shall identify requirements for the type of motor enclosure,
particularly if the motor is to be installed in a hazardous area. In addition, safety issues such
as noise levels, maximum temperature of surfaces accessible to operating persons, control of
spillage and guarding, shall meet the particular requirements of the installation.

Starting large motors results in voltage drops in the electrical distribution system. Different
techniques are available for reducing the impact on the electrical network when starting large
motors. The protection equipment shall be designed to provide adequate protection of the motor
during the complete starting sequence.
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The contribution of large motors to the short-circuit current shall be considered.

6.2.12 Generating units

The type of power rating for the generating unit shall be stated (e.g. continuous, prime, or
standby power). Operation of the generator in parallel with the utility or in parallel with other
generators should be stated. The switching devices to be used for synchronizing shall be
defined.

The overall design shall identify the general safety requirements specific to the generating units,
particularly for fire protection and use of hydrogen. See IEC 60034-3 .

6.2.13 Generating unit main connections

For gmall generating units, selection and specification of generator main connections (buslars)
may |be based upon appropriate provision of IEC 62271-200.

Howgver, particular care should be taken in the selection of rated peak making currents. Itfmay
also|be necessary to specify additional testing or calculations for conpnections that arg not
factgry-built and type-tested.

Whefe necessary, fault studies shall be conducted to establish’peak making and shortitime
withgtand currents, particularly for branch connections of\reduced cross-section (e.g. to
auxiliary transformers).

For larger generating units, and where higher systemysecurity is required, it is recommendgd to
use phase isolated or phase segregated busbar systems.

The [impact of the magnetic field due to the~use of generating unit main connections without
metdllic enclosures shall be considered inithe design of the installation.

The pesign shall take into account théfact that when a generating unit is off line but rotating at
low gpeed to prevent deformation ‘of-the generator shaft,

a) there is a possibility of induced voltages presenting a safety hazard, and
b) means shall be provided to change the off-circuit tap position on transformers conngcted
directly to generatorterminals.

Wheh connections between the generator and the transformer are short, provision should be
made to add capacitors in the connection gear to limit overvoltages which can occur dyrring
switghing.

6.2.14 , (Static converters

Accessibte palto ofconverterunits—thatcan carry dallycluua vu”.agc dwillg rormat op<t tion
or under fault conditions shall be adequately marked and shall be adequately protected against
accidental contact by persons. This may be achieved by providing suitable protective barriers.

The cooling and heat transfer mediums shall not contain mechanical pollution or chemically
aggressive components which might cause malfunction of the equipment.

When water is used as coolant, the possibility of corrosion caused by leakage currents (currents
due to the conductivity of water) shall be considered.

When oil is used as coolant, similar protection against fire and pollution of ground water shall
be provided as for oil-filled transformers and reactors.
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When planning the layout of converter units, the possibility of magnetic interference, caused by
high AC currents, on other electrical equipment or parts of the installation, especially steel
components, shall be considered.

6.2.1

5 Fuses

Fuses shall be installed in such a way that their replacement can be carried out safely according
to manufacturer's instructions.

All necessary information should be available to persons during operating and maintenance for
the proper selection of replacement fuses.

Ther

(@)

D

NOTH

For proper function, the fuse-link shall be securely locked in the seryvice position.

NOTH
phase
the n

Curr
behd

Insta

e are two types of fuse in use:

urrent-limiting fuses according to IEC 60282-1;
xpulsion fuses according to IEC 60282-2.

1 More information concerning operational aspects can be found in IEC TR 62655.

2 |EC TR 62655 states that it is advisable to replace all three fuse:links when the fuse-link on one
s of a three-phase circuit has operated, unless it is definitely known‘hat no overcurrent has passed th
n-operated fuse-links.

ent limiting fuses according to IEC 60282-1 need¢no further observations due to
viour of current limiting and high breaking capacity’ during fault.

lling expulsion fuses according to IEC 60282-2 minimum electrical clearances for

r two
Fough

their

fuse

asseimbly installations shall take into consideration all possible positions of the live parts beffore,

durin
protq

Disc
also

Faci
fuse
area

possiible exposures(_if hot the persons shall use protective shielding and clothing.

6.2.1

Inter
equi

g and after operation. They shall be ‘provided with adequate clearances or approp
ctive barriers in the direction or direétions in which they are vented.

harges from vented fuses may. Contain hot gases, arc plasma and molten metal. They
be conductive.

5 according to IEC 60282-2, either during replacement or other working activities i
When this is noty'possible, the circuit feeding the fuse shall be de-energized pri

6 Electrical and mechanical interlocking

ocking. may be necessary to ensure the correct sequence of operation of elec

riate

may

ities shall be provided te’ensure that persons are not exposed to discharges of expulsion

the
Dr to

rical
rical

bment, to prevent danger for operating persons and to prevent damage to the elec
bment

equi

Interlocking may be achieved by electrical or mechanical methods. Interlocking shall be
designed and constructed to operate reliably. In the event of the loss of power supplies,
electrical interlocking schemes shall be designed to preserve safety in the case of failure.

7 Electrical power installations

7.1

7.1.1

General

Common requirements

Electrical power installations comprise installations within sites and can include one or more
closed electrical operating areas.
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The access to closed electrical operating areas shall be restricted and only be possible by the
opening or removal of a door, gate or protective barrier using a key or tool. Closed electrical
operating areas shall be clearly marked by appropriate warning signs.

Clause 7 specifies only general requirements for the electrical power installations regarding
choice of circuit arrangement, circuit documentation, transport routes, lighting, operational
safety and labelling.

Distances, clearances and dimensions specified are the minimum values permitted for safe
operation. They are generally based on the minimum values given in the former national
standards of the IEC members. A user may specify higher values if necessary

Clear and adequate space, as agreed between the user and supplier, shall be providegd in ffront
of al| switchgear and fuses for safe operation, isolation and earthing. See, for example, 7.5.4.

For minimum clearances to live parts, refer to minimum clearance of danger zone (N) in 5.4 and
to Tgble 2, Table 3 and Annex A.

Natipnal standards and regulations can require the use of higher clearance values.

Whefe an existing electrical power installation is to be extended; the requirements appligable
at the time of its design and erection may be specified as an-alternative.

NOTH When extending an existing installation, the requirements applicable to new parts can be subjgct to
provinjcial, national or regional regulations.

The [relevant standards for working and maintaining electrical power installations ghall
additionally be taken into account. Safe working.procedures shall be defined by the user|(see
also|Annex F).

7.1.2 Circuit arrangement

The |circuit arrangement shall be(Cchosen to meet operating requirements and to erjable
implémentation of the safety requifrements in accordance with 8.3. The continuity of sefvice
undgr fault and maintenance.conditions, taking into account the network configuration, ghall
also|be considered. The circuits shall be arranged so that switching operations can be cafried
out dafely and efficientlys

Each electrically separated system shall be provided with an earth fault indicating device which
pernjits detection'or disconnection of an earth fault.

It shall be\ensured that isolated sections of an electrical power installation canngt be
inadyertently energized by voltage from parallel connected secondary sources (for example
instrument transformers).

Isolating equipment accessible to the general public shall be capable of being locked.

Electrical power installations shall be capable of withstanding the thermal and dynamic stresses
resulting from short-circuit current in accordance with Clause 4.

The circuit arrangement may, however, be configured in such a way that sections of the
installation which are normally operated separately are interconnected for short periods during
switching operations, even when, as a result of such connection, the short-circuit current
exceeds the design rating for the electrical power installation. In such cases, suitable protective
measures shall be taken to prevent danger for operating persons. Defined operating procedures
may be required for this purpose.

NOTE 1 This situation occurs for example in operation if feeders are switched from one busbar to another.
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In circuits that have current-limiting protective devices, electrical equipment and short
connections may have ratings that correspond to the cut-off (let through) current of the current-
limiting device.

NOTE 2 Electrical equipment located between the busbar and the current-limiting devices will have sufficient
through-fault current duty only in case of faults on the load side of the current-limiting devices.

7.1.3 Documentation

Where applicable, the documentation shall be provided with each electrical power installation

to all

ow erection, commissioning, operation, maintenance and environmental protection.

The pxtent and the language of the documentation shall be agreed upon between the sug
and liser.

Ruleps for the preparation of documentation are given in IEC 61082-1.

7.1.4

Traniport routes, their load capacity, height and width shall be adeguate for movemen

antig

With
bend
follo

f

7
-t
Und
are
roof,

For the lateral clearances betwegen transport units and live parts, similar principles apply.

NOTEH

Transport routes

ipated transport units and shall be agreed upon between the supplier and user.

n closed electrical operating areas, the passage of vehitles or other mobile equip
ath or in proximity to live parts (without protective me&asures) is permitted, providec
ving conditions are met (see Figure 1):

br a vehicle, with open doors and its loads, a minimum approach distance to live pa
=N+ 100 mm (minimum 500 mm);

ne minimum height, H, of live parts above-accessible areas is maintained (see 7.2.4).

dequate protective measures on_the vehicle or mobile equipment, for example the
to ensure that the danger zone defined above cannot be infringed.

Height restrictions for vehicles can be indicated by the use of height restriction bars.

plier

ks of

ment
the

ts is

r these circumstances, persons may.remain in vehicles or mobile equipment only if fhere

cab
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Dimensions in millimetres
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Indoor installation

Accessible surface

Vehicle
Transport route

IEC

Outdoor installation

Key
H minimum height of live parts
N minimum clearance of danger zone

T=N+ 100 (minimum 500)

Figure 1 — Minimum approach distance for transport
within closed electrical operating areas

7.1.5 Aisles and access areas

The width of aisles and access areas shall be adequate for work, operational access,
emergency access, emergency evacuation and for transport of equipment.
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NOTE Maintenance and operating areas in buildings are described in 7.5.4.

7.1.6 Lighting

Accessible indoor and outdoor electrical power installations shall be provided with suitable
lighting for routine operations.

Emergency/auxiliary lighting shall be provided if necessary; this may be a fixed installation or
portable electrical equipment.

In some cases, in small distribution substations, a lighting installation may not be required. In
suchlcases, ihe presence and extent ol the lighting shall be agreed upon between the supgplier
and lser.

The |ighting system shall be installed in such a way that its operation can be carried out sgfely.

NOTH For correct lighting levels (luminosity), applicable international and/or national standards-and regulatior]s can
be copsulted.

7.1.7 Operational safety

Operational safety of electrical power installations shall be desighed so that the escape| and
rescue paths and the emergency exit can be safely used ,innthe event of a fire, and|that
protection and environmental compatibility are ensured.

Whefe necessary, electrical power installations themselves shall be protected agains{ fire
hazgrd, flooding and contamination. If required, additienal measures shall be taken to prptect
impgrtant installations against the effects of road {raffic (salt spray, vehicle accident).

7.1.§ Labelling

Identification and labelling are required tetavoid operating errors and accidents.

All important parts of the electrical power installation, for example switchgear 'bay' or 'cubjicle’,
swit¢hgear, busbars, conductors/)shall be clearly, legibly and durably labelled.

Safety warnings, for exampte warning notices, safety instruction notices, operation of [key-
interlocking schemes and ‘informative notices, shall be provided at suitable points in the
electrical power installation (see 8.9).

Safety warningstmay be provided wherever multiple sources of electrical power are requirgd to
be djsconnected for the complete de-energization of electrical equipment or where equipent
may |be inadvertently back-fed.

7.2 | “Outdoor electrical power installations of open design

7.2.1 General

The layout of open type outdoor installations shall take into account the minimum phase-to-
phase and phase-to-earth clearances given in Clause 5.

The design of the electrical power installation shall be such as to restrict access to danger
zones, taking into account the need for operational and maintenance access. See Annex F.
External fences shall therefore be provided and, where safety distances cannot be maintained,
permanent protective facilities shall be installed. For electrical power installations on mast, pole
and tower, external fences may not be required if the installation is inaccessible from ground
level to the general public and meets the safety distances given in 7.7.


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

- 54 — IEC 61936-1:2021 © IEC 2021

A separation shall be provided between bays or sections by appropriate distances, protective

barri

ers or protective obstacles.

7.2.2 Protective barrier clearances

Within an electrical power installation, the following minimum protective clearances shall be
maintained between live parts and the internal surface of any protective barrier (see Figure 2):

— for solid walls, without openings, with a minimum height of 1 800 mm, the minimum
protective barrier clearance is Bq = N;

NOTH The degree IPXXB ensures protection against access to hazardous parts with fingers.

For
take

7.2.3 Protective obstacle clearances

With
live

- f

- f
Whe

maximum height of 1 400 mm.

NOTH

dlearance is B, = N + 80 mm.

minimum protective obstacle clearance is O, = N 300 mm (minimum 600 mm);

nd a degree of protection of IPXXB (see IEC 60529), the minimum protective_ba3

mm
rrier

hon-rigid protective barriers and wire meshes, the clearance values shall be increasg¢d to

into account any possible displacement of the protective barrier or mesh.

n electrical power installations, the following minimum clearance shall be maintained
barts to the internal surface of any protective obstacle (s€e Figure 2):

pr solid walls or screens less than 1 800 mm high,{and for rails, chains or ropes

br chains or ropes, the values shall be increased. to take into account the sag.

re appropriate, protective obstacles shall be‘fitted at a minimum height of 1 200 mm 3§

Rails, chains and ropes are not acceptable in certain countries.

from

the

nd a
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Dimensions in millimetres

Protective obstacle Protective barrier
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7.2.4
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+ N b EN\Effective ) = \ S z
N N =5 zone of | Effective 2 N )
é g = obstacle N\[Z== 1 Zone of N :'L':
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ANNNVANNNNANNNANNNNANNNZANNNN NN AN NN AN NN/ 7NN N7 7NN TN 7NN 77NN T NN 7NN 77NN 7NN 7NN T TINNN T 7NN 77N
R > }d—\—»
Indoor: O, =N+ 200 (= 500) B,=N Solid walls without bpenings
Outdoor: 0, =N + 300 (= 600) Non-accessible surface B,=N+80  Wire mesh / Screen
inside a barrier or obstacle IPXXB
Barrier less than 1 800 high

or rails, chains, ropes
IEC

nimum clearance of live parts above accessible surface at the external fence

rrier clearance to solid walls without openings
rrier clearance to wire mesh/screen IPXXB

nimum clearance of danger zone

stacle clearance, indoor

stacle clearance, outdoor

Figure 2 — Protection(against direct contact by protective
barriers or protective obstacles within closed electrical operating areas

Boundary clearances

external fence of outdoor electrical power installations of open design shall have
wving minimum bouadary clearances in accordance with Figure 3:

olid walls (for height, see 7.2.7): C=N + 1 000 mm;
ire mesh/screens (for height, see 7.2.7): E =N + 1 500 mm.

the


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

- 56 - IEC 61936-1:2021 © IEC 2021

Dimensions in millimetres

A A
)
o
o
©
£
3 o Area without
S = live parts
< N and insulators
+ = NN
= R
vz
= N .
S o ence
o ~E Iy
A
£
= o
o
[ee]
N
Acgessible
sdrface .
i
C=N+1000 | Solidwalls
E=N+1300 | Wire mesh/ Screens
IEC
Key
C m|nimum distance from boundary to solid wall
E  m|nimum distance front boundary to wire mesh or screens
H' m|nimum clearance 'of live parts above accessible surface at the external fence
N m|nimum clearance\of danger zone

a8 |f this distancedo live parts is less than H (see 7.2.5), protection by barriers or obstacles shall be provided
b If this distance is smaller than 2 250 mm, protection by barriers or obstacles shall be provided.

Figure 3 — Boundary distances and minimum height at the external fence/wall

7.2.5 Minimum height over access area

The minimum height of live parts above surfaces or platforms where only pedestrian access is
permitted shall be as follows.

— For live parts without protective facilities, a minimum height # = N+ 2 250 mm (minimum
2 500 mm) shall be maintained (see Figure 2, Figure 3 and Figure 4). The height H refers
to the maximum conductor sag (see Clause 4).

— The lowest part of any insulation, for example the upper edge of metallic insulator bases,
shall be not less than 2 250 mm above accessible surfaces unless other suitable measures
to prevent access are provided.
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Where the reduction of safety distances due to the effect of snow on accessible surfaces needs

to be

considered, the values given above shall be increased.

Dimensions in millimetres

Live parts

2
AR
A
=
=

N

Key

H=N+p 250 (= 2 500)

22250

Accessible surface

Y U U U e S

IEC

H m|nimum clearance of live parts above accessible surface

N m|nimum clearance of danger zone

7.2.6

Figure 4 — Minimum heights within closed electrical operating areas

Clearances to buildings

Whefe bare conductors cross buildings whichcare located within closed electrical oper

areap, the following clearances to the roof shall be maintained at maximum sag (see Figur

— the clearances specified in 7.2.5 for live parts above accessible surfaces, where the rg
gccessible when the conductors aredive;

— N + 500 mm where the roof canpot be accessed when the conductors are live;

- d

Whetre bare conductors approach buildings which are located within closed electrical oper

» in lateral direction from thé-end of the roof if the roof is accessible when the condu
re live.

areap, the following clearances shall be maintained, allowing for the maximum sag/swing i
case of stranded canductors:

uter wall with 'unscreened windows: minimum clearance given by W,

bting
e 5):

of is

ctors

bting
N the

uter wall-with screened windows (screened in accordance with 7.2.2): protective barrier

learances B, in accordance with 7.2.2;

uter wall without windows: N.
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Dimensions in millimetres

IEC

IEC
b) Outer wall with’screened windows
c)=N
d)=0,
| N
‘ IEC

c) Outer wall without windows

Key

a) The roof cannot be accessed when the conductors are live.

b) The roof can be accessed when the conductors are live.

c) N if the roof is non accessible when the conductors are live.

d) 0, 2N +300 mm (minimum 600 mm) if the roof is accessible when the conductors are live.
B, 2N+ 80 mm

W =N+ 1000 for U, <123 kV

W=N+2000for U > 123 kV

H minimum height

N minimum clearance of danger zone

Figure 5 — Approaches with buildings within closed electrical operating areas
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7.2.7 External fences or walls and access doors

Measures shall be taken to minimize the risk of unauthorized access to outdoor electrical power
installations.

Where this is by means of external fences or walls, the height and construction of the fence/wall
shall be designed to prevent climbing. Additional precautions may be required in some
installations to prevent access by excavation beneath the fence.

Precautions may also be required in some installations to prevent adjoining climbing structures
from reducing the protection of external fences or walls.

NOTH 1 Examples of such adjacent climbing structures are trees, external fences, other buildings, etcs

The pxternal fence/wall shall be at least 1 800 mm high. The lower edge of a fence _shall npt be
morg than 50 mm from the ground (for clearances, see Figure 3).

(2

Accgss doors to outdoor electrical power installations shall be equipped.-with security lock

Extefnal fences/walls and access doors shall be marked with safety, signs in accordance|with
8.9.

In sgme cases, for public security reasons, additional measures may be necessary.
The degree of protection of IP1X (see IEC 60529) shallbe used.

The use of metal mat fences with a mesh size of\50 mm x 200 mm (width x height) fulfil$ the
requjrement of IP1X.

7.3 | Indoor electrical power installations of open design

The |ayout of open-type indoor installations shall take into account the minimum phase-to-phase
and phase-to-earth clearances spécified in Clause 5.

zongs taking into account the need of access for operational and maintenance purpqses.
Thergefore, safety distances or permanent protective facilities within the installation shall be
prov|ded.

The [design of the electrical power installation shall be such as to prevent access to danger

For protective clearances, safety distances and minimum height, see 7.2.

For buildings, corridors, escape routes, doors and windows, see 7.5.

For d ctive

obstacle clearances are at least:

- 04 =N+200 mm (minimum 500 mm, see Figure 2).

For chains or ropes, the values shall be increased taking into account the sag. They shall be
fitted at a minimum height of 1 200 mm to a maximum of 1 400 mm, where appropriate.
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Installation of prefabricated type-tested switchgear

1 General

Subclause 7.4 specifies additional requirements for electrical equipment which apply to external

con
sha
into

Fac

nections, erection and operation at the place of electrical power installation. The installation
Il be dimensioned and designed to avoid danger to persons and damage to property, taking
account the type of installation and local conditions.

tory-built, type-tested high voltage switchgear shall be manufactured and tested in

accordance with relevant IEC standards such as IEC 62271-1, IEC 62271-200, IEC 62271-201

and

NOT
electrjcal power installation.

€ 62271203

In some countries, switchgear complying with IEC 62271-201 is considered to be an open type ihdoor

The [switchgear shall be well adapted to its purpose, clearly arranged and.-§0,'designed| that
essential parts are accessible for erection, operation and maintenance., Arrangements| and

acc

consjidered.

s shall be provided to permit assembly at site. Future possible-extensions should be

Appropriate arrangements shall be made for external connections."Conductors and cables ghall
be selected and arranged in such a way as to ensure safe insulation level between condugtors

and

between each conductor and surrounding earthed metallic/structures.

Safety devices that are intended to reduce the internalk switchgear pressure resulting from a

faul
For

7.4,

7.4.

t|shall be designed and arranged with consideration for their potential hazard to perdons.
arc faults, see also 8.5 and 8.8.3. For SFy leakage see 8.8.2.

2 Additional requirements for gas:insulated metal-enclosed switchgear

2.1 Design

If plgtforms and ladders are necessary for operation and maintenance, they shall be designed

and

Arranged to provide safe access. These elements may be fixed or removable.

Whefe necessary, arrangements shall be made to protect the switchgear from dangdrous
vibrdtions from transformers/reactors with gas-insulated connections. Bellows shal] be
prov|ded, where necessary, to allow for heat expansion, erection tolerances and settlemelnt of

founflations.

For
cha
pos
sup

electricalSpower installations with gas-insulated equipment, having several pregsure
mbers, clear labels shall be provided indicating the construction of the installation and the
i(%ion of \partitions. Monitoring devices shall be clearly marked and located to permit pasy

rvision.

Gas pipelines and fittings in areas where mechanical damage is expected shall be protected.

SFg gas pipelines shall be marked where there is a possibility of confusion with other pipelines.

7.4,

Ere

For
hou
inst

2.2 Erection on site

ction of GIS shall be carried out in a clean environment.

outdoor electrical power installations, it may be necessary to provide a suitable temporary
sing over the work area to protect the equipment from the environmental conditions whilst
allation and/or maintenance is taking place.
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For SFg gas handling, see 9.3.3.

For SFg leakage, see 8.8.2 and 8.8.3.

7.4.2.3 Protection against overvoltages

Protection of the GIS against overvoltages should normally be provided by the surge arresters
installed on the feeders. In some cases, the protection given by this equipment may be
inadequate. This situation arises mainly in the following configurations:

-t

ot

ansformers connected to the GIS by means of cables;

ng busbars open at their ends;
nnection to overhead lines by means of insulated cables;

— l¢cations with high probability of lightning strokes.

For {hese configurations, the installation of additional surge arresters-may be required. ]

loca

7.4.2

The
poin

a) i

b) d

The

conn
feed
switd
shall

Addi
pres

ion should be based on experience with similar situations or on calculations.
4 Earthing
enclosure of a GIS shall be connected to the earthing system at least at the follg

S:

nside the bays:

close to the circuit-breaker;
close to the cable sealing end;
close to the SFg/air bushing;

close to the instrument transfornyer;
n the busbars:
at both ends and at intermediate points, depending on the length of the busbars.

three enclosures of. a“single-phase type GIS shall be bonded together with
ections and earthed\at least at the end of the enclosure of the outgoing and inco
ers. The bonding ™ conductor shall either be rated to carry the nominal current o
hgear 'bay' or (cubicle' and busbars, or if a lower rated bonding conductor is used, th
be proved by tests that such a conductor is sufficient for safe operation.

lional_bonding straps are not required at flange joints if it can be ensured that the co
sureof'the flange provides adequate contact connection for high frequencies.

[ heir

wing

short
ming

the
en it

htact

Eart

1INg conductors of surge arresters for the protection of gas-insulated electrical power

installations shall be connected to the enclosure with a connection which is as short as possible.

Metallic sheaths (for example metal enclosures, armoured coverings, screens) of cables with
nominal voltages above 1 kV should be connected directly to the GIS enclosure.

In some special cases, e.g. cathodic protection of cables, it may be necessary to separate the
earth connection of the cables from the GIS enclosure. In this case, the installation of a voltage
surge protection device is recommended between the sealing end and enclosure.
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7.5 Requirements for buildings
7.5.1 General

Buildings comply with national building codes and fire regulations. Where such national
standards do not exist, the following may be used as a guide.

Subclause 7.5 indicates the requirements that have to be satisfied in areas or locations where
electrical equipment for high-voltage installations is installed. For the purpose of this document,
prefabricated substations covered by IEC 62271-202 are not considered as buildings.

7.5.2 Structural provisions
7.5.2.1 General

Load-carrying structural members, partition walls, claddings, enclosures, etc. shall’be selgcted
to withstand the expected combustible load.

Elecirical operating areas shall be designed to prevent ingress of water and to minimize
condensation.

Matgrials used for walls, ceilings and floors on the ground (shall, where possible, ndt be
damaged by water penetration or leakage. If this requirement‘dannot be met, precautions ghall
be taken to prevent the consequences of a leak or of condensation affecting the operating
safely.

The puilding design shall take into account the expécted mechanical loading and also intgrnal
presgure caused by an arc fault.

Othjr equipment such as pipelines, if allowed in substations, shall be designed so thaf the
elecfrical power installation is not affected; even in the event of damage.

7.5.2.2 Specifications for walls

The external walls of the building,shall have sufficient mechanical strength for the environmental
conditions.

The mechanical strengthof the buildings shall be sufficient to withstand all static and dynamic
load$ due to normalaoperation of the electrical power installation.

The passage af’pipes or wiring systems shall not affect the structural integrity of the walls

Metgl partsithat pass through walls shall meet the requirements of Clause 10.

Panels of the exterior surface of buildings that are accessible to the general public shall not be
removable from the outside. The constituent materials of the external enclosures shall be
capable of withstanding the attacks of atmospheric elements (rain, sun, aggressive wind, etc.).

7.5.2.3 Windows

Windows shall be designed so that entry is difficult. This requirement is considered fulfilled if
one or more of the following measures are applied:

— the window is made of unbreakable material;

— the window is screened;

— the lower edge of the window is at least 1 800 mm above the access level;

— the building is surrounded by an external fence at least 1 800 mm high.
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7.5.2.4 Roofs

The roof of the building shall have sufficient mechanical strength to withstand the environmental
conditions.

If the ceiling of the switchgear room is also the roof of the building for pressure relief, the
anchoring of the roof to the walls shall be adequate.

7.5.2.5 Floors

The floors shall be flat and stable and shall be able to support the static and dynamic loads.

7.5.3 Rooms for switchgear

The fdimensions of the room for switchgear and of the required pressure-relief opehings depend
on the type of switchgear and the short-circuit current.

If prgssure-relief openings are necessary, they shall be arranged and situated in such ajway
that when they operate (blow out due to an arc fault) the danger to persons and damage to
propgrty is minimized.

7.5.4 Maintenance and operating areas

Maintenance and operating areas comprise aisles, access areas, handling passages|and
escalpe routes.

Aislgs and access areas shall be adequately dimensioned for carrying out work, opergating
switghgear and transporting equipment.

Aislds shall be at least 800 mm wide.

The width of the aisles shall not be reduced even where equipment projects into the aisleg, for
example permanently installed operating mechanisms or switchgear trucks in isolated posit|ons.

Spage for evacuation shall always be at least 500 mm, even when removable parts or ppen
doorp, which are blocked in the direction of escape, intrude into the escape routes. If releyant,
the doors of switchgear.'bay' or 'cubicle' should close in the direction of escape.

For g¢rection or service access ways behind closed installations (solid walls), a minimum width
of 500 mm is required.

CleaF andsafe access for operating persons shall be provided at all times.

Below ¢céilings, covers or enclosures, except cable accesses, a minimum height of 2 000 mim is
required.

Exits shall be arranged so that the length of the escape route within the room does not exceed
40 m for installation of rated voltages U, greater than 52 kV, and 20 m for installation of rated

voltages up to U,, = 52 kV. This does not apply to accessible bus ducts or cable ducts. If the
above distances of the escape route cannot be met, an agreement shall be made with the user.

Permanently installed ladders or similar are permissible as emergency exits in escape routes.

7.5.5 Doors

Access doors shall be equipped with security locks to prevent unauthorized entry.
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Access doors shall open outwards and be provided with safety signs in accordance with 8.9.

Doors which lead to the outside shall be of low flammability material, except where the building
is surrounded by an external fence at least 1 800 mm high.

Doors between various rooms within a closed electrical operating area are not required to have
locks.

It shall be possible to open emergency doors from the inside without a key by using a latch or
other S|mple means, even when they are Iocked from the outS|de Thls reqmrement need not
be c W 3 S - -

servicing.

The minimum height of an emergency door shall be 2 000 mm and the minimum glear opgning
750 mm.

7.5.6 Draining of insulating liquids

Protgctive measures shall be taken when insulating liquids are used (se¢e also 8.8).

7.5.7 Heating, ventilation and air conditioning (HVAC)
7.5.11 General

Suitable indoor conditions shall be provided to ensufe correct operation of the elecjrical
equipment (e.g. by adequate cooling, heating, dehumidifying, ventilation or by attention t¢ the
design of the building).

NOTH For precautions reducing pollution, condensdtion, temperature variation and humidity occurripg in
high-yoltage substations, see Annex C of IEC TS 62271-304:2019.

Adequate ventilation shall be provided.tfordissipate heat generated by the electrical equipment.

Whefe natural ventilation is inadequate, additional measures shall be implemented. Mechahical
ventjlation systems (permanent or temporary) shall be designed to take smoke management
into ponsideration. They shall;be so arranged that inspection and maintenance can be cafrried
out gven when the electrical equipment is energized with consideration to location of equipent
presgure-relief vents.

Monitoring of the eperation of a permanent fan is recommended.

Venfjlation openings shall be designed so as to prevent any dangerous proximity to live parts
and any dangerous ingress of foreign bodies.

1] ol contain _maoachanicaal tmnpiriting Ay A~
H—hRet—eotath—meerartcat TPt Co—OT—Cr

Coolants—and—heat—transfer—media—sha emically
aggressive substances in quantities or qualities which may be hazardous to the correct function
of the electrical equipment in the electrical power installation.

Filters or heat exchangers shall be provided, if necessary.

Rooms containing high-voltage transformers and switchgear, located within public or residential
buildings shall be provided with dedicated inlet and outlet ventilation ducts terminating outside
the building.

Wherever possible, air intakes should be positioned remote from any potential source of
atmospheric contamination.
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Facilities for air conditioning and ventilation shall not support fire propagation to other
switchgear, transformers or facilities.

7.5.7.2 Ventilation of battery rooms
Rooms containing batteries shall take into account the ventilation requirements, if necessary,

depending on battery types, to prevent the explosive build-up of combustible gas during battery
charging.

7.5.7.3 Rooms for emergency generating units

Congideration should be given to installing emergency generating units in separate rooms|

Venfjlation equipment shall be provided. Containment shall be provided to capture ‘and control
fuel pr lubricating oil spills.

Engipe exhaust systems shall be installed and located such that exhaust fumes shall not réturn
to the ventilating air intake of the switchgear and control rooms, nor enter.the air intake for the
emefrgency generating unit.

7.5.8 Buildings which require special consideration

For ¢lectrical power installations located in public or residentialbuildings, existing standargs or
natignal regulations may exist for special conditions.

7.6 | High voltage/low voltage prefabricated substations

For manufacturing and testing of prefabricated substations, see IEC 62271-202.

Comjpact substations shall be situated so that'they are unlikely to be damaged by road vehigles.
Adequate space for operating and maintenance purposes shall also be provided.

7.7 | Electrical power installatiohs on mast, pole and tower
The minimum height H' of livelparts above surfaces accessible to the general public shall pe:
— H'=4 300 mm for rated.voltages U, up to 52 kV;

- H'=N+ 4500 mm (minimum 6 000 mm) for rated voltages U,, above 52 kV;

whelle N is the minimum clearance of danger zone (see Figure 3).

Where thewreduction of safety distances due to the effect of snow on accessible surfaces ngeds
to beg considered, the values given above shall be increased.

Isolating equipment and fuses shall be arranged so that they can be operated without danger.
Isolating equipment accessible to the general public shall be capable of being locked.

NOTE For portable operating rods or sticks, see the relevant standard, e.g. IEC 60832 (all parts) and IEC 60855-1.

Safe phase-to-phase connection and earthing of the overhead line shall be possible.

8 Safety measures

8.1 General

Electrical power installations shall be constructed in such a way as to enable operating and
maintenance persons to circulate and intervene within the framework of the instructions and
authorizations for the installation, at any point of the electrical power installation.
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Specific maintenance work, preparation and repair work, which involve working in the vicinity
of live parts or actual work on live parts, should be carried out observing the rules, procedures
and work distances as defined in provincial, national or regional regulations.

8.2 Protection against direct contact
8.2.1 General

Electrical power installations shall be constructed so that unintentional touching of live parts or
unintentional reaching into a dangerous zone near live parts is prevented.

Protgction shall be provided for live parts, parts with functional insulation only and parts\which
can be considered to carry a dangerous potential.

Examples of such parts are as follows:

— exposed live parts;

— parts of installations where earthed metallic sheaths or conducting screens of cables have
een removed;

bles and accessories without earthed metallic sheaths or earthed conducting elastomeric
reens, as well as flexible cables without conducting elastomeric screens;

— términations and conducting sheathing of cables, if they ealrcarry a dangerous voltage;

'msulating bodies of insulators and other such parts))for example electrical equipment
sulated by cast resin, if a dangerous touch voltagé<an occur;

— frames or cases of capacitors, converters and ‘converter transformers, which can cafry a
dangerous voltage during normal operation;

— windings of electrical machines, transformers'and air-cored reactors.

Protg¢ction may be achieved by different.means, depending on whether the electrical ppwer
instgllation is located in a closed electrical operating area or not.

Wheh referred to in this documenti:the use of IP classification and testing methods accofding
to IEJC 60529 is extended to becused also for voltages above 72,5 kV.

8.2, Measures for protection against direct contact
8.2.2.1 Recognjzed protection measures
The following types of protection are recognized:

— protectien_by enclosure;
— protection by barrier;

- rot&ction by obstacle;

protection by placing out of reach.
8.2.2.2 Design of protective measures

Protective barriers can be solid walls, doors or screens (wire mesh) with a minimum height of
1 800 mm to ensure that no part of the body of a person can reach the dangerous zone near
live parts.

Protective obstacles can, for example, be covers, rails, chains and ropes as well as walls, doors
and screens which are less than 1 800 mm high and therefore cannot be considered as
protective barriers.
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Protection by placing out of reach is achieved by placing live parts outside a zone extending
from any surface where persons can usually stand or move about, to the limits which a person
can reach with a hand in any direction (see Clause 7).

Protective facilities used as a protective measure against direct contact, such as walls, covers,
protective obstacles, etc., shall be mechanically robust and securely mounted.

Doors of switchgear 'bay’ or 'cubicle' used as a part of an enclosure shall be designed so that
they can be opened only by using a tool or a key. In areas outside closed electrical operating
areas, these doors shall be provided with safety locks.

MovJabIe, conductive protective facilities shall be secured so that when correctly used

reley
be m
shall

In afeas or rooms accessible to the public, protective facilities shall not be-easily remoV

from

8.2.3
8.2.3

Outdiide the closed electrical operating areas, only protecCtion by enclosure or protectio

placi
Whe

As a
elec
protg

Whe
surfg
7.7.

8.2.3

Insid
obst

Whe
IP2X

ant protective barrier or protective obstacle clearance is maintained; otherwise.they
ade of insulating material. A rail may be removed without the use of a tool. Protective
be rigid.

outside with normal tools.
Protection requirements
A Protection outside of closed electrical operating areas

ng out of reach is allowed.
h protection by enclosure is used, the minimum degree of protection shall be IP2XC.

exception, ventilation openings may be‘such that a straight wire cannot intrude int
rical equipment in such a way that it\causes danger by approaching parts needing
cted from direct contact.

h protection by placing out of\reach is used, the vertical clearances between acces
ces and the parts to be protected from direct contact shall be in accordance with 7.2.7

2 Protection inside closed electrical operating areas

e closed electrical operating areas, protection by enclosure, protective barrier, prote
hcle or placing out of reach is allowed.

h protection by enclosure is used, the degree of protection shall meet the requiremen
in minimum. However, special protection measures to meet danger resulting fron

the
Shall
rails

able

n by

the

be

Sible
and

ctive

ts of
arc

faults-miay be necessary.

When protection by protective barrier is used, see 7.2.2.

When protection by protective obstacle is used, see 7.2.3 and 7.3.

When protection by placing out of reach is used, see 7.2.5 and 7.2.6.

NOTE For more detailed requirements on external fences, transport routes, crossings and access to buildings, etc.,
see Clause 7.

8.2.3.3 Protection during normal operation

The relevant standards for operation of electrical installations should be taken into account.
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Protection measures in an electrical power installation shall take into account the need for

acce

- C

- C

— a

ss for purposes of operation and control and maintenance, e.g.:

ontrol of a circuit-breaker or a disconnector;
hanging a fuse or a lamp;
djusting a setting value of a device;

— resetting a relay or an indicator;

- €

- €

arthing for work;

rection of a temporary insulating shutter;

—

In intallations with U, < 52 kV, where doors or covers have to be opened in order to,earr
normal operation or maintenance, it may be necessary to provide fixed non-conductive rai
a warning.

8.3 | Means to protect persons in case of indirect contact

Measures to be taken for protection in case of indirect contact in order to protect person
given in Clause 10.

8.4 | Means to protect persons working on or near electrical power installations
8.4.1 General

Elecfrical power installations shall be constructed and installed to ensure that the meas

nece
emp

instdllations shall also be taken into account~The working procedures shall be agreed

betw

Whil
com

8.4.2

Elec

installation or sections thereof can be isolated, depending on operating requirements.

This
part

54.1.

Elec

pading the temperature or oil level of a transformer.

oyed. The relevant standards for operation and maintenance of electrical p

een the supplier and user.

5t individual functions are considered in separate subclauses, these functions ca
bined in a single item of equipment.

Electrical equipmentfor isolating installations or apparatus

rical equipment shall be provided by means of which the complete electrical p

may be achieved by disconnectors or switch disconnectors (see 6.2.1 ) or by disconne
of the ipstallation, for example by removing links or cable loops. In the latter case,

out
s as

b are

ures

ssary for the protection of persons working in~or on electrical power installations can be

bwer
ipon

h be

bwer

cting
see

rical power installations or parts of installations which can be energized from se

eral

sources shall be arranged so that all sources can be isolated from points of supply from which
each section or part thereof can be made live.

If the neutral points of several pieces of electrical equipment are connected to a common neutral
bus, it shall be possible to isolate each neutral point individually. This also applies to associated
earth fault coils and resistors. Any required overvoltage protection shall be maintained in
operational condition.

Where electrical equipment may be charged at some voltage following disconnection from the
electrical power installation, for example capacitors, devices shall be provided to discharge the
system/equipment.

Isolating gaps may only be bridged by insulators if leakage currents from the terminal on one

side

to the terminal on the other side are prevented.
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8.4.3 Devices to prevent reclosing of isolating devices

Suitable devices shall be provided to render inoperative the actuating force (i.e. spring force,
air pressure, electrical energy) or the control of power mechanisms used for the operation of
switchgear employed for isolating purposes.

NOTE 1 Itis mandatory in certain countries that these devices are rendered inoperative by suitable locking facilities.

Where removable parts such as fuses or screw-in circuit breakers are used for complete
disconnection and are replaced by screw caps or blank inserts, these caps or inserts shall be
such that they can only be removed using a suitable tool.

Mangally operated switches shall permit the use of mechanical locking devices in Qrder to
prevent reconnection to the system following isolation.

NOTH 2 Where locking of the manually operated switch is not practical, operating procedures ¢an be applled to
prevent reconnection to the system following isolation.

8.4.4 Devices for determining the de-energized state

Devices for determining that the electrical equipment is no longer energized shall be prov|ded,
whele required, considering operational requirements. The extent ©@f such provisions, whefever
practicable, shall be agreed between the supplier and user.

All devices supplied shall permit the de-energized state to be,checked at all points where activity
is to|be done that have previously been live, without dahger for operational persons.

Eithgr fixed equipment (see IEC 62271-206) or porftable devices [see IEC 61243 (all parts)] can
be used to meet this requirement.

8.4.5 Devices for earthing and short-circuiting

Each part of an electrical power instaltation that can be isolated from the system shall be
arramged to enable it to be earthed @nd short-circuited.

Equipment (for example transfarmers or capacitors) shall be provided with a means of earfhing
and ghort-circuiting adjacent_to the equipment. This requirement shall not apply to parts|of a
systém where this is not _practicable or is unsuitable (for example transformers or elecjrical
machines with flange-mounted cable sealing ends or with cable connection boxes). In these
cases, earthing andshort-circuiting shall be effected by the application of circuit main earths at
the gssociated switchgear 'bay' or 'cubicle' on the primary and secondary sides. Normally, it
shodld be possible to earth and short-circuit all sides of a transformer, including neutrals.

The following shall be provided for or supplied as earthing and short-circuiting devices, with the
scope being agreed between the supplier and user:

— earthing switches (preferably fault-making and/or interlocked);

— earthing switch trucks;

— earthing equipment integrated with other switching devices, e.g. circuit-breakers;

— non-guided earthing rods and short-circuiting equipment in accordance with IEC 61230;

— guided earthing rods and short-circuiting equipment in accordance with IEC 61219.

For each part of an electrical power installation, suitably dimensioned and easily accessible
connection points shall be provided on the earthing system and on the live parts for connection
of earthing and short-circuiting equipment. Switchgear 'bay' or 'cubicle' shall be designed so
that connection of the earthing and short-circuiting equipment by hand to the earth terminal

point can be carried out in accordance with the rules for carrying out work in the vicinity of live
parts.
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When earthing and short-circuiting is achieved by remotely controlled earthing switches, the
switch position shall be reliably transmitted to the remote control point.

When earthing is achieved through a load-breaking device having control circuits, all control
circuits of the load-breaking device shall be made inoperative following the application of the
circuit main earth. Inadvertent re-energization of the control circuits shall be prevented.

8.4.6 Equipment acting as protective barriers against adjacent live parts

8.4.6.1 General

All bpundary elements such as walls, floors, etc. shall be constructed according to 7.2 or 1.3.

If wdlls or protective facilities do not exist, the separation to neighbouring switchgear 'bgy' or
‘cubicle' shall respect the appropriate distances.

Measures shall be provided to prevent entering into the danger zone if clearances cann¢t be
maintained for the operation intended. If clearances cannot be maintainedy the electrical ppwer
installation shall have the capability for insertable insulated obstacl€syor barriers to prgvent
reaching the danger zone with body parts, or equipment needed for speration intended shgll be
utilized.

8.4.4.2 Insertable insulated partitions
Inseftable insulated partitions shall meet the following requirements:

a) the edges of insulating shutters shall not be located within the danger zone;
b) gny gaps outside the danger zone shall be:

Q

no more than 10 mm wide without limitation;

no more than 40 mm wide provided the distance from the edge of the shutter t¢ the
danger zone is at least 100 mm;

-4 no more than 100 mm wide,inythe vicinity of disconnector bases.
Insertable insulated partitions:used as protective barriers against live parts shall be part of the

equipment or provided separately in accordance with operational requirements by agreement
between the supplier and user.

Insertable insulated partitions shall be capable of being secured so that their position cgnnot
be afcidentally altered where this would lead to a hazardous condition.

Inseftable insulated partitions used as protective barriers against live parts shall not tou¢h or
be in contact with live parts.

|t ShJ” bU pUDbibIU tU illbta” all\‘dI ITCITNMUVC illbcltdb:U ;Ilbuidtcd }Jdlt;t;ullb vvithuut MTIoUTTS Le|ng
required to enter the danger zone.

NOTE This can be achieved by the type of insulating shutters (for example angled plate, associated insulating rods,
suitable operating rods) or by the installation (for example guide rails).

8.4.6.3 Insertable partition walls

For electrical power installations without permanently installed partition walls, suitable
insertable partition walls should be provided to isolate adjacent live switchgear 'bay' or 'cubicle’
in accordance with the operational requirements. When required, the extent shall be agreed
upon between the supplier and user.

Insertable partition walls which enter the danger zone during installation or removal, or which
lie within the danger zone when fitted, shall meet the requirement for mobile insulating plates.


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 © IEC 2021 -71 -

Insertable insulated partition walls used as protective barriers against live parts shall not touch
or be in contact with live parts.

8.4.7 Storage of personal protection equipment

If personal protection equipment is to be stored in the electrical power installation, a place shall
be provided for this purpose where the equipment is protected from humidity, dirt and damage
whilst remaining readily accessible to operational persons.

8.5 Protection from danger resulting from arc fault

EIechicaI power installations shall be designed and installed so that persons are protectdd as
far ap practical from arc faults during operation.

The following list of measures to protect against dangers resulting from arc fault,shall serJe as
a gyide in the design and construction of electrical power installations.C\he degree of
impdrtance of these measures shall be agreed upon between the supplier and-user.
a) Rrotection against operating error, established, for example, by meafs of the following:
- load break switches instead of disconnectors;

- short-circuit rated fault-making switches;

- interlocks;

- non-interchangeable key locks.

b) @perating aisles as short, high and wide as possible‘(see 7.5).
c) $olid covers as an enclosure or protective barriertinstead of perforated covers or wire mesh.

Blectrical equipment tested to withstand internal arc fault instead of open-type equipment
(e.g. IEC 62271-200, IEC 62271-203).
y:
i

rc products to be directed away from\operating persons, and vented outside the builfling,
if necessary. The design shall neitherimpair nor impede this function.

f) UWse of current-limiting devices.

g) Very short tripping time; achievable by instantaneous relays or by devices sensitiye to
ressure, light or heat.

revention of re.energization by use of non-resettable devices which detect intg¢rnal

H
h) @peration from a safe distance, e.g. remote control.
R
glectrical equipment faults, enable pressure relief and provide an external indication.

i) Minimization.of\impact to critical equipment.

8.6 | Protection against direct lightning strokes

Different\methods of analysis are available. The method to be used shall be agreed tipon
betwjeen'the supplier and user.

The user shall select the level of protection to be achieved, depending on the reliability level
required, and the protection method to be used.

NOTE 1 For calculation methods, see for example either Annex E or IEEE Guide 998.

Lightning rods and shield wires shall be earthed.

It is not necessary to equip a steel structure with a separate earthing conductor where it
provides a suitable path for the lightning current itself.

Shield wires shall be connected to the steel structure or earthing conductor to ensure that the
lightning current flows to earth. For buildings and similar structures, IEC 62305 (all parts)
applies.
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For associated standards, IEC 62305-4 should be referred to.

NOTE 2 For technical and economic reasons, damage resulting from lightning strokes cannot be fully prevented.
8.7 Protection against fire
8.7.1 General

Provincial, national or regional regulations normally exist regarding fire protection.

Fire hazard and fire risk of electrical equipment is separated into two categories: fire victim and

fire prigim—Precautionrs—foreach tategory shoutd—be—takermimto—accoumnt—mthe—imstattation
requjrements.

a) Rrecautions to fire victim:

i] space separation from origin of fire;

i) flame propagation prevention:

— physical layout of the substation,

— liquid containment,

— fire barriers (e.g. fire walls with fire resistance of minimém 60 minutes),
— extinguishing system.

b) Rrecautions to fire origin:

electrical protection;
i) thermal protection;

iili) pressure protection;

) non-combustible materials.

The pser of the electrical power installation*shall specify any requirements for fire extinguighing
equipment. The precautions to personal-safety depending on the fire suppression system ghall
be opserved.

The |lescape and rescue pathsiand the emergency exits shall be usable in the event of fire
(see|7.1.7).

The pser of the electrical power installation shall specify any requirement for fire extinguighing
equipment.

Automatic devices to protect against equipment burning due to severe overheating, overlogding
and faults_(internal/external) shall be provided, depending on the size and significance of the
electrical power installation.

Equipment n which there 1s a poiential for sparks, arcing, explosion or high temperature, for
example electrical machines, transformers, resistors, switches and fuses, shall not be used in
operating area subject to fire hazard unless the construction of this equipment is such that
flammable materials cannot be ignited by them.

If this cannot be ensured, special precautions, for example fire walls, fire-resistant separations,
vaults, enclosures and containment, are necessary.

Consideration should be given to separating different sections of switchgear by fire walls. This
can be achieved by means of bus ducts which penetrate the fire wall and which connect the
sections of the switchgear together.

NOTE For prevention of fire propagation in ventilation, see 7.5.7. For low voltage equipment, guidance can be found
in IEC TR 63054.
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8.7.2 Transformers, reactors

8.7.21 General

In 8.7.2.1 to 8.7.2.6 the word 'transformer' represents 'transformers and reactors’.

For

the identification of coolant types, see 6.2.2.

IEC 61039 classifies insulating liquids according to fire point and net calorific value (heat of
combustion). IEC 60076-11 classifies dry-type transformers in terms of their behaviour when

exp

osed to fire.

The fire hazard associated with transformers of outdoor and indoor electrical power installations

is dgpendent on the rating of the equipment, the volume and type of insulating mediums|, the

typeland proximity and exposure of nearby equipment and structures. The use of‘one or T:ore
s

recofinized safeguard measures shall be used in accordance with the evaluation-of the ri

NOTH For definition of risk, see ISO/IEC Guide 51.

Common sumps or catchment tanks, if required, for several transformers shall be arrangdd so

that p fire in one transformer cannot spread to another.

The [same applies to individual sumps which are connected.fe’ the catchment tanks of ¢ther
trangformers; crushed stone layers, fire protection gratings. or pipes filled with fluid car, for

exa
esC

8.7.3.2 Outdoor electrical power installations

mple, be used for this purpose. Arrangements which tend to minimize the fire hazard df the
aped fluid are preferred.

The |ayout of an outdoor electrical power installation shall be such that burning of a transfofmer
with|a liquid volume equal to or more than 1 000 | will not cause a fire hazard to ¢ther
trangformers or objects, with the exception of those directly associated with the transfoqmer.

For

inT

1his purpose, adequate clearancesy G, and G,, shall be necessary. Guide values are given
ble 4. Where transformers with’ a liquid volume below 1 000 | are installed near walls of

combustible material, special fire'precautions may be necessary, depending on the naturg and

the

If a
can

The reduction ©f-distances G and G, shall be agreed upon between the supplier and usef.

yse of the building.

utomatically activated fire extinguishing equipment is installed, the clearances G anfd G,
be reduced.

If it |is ,not ‘possible to allow for adequate clearance as indicated in Table 4, fire-resigtant

sep

a)

b)

e‘rating walls with the following dimensions shall be provided:

between transformers (see Figure 6) separating walls. For example EIl 60:

— height H: higher than or equal to top of the expansion chamber (if any), otherwise the
top of the transformer tank;

— length L: longer than or equal to longest part of the sump width/length (in the case of a
dry-type transformer, the width or length of the transformer, depending upon the
direction of the transformer);

between transformers and buildings separating walls. For example EIl 60; if additional fire
separating wall is not provided, fire rating of the building wall should be increased, for
example REI 90 (see Figure 7).

NOTE 1 REI represents the bearing system (wall) whereas EIl represents the non-load bearing system (wall) where

R is

the load bearing capacity, E is the fire integrity, | is the thermal insulation and 60/90 refers to fire resistance

duration in minutes.
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Table 4 — Guide values for outdoor transformer clearances

Transformer type Liquid volume Clearance G, to other Clearance G, to building
transformers or building | surface of combustible
surface of non- material
combustible material
| m m
Oil insulated transformers 1000<..<2000 3 7,5
o
©) 2000<...<20000 5 10
20000 = ... <45 000 10 20
245 000 15 30
Less|flammable liquid 1000<=<..=<38000 1,5 7,5
insulpted transformers (K)
withqut enhanced protection > 38 000 4,5 15

Less|flammable liquid Clearance G, to building surface or adjacent transformers
insulpted transformers (K)
with pnhanced protection Horizontal Vertical
m m
0,9 1,5
Dry-fype transformers (A) Fire behaviour class Clearance G, to building surfacejor
adjacent transformers
Horizontal Verticall
m m
FO 1,5 3,0
F1 None None
a) Bnhanced protection means
- tank rupture strength,
- tank pressure relief,
- low-current fault protection,
- high-current fault protection.
Hor examples of enhanced ,proetection, see FM Global Data Sheets 5-4, Property Loss Prevention| and
IEC 60076-13.
b) ufficient space should«be allowed for periodic cleaning of resin-encapsulated transformer windings, in ¢rder
tp prevent possible electrical faults and fire hazard caused by deposited atmospheric pollution.
c) Non-combustibleymatérials may be chosen in accordance with EN 13501-1.
d) Hor transformeér_ type "less flammable liquid insulated transformers (K) with enhanced protection" and "dryjtype
transformersy\(A)", the clearance G, is the minimum direct distance to building surfaces of either |non-
combustible or combustible materials.
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Y I . A
Minimum fire resiStance 60 minutes for the separating wall (El 60) EC

Key
B, Lgngth of transformer sump
B, Wjdth of transformer sump

H Hegight of fire-resistant separating wall

H, Hgight of the transformer expansion chamber (if any) or transformer tank of the higher transformer
H, Hgight of the transformer expansion chamber (if any) or transformer tank of the lower transformer

L Lgngth of fife-resistant separating wall

Figure 6 — Separating walls between transformers
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a) Fire protection between transformer and
building surface of non-combustible material
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\
Outdoor NEE b A Indoor

» <
>

<G,and > G,

o
SO0
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IEC

b) Fire protection between transformer and

Sector a
Sector b
Sector ¢

building surface of combustible material

Clearance to other transformers or building surface of non-combustible material, see Table 4
Clearance to building surface of combustible material, see Table 4

The wall in this area is designed with a minimum fire resistance of 90 minutes (REI 90)
The wall in this area is designed with non-combustible materials
No fire protection requirements

NOTE Due to the risk of vertical fire spread, sector ¢ exists only in the horizontal direction.

Figure 7 — Fire protection between transformer and building
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8.7.2.3 Indoor electrical power installation in closed electrical operating areas

Minimum requirements for the electrical power installation of indoor transformers are given in
Table 5.

Table 5 — Minimum requirements for the installation of indoor transformers

Transformer type Class Safeguards
Oil insulated transformers Liquid volume
o}
©) <1000I El 60 / REI 60
El 90 / REI 90 or
10001=<..<5000I
El 60 / REI 60 and fire extinguishing unit
El 120 / REI 120 or
=5 000 I
El 90 / REI 90 and fire extinguishing unit
Less|flammable liquid Nominal power/max.
insulpted transformers (K) voltage
Withput enhanced protection (no restriction) El 60 / REI 60 or automatie,sprinkler protection
With|enhanced protection <10 MVA and El 60 / REI 60 or separation distances
U, s38kV 1,5 m horizontally and 3,0 m vertically
Dry-fype transformer (A) Fire behaviour class
Fo El 60 / REF60 or separation distances
0,9 m horizontally and 1,5 m vertically
F1 Nonseombustible walls
a) HEI represents the bearing system (wall) whereas El represents the non-load bearing system (wall) wherg R is
the load bearing capacity, E is the fire integrity, | is thejthermal insulation and 60/90 refers to fire resistance
duration in minutes.
b) DQefinitions of fire resistance are given in EN 13501-2.
c) Hnhanced protection means
- tank rupture strength,
- tank pressure relief,
- low-current fault protection,
- high-current fault protectian.
Hor an example of enhanged protection, see Factory Mutual Global standard 3990 and IEC 60076-13.
d) Yufficient space shouldbe allowed for periodic cleaning of resin-encapsulated transformer windings, in ¢rder
tp prevent possible(electrical faults and fire hazard caused by deposited atmospheric pollution.
Dooirs shallshave a fire resistance of at least 60 minutes. Doors which open to the outsid¢ are

8.7.2.4 Indoor electrical power installations in industrial buildings

For all transformers in industrial buildings, fast-acting protective devices which provide
immediate automatic interruption in the event of failure are necessary.

Tran

sformers with coolant type O require the same provisions as in 8.7.2.3.

For all other liquid-immersed transformers, no special arrangements in respect of fire protection
are required, except for the provisions for liquid retention in case of leakage and the provision
of portable fire extinguishing apparatus suitable for electrical equipment.
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Dry-type transformers (A) require the selection of the correct fire behaviour class depending on
the activity of the industry and on the material present in the surroundings. Fire extinguishing
provisions are advisable, particularly for class FO.

NOTE For all transformers in industrial buildings, additional fire precautions can be necessary, depending on the
nature and use of the building.

8.7.2.5 Indoor electrical power installations in buildings which are permanently
occupied by persons

Provincial, national or regional fire protection regulations may exist for special conditions in
public_ar residential buildings

8.7.2.6 Fire in the vicinity of transformers

If thgre is an exceptional risk of the transformer being exposed to external fire, eyaluation ghall
be glven to:

re-resistant separating walls;

f
— (das-tight vessels capable of withstanding the internal pressure generated,;
dontrolled release of the hot liquid;

f

re extinguishing systems.
8.7.3 Cables

The danger of the spread of fire and its consequences shall be reduced, as far as possiblg, by
selegting suitable cables and by the method of instalfation.

The fables shall be assessed by reference to the following categories:

ables without particular fire performance characteristics;

ables (single) with resistance to flame propagation [IEC 60332 (all parts)];
ables (bunched) with resistancé)to flame propagation [IEC 60332 (all parts)];
ables with low emission of smoke (IEC 61034-1);

ables with low emission_of acidic and corrosive gases [IEC 60754 (all parts)];
ables with fire-resisting characteristics (IEC 60331-21 or IEC 60331-1).
Cables in trenches @nd buildings shall be laid in such a way that the regulations regarding fire

safely of the building are not adversely affected. For example, to avoid fire propagation, Holes
throygh which4he cables go from one room to another shall be sealed with suitable materjal.

A physical separation or different routing of power circuits from the control circuits for high-

voltage equipment is recommended if it is necessary to preserve the integrity of the IattTr as
|ong as Innccihlp fnllnwing dnmngp to the power circuits

Where necessary, a fire alarm and fire extinguishing systems shall be installed in cable tunnels
and in cable racks in the basement of control buildings.

8.7.4 Other equipment with flammable liquid

For all electrical equipment, such as switchgear which contains more than 100 | of flammable
liquid in each separate compartment, special fire precautions as specified for transformers may
be necessary, depending on the nature and use of the electrical power installation and its
location.
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8.8 Protection against leakage of insulating liquid and SFg

8.8.1 Insulating liquid leakage and subsoil water protection
8.8.1.1 General

Measures shall be taken to contain any leakage from liquid-immersed equipment so as to
prevent environmental damage. Provincial, national or regional regulations may specify the
minimum quantity of liquid contained in an equipment for which containment is required. As a
guideline, where no provincial, national or regional regulations exist, containment should be

provided around liquid-immersed equipment containing more than 1 0001 (according to
IEE Qon 2 AN 1)

JOUTT = OUUTT)T

In all cases, local regulations should be taken into account and approvals obtained when
requjred.

8.8.1.2 Containment for indoor equipment

In infoor electrical power installations, spills of insulating liquid may be €gntained by prov|ding
impgrmeable floors with thresholds around the area where the equipment is located qr by
collecting the spilled liquid in a designated holding area in the building (see Figure 8).

The yolume of the insulating liquid in the equipment as well as.any volume of water dischagging
from|a fire protection system shall be considered when selécting height of threshold or volume
of thp holding area.

Threshold

IEC

NOTH The dofted.area denotes the volume of the entire quantity of insulating fluid of the transformer spilled ¢n the
floor.

Figure-8 — Example for small transformers without gravel layer and catchment tank

8.8.1.3 Containment for outdoor equipment

The quantity of insulating liquid in electrical equipment, such as transformer, the volume of
water from rain and fire protection systems, the proximity to water courses and soil conditions
shall be considered in the selection of a containment system.

NOTE 1 Containments (sumps) around liquid immersed equipment and/or holding tanks (catchment tanks) are
extensively used to prevent escape into the environment of insulating liquid from equipment.

Containments and holding tanks, where provided, may be designed and arranged as follows:

— tanks;
— sump with integrated catchment tank for the entire quantity of fluid (Figure 9);
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sump with separate catchment tank. Where there are several sumps, the drain pipes may
lead to a common catchment tank; this common catchment tank shall then be capable of
holding the fluids of the largest transformer (Figure 10);

sump with integrated common catchment tank for several transformers, capable of holding
the fluids of the largest transformer (Figure 11).

The walls and the associated pipings of sumps and catchment tanks shall be impermeable to

liqu

id.

The capacity of the sumps/catchment tanks for insulating and cooling fluids shall not be unduly

reduced by water flowing in It shall be possible to drain or to draw off the water

A simple device indicating the level of liquid is recommended.

Attemtion should be paid to the danger of frost.

The [following additional measures shall be taken for protection of waterways and of grpund

watelr:

For

the egress of insulating and cooling fluid from the sump/tank/fleor arrangement shd|ll be
revented (for exceptions, see 8.8.1.1);

rained water shall pass through devices for separating.the fluids; for this purpose, |their
pecific weights shall be taken into account.

butdoor electrical power installations, it is recommended that the length and width of the

sump be equal to the length and width of the liquid=filled part of the transformer plus 20 [% of

the

uppsqr level of the containment on each side.

distance between the highest point of the transformer (including the conservator) and the

NOTH 2 IEEE 980 recommends that the spill contaifment extends a minimum 1 500 mm beyond any liquidffilled

part

of the equipment.

NOTH 3 Examples of oil/water separator can be found in CIGRE Technical Brochure 537, Guide for Transfprmer

Fire

Provjncial, national or regionalNlegislation may exist.

Key

Yafety Practices.

b IEC

a Containment: the entire quantity of fluid of the transformer plus water from rain and fire protection systems
b For information concerning fire protection gratings or fire blocking outlets, see 8.7.2

Figure 9 — Sump with integrated catchment tank
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4
To catchment tank

IEC

Key
a Containment: minimum 20 % of the fluid from the transformer

b Fgr information concerning fire protection gratings or fire blocking outlets \see 8.7.2

Figure 10 — Sump with separate catchment tank

IEC

Key

a Containment outdoor: the entire quantity of fluid of the largest transformer plus water from rain and fire protection
systems

Containment indoor: the entire quantity of fluid of the largest transformer

b For information concerning fire protection gratings or fire blocking outlets, see 8.7.2

Figure 11 — Sump with integrated common catchment tank

8.8.2  SFg leakage

Recommendations for use and handling of SFg gas are given in IEC 62271-4 and IEC 60376.
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To cover the unlikely event of an abnormal leakage, ventilation shall be provided in the
switchgear room and in other accessible locations where the accumulation of gas may present
a hazard. In case of outdoor electrical power installation, no special precautions are needed.

In rooms with SFg equipment which are above ground, natural venting is sufficient if the gas

volume of the largest compartment at atmospheric pressure does not exceed 10 % of the
volume of the accessible switchgear room. If this demand cannot be fulfilled, mechanical
ventilation shall be installed.

In rooms with SFg equipment which are below ground on all sides, mechanical ventilation shall
be providedifgas quamntities which pose am mtoferabte Tiskto the heatthandsafety of persons
are gapable of collecting in terms of gas quantity versus size of the room.

Chambers, ducts, pits, shafts, etc., situated below SFg installation rooms and iconnectgd to
them, shall have the possibility of being ventilated.

To guarantee that no thermal decomposition of SFg present in the atmosphere can occur, the
folloying provisions shall be made:

— no parts of any equipment installed in the switchgear room whichyare in contact with air ghall
xceed a temperature of 200 °C;

- hen filling of equipment is carried out during erection " on site (not sealed systgms),
easures should be taken to prevent smoking, open. fite and welding in the working areas.

For maximum SFg concentration, national regulations'should be considered.

NOTH The use of other insulating gases is under consideration.

8.8.3 Failure with loss of SFg and its decomposition products

Recommendations for failures with 1088 of SFg and its decomposition products are given in
IEC p2271-4 and IEC 60480.

NOTH Guidance has been issued-by»€IGRE Report 23-03.
8.9 | Identification and marking

8.9.1 General

elecftrical powerf installation shall be applied. This is to avoid incorrect operation, human grror,

Cleai identification*and unambiguous marking in languages necessary for the operation of the
accidents, éte’ while operation and maintenance are carried out (see also 7.1.8).

The Jangtage of the identification and marking shall be agreed upon between the supplieq and
user.

For clear identification, installed electrical equipment may require more than one marking
depending on its access, such as equipment with rear access.

Signs, boards and notices shall be made of durable and non-corrosive material and printed with
indelible characters.

A single line diagram shall be easily accessible within the electrical power installation. In
installations where a mimic diagram is visible from one single viewpoint and gives the equivalent
information, a single line diagram is not necessary.

The operational state of switchgear and controlgear shall be clearly shown by indicators except
when the main contacts can clearly be viewed by the operator.
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Cable terminations and components shall be identified. Relevant details making identification

poss

ible in accordance with a wiring list or diagram shall be provided.

8.9.2 Information plates and warning plates

In closed electrical operating areas and in industrial buildings, all electrical equipment rooms
shall be provided, on the outside of the room and on each access door, with necessary

infor

mation identifying the room and pointing out any hazards.

The colours and contrasting colours shall comply with IEC standards. Provincial, national or
regional leqgislation may exist.

8.9.3

All 3
mast
sign

The

8.9.4

The

8.9.9

Eme
com

8.9.6
The

placs

9

9.1

The
protg
injur

Cons

Electrical hazard warning

ccess doors to closed electrical operating areas, all sides of outer perimeter. fences
s, poles and towers with a transformer or switching device shall be provided With a wa

5igns shall comply with IEC standards. Provincial, national or regionallegislation may ¢

Electrical power installations with incorporated capacitors

capacitors shall be provided with a warning label indicating the discharge time.

Emergency signs for emergency exits

rgency exits shall be indicated by the appropriate safety warning sign. The signs
bly with IEC standards. Provincial, nationaliopregional legislation may exist.

Cable identification marks
bosition where cables enter buildings should be identified. Identification marks shall n

bd on removable covers or doors that could be interchanged.

Protection, automation*and auxiliary systems

Protection systems
design of the ‘electrical power installation shall include the selection and provisig

ction systems for the correct and safe functioning of the system and to prevent dam
y or loss-af.life, and disruption to electricity supply.

ideration should be given for protection against the following effects:

and
ning

xist.

shall

bt be

n of
age,

- 0
- 0
- u

- u

ercurrent, short=circuitand earth fault;
verload and thermal effect;

vervoltage;

ndervoltage;

nderfrequency.

Protection coordination studies shall be conducted as agreed between the supplier and user in
order to determine the setting of protective devices. Back-up protection shall be considered for
short-circuit protection and also for earth fault protection when clearing of earth faults is
required.
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Low-frequency conditions generally indicate power system problems. For installations supplied
by a power system, low-frequency disconnection devices may be required in accordance with
local regulations or power system requirements. For installations having their own independent
power supply, consideration should be given to implementing load shedding to prevent total
loss of power during disturbances.

Investigations shall be performed to determine possible overvoltages during operating
conditions. Protection shall be installed where overvoltages may exceed tolerance limits of the
installed electrical equipment.

The effects of undervoltages on the operation of electrical equipment shall be considered.
Devites to detect undervoltages shall be provided where necessary in order to initiate automatic
trangfers to an alternative supply, or to disconnect the equipment to prevent incorrect«operation
or dgmage from occurring.

Inteqrated control and protection apparatus/equipment may be used provided that'the protegtion
functions are functionally independent of the control functions, i.e. failure,or'mal-operati¢n of
the qontrol features will not impair operation of the protection system.

9.2 | Automation systems

Mon{toring, protection, regulating and control devices shall bg provided, as necessary, fof the
correct and safe functioning of the electric system.

Automatic devices, designed to offer selectivity and guick operation, shall provide proteftion
against the effects of unacceptable overload and intérnhal and external faults appropriate tp the
size fand significance of electrical power installation.

Electirical equipment of the automation system/shall comply with the severity class defingd in
IEC 0255 (all parts)] corresponding to the part of the electrical power installation in which it is
locafed.

Facilities shall be provided for isoldting the control circuit of each primary switching equipnent
or egch switchgear 'bay' or 'cubjele' in order to allow maintenance of high-voltage equipment to
be performed safely.

Provjsion shall be made\to allow for repair, maintenance, and/or testing to be carried odit on
protgction and control devices without any danger to persons or the equipment.

Control circuitsyand signalling circuits shall, preferably, be functionally separated. Trigping
signals shall/bé.displayed on the protection panel if it exists.

Alarm and/fault-indicating equipment shall clearly indicate danger and fault conditions; seyeral
signals.,ean be combined as a common signal to be transmitted to a remote control point.

The control equipment and system, including cables and cords, shall be designed and installed
to minimize the possibility of damage to the connected electrical equipment due to electro-
magnetic interference. Basic rules are given in 9.4.

The control equipment and system, including cables and cords, shall be designed and installed
in such a way that they minimize the danger from operating failure, inadvertent operation or
incorrect information. In meeting this requirement, influences such as voltage dips, supply
failure, insulation faults and electromagnetic interference effects shall be taken into account.

The actuating elements for the control of a switchgear shall be designed and installed in such
a way that accidental actuation is avoided.
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Where a remote control is available, local/remote control selection shall be provided at the local
operating position (i.e. at or in the close vicinity of the switches).

The control circuit of switching devices operated remotely or automatically shall be provided
with suitable means near the device to prevent accidental operation during maintenance or
repair.

When required, the monitoring and control system shall implement load shedding, emergency
shut down, automatic transfer and network reconfiguration, motor re-acceleration and re-
starting, etc. in order to maintain safe operating conditions during electrical system
disturbances

For gafety reasons, it is recommended that hard-wired interfaces to process control.éguipment
be designed such that maintenance of the process control circuits can be carried ‘out without
accelssing high-voltage equipment, for example by using interposing relaysnjinstalled |in a
sepqrate cubicle.

9.3 | Auxiliary systems
9.3.1 AC and DC supply circuits
9.3.1.1 General

Auxiliary power supply systems shall be designed for the-permitted voltage fluctuation range
and [suitable power capacity which is required by th€, equipment for control and aux]liary
systems.

Low-{voltage AC and DC systems shall be designéd in accordance with IEC 60364 (all par{s).

Auxiliary distribution boards shall be provided to separate and protect the various aux]liary
circdits.

A voltage loss or failure in the supply circuit should initiate a signal to a control location.

Auxiliary power supplies may-be categorized into essential and non-essential groups. Essgntial
supplies should be continuously available without any interruption, whereas non-essential pnes
may |be subject to interruptions.

9.3.1.2 AC supply

For AC auxiligry~-power supplies belonging to the essential group, such as the supplies|to a
computerized_control system, or the supplies to any electrical equipment whose interruption
might cause a hazardous condition after a transient loss of power, the provision of a suifable
UPS| (uninterruptible power supply) is recommended.

Some equipment (e.g. SFg-breaker heaters) may require the provision of changeover power
supplies.

9.3.1.3 DC supply

DC supply units shall be capable of supplying power to all permanent DC loads and to the loads
associated with essential operations. This may be achieved by choosing an appropriate number
of independent units of sufficient capacities.

It is recommended that DC supply units such as batteries and chargers be provided with
instruments for monitoring voltage and current.
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DC batteries shall be sized to provide power for operation of an electrical power installation
during total loss of AC station services.

Sizing of batteries shall be based on either the most probable duration of AC station services
or the worst-case scenarios that might cause a total loss of AC station services (i.e. total
blackout, fault on a major bus in the installation, etc.). This is subject to an agreement between
the user and supplier. As a minimum, the DC batteries shall have enough capacity to trip
breakers and switches at the beginning of the discharge period, to supply power to the
continuous DC load and to close the elements of the installation that will restore AC services.

Battery banks with exposed live parts shall be kept in a room or cubicle accessible only to

authprized persons.

Batteéry rooms or cubicles shall be dry and adequately ventilated to limit hydrogen aceumulgtion.
Allowable hydrogen levels and recommended number of air changes maycbe subjeg¢t to
prov|ncial, national or regional legislation.

An ejasy means of escape from battery rooms shall be provided. Eyewash’stations or pergonal
protgctive equipment shall be provided, preferably located outside the battery room and ¢lose
to the battery room door.

Batt¢ry banks shall preferably be isolated from control roomst6 prevent the spread of fymes
and {o prevent accidental contact.

Wherfe the risk of explosion cannot be avoided, explosion-protected equipment shall be usgd in
accordance with IEC 60079-0.

The fisk of explosion due to combustion of gas mixtures in the presence of an open flanje or
glowjng parts shall be indicated by means of.corrosion-resistant, legible signs of suitable $ize.

Notwithstanding the ventilation provided, rooms containing open type lead batteries shg{l be
conslidered as locations with corrosive environments. Walls, ceilings and floors shall meeft the
requjrements for protection against-Corrosion and gaseous products. Means shall be proyided
to prevent corrosive substances from entering any drainage systems.

9.3.2 Compressed air systems

Compressed air systems shall be designed to comply with the appropriate legislative fules
regarding pressure vessels and pressurized systems.

Instruments (and alarms shall be provided to ensure safe and reliable operation ofl the
compressed-air system.

The campressed air system shall he capable of praviding air of relative humidity appropridte to
the type and operating pressure of the electrical equipment to be supplied under all
environmental conditions. Where necessary, drying equipment shall be provided.

Compressed air systems shall be designed so that water can be drained from all receivers or
other points where it may collect during operation.

The compressed air system shall be designed to operate at its maximum and minimum capacity
over the full range of environmental conditions to be expected for the associated switchgear
and/or system. Adequate compressor cooling shall be provided as well as suitable protection
to allow intermittent operation under freezing conditions.

Pressure vessels and pipelines shall be protected against corrosion internally and externally.
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The function of various components of the compressed air system shall be clearly indicated on
this equipment. Different pressures shall be identified on pipework, vessels and diagrams by a
method acceptable to the user.

The compressed air system shall be provided with sufficient points of isolation and drainage to
allow sectionalization for maintenance in accordance with the operating and safety rules of the
user.

Pipes which are permanently under pressure shall be protected against damage due to direct
arcing.

All

9.3

Whe

the
the

vacuum level and refilling to the highest filling pressure specified by the manufacturer.
design and capacity of the SFg gas service unit shall be determined by agreement betwee

supplier and user.

The [SFg gas service unit shall also be capable of extracting air at atmospheric pressure

the

unit shall be capable of returning gas to the electrical equipment and recycling used gas thr
filterp.

NOTH Guidance on handling of plants containing, SF is given in IEC 60480 and IEC 62271-4.

9.3

The hydrogen-cooled generatory’synchronous condenser or any other high-voltage equip
and [ts hydrogen cooling systém shall be installed in the following way.

9.4
9.4

.3 SFg gas handling plants

4 Hydrogen handling plants

ged so that they are safely accessible.

primary equipment. This SFg gas service unit shall be capable, b evacuating and st
argest quantity of gas specified and of evacuating the largést volume specified tq

largest volume specified to the vacuum level specified by the manufacturer. The gas se

Tlhe structure of thesgenerator or synchronous condenser and its hydrogen cooling sy
hall be leak-tight\and capable of preventing the mixture of hydrogen and air.

he generator,.synchronous condenser, hydrogen pipes, valves and other fittings in
ydrogen system shall be capable of withstanding the explosion of hydrogen at atmosp
ressuret

c'l:mtrols of the compressed air system which have to be used during operation shalll be
arra

e SFg gas has to be handled and retrieved, a SFg gas service unit shall be provid¢d to
trangfer SFg gas to and from gas-filled electrical equipment in order to,permit maintenand

e on
bring
the

The
N the

from
'vice
bugh

ment

stem

the
heric

he, generator plant shall be provided with a device through which hydrogen gas can be

ufged to the open air safely when hydrogen leaks out from the generator shaft seal.

A device capable of introducing hydrogen safely into the generator or synchronous
condenser and also a device capable of expelling hydrogen safely out of the generator or

synchronous condenser shall be installed.

An instrument shall be provided which detects abnormal conditions of the electrical

equipment and gives a warning.

Basic rules for electromagnetic compatibility of control systems

1 General

Subclause 9.4 deals with the protection of control circuits against electromagnetic interference.
See also0 4.2.10.
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9.4.2 Electrical noise sources in electrical power installations

Interferences may be transmitted into electrical power installations by means of conduction,
capacitive coupling, induction or radiation.

a)

Prot¢ction against interference is based on two general principlés:

9.4.3 Measures to be taken to reduce the effects of high frequency interference

The recommendations listed below (non-exhaustive) will reduce the effects of high frequ
elecfromagnetic interference:

High frequency interferences are produced by
— switching in primary circuits;

— lightning strokes on overhead lines or on grounded components of electrical power

installations;
— operation of surge arresters, in particular those with air gaps;

- switching in secondary circuits;

-{ high frequency radio transmitters;

-{ electrostatic discharges.

Uow frequency interferences are produced by
- short-circuits;

- earth faults;

- electromagnetic fields generated by equipment (busbars, power cables, reactar
transformers, etc.).

reduction of the penetration of electromagnetic fields,into the electrical equipment;

gstablishment of equal potential between every piece of equipment and the earthing syg

quitable construction of instrument transformers (voltage transformers, cu
tfansformers), effective shielding between primary and secondary winding, testing of
ffequency transmission behayiour;
A

rotection against lightning-'strokes;

improvement of the earthing system and earthing connections (see 10.3.3);
ghielding of secordary circuit cables:

— shields should be continuous;

- shields¢éshould have a low resistance (a few ohms per kilometre);

- shields’should have a low coupling impedance within the interference frequency ra

- earthing of the shields should be as short as possible;

ces,

tem.

Ency

rrent
high

nge;

thae shialds shaould be earthed at both ends and intermediate naoints whaera naossibhle
tHHe-SHHeEGS——ShH a1 e oatbotHh—-ehasSahRcHeHRecHatse HAHS W64

Ll
ot 14 pPoootote

— the shields should be earthed at their entry to the control cabinets so that the currents
circulating in the shields do not affect the unshielded circuits. Connections should

preferably be circular by using suitable cable glands or a welding procedure;

grouping of circuits: in order to reduce the differential mode overvoltages, the incoming and
outgoing wires associated to a same function should be grouped within the same cable.

As far as possible, control cables should be segregated from other cables.

9.4.4 Measures to be taken to reduce the effects of low frequency interference

The recommendations listed below are the most important ones for reducing the effects of low-
frequency electromagnetic interference.
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a) Measures concerning cable laying:
— separation of control cables from power cables by using spacing or different routes;

— power cables in trefoil formation should be preferred to a flat formation;
— as far as possible, cable routes should not be parallel to bus bars or power cables;

— control cables should be laid away from inductances and single-phase transformers

b) Measures concerning the circuit arrangement:

— loops should be avoided,;

c) Twisted pairs cables are recommended for low level signals.

9.4.5 Measures related to the selection of electrical equipment

The

- parallel connection of two coils located in separate cubicles should be avqided;

be avoided;

have to be used, they should be laid in the same route.

for DC auxiliary supply circuits, a radial configuration is preferable to a ring configuration;
- the protection of two different DC circuits by the same miniature circuit-breaker sHould

- all wires of the same circuit should be located in the same cable. When-different cgbles

electrical power installation shall be divided into different zones, each of them
corrgsponding to a specific class of environment.

In edch zone, electrical equipment shall be selected in accordance with the associated clags of

envi

onment.

Whefe necessary the following measures shallcbg*taken in the internal circuitry of the cgntrol

system:
a) metallic isolation of the 1/0 signal circuits;
b) ipstallation of filters on auxiliary paower supply circuits;
c) ipstallation of voltage-limiting dévices such as:
- capacitor or RC circuits;
- low voltage surge arresters;
- zener diodes or yaristors;
- transient-voltage-suppression (TVS) diodes.
Thege devices shall be installed inside the protection and control equipment.
The following additional measures concern gas-insulated switchgear:
d) donnection of concrete reinforcement grids to the earthing system at various pg
speciatty i the floor (See Ctause 107;
e) adequate earthing for power frequency and transient effects at the GIS/air-bushings

f)

GIS-tubes. This is achieved by multiple connections between the enclosure and the buil

ints,

and
ding

wall (to the reinforcement grid or metallic cladding) and multiple connections between the

wall and earthing system;

adequate design and testing of secondary equipment concerning their immunity against

electrical transients.
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9.4

.6 Other possible measures to reduce the effects of interference

The following recommendations supplement, when applicable, the measures listed in 9.4.5:

10

10.
Thi

earthing system such that it operates under all conditions and ensures the safety of huma
in any place to which persons have legitimate access. It also provides the criteria to ensure
ntegrity of electrical equipment connected and in proximity to thehearthing system is

the
ma

10.
10.

The hazard to human beings is that a current will flow thraugh the region of the heart whi

suf

derijed from the appropriate curve in IEC 60479-1~This body current limit is translated
voltdge limits for comparison with the calculated.step and touch voltages taking into acg

the

It shill also be recognized that fault occurrence, fault current magnitude, fault duration
presgnce of human beings are probabilistic in nature.

The |earthing desigh-parameters (relevant fundamental requirements, e.g. fault current,
duration) shall be-agreed between the supplier and user.

For glectrical power installation design, the curve shown in Figure 12 is calculated accordi

the

installation of control cables in metallic cable ducts is recommended. Continuity
earthing of ducts should be ensured along their whole length;

where possible, cables should be installed along metallic surfaces;
optical fibre cables should be used with appropriate equipment.

Earthing systems

and

1| General

s|Clause 10 provides the criteria for design, installation, testing and maintgnance ¢

intained.

2| Fundamental requirements

2[1 Safety criteria

ficient to cause ventricular fibrillation. The currentdimit, for power-frequency purpos

fpllowing factors:
proportion of current flowing through theregion of the heart;
body impedance along the current path;

—

bsistance between the body contact points and, for example, metal structure to
Icluding glove, feet to remotesground including shoes or gravel;

f

ult duration.

method defined in Annex B.

f an
h life
that

ch is
PS is
into
ount

hand

and

fault

g to

NOTE The curve is based on data extracted from IEC 60479-1:2018:

body impedance from Table 1 of IEC 60479-1:2018 (not exceeded by 50 % of the population);

permissible body current corresponding to the ¢, curve in Figure 20 and Table 11 of IEC 60479-1:2018 (probability

of ventricular fibrillation is less than 5 %);
heart-current factor according to Table 12 of IEC 60479-1:2018.

The curve in Figure 12, which gives the permissible touch voltage, should be used. Annex C
shows the IEEE 80 curve which can be used as an alternative to the curve in Figure 12.

As a general rule, meeting the touch voltage requirements satisfies the step voltage
requirements, because the tolerable step voltage limits are much higher than touch voltage

lim

its due to the different current path through the body.
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For electrical power installations where high-voltage electrical equipment is not located in
closed electrical operating areas, e.g. in an industrial environment, a global earthing system
should be applied to prevent intolerable touch voltages.

10.2.2 Functional requirements

The earthing system, its components and bonding conductors shall be capable of distributing
and discharging the fault current without exceeding thermal and mechanical design limits based
on backup protection operating time.

The earthing system shall maintain its integrity for the expected electrical power installation
lifetime with due allowance for corrosion and mechanical constraints.

Earthing system performance shall avoid damage to equipment due to excessive potential|rise,
potential differences within the earthing system and due to excessive currents flowirjg in
auxiliary paths not intended for carrying parts of the fault current.

The |earthing system, in combination with appropriate measures (e.g. potential control, Jocal
isolaftion) shall maintain step, touch and transferred potentials withinthe voltage limits bpased
on nprmal operating time of protection relays and breakers.

The |earthing system performance shall contribute to ensuring-€electromagnetic compatipility
(EMC) among electrical and electronic apparatus of the high-veltage system in accordance|with
IEC TR 61000-5-2.

10.2|3 High and low voltage earthing systems
10.2|13.1 General

Where high- and low-voltage earthing systéms exist in proximity to each other and do not[form
a glgbal earthing system, part of the EPRfrom the HV system can be applied on the LV sygtem.
Two [practices are presently used:

a) ipterconnection of all HV with E\earthing systems;
b) deparation of HV from LV.earthing systems.

In e|ther case, the relevant requirements concerning step, touch and transfer potentials
spedified below shall bexcomplied with within a substation and at an LV installation supplied
from|that substation-

Interconnectionis preferred when practicable.

10.2{3.2 ~ 'LV supply only within an electrical power installation

Whetenthe LV system is totally confined within the area covered by the HV earthing sydtem,
both earthing systems shall be interconnected even if there is no global earthing system.

10.2.3.3 LV supply incoming to or outgoing from an electrical power installation

Full compliance is ensured if the earthing system of the electrical power installation is part of a
global earthing system or connected to a multi-earthed HV neutral conductor in a balanced
system. If there is no global earthing system, the minimum requirements of Table 6 shall be
used to identify those situations where interconnection of earthing systems with low-voltage
supply outside the high-voltage installation is feasible.

If high-voltage and low-voltage earthing systems are separate, the method of separating earth
electrodes shall be chosen such that no danger to persons or electrical equipment can occur in
the low-voltage installation. This means that step, touch and transfer potentials and stress
voltage in the LV installation caused by a high-voltage fault are within the appropriate limits.
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10.2.3.4 LV in the proximity of an electrical power installation

Special consideration shall be given to LV systems which are located in the zone of influence
of the earthing system of the electrical power installation.

For industrial and commercial installations, a common earthing system can be used. Due to the
close proximity of equipment, it is not possible to separate earthing systems.

Table 6 — Minimum requirements for interconnection of low-voltage and
high-voltage earthing systems based on EPR limits

EPR requirements
Stress voltage €
Type of LV system &P -
Touch voltage Fault duration Fault duratjon
%<5s %>5s

TT Not applicable EPR <1 200 W EPR < 250|V

TN EPR < F x Up, d.e EPR < 1200'V EPR < 250V

Distributed protective earth As per TN system EPR-<1 200 V EPR < 250|V
conductor

IT

Protective earth conductor not Not applicable EPR <1200V EPR < 250[v

distributed

or definitions of the type of LV systems, see IEC 60364-1.

or telecommunication equipment, the ITU recommendations‘should be used.

F

F

¢ Uimit may be increased if appropriate LV equipment is installed or EPR may be replaced by local potentid
differences based on measurements or calculations.

d he typical value for F is 2, indicating the touchvoltage is 50 % of EPR. Higher values of F (up to 5) mgy be
pplied where there are additional connections, of.the PEN conductor to earth which therefore may reducg the
tpuch voltage as a percentage of EPR. For certain soil structures, caution is necessary in soils with high corftrast
top layer resistivity and underlying lowefdresistivity. In this case F is closer to 1 as the touch voltagq can

ceed 50 % of the EPR. If the PEN or neutral conductor of the low-voltage system is connected to earth{only

the HV earthing system, the value of # shall be 1.

e Urp is derived from Figure 12.

10.3| Design of earthing systems
10.3|11 General
Design of an-earthing system can be accomplished as follows:

a) dataaollection, e.g. earth fault current, fault duration and layout;

b) ipitial’design of the earthing system based on the functional requirements;

c) determine if it is part of a global earthing system;

d) if not, determine soil characteristics e.g. of layers with different specific electric resistivity
of soil;

e) determine the current flowing into earth from the earthing system, based on earth fault
current;

f) determine the overall impedance to earth, based on the layout, soil characteristics, and
parallel earthing systems;

g) determine earth potential rise;
h) determine permissible touch voltage;

i) if the earth potential rise is below the permissible touch voltage and the requirements of
Table 6 are met, the design is complete;
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j) if not, determine if touch voltages inside and in the vicinity of the earthing system are below
the tolerable limits;

k) determine if transferred potentials present a hazard outside or inside the electrical power
installation; if yes, proceed with mitigation at exposed location;

I) determine if low-voltage equipment is exposed to excessive stress voltage; if yes, proceed
with mitigation measures which can include separation of HV and LV earthing systems;

Once the above criteria have been met, the design can be refined, if necessary, by repeating
the above steps. Detailed design is necessary to ensure that all exposed-conductive-parts, are
earthed. Extraneous-conductive-parts shall be earthed, if appropriate.

A flowchart of this design process is given in Annex D.

A structural earth electrode, if any, shall be bonded and form part of the earthing system. If not
bonded, verification is necessary to ensure that all safety requirements are mef.

Metdllic structures with cathodic protection may be separated from _.the earthing sygtem.
Preciautions, such as labelling, shall be taken to ensure that when sugch-measures are tgken,
mairftenance work or modifications will not inadvertently nullify them!

10.3]12 Power system faults

The |objective is to determine the worst case fault scenario for every relevant aspect of the
functional requirements, as these may differ. The following types of fault shall be examingd at
eacH voltage level present in the electrical power installation:

a) three phases to earth;
b) two phases to earth;
c) dingle phase to earth;

d) if applicable: phase to phase via earth' (cross-country earth fault).

Faulis within and outside the electrical power installation site shall be examined to determine
the worst fault location.

10.3{3 Lightning and transient overvoltages

Lightining and switching operations are sources of high- and low-frequency currents|and
voltdges. Surges (typically occur when switching long cable sections, operating |GIS
discdnnectors or.carrying out back-to-back capacitor switching. Successful attenuation reqpiires
sufficient electfode density at injection points to the earthing system to deal with high-frequEncy
currgnts, together with an earthing system of sufficient extent to deal with low-frequency
currgnts. ~-The HV earthing system shall form part of the lightning protection system|and
addifional-earthing conductors may be required at connection points between the lightning
protgction system and the earthing system.

Relevant electromagnetic compatibility and lightning standards shall be used to address
specific aspects related to the transient performance of the earthing system and its components.

When an industrial or commercial electrical power installation includes more than one building
or location, the earthing system of each shall be interconnected. Since during surges such as
lightning strokes, there will be a large difference in potential between the earthing systems of
each building and location in spite of the interconnection, measures shall be taken to prevent
damage to sensitive electrical equipment connected between different buildings or locations.
Where possible, non-metallic media, such as fibre optic cable, should be used for the exchange
of low-level signals between such locations.
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10.4 Construction work on earthing systems

Where construction work involves an existing earthing system, protective measures shall be
taken to ensure the safety of persons during fault conditions.

10.5 Measurements

Measurements shall be carried out after construction, where necessary, to verify the adequacy
of the design. Measurements may include the earthing system impedance, prospective touch
and step voltages at relevant locations and transferred potential, if appropriate. When
measuring touch and step voltages under test conditions, e.g current injection test, two choices

are memmmmwm . ance
voltmeter or measure the effective touch and step voltages appearing across an apprepriate
resigtance which represents the human body.

10.6|/ Maintainability
10.6{1 Inspections

The fonstruction of the earthing system shall be carried out in a way-that the condition of the
earthing system can be examined periodically by inspection. Excavating at selective locations
and yisual inspection are appropriate means which shall be considered.

10.6{2 Measurements

Design and installation of the earthing system shall-allow measurements to be carried out
periqdically or following major changes affectingnfundamental requirements, or even for
contjnuity tests.

A
1000 + A

Voltage (\)

900

800 |
700 S~

600 | O . \

500 | AN \
\

400

300 \\
200 \\
\\
N
100 T ——
0 ‘ ——
10 100 1000 10 000

Time (ms)
IEC

Figure 12 — Permissible touch voltage Uy,
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11 Inspection and testing

11.1 General

Inspections and tests are carried out to verify compliance of the electrical power installation
with this document and compliance of the electrical equipment with the applicable technical
specifications.

The following shall be subject to agreement between the supplier and user:

— the extent of the inspection and testing;

— which specifications are applicable;

— the extent and type of documentation provided.

NOTH Specific tests on site for factory-built and type-tested equipment and for factory-built assembliés are prqvided
in the|relevant IEC product standards.

Verification may be achieved by the following methods:

a) Misual inspections;
b) flunctional tests;
c) rmeasuring.

Inspections and tests on parts of the electric power installations may be carried out jafter
deliviery as well as when the installation has been compléted.

Typi¢al activities that are usually carried out are, for example:

erification of characteristics of the electrical equipment (including rated values) fof the
iven operating conditions;

erification of minimum clearances between live parts and between live parts and earth;

V
9
V
— power frequency voltage test for.switchgear;
voltage test for cables;
verification of minimum heights and of protective barrier clearances;
viisual inspections and/or functional tests of electrical equipment and parts of installation;
f

inctional tests and/or measuring of protective, monitoring, measuring and contrglling
evices;

inspection ofsmarkings, safety signs and safety devices;

rification)of correct fire ratings for buildings/enclosures;

rification that emergency exits are operational;

rification of the earthing system.

11.2 Verification of specified performances

Tests will, in general, be carried out on the various items of electrical equipment comprising an
electrical power installation at appropriate stages of the contract to ultimately verify
performance of the installation. The conditions and organization of the required tests shall be
defined and agreed between the supplier and the user. This may include definition of the
provision of site services, personnel, etc.
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11.3 Tests during installation and commissioning

The requirements (methods and acceptance criteria) for tests during installation and
commissioning together with a listing of the testing standards to be applied are the subject of
agreement between the supplier and user. This may include functional tests to demonstrate the
ability of the electrical equipment to satisfy the operational requirements, such as automatic
start-up and shutdown.

The test equipment for demonstration of achievement of design requirements should be agreed
between supplier and user.

A schedule of tests shall be prepared for components and systems to be tested during the
installation and commissioning period. Details of the schedule are the subject of agteement
between the supplier and user. The necessary services to allow the tests to be(carried out
should be agreed between the parties.

The | contractual consequences of the outcome of the tests during linstallation | and
cominissioning should be stated in the enquiry, where appropriate.

11.4( Trial running

The pcope of work agreed between the supplier and user may inc¢lude a trial run. The purpose
of thg trial run is to prove the functional capability of the electri¢al power installation. During the
run, therefore, all significant components should be in operation.

The [agreement should define under what circumstances a breakdown of a signifjcant
component constitutes an interruption of the trial..The user may also give exception criterifa for
breakdowns of a very short period, for example:simply extending the period of the trial by the
outage time.

The |conditions that have to be met for:the successful completion of the trial run should be
defirled in the enquiry.

The contractual consequences of-the outcome of the trial run should be stated in the enduiry,
whete appropriate.

12 QOperation and miaintenance manual

Each electrical power installation should have an operation manual describing the nofmal,
emefgency, and-maintenance procedures as well as safety instructions for the operation gf the
highivoltage(electrical installation.

For tlhe preparation of manuals and instructions, IEC/IEEE 82079-1 applies.

Information in form of instructions, diagrams, and data, shall be available to persons for
operation, maintenance, in charge of work or working in electrical areas to ensure proper and
safe control of electrical equipment and isolation for working. The information includes
necessary manufacturer instructions for the electrical equipment in the installation.

Operating instructions should be site specific and narrative describing switching operation
sequences, protection schemes including inter-tripping, and interlocking arrangements.

Emergency information, e.g. routes to the nearest hospital and emergency phone numbers
should be displayed in a visible location in the electrical power installation.
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Values of rated insulation levels and minimum clearances

Table A.1 — Values of rated insulation levels and minimum clearances in air for
1 kV < U, < 245 KV for highest voltage for installation U, not standardized by the IEC

based on current practice in some countries

Highest Rated short- Rated lightning Minimum phase-to-earth
voltage for duration power- impulse withstand and phase-to-phase clearange
installation frequency voltage 2

withstand voltage N
Vlgl“z;%e U, Uy U, ) Indoo_r ‘ Outdo_o
installations installations
RMS RMS 1,2 us/50 ps
(peak value)
kV kV kV mm mm
2,75 15 30 60 120
45 70 120
60 90 120
4,76 19 60 90 120
5,5 19 45 70 120
60 90 120
75 120 120
8,25 27 60 90 120
75 120 150
95 160 160
8,25 26 75 120 150
85 95 160 160
15 35 95 160 160
50 110 180 180
15,5 35 75 120 150
85 150 160
110 180 180
17,5 38 110 180
125 220
25 50 95 190 290
125 210
150
25,8 50 125 220
70 150 280
27 50 95 160
125 220
150 280

a8 The rated lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth.
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Table A.2 — Values of rated insulation levels and minimum clearances in air
for 1 kV < U,,, =245 kV for highest voltage for installation U, not standardized by the

IEC based on current practice in some countries

Highest Rated short- Rated lightning Minimum phase-to-earth
voltage for duration power- impulse withstand and phase-to-phase clearance
installation frequency voltage 2

withstand voltage N
V:;';Z%e U, Uy Up ] Indoqr ) Outdo_or
installations installations
RMS RMS 1,2 ps/50 ps
(peak value)
kV kV kV mm mm
30 70 160 290
36 70 200 380
38 70 125 220
150 280
200 360
38 70 150 280
95 200 360
38,5 75 155 270 400
180 320
195
40,5 80 190 350
41,5 80 170 320
200 360
48,3 105 150 280
200 360
250 480
48,3 120 250 480
72,5 160 350 690
82,5 150 380 750
100 150 380 750
185 450 900
204 275 650 1300
325 750 1500
a8 e rated'lightning impulse withstand voltage is applicable to phase-to-phase and phase-to-earth.
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Table A.3 — Values of rated insulation levels and minimum clearances in air
for U,, > 245 kV for highest voltages for installation U, not standardized by the IEC

based on current practice in some countries

Highest Rated Rated Rated Minimum phase- Rated Minimum phase-
voltage for | short- | lightning | switching to-earth clearance |[switching| to-phase clearance
installation |duration| impulse impulse impulse

power- |withstand| withstand withstand
fre- voltage? voltage voltage
quency
S with-
5 stand
bl voltage
>
S U, Uy U, U, Conductor Rod U, Conductor Rod
= — — —
> RMS RMS 1,2 us/ | Phase-to- | structure |structure |[Phase-to-| conductor T
50 us earth phase parallek | conddctor
(peak
value) 250 ps/ N 250 ps/
2 500 ps 2 500 us
(peak (peak
value) value)
kV kV kV kV mm kW mm
362 520 1 300 950 2 400 2 900 425 3100 3600
550 680 1 800 1175 4 000 6 500
550 710 1 800 1175 3 300 4 100 2210 6 100 7 400
Il 550 775 1 800 1175 3 350 3 650 4 600 5200
550 635 1 300 5 800 5800
1425
1 550
1 800

—

he rated lightning impulse withstand voltage’is applicable phase-to-phase and phase-to-earth.
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Annex B
(normative)

Method of calculating permissible touch voltages

The equation to calculate the permissible touch voltage is as follows.

18,

and

Formula:
U = I (t:) X ——x Z- (U1 ) % BF
o =B AT
where
Ut is touch voltage
Utd is permissible touch voltage
ts is fault duration
Ig(%) is body current limit ¢o in Figure 20 and,Table 11 of IEC 60479-1:2(
where probability “of“ventricular fibrillation is less
than 5 %. /g depends on fault duration
HF is heart current factor Table 12 of TEC 60479-1:2018, i.e. 1,0 for left h

Z+(Ut) is body impedance

BF is body factor

NOTH 1 Different touch voliage conditions, e.g. left hand to feet, hand to hand, lead to different tolerable
voltages. Figure 12 of this 'document is based on a weighted average taken from four different touch v
confiqurations. Touch voltage left hand to feet (weighted 1,0), touch voltage right hand to feet (weighted 1,0),
voltage both hands toyfeet (weighted 1,0) and touch voltage hand to hand (weighted 0,7).

NOTH 2 Different\parameter values are applicable for some countries (as indicated in Annex G).

For ppecific consideration of additional resistances, the formula to determine prospe

permissible touch voltage becomes:

to feet, 0,8 for right hand to feet, 0,4 for hand to

hand

Table 1 and Figure 3 of IEC 60479-1:2018, Z;
exceeded by 50 % of the population, Z; dependg
touch voltage. Therefore, first calculation hasg
start with assumed level

Figure 3 of IEC 60479-1:2018, i.e. 0,75 for han
both feet, 0,5 for both hands to feet

not
on
to

d to

touch
Iltage
touch

ctive

1

where

UvTp is prospective permissible touch voltage

Ry is additional hand resistance

Rg is additional foot resistance
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Annex C
(normative)

Permissible touch voltage according to IEEE 80
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2 Figure C.1 assumes a person,weighing 50 kg and a gravel surface.

Figure C.1 — Permissible touch voltage Utp according to IEEE 80

10 000
Time (n

1 The touch voltage curve is based on a¢specific electric resistivity of soil of 100 Qm and a surface la
with an electric resistivity of soil of 1 000*Qm.

s)
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Annex D
(normative)

Earthing system design flow chart

a Data collection |
'
| b Initial design |

Global earthing system?

I d Determination of soil characteristic | Ne

v
B | N

Determination of current flowing into earth

' O
| f Determination of impedance to earth | \Q/

! O
I g Determination of earth potential rise éQ
<

h J N
)
| h Determination of permissible touch volt@ |

Design complete

\
(\O
| j Dete[nﬁg\l'on of touch voltages |

N

I K ,D@%ination of transferred potentials |

A Y
(I>Q~\ Determination of stress voltage to LV |
N\

\((/Q

Yes

Touch voltages < Permissible touch voltage? Fi Design complete

| Improvement of design

IEC
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Annex E
(informative)

Protection measures against direct lightning strokes

E.1 General

Model tests, measurements, observation and experience over many years have shown that
direct lightning strokes can be av0|ded with a h|gh degree of certamty by usmg the
arra 2
roII|rg sphere method or obtamed based on Iocal operatmg experlence shown in Flgur E.1
through Figure E.4.

In general, the lightning protection zone can be determined through the striking distance|R in
metres applying the rolling sphere method. A number of formulas have bheen proposed for
detefmining the striking distance. The most common are:

R =10 x J0.65 [(IEC 62305-1:2010, Formula A.1, Annex A)]
R =8 x k x 0,65 [(IEEE 998, Formula 2-1D)]

whele I is the lightning stroke return current in kA and k is a coefficient to account for diff¢rent
striking distances to a rod or a shield wire (k = 1 for shield wires and k£ = 1,2 for rod).

2,2xLIWV
Z

C

[ =

whetle Z. (Q) is the conductor surge impedanceé.and LIWV (kV) is the rated lightning imgulse
withgtand voltage.

For gubstations with arresters, 7 can bglObtained from the arrester discharge current.

Operational experience for electrical power installations up to 420 kV have shown that proper
lightping protection can be achieved using the geometric method shown in Figure E.1 thrpugh
Figure E.4 with heights H up*to 25 m. For heights exceeding 25 m the protection zone is
reduged.

This|method has proven to achieve a sufficient protection level but without the need of detpiled
insulation coordination studies.

E.2 | Shield'wires

A sir gle shield wire prowdes a tent- shaped protectlon zone, the limits of which are formgd by
arcs 'with—aradivsof R=2+F ucylllllllly at-the—shietd-wire pcar\ \acc F IUUIC - |} and—fot Ing

the length of the wire.

Two shield wires at a distance of less than or equal to 2 H apart provide an extension of the
protection zone which is limited by the two conductors, an arc of radius R and centre My at a

height 2 H (see Figure E.2).

This zone is continuous all along the span of conductors.

E.3 Lightning rods

Upward streamer discharges develop earlier from lightning rods than from shield wires.
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The protection zone of a lightning rod is generally larger than that of a shield wire at the same
height.

A single lightning rod provides a cone-shaped protection zone with limits of an arc of radius 3 H
passing through the tip of the lightning rod (refer to Figure E.3).

Two lightning rods at a spacing of less than or equal to 3 H provide an extension of the
protection zone which is limited by an arc of radius R with the centre Mg at a height of 3 H

passing through the tips of the lightning rods (see Figure E.4).

N
3
A
//: T N
. :F:;/{_’:
/ Y TR R A e
N VAN 22228\ 22228 \\ 2222\ 2224

IEC

Figure EX1 — Single shield wire

A
Y

IEC

Figure E.2 — Two shield wires
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Annex F
(informative)

Considerations of design for safe working

The design of electrical power installations should comply with any provincial, national or
regional regulations, standards and codes of practices pertaining to safe working in electrical
power installations.

If no such regulations or standards are available, this informative annex outlines basic
congliderations relating to the key aspects and application of safe working distances in de\Eign.

In particular, it is essential to highlight the importance of interaction and coordination between
suppliers and users to ensure maintainability in addition to constructability and operability of
electrical power installations.

Work activities may be undertaken in an electrical power installation under-alvariety of sire or
network conditions. Due to common operation practices, these work activities may be caried
out gccording to the following procedures:

— dead working (work on de-energized parts of an installation);

— working in the vicinity of live parts (see IEV 651-21-02) (work near energized parts ¢f an
mstallation); and

— live working (see IEV 651-21-01).

Each of these three procedures involves adequatessafety measures that mitigate the risks of
elecfric shocks, short-circuit and arc faults.

Working distances may be determined based udpon minimal clearance of danger zone (N), tgking
into |consideration overvoltage conditions’™>and ergonomic factors (e.g. considerations of
inadyertent movements (full or expectedireach) of persons, tools, equipment, vehicles| and
conductors).

NOTH 1 The ergonomic factors, espegially the reach distances, can be derived from EN 547 or ISO 714p and
1ISO 26800, in the absence of workforcesor national information.

An iljustration of working distances is given in Figure F.1. These are described as follows]

. Distance (D, ) defining the outer limit of the vicinity zone, which is the limited space
utside the minimal clearance of danger zone (N).

Vi
o

- DI, Working_distance (D,,) to be observed between exposed live parts and any pgrson
working.in_a closed electrical operating area including any conductive tool directly hangdled.

Work in the vicinity zone is considered to be all work where a person is either inside the gone
or relaches into the zone with parts of the body or tools, equipment and devices being hardled
but does not reach into the danger zone.

Design should consider the working distance D,, and vicinity distance D, where works are

intended to be carried out when some or all of the equipment are intended to be energized
based on user requirements. It shall be ensured that the minimum separation between the de-
energized part being worked on and the energized part does not result in a person working on
the de-energized part entering the vicinity zone of any live part with any part of the body, tools
or equipment. Other than in defined circumstances, D,, should be greater than or equal to D,,.

NOTE 2 Further information regarding safe work methods can be found in CIGRE Technical Brochure 805,
Guidelines for safe work methods in substations.
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Live parts

= Danger zone

Vicinity zone —

Key
N Mi|nimum clearance of danger zone

D, Viginity distance according to provincial, national or regional standards and regulations

D,, Wprking distance according to provincial, national or regional standards*and regulations

Figure F.1 — Working clearances within closed electrical operating areas

Designated work areas for routine maintenance 'should be considered during the design qtage
such| that there are no energized parts withinithe work area and that danger zones are out of
reach from the work areas. Design considerations should be given to safe access to these work
areap.
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Annex G
(informative)

List of notes concerning particular conditions in certain countries

Country Clause Country note

AU 411 Risk Management

Asset owners, designers and others carry common law and legislative
obligations to manage risks to health and safety of personnel. The

following hierarchy of risk controls provide guidance on meeting these
UIU“UGUUIIb.

— Elimination of the hazard.

— Minimization of the risk by the following means:
a) Substitution (to get a lower hazard).
b) Isolation (from persons).
c) Engineering controls.

— Administrative controls.

— Personal protective equipment (PRE),

Elimination of the hazard is rarely ah option given the utility/amenit
involved. Minimizing the risk is non*trivial with fundamentally
hazardous substances such as elecCtricity. Duty of care is demonstrpted
when all reasonably practicable precautions have been taken. What is
reasonably practicable includes a measure of the significance of the
risk versus the effort required to reduce it. The risk that is assesseq in
this process includes the’/risk imposed on any individual (commonly
determined for thesmaximally exposed, reasonably behaved individyal)
and for the risk,imposed on society (commonly determined for multiple
fatality risk for assingle event). For further guidance on risk
managementisee 1ISO 31000.

Acceptable‘risk targets for hazards in HV installations, even those

withinlevels recognized by the international safety industry as bein
'safetmay not be sufficient to meet a duty of care obligation. It is,

however, reasonable that all known and commonly applied precautions
have been assessed, and applied so far as is reasonably practicab
(SFAIRP) or as low as reasonably practicable (ALARP) where the

cost/risk reduction is not grossly disproportionate. A risk target belgw
the assessed mean risk for all other hazards across all asset classg¢s
of the enterprise could also be used to help decide when seeking
further precautions for a particular hazard will no longer be requireq.

«

[]

High voltage installations require a detailed quantitative risk
assessment, based on industry or enterprise data including previoup
assessments. Realistic estimates of the associated cost increments
are required to ensure the decision to not use a risk treatment, where
the cost is disproportionate to the risk reduction, is soundly based.

AT 4.2.4 Values of rated duration of the short-circuit less than 1 s does not
apply for electrical power installations design, construction and
erection.

Fl 4.4.2.2 a): Even class —50 °C could be needed.

IE 4.4.2.2 g) North Atlantic Maritime climatic conditions as per |.S. EN 50341 apply.

AU 5.4.1 The smaller clearances available in Table 2 and Table 3 are not

applicable.
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Country Clause Country note

BE 5.4.1 Add:

The minimal clearance distances between bare live parts, between

these parts and the exposed conductive part, or between bare live

parts of the same phase when they are separated in the opening

position is at least equal to:

d=50+6.75(Uy-1)

where:

d is the above-mentioned clearance in mm;

U —is-the-rominal-voliage-between-phases-oi-the-apparatus-expregsed
in kV and rounded up to the next unit.

IE Table 2 Where the Grid & Distribution codes apply then
- For U, 123 kV Uy = 230 kV
- For U, 245kV Uy = 460 kV

IE Table 2 Where the Grid codes apply then the following applies:

- For U 123 kV, min N =1 100 mm
- For U, 245 kV, min N (Ph-Ph) 2 700 mm and min N (Ph-Earth)
2400 mm
IE Table 3 Specific Grid Code requirements*at’400 kV apply.
Lightning Impulse (1,2/50 ps)is 1 550 kV, switching impulse
(0,25/2,5 ms) is 1 175 k\,
A value of 4750 mm phase—phase and 4 100 mm phase—earth appl|es.

IE 6.2.1 The Distribution Code & Grid Code mandate specific requirements for
switch gear locking and interlocking.

IE 6.2.4.1 The Grid Code’mandate the instrument transformer should be of
composite (silicone rubber) insulator material. The composite insulgtor
should-not fragment and project parts on failure.

IE 6.2.4.2 Add\the following:

[n“IE The Grid and Distribution Codes mandate the following: requite
the short circuit withstand rating of current transformers to be
consistent with that of the associated equipment and the system
design fault levels.

IE 6.2.% At transmission level, designs using porcelain are prohibited by the
Transmission System Operator.

SE 71 A new extension of an existing installation shall comply with, at the
time for the erection, valid standard

AU 7.1.1 Insert before last paragraph:

Consideration shall be given to the spatial separation between live
parts and work sections determined in accordance with national /lo¢al
relations in order to restrict access to danger zone, taking into accqunt
the need for operational and maintenance access.

AU 7.2.1 Replace first sentence of second paragraph with:

The design of the electrical power installation shall give consideration
to the spatial separation between live parts and the limits of work
sections determined in accordance with national / local regulations and
practices be such as to restrict access to danger zones, taking into
account the need for operational and maintenance access. In
designing layouts, the limits of work sections may be from ground or
floor level from a platform from which a person works. For persons free
to be in proximity of live parts it is necessary to provide enough spatial
separation between the person's standing point and danger zone
measured along a taut string stretched the shortest way between those
parts. See Annex F.

AU 7.2.2 Consideration of taut string clearance distances,
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Country

Clause

Country note

BE

7.2.2

The minimal protective barrier and protective obstacle clearances shall
be at least equal to the prescriptions of clause 4.2.2 of Book 2 of the
GREI.

BE

7.2.2

The barriers for installations shall comply with the prescriptions of
Book 2 of the GREI. The minimum height for outdoor installations shall
also have a minimum height of 2,0 m.

AU

7.2.2

In the second dash:

The degree of protection is IP1XB or IP2X (see AS 60529) and the
minimum protection barrier clearance is B, =N + 300 mm (to reflect a

tool being inserted)

Fl

7.2.2

Barriers for outdoor installations shall have a minimum height gf<2,) m.
They shall fulfil the same requirements as the external fence&The
minimum height of live parts behind a barrier shall be N + 300 mm \vith
a minimum of 800 mm.

BE

7.2.3

The minimal protective barrier and protective obstacle‘clearances ghall
be at least equal to the prescriptions of clause 4.2,2 of Book 2 of tHe
GREI.

Fl

7.2.3

The use of protective method obstacles is not'allowed in electrical
installations outside of buildings.

SE

7.2.3

Rails, chains and ropes are not allowedas protective obstacle

IE

7.2.4

C =4 500 mm
E =4500 mm

AU

7.2.5

Regarding the minimum height over access areas, replace 2 250 with
2 440 for both dash points?

Fl

7.2.5

The height H for outdool installations shall be at least H = N +
2 600 mm, with a minimum of 2 800 mm.

IE

7.2.5

Replace "2 250™with "2 300" in subclause

SE

7.2.5

The height'H for outdoor installations shall be at least H = N + 2 50D
mm, with\a minimum of 3 000 mm.

AU

Figure 4

Replacé 2 250 with 2 440 for both dimensions in figure.

AU

7.2.7

The external fence/wall shall be at least 2 500 mm high.

7.2.7 50 mm x 50 mm mesh is the maximum mesh size accepted.

Fl

7.2.7

The height of the external fence shall be at least 2 000 mm. The logal
conditions of snow shall be taken into account.

AU

743

Replace first sentence of second paragraph with:

The design of the electrical power installation shall give consideration
to the spatial separation between live parts and the limits of work
sections determined in accordance with national/local regulations and
practices be such as to prevent access to danger zones taking into
account the need of access for operational and maintenance purposges.
Therefore, safety distances or permanent protective facilities within| the
installation shall be provided.

In designing layouts, the limits or work sections may be from grounfl or

floor level from a platform from which a person works. For persons free
to be in proximity of live parts it is necessary to provide enough spatial
separation between the person's standing point and danger zone
measured along a taut string stretched the shortest way between those
parts. See Annex F.

Fl

7.3

The use of indoor installations of open design is not allowed

SE

7.3

Rails, chains and ropes are not allowed as protective obstacle

SE

7.4.1

Outside closed electrical operation areas electrical equipment and
cables shall either be constructed with an earthed intermediate shield
or be protected against unintentional contact by placing out of reach.
With an earthed intermediate shield, a metal enclosure for equipment
or a screen for cables are understood.

SE

7.5.4

Gangways longer than 10 m shall be accessible from both ends. Indoor
closed restricted access areas with length exceeding 20 m shall be
accessible by doors from both ends (See also IEC 60364-7-729).
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Clause

Country note

AU

7.7

The minimum height A' of live parts above surfaces accessible to the
general public shall be in accordance with national standards and
regulations.

Fl

7.7

The minimum height A' of live parts above surfaces accessible to the
general public shall be A' =5 500 mm for rated voltages U, up to

24 kV and H' = N + 5 300 mm for rated voltages U, above 24 kV.

SE

8.2.1

Exposed-conductive-parts shall be earthed. Also extraneous-
conductive-parts which by faults, induction, or influence could become
live and be a hazard to persons or damage to property shall be
earthed.

BE

8.2.2.2

Rails, chains and ropes are not allowed as protective obstacle

SE

8.2.2.2

Rails, chains and ropes are not allowed as protective obstaele

SE

8.2.3.1

Outside closed electrical operation areas, equipment and.cables sHall
either be constructed with an earthed intermediate shield or be
protected against unintentional contact by placing put.of reach. With an
earthed intermediate shield, a metal enclosure for-equipment or a
screen for cables are understood.

Fl

8.2.3.2

The use of protective method obstacles is-notyallowed in electrical
installations of buildings. The use of protective method placing out pf
reach is restricted only to situations where the use of insulation or
enclosures or barriers is not practigable

SE

8.2.3.2

Rails, chains and ropes are not.allowed as protective obstacles.

Fl

8.2.3.3

In installations with U, = 52 kV; where doors or covers have to be

opened in order to carry @ut normal operation or maintenance, a rigid
non-conductive rail shall be used as an additional protective measUre.

AU

8.7.1.

For each installation a fire risk assessment (FRA) should be
undertaken as described in Section 4.1.

Fire rating of arriers must be a minimum fire rating of 120 minutes}

AU

8.7.2.2

The dimensions G, and G, are to be measured from the inside edg¢

wall, of;any bund wall rather than the measured point shown in Figufe
7a) and 7b) from the transformer where the bund wall is wider than|the
transformer.

For this purpose, adequate clearances from the fire source, which ghall
include a fire in the bunded area shall be provided.

AU

8.7.2.2

Indent a), replace "For example El 60" with "Shall be REI 120".
indent b), delete second sentence and add "shall be REI 120" at th
end to the first sentence.

P

AU

8.7°2.2

Insert new paragraph after Indent b) as follows:

— An alternative performance-based analysis can be carried out iy
calculation of radiated head flux which Is dependent on the oil pool
area and depth of bund for fire duration to determine separatiop
distance to accurately model the fire conditions and the impactp to
the adjacent equipment and buildings. Refer to CIGRE Technidal
Brochure 537 and IEEE standard 979. Further guidance can bg
obtained from the International Fire Engineering Guidelines.

AU

Figure 6

Replace figure text "Minimum fire resistance 00 min for the separating
wall (El 60)" with "Minimum fire resistance 120 min for the separating
wall (RE120)".

AU

Figure 7

Drawing a)
Figure shall be changed to indicate a bund and the dimensions G, and

G, are to be measured from the inside edge of the bund wall.

Drawing b)

Figure shall be changed to indicate a bund and the dimensions G, and
G, are to be measured from the inside edge of the bund wall.

AU

Figure 7

Key, Sector a: Replace 90 min (REI 90) with 120 min (REI 120))
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Country note

AU

Table 4

After indent d) insert:

An alternative performance-based analysis can be carried out by
calculation of radiated head flux which Is dependent on the oil pool
area and depth of bund for fire duration to determine separation
distance to accurately model the fire conditions and the impacts to the
adjacent equipment and buildings. Refer to CIGRE Technical Brochure
537 and IEEE Standard 979. Further guidance can be obtained from
the International Fire Engineering Guidelines.

AU

Table 5

After indent c) insert:

An alternative performance-based analysis can be carried out by

calculation of radiated head flux which Ts dependent on the oil pool
area and depth of bund for fire duration to determine separation

distance to accurately model the fire conditions and the impaets‘to fhe
adjacent equipment and buildings. Refer to CIGRE Technical BrocHure
537 and IEEE Standard 979. Further guidance can be obtained from
the International Fire Engineering Guidelines.

AU

8.8.1.3

The internal dimensions of the bund shall extend a minimum of 600
mm or 50 % of the height of the highest liquid level; whichever is thie
greater.

AU

10

The requirements regarding earthing refet_to-AS 2067, Substations|and
high voltage installations exceeding 1 kV+a'c.

SE

10

For requirements according to clause,10, the standard SS-EN 50522 is
applicable

AT

10.2.1

The curve in Figure 12, whichgives the permissible touch voltage,
shall be used. The IEEE 80 curve shown in Annex C shall not be uged
as an alternative to the-eutve in Figure 12.

El

10.2.2

The Grid and Distribution Code identify requirements. Where the
customer plant is adjacent to a TSO/DSO substation, the two earthing
systems shouldiberinterconnected, however each station earth grid
should have the capability to perform independently. The point of
interconnection should be provided with isolation links

AT

10.3.1

In Austria, the design is also complete if Ug is less than 2 UTp and the

requitements of Table 6 are met. Furthermore, the design is also
complete if U is less than 4 UTp with specified measures M applieqd

and the requirements of Table 6 are met.

Therefore the flowchart of the design process in Annex D is not
applicable.

BE

Figure,12

The values of UTp for times longer than 10 s is equal to 75 V.

DE

Afonex F

Safe working procedures are regulated in the national standard DIN
VDE 0105-100. The term "danger zone N" as used in figure F.1 is
defined in Germany by "live working zone D ". The values for the

distances D, are determined in Table 101, values for the vicinity zone
and the according distances D,, in Tables 102 and 103 of DIN VDE
0105-100.
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AT

Annex E

According to the Electrical Engineering Act 1992 (BGBI. Nr. 106/1993,
in the relevant version) and the associated electrical engineering
regulation 2020 (BGBI. Il Nr. 308/2020), the following provisions on
lightning protection in high-voltage systems shall apply as stated in
OVE-Richtlinie R 1000-3:

High-voltage switchgear must be equipped with a lightning protection
system (external and internal lightning protection). A distinction can be
made between buildings and outdoor switchgear.

State-of-the-art documentation must be available for planning and
testing the lightning protection system. In this documentation, the
boundaries of the danger zone to live parts (high voltage) must be

drawn.

When installing lightning protection systems in high-voltage
switchgear, the minimum lightning protection class Il according to
OVE-Richtlinie R 1000-2 to be used.

Buildings:

Buildings are structural systems and must be equippéd with a statefof-
the-art lightning protection system.

Outdoor switchgear:

Outdoor switchgear must be equipped-with state-of-the-art lightning
protection systems. The air-termination-systems are to be positiongd in
such a way that the lightning channel/penetration of the danger zone is
prevented. In outdoor switchgear{ deviations from the requirements| of

minimum lightning protection €lass Il with regard to the rolling sphefe
radius = 30 - (1 + 0.15) m,are_permitted if this can be justified from|the
location of the high-voltagé system parts.

Down-conductor systems are to be designed, erected and connectdd to
the earthing system,in'such a way that safe conduction of the lightrjing
currents into the.earth is ensured.

The use of lightning protection rods is recommended in outdoor
switchgear,"Conductive structural parts with an earth effect (e.qg.
framewatk, portals) can also be used as natural air-termination

systems:

The-separation distance to the danger zone of high-voltage parts shall
be observed.

=]

When locating the air-termination systems of the lightning protectio
system, maintenance and operation shall also be taken into accoun

—

NOTH The nature of the list of notes is permanent or less permanent according to IEC Directives.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

INSTALLATIONS E’LECTRIQ‘UES DE PUISSANCE
DE TENSION SUPERIEURE A 1 kV EN COURANT
ALTERNATIF ET 1,5 kV EN COURANT CONTINU -

Partie 1: Courant alternatif
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AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'lEC a pour ob
voriser la coopération internationale pour toutes les questions de normalisation dans)les domain
lectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des,Notrmes internatio
s Spécifications techniques, des Rapports techniques, des Spécifications accessibles*au public (PAS) 4
hides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée & des comités d'étude
vaux desquels tout Comité national intéressé par le sujet traité peutparticiper. Les organis
ernationales, gouvernementales et non gouvernementales, en liaison avec IRIEC, participent égalemer
vaux. L'IEC collabore étroitement avec I'Organisation Internationale de™“Normalisation (ISO), selo
nditions fixées par accord entre les deux organisations.

s décisions ou accords officiels de I'lEC concernant les questions teehfiques représentent, dans la mesy
ssible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intér|
nt représentés dans chaque comité d’études.

s Publications de I'lEC se présentent sous la forme de récommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous le§)efforts raisonnables sont entrepris afin que
hssure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsa
ventuelle mauvaise utilisation ou interprétation qui en.est faite par un quelconque utilisateur final.

hns le but d'encourager l'uniformité internationale(’les Comités nationaux de I'lEC s'engagent, dans to
Esure possible, a appliquer de fagon transparente‘les Publications de I'lEC dans leurs publications natig
régionales. Toutes divergences entre toutes ‘Publications de I'lEC et toutes publications national
gionales correspondantes doivent étre indigirées en termes clairs dans ces derniéres.

EC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
lrnissent des services d'évaluation, e conformité et, dans certains secteurs, accédent aux marqu
nformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
Hépendants.

us les utilisateurs doivent sassurer qu'ils sont en possession de la derniére édition de cette publication

compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ur tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qU
ture que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de 'lEC ou de toute autre Publication de
au crédit quiluiest accordé.

bttention _est) attirée sur les références normatives citées dans cette publication. L'utilisation de public
férencéessest obligatoire pour une application correcte de la présente publication.

httention est attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I’ob
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cune responsabilité ne doitétre imputée a I'l|EC, a ses administrateurs, employés, auxiliaires ou mandataires,

I'IEC,
elque
BEnses
I'lEC,

htions

jet de

pits'de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de br

bvets.

La Norme internationale IEC 61936-1 a été établie par le sous-comité 99 de I'lEC: Installations
électriques de tension supérieure a 1,0 kV en courant alternatif et 1,5 kV en courant continu:
Coordination de I'isolement et conception.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2010 et
I’Amendement 1:2014. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) lintroduction a été remaniée pour refléter la réalité au moment de la rédaction du présent

d

ocument;

b) le domaine d’application a été amélioré pour clarifier I'application du présent document;
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c)
d)
e)

f)

g)

n)

0)
p)

q)

Le tgxte de cette Norme internationale est issu des documents suivants:

Le rapport_de-vote indiqué dans le tableau ci-dessus donne toute information sur le vote &
aboti a son approbation.

les termes et définitions manquants et obsolétes ont été mis a jour, et les termes existants

ont été améliorés;

le Tableau 1 a été mis a jour pour tenir compte des situations qui nécessitent des accords

entre le fournisseur et |'utilisateur,;
les exigences en matiere de compatibilité électromagnétique ont été clarifiées;

la formulation de I’Article 5) relatif a la coordination de I'isolement a été améliorée

et la

coordination de son contenu technique avec les derniéres versions des normes de

coordination de l'isolement a été mise a jour;
la formulation concernant les matériels électriques a été améliorée et clarifiée;

| paragraphe relatit aux tusibles a ete ameliore et retormule;

es exigences en matiere d’étiquetage ont été introduites lorsque des sources«mult
oivent étre déconnectées;

I¢s exigences manquantes pour les postes sous enveloppe meétallique (PSEM) on
reintroduites;

mélioration du paragraphe relatif a la ventilation (CVC, chauffage, ventilatio
limatisation);

ise a jour des chiffres dans I'Article 7 et leur déplacement vers le paragr
rrespondant;

l¢s exigences relatives aux installations de transformateurs,ont été améliorées, et les fg
e frappe ont été corrigées;

bstructuration et amélioration de [larticle relatif’ aux systémes de proteg
‘automatisation et auxiliaires;

o Nin]

la protection contre les coups de foudre a été .étendue;

darification du contenu en raison de la distinction entre les activités de montag
lassurance de la sécurité électrique pourfutilisation prévue de l'installation électriqu
s activités consécutives (par exemple, la maintenance et la réparation) avec
rocédures de travail slres;

résence d’une ligne directrice informative dans I’Annexe F en I'absence de réglement
Ipcale, nationale ou régionalexsur les procédures de travail slres. Cette modificatio
ubstitue aux anciennes parties de la Figure 3 a |'Article 7.

FDIS Rapport de vote
99/311/FDIS 99/316/RVD

ples
été
n et
hphe
utes
tion,
(et

) et
des

ation
n se

yant

La version frangaise de cette norme n’a pas ete soumise au vote.

La langue employée pour I'élaboration de cette Norme internationale est I'anglais.

Le présent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé
selon les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles
sous www.iec.ch/members_experts/refdocs. Les principaux types de documents développés
par I'lEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

Une liste de toutes les parties de la série IEC 61936, publiées sous le titre général Installations
électriques de puissance de tension supérieure a 1 kV en courant alternatif et 1,5 kv en courant
continu, peut étre consultée sur le site web de I'lEC.
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Un document portant sur les principes a respecter dans I'élaboration des publications de
sécurité concernant les installations a haute tension est actuellement en cours de rédaction
(IEC TS 61936-0).

Le comité a décidé que le contenu du présent document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au
document recherché. A cette date, le document sera

e reconduit,

e supprimé,

e remplace par une edition revisee, ou

e amendé.

L’attention du lecteur est attirée sur le fait que ’Annexe G énumeére tous les articles traitanf des
difféfences a caractére moins permanent inhérentes a certains pays, concernant le sujgt du
présgnt document.

IMRORTANT - Le logo "colour inside" qui se trouve sur la‘page de couverture de cptte
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a une
borine compréhension de son contenu. Les utilisateurs devraient, par conséquent, imprimer
cette publication en utilisant une imprimante couleur.
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INTRODUCTION

La présente partie de I'lEC 61936 contient les exigences minimales pour la conception, le
montage et la vérification des installations électriques a haute tension supérieure a 1 kV en
courant alternatif. Les régles visent a assurer la sécurité des personnes, du bétail et des biens
contre les dangers et dommages qui peuvent survenir lors de I'utilisation raisonnable de ces

insta

llations électriques et a assurer le bon fonctionnement de ces installations.

Il existe de nombreuses lois locales, nationales et régionales, normes et régles internes qui
traitent du sujet relevant du domaine d’application du présent document et concernant les

inst
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Cetttjtroisiéme édition de I'lEC 61936-1, parue pour la premiére fois en 2001, fait suite 3
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entaires a I’échelon mondial qui visent a améliorer la clarté de la normeé) ,Elle pou

age des installations électriques a haute tension.

exigences particulieres pour les installations de transport et de distribution, ainsi que
entrales de production et les installations industrielles sont ‘incluses dans le pr§
ment.

butorités compétentes peuvent choisir d’adopter les exigences de la présente norme
es normes et réglementations nationales prévaleni
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rt de mise en cohérence au niveau mondial des pratiques relatives a layconception ¢t au

pour
sent

bien
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INSTALLATIONS ELECTRIQUES DE PUISSANCE
DE TENSION SUPERIEURE A 1 kV EN COURANT
ALTERNATIF ET 1,5 kV EN COURANT CONTINU -

Partie 1: Courant alternatif

ésente partie de I'lEC 61936 fournit des exigences relatives a la conception et auimontage
nstallations électriques dans des systémes dont les tensions nominales sont supérigures
V en courant alternatif et la fréquence nominale inférieure ou égale a 60 Hz) afin d'asgurer
curité et le fonctionnement correct pour I'utilisation prévue.

les besoins d’interprétation du présent document, une instaltation électriquel est

oste, y compris poste pour alimentation de réseaux ferroviaires;

b) ipstallations électriques sur méat, pyléne et tour, appareillage et/ou transformateurs sityés a

extérieur d'une installation électrique fermée;

-t

ne ou plusieurs centrales électriques placées dans.un site unique, l'installation électfique
mprend les générateurs et les transformateurs avec tout l'appareillage et toug les
uxiliaires électriques associés. Les liaisons, €ntre les centrales situées sur des Fites
ifférents sont exclues;

réseau électrique d’'une usine, installation industrielle ou autres locaux industfiels,
gricoles, commerciaux ou publics;

achines électriquesitournantes;

ppareillage;

ansformateuts et réactances;
nvertissedrs;

bles;

naljsations électriques;

— Dbatteries;

— condensateurs;

— installations de mise a la terre;

— béatiments et clétures qui font partie d'une installation électrique fermée;

- S

ystémes associés de protection, de commande et auxiliaires;

— réactance élevée a noyau d’air.

NOTE 1 En régle générale, les normes de matériels prévalent sur les exigences du présent document.

Le présent document ne s'applique pas a la conception et au montage des éléments suivants:

gnes aériennes et souterraines entre différentes installations électriques;
gnes de chemin de fer électriques et matériel roulant;
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matériels et installations de mine;
installations d’éclairages fluorescents;

installations sur les bateaux conformément a I'lEC 60092 (toutes les parties) et les unités
offshore conformément a I'lEC 61892 (toutes les parties) qui sont utilisées dans I'industrie
pétroliére offshore a des fins de forage, de traitement et de stockage;

matériels électrostatiques (par exemple, précipitateurs électrostatiques, cabines de
peinture);

sites d’essai;

matériel médical, par exemple, matériel a rayons X.

Le présent document ne s'applique pas a la conception des appareillages préfabriqués:soumis
a unlessai de type et des postes préfabriqués a haute tension/basse tension, pour lesquelg des

normes |IEC spécifiques existent.

NOTH 2 Les exigences relatives aux travaux effectués sous tension sur des installations électriques ne relévent

pas du domaine d’application du présent document.

NOTH 3 Le domaine d’application du présent document inclut les exigences de sécurité-relatives aux installitions
électrjques HT, et leurs influences sur les installations BT. Pour les installations électtiques jusqu’a 1 kV, I'lEC $0364

(toutgs les parties) s’applique.

2

Les

Références normatives

jocuments suivants sont cités dans le texte de sorte qU’ils constituent, pour tout ou partie

de lgur contenu, des exigences du présent docunient. Pour les références datées, deule
I'édifion citée s'applique. Pour les références non datées, la derniére édition du document de

réfénence s'applique (y compris les éventuels amendements).

IEC B0034-1, Machines électriques tournantes — Partie 1: Caractéristiques assignéegs
caragtéristiques de fonctionnement

IEC p0060-1, Techniques des essais a haute tension — Partie 1: Définitions et exigephces

géngrales

IEC B0071-1:2019, Coordination de I'isolement — Partie 1: Définitions, principes et regles

IEC p0071-2, Coordination de I'isolement — Partie 2: Lignes directrices en matiére d'application

IEC 0076 (toutes\les parties), Transformateurs de puissance

IEC p0079-05,"Atmospheres explosives — Partie 0: Appareils — Exigences générales

IEC p0079-10-1, Atmospheres explosives — Partie 10-1: Classement des emplacements —

Atmospheres explosives gazeuses

IEC 60079-10-2, Atmosphéeres explosives — Partie 10-2: Classement des emplacements —

Atmosphéres explosives poussiéreuses

IEC 60255 (toutes les parties), Relais de mesure et dispositifs de protection

IEC 60331-1, Essais pour céables électriques soumis au feu — Intégrité des circuits — Partie 1:
Méthode d’essai au feu avec chocs pour les cables de tension assignée au plus égale a
0,6/1,0 kV et de diamétre externe supérieur a 20 mm, a une température d’au moins 830 °C

IEC 60331-21, Essais de céables électriques soumis au feu — Intégrité des circuits — Partie 21:
Procédures et prescriptions — Cables de tension assignée jusque et y compris 0,6/1,0 kV
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IEC 60332 (toutes les parties), Essais des cables électriques et a fibres optiques soumis au feu
IEC 60364 (toutes les parties), Installations électriques a basse tension

IEC 60479-1:2018, Effects of current on human beings and livestock — Part 1: General aspects
(disponible en anglais seulement)

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)

IEC 60754 (toutes les parties), Essai sur les gaz émis lors de la combustion des matériaux
préldvés sur cables

IEC IS 60815-1, Selection and dimensioning of high-voltage insulators intended_for uge in
polldted conditions — Part 1: Definitions, information and general principles (disponiblge en
anglais seulement)

W

IEC TS 60815-2, Selection and dimensioning of high-voltage insulators .intended for uge in
polluted conditions — Part 2: Ceramic and glass insulators for a.c.(systems (disponible en
anglais seulement)

(4

IEC TS 60815-3, Selection and dimensioning of high-voltageinsulators intended for use in
polldted conditions — Part 3: Polymer insulators for a.c.“Systems (disponible en anflais
seulément)

IEC TR 61000-5-2, Compatibilité électromagnétique (GEM) — Partie 5: Guides d’installatipn et
d’attgnuation — Section 2: Mise a la terre et cablage

IEC $1034-1, Mesure de la densité de fumees dégagées par des cables brilant dans| des
conditions définies — Partie 1: Appareillage d’essai

IEC 1219, Travaux sous tension — Appareil de mise a la terre ou de mise a la terre et en cpurt-
circuit utilisant des cannes commexdispositif de mise en court-circuit — Mise a la terre au mpyen
de cgqnnes

IEC 61230, Travaux sous tehsion — Equipements portables de mise a la terre ou de misel a la
terre| et en court-circuit

IEC 'S 61463, Bushings — Seismic qualification (disponible en anglais seulement)

IEC 62271-1C2017, Appareillage a haute tension — Partie 1: Spécifications communes |pour
appdreillage*a courant alternatif

IEC 62271-200, A’n'nnrpillngp a _haute tension — Partie 200: Appnrpillngn sous envelbppe
meétallique pour courant alternatif de tensions assignées supérieures a 1 kV et inférieures ou
égales a 52 kV

IEC 62271-201, Appareillage a haute tension — Partie 201: Appareillage sous enveloppe
isolante solide pour courant alternatif de tensions assignées supérieures a 1 kV et inférieures
ou égales a 52 kV

IEC 62271-202, Appareillage a haute tension — Partie 202: Postes préfabriqués haute
tension/basse tension

IEC 62271-203, Appareillage a haute tension — Partie 203: Appareillage sous enveloppe
meétallique a isolation gazeuse de tensions assignées supérieures a 52 kV


https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

IEC 61936-1:2021 © IEC 2021 - 133 -

IEC 62271-207, Appareillage a haute tension — Partie 207: Qualification sismique pour
ensembles d’appareillages a isolation gazeuse pour des niveaux de tension assignée
supérieurs a 52 kV

IEC TR 62271-300, Appareillage a haute tension — Partie 300: Qualification sismique des
disjoncteurs a courant alternatif

IEC 62305 (toutes les parties), Protection contre la foudre

IEC IEEE 82079-1, Elaboration des informations d'utilisation (Instructions d'utilisation) des

d iy - L 4 O . " . 7 z n
prO o rdartac T. T TIHIVIOTO TL TATYTTILT o yTliTrdiTo

3 Termes et définitions
Poun les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO® et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en nprmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

. 50 Online browsing platform: disponible a I'adresse http:{www.iso.org/obp

3.1 Définitions générales

3.1.1
matériel électrique
matdriel utilisé pour la production, la transformation, le transport, la distribution ou l'utilisgtion
de I'énergie électrique, tel que machine, transformateur, appareillage, appareil de megure,
disp¢sitif de protection, canalisation électrique, matériels d'utilisation

[SOUYRCE: IEC 60050-826:2004, 826-16-01, modifiée — dans le terme anglais, "electric" g été
remplacé par "electrical".]

3.1.2
valepr nominale
valelir d'une grandeur, Utilisée pour dénommer et identifier un composant, un dispositif
matgriel ou un systeme

un

[SOYRCE: IEC.60050-151:2001, 151-16-09, modifiée — La note a été supprimée.]

3.1.3
valelr assignée
valeyr.d’une grandeur, utilisée a des fins de spécification, correspondant a un ensemble
spécifie de conditions de fonctionnement d un composant, dispositif, materiel ou systeme

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

3.1.4

tension la plus élevée pour I'installation

Um

plus grande valeur de la tension efficace entre phases pour laquelle I'installation est congue
dans le respect de son isolation

Note 1 a l'article: Pour les besoins du présent document, "tension la plus élevée pour l'installation U, " est eégale a
"tension la plus élevée pour le matériel U_" conformément a I'lEC 60071-1.
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3.1.5

zone de connexion soumise a I’essai
zone au voisinage des bornes du matériel qui a subi un essai de type diélectrique avec la ou
les valeurs de tenue appropriées, les conducteurs concernés étant connectés aux bornes d'une
maniére spécifiée par le constructeur du matériel

3.1.6
distance de sectionnement d’un pdéle

<d’'un appareil

satis

faisant aux exigences de sécurité concernant les sectionneurs

mécanique de connexion> distance d'isolement entre contacts ouverts

[SOL

3.1.7
sect
coup
d'un

ded

3.1.8
part
cond
poin

Note

[SOL
de |4
neut

3.1.9
arte
ligne
une

[SOL
ou e

3.1.1
ferrg
réso
mag

[SOL

neutre isolé

a l'article: La notion n’implique pas nécessairement un risque de choc électrique.

définition. "conducteur de neutre et conducteur de point milieu" a été remplacé par "

bu plusieurs lignes secondaires ou encore une association des deux

JRCE: IEC 60050-601:1985, 601-02-08, modifiée — "ou une ou plusieurs lignes second
ncore une association des deux" inclus]

0

résonance

hance due€/a‘des oscillations entre la capacitance d’'un appareil et 'inductance du ¢

nétique saturable d’un appareil voisin

IRCE: IEC 60050-614:2016, 614-01-19]

JRCE: IEC 60050-441:2000, 441-17-35]

onnement

ure ou déconnexion d'une installation électrique, d'une partie d'installation”électrique ou
matériel a partir de tous les conducteurs non mis a la terre par la création d'intervallgs ou
stances d'isolement

e active

ucteur ou partie conductrice destiné a étre sous tension/en’/service normal, y compfis le

JRCE: IEC 60050-195:2021, 195-02-19, modifiee — "conducteur ou" a été ajouté au début

boint

e isolé". Les termes “BT" et “relation” nesont pas inclus.]
e
électrique issue d’'un poste principal, alimentant un ou plusieurs postes secondairgs ou

pires

rcuit

3.1.11

surtension transitoire
surtension d’'une durée ne dépassant pas quelques millisecondes, oscillatoire ou non,
généralement fortement amortie

[SOURCE: IEC 60050-614:2016, 614-03-14, modifiée — Les notes a I'article ont été supprimées]
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3.1.12
surtension temporaire

TOV

surtension a fréquence industrielle de durée relativement longue

Note 1 a l'article:

étre inférieure ou supérieure a la fréquence industrielle dans un rapport de plusieurs unités

La surtension peut étre non amortie ou faiblement amortie. Dans certains cas, sa fréquence peut

Note 2 a l'article: L'abréviation "TOV" est dérivée du terme anglais développé correspondant "temporary
overvoltage".

[SOURCE: IEC 60071-1:2019, 3.17.1]

3.1.13

haute tension

HT

tensjon supérieure a 1 000 V en courant alternatif

[SOUYRCE: IEC 60050-601:1985, 601-01-27, modifiée — Limite fixée, HT > 1 000 V et synor
au tgrme préférentiel décalé vers une nouvelle ligne.]

3.1.14

basge tension

BT

tensjon inférieure a 1 000 V en courant alternatif

[SOURCE: IEC 60050-601:1985, 601-01-26, modifiee ~Limite fixée, HT <1 000 V et synor
au tgrme préférentiel décalé vers une nouvelle lighe.]

3.1.15

explpitation

ensgmble des activités, incluant a la fois-les travaux électriques et non électriques, nécess
pour|permettre le fonctionnement d’'une-installation électrique

Note [l a I'article: Ces activités comprennent les manceuvres, la commande, le contrble et la maintenance.
[SOURCE: IEC 60050-151:2001, 151-11-28, modifiée — Elargissement du domaine associé
instdllations électriques]

3.1.16

conditions normales d’exploitation

toutq

Note
minim

s conditiohs*de fonctionnement fréquemment rencontrées

a lrarticle: Ces conditions incluent les conditions assignées d'exploitation, les conditions maxima
ales, d’exploitation, les charges partielles, les transitoires normales (démarrage, arrét, variations de char

yme

yme

pires

aux

es et
pe) et

les si

uatiohs d'attente.

3.1.17

conditions anormales d’exploitation
conditions de fonctionnement rares (seulement quelques fois au cours de la durée de vie du
matériel)

Note 1 a l'article:

Apres de telles conditions d'exploitation, un contréle de ces matériels peut étre exigé.

3.1.18

travaux électriques
travaux sur, avec ou a proximité d’une installation électrique tels que essais et mesurages,
réparations, remplacements, modifications, extensions, montages et contrdles

Ces conditions incluent les erreurs humaines, pertes d’alimentation, surtensions, séismes, etc.
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3.2 Définitions concernant les installations électriques

3.21

installation électrique fermée

salle ou lieu destiné a I'exploitation des installations électriques et des matériels électriques
dont l'accés est réservé aux personnes qualifiées ou instruites ou aux autres personnes
ordinaires sous la surveillance de personnes qualifiées ou instruites

3.2.2

installation présentant un danger d'incendie

salle, zone ou emplacement intérieur ou extérieur, ou existe un danger di aux conditions
Iocalme_miaux
facilgment inflammables peuvent se trouver suffisamment proches des matériels élecCtrigues

pour|créer un danger d'incendie d0 a la température élevée du matériel ou a un arc

3.2.3
fossle de récupération
réceptacle destiné a recueillir I'isolant liquide d'un transformateur ou de tout'autre matérigel en
cas (e fuite

3.2.4
résefrvoir de récupération
résefvoir destiné a recevoir les fuites de liquide, I'eau de\pluie, etc. pour un ou plus|eurs
trangformateurs ou tout autre matériel

3.2.5
jeu (Te barres

conducteur associé a des connexions, jonctionsyet supports isolés formant une conngxion
élecfrique commune entre un certain nombre de circuits ou des éléments individuels| des
appdreillages

3.3 | Définitions concernant les types d’installations électriques

3.3.1
poste
<d’up réseau électrique> partie d'un réseau électrique, située en un méme lieu, comprgnant
prindipalement les extrémités des lignes de transport ou de distribution, de I'apparei|lage
élecfrique, des batiments et, éventuellement, des transformateurs.

Note |l a l'article: Un peste comprend généralement les dispositifs destinés a la sécurité et a la conduite du réseau
(par gxemple les protestions)

Note P a I'article:) *Selon le type de réseau auquel appartient le poste, il peut étre qualifié par la désignatipn du
réseap.

EXEMRLE , Poste de transport (d'un réseau de transport), poste de distribution, poste a 400 kV, poste a 20 kY.

[SOURCE: IEC 60050-605:1983, 605-01-01, modifiée — Les informations supplémentaires ont
été déplacées de la définition a la Note 1 a l'article.]

3.3.2

centrale électrique

équipement destiné a la production d'énergie électrique et qui comprend les ouvrages de génie
civil, de conversion énergétique ainsi que l'appareillage associé

[SOURCE: IEC 60050-602:1983, 602-01-01]

3.3.3
installations ouvertes
installations dans lesquelles le matériel n'est pas protégé contre les contacts directs
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3.3.4
"cellule" ou "compartiment" d'appareillage
toute partie d'un jeu de barres dans une installation électrique

3.4 Définitions concernant les mesures de protection contre les chocs électriques

3.4.1

protection contre les contacts directs

mesures qui empéchent les personnes d'approcher des parties actives dangereuses ou des
zones ou il existe un risque de tension dangereuse avec des parties de leurs corps ou des
objets (atteignant la zone dangereuse)

3.4.2
protection contre le contact indirect
protgction des personnes contre les dangers susceptibles de résulter, en cas dé.defaut,|d'un
contact avec des parties conductrices accessibles de matériel électrique ou |[des éléments
conducteurs étrangers

3.4.3
enveloppe
encginte assurant la protection du matériel contre certaines influences externes et, dans {oute
diregtion, la protection contre les contacts directs

3.4.4
barrjére de protection
<élegtrique> partie assurant la protection contre les;'contacts directs d’un étre humain olu du
béta|l avec les parties actives dangereuses dans toute direction habituelle d’accés

[SOURCE: IEC 60050-195:2021, 195-06-15,(modifiée — dans la définition, "contact" 4 été
remplacé par "contact direct".]

3.4.9
obstacle de protection
élément empéchant un contact.diréct fortuit, mais ne s'opposant pas a un contact direct par
une pction délibérée

[SOURCE: IEC 60050-826:2004, 826-12-24]

3.5 Définitions concernant les distances d’isolement

3.5.1
distance d'isolement
distgnceentre deux parties conductrices le long d'un fil tendu suivant le plus court {rajet
posslible entre ces deux parties conductrices

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.5.2

distance minimale d’isolement

plus petite distance d'isolement admissible dans l'air entre des parties actives ou entre des
parties actives et la terre

3.5.3

distance d'isolement d'une barriére de protection

plus petite distance d'isolement admissible entre une barriere de protection et les parties
actives ou des parties susceptibles d’étre soumises a une tension dangereuse
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3.5.4

distance d'isolement d'un obstacle de protection
plus petite distance d'isolement admissible entre un obstacle de protection et les parties actives
ou les parties susceptibles d’étre soumises a une tension dangereuse

3.5.5

zone dangereuse
dans le cas de la haute tension, zone limitée par une distance minimale autour des parties
actives dangereuses ne présentant pas une protection compléte

Note
parti

[SOURCE: IEC 61140:2016, 3.35]

3.5.

distance minimale d’isolement de la zone dangereuse

N.

distgnce d’isolement qui décrit I'espace de la zone dangereuse autoun des parties ac
dandereuses sans protection compléte contre les contacts directs

Note

le Tableau 3 et ’Annexe A sont désignées par "N".

Note
de la

3.5.7

distance d'isolement d'une cléture

plus

ou lg¢s parties susceptibles d’étre soumises.a.une tension dangereuse

3.5.8

haufeur minimale

plus

sang| protection contre les contaéts directs ou des parties susceptibles d’étre soumises a

tens

3.5.¢
tens
tens

[SOURCE: IE€60071-1:2019, 3.18.1]

3.5.10

tens|

1 a l'article:

L’entrée dans une zone dangereuse est considérée comme équivalente au contact avec des

actives dangereuses.

al'article: Les valeurs de distance d'isolement minimale de la zone dangereuse indiquées dans le Tablg

P a l'article: Les distances de sécurité données a I'Article 7 sont fondées sur la distance minimale d’isol
rone dangereuse.

petite distance d'isolement admissible entfe“une clbture extérieure et les parties ac

petite distance verticale admissible entre les surfaces accessibles et les parties ac

on dangereuse

ion normalisée de courte durée a fréquence industrielle
on sinusoidale\de fréquence comprise entre 48 Hz et 62 Hz et de durée égale a 60 s

fives

au 2,

bment

tives

fives
une

jon-assignée normalisée de tenue aux fréquences industrielles de courte durée

valeur efficace normalisée comme tension de tenue pour les niveaux spécifies de tension
normalisée de courte durée a fréquence industrielle

Note

1 a l'article: Voir I'lEC 60071-1:2019, 5.6 pour les niveaux de tension spécifiés.

3.5.11
tension normalisée de choc de foudre
tension de choc ayant une durée de front de 1,2 us et une durée jusqu'a la mi-valeur de 50 ps

[SOURCE: IEC 60071-1:2019, 3.18.3, modifiée uniquement en anglais — le mot "voltage" ajouté
au terme anglais]
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3.5.1

2

tension assignée normalisée de tenue au choc de foudre
valeur de créte normalisée comme tension de tenue de la tension normalisée de choc de foudre

Note 1 a I'article: Voir I'|EC 60071-12019, 5.7 pour les valeurs spécifiées.

3.5.1

3

tension normalisée de choc de manceuvre
tension de choc ayant une durée jusqu'a la créte de 250 ps et une durée jusqu'a la mi-valeur

de 2

500 s

[SOURCE: TEC 60071-1:2019, 3.18.2, modifiee uniqguement en anglais — le mot "voltage" a]
au tgrme anglais]

3.5.14
tensjon assignée normalisée de tenue au choc de manceuvre

vale

manpeuvre

Note

3.6

3.6.1

disp
posi

[SOL

3.6.2

com
com

[SOL

3.6.3

com
com

[SOL

disstitif de verrouillage

comEuande directe

comlgnande a distance) télécommande

r de créte normalisée comme tension de tenue de la tension normalisée de cho

a l'article: Voir I'|EC 60071-12019, 5.7 pour les valeurs spécifiées.

Définitions concernant la commande et la protection

sitif qui subordonne la possibilité de fonctionnement d'un appareil de connexion
ion ou au fonctionnement d'un ou de plusieurs@utres éléments de I'équipement

IRCE: IEC 60050-441:1984, 441-16-49]

ande d'une manceuvre, effectuee a partir d'un point situé sur l'appareil de conng
andé ou dans le voisinage immédiat de celui-ci

JRCE IEC 60050-441:1984;7441-16-06]

ande d'une manceuvre, effectuée a partir d'un point éloigné de I'appareil de conng
andé

JRCE._1E€ 60050-441:1984, 441-16-07]

outé

c de

ala

xion

Xion

3.6.4

réen

clenchement automatique

refermeture du disjoncteur associé a une fraction de réseau affectée d'un défaut, par un
dispositif automatique aprés un intervalle de temps permettant la disparition d'un défaut fugitif

[SOURCE: IEC 60050-614:2016, 614-02-29]
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Définitions concernant la mise a la terre

terre locale

loca

I ground (US)

partie de la Terre en contact électrique avec une prise de terre, et dont le potentiel électrique

n'est

pas nécessairement égal a zéro

Note 1 a l'article: Le potentiel électrique de tout point de la masse conductrice de la Terre est pris, par conve
égal a zéro.

[SOL

IRCE- IFC 60050-195-2021 _195-01-03 modifiée — 1 3 Note 1 5 l'article a3 été ajoutée

ntion,

3.7.3
terrg
refe

parti
cony
cong

Note

[SOL
été

3.7.3

de référence

ence ground (US)

b de la Terre considérée comme conductrice, dont le potentiel électrique” est pris
ention, égal a zéro, étant hors de la zone d'influence de l'installation ‘de mise a la
ernée

a l'article: La notion de "Terre" se réfere a la planete et a toute la matiére ‘dont elle est composée.

JRCE: IEC 60050-195:2021, 195-01-01, modifiée — "toute, installation de mise a la ter
emplacé par "l'installation de mise a la terre concernée™]

pris¢ de terre

élec
<ins
cond

[SOU
ajou

3.7.4

trode de terre
allations électriques> partie conductrice.~qui peut étre incorporée dans un n
ucteur particulier, par exemple béton ou coke, en contact électrique avec la Terre

JRCE: IEC 60050-195:1998, 195-02:01, modifiée — "<installations électriques>" 3
é.]

conducteur de (mise a la) terre

grou
cond
donn

Note
de co
conng

[SOU
cond

nding conductor (US)
ucteur assurant un chemin conducteur, ou une partie du chemin conducteur, entre un
é d'un réseau, d'unetinstallation, ou d'un matériel et une prise de terre

a l'article: Sila cennexion entre une partie de l'installation et I'électrode de terre est assurée par une bg
upure, un sectionneur, un compteur ou un intervalle de décharge d'un parafoudre, etc., seule la partie
xion attachée~de fagcon permanente a I'électrode de terre est un conducteur de mise a la terre.

JRCESIEC 60050-195:2021, 195-02-03, modifiée — Dans la définition, "formant un ch

par
terre

[e

ilieu

éte

boint

rrette
de la

Emin

ucteur entre une partie conductrice" a été remplacé par "assurant un chemin conduc

ou u

teur,

he. partie du chemin conducteur, entre un point donné d'un réseau, d'une installatiof, ou

d'un

matériel". La Note 1 a l'article a été ajoutée.]

3.7.5
conducteur d'équipotentialité de protection

cond

ucteur de protection assurant une liaison équipotentielle

3.7.6

installation de mise a la terre
grounding system (US)
ensemble des connexions électriques et dispositifs mis en ceuvre qui sont nécessaires pour
mettre a la terre séparément ou collectivement un appareil ou une installation
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[SOURCE: IEC 60050-826:2004, 826-13-04, modifiée — Dans la définition, "systeme" a été
remplacé par "ensemble". La définition précise que les parties mises en ceuvre peuvent mises
a la terre séparément ou collectivement.]

3.7.7

prise de terre de fait
partie métallique qui est en contact avec la terre ou avec l'eau, directement ou par
I'intermédiaire du béton, et qui n'est pas destinée a la mise a la terre, mais qui satisfait a toutes
les exigences d'une prise de terre sans modifier sa destination

Note 1 a l'article: Des exemples de prises de terre de fait sont des conduites métalligues, des plaques de fond

ation,

des a

3.7.8

résistivité électrique du sol

PE

résistivité d’'un échantillon typique du sol

[SOL

3.7.9

résistance de terre

Rg
parti

[SOL

3.7.1

impédance de terre

Zg
impé
oud

Note
conng
des i
I'instg
toute
conng

[SOL
ont 4

3.7.1

Fmatures de poteaux en béton, des parties métalliques des batiments, etc.

JRCE: IEC 60050-195:1998, 195-01-19]

b réelle de I'impédance de mise a la terre
JRCE: IEC 60050-195:1998, 195-01-18]

0

dance pour une fréquence donnée_entre un point spécifié d’'un réseau, d’'une install
un matériel et la terre de référence

a l'article: L'impédance de tefre est déterminée non seulement par les prises de terre direct
ctées, mais également par les iises a la terre des lignes aériennes interconnectées, par des cables de
gnes aériennes, par des cables' avec écran et par toutes autres installations de mise a la terre, reli
Ilation de mise a la terre concernée, par des gaines conductrices, des blindages, des conducteurs PEN
autre maniére. L'impédance de terre comprend la résistance de terre du poste et les impédances parg
ctées telles que des cables de garde et des gaines.

JRCE: IEC 60050-195:2021, 195-01-17, modifiée — Le symbole Zg et la Note 1 a I'a
té ajoutés]

1

élév
EPR

tion-du potentiel de terre

ption

bment
parde
Bes a
ou de
lléles

ticle

Ue

tension entre une installation de mise a la terre et la terre de référence

Note 1 a l'article: L’abréviation "EPR" est dérivée du terme anglais développé correspondant "earth potential

3.7.12

tens
Ur

ion de contact, tension de toucher

<effective> tension entre des parties conductrices touchées simultanément

Note 1 a l'article:

la personne en contact électrique avec ces parties conductrices.

rise".

La valeur de la tension de contact effective peut étre sensiblement influencée par I'impédance de
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[SOURCE: IEC 60050-195:2021, 195-05-11, modifiée — Le symbole Ut a été ajouté. Dans la

définition, "par un étre humain ou par du bétail" a été supprimé. Dans la Note 1 a l'article, "de
I’étre humain ou du bétail" a été remplacé par "de la personne”.]

3.7.13
tension de contact admissible

Ur
p
valeur limite de la tension de contact Ut

3.7.14
tensjon de contact presumee
UvT

tensjon entre des parties conductrices simultanément accessibles en I'absence de toyt coptact

3.7.15
tensjon de contact admissible présumée

Uva

valelr limite de la tension de contact présumée U, 1

3.7.16
tensjon de pas
tensjon entre deux points de la surface de la Terre distantskde 1 m

Note [ a I'article: Une distance de 1 m est considérée comme lallongueur de I'enjambée d'une personne.

[SOURCE: IEC 60050-195:2021, 195-05-12, modifiée — Dans la définition, "distants de 1 |m" a
été gjouté. La Note 1 a I'article a été remplacées]

3.7.17

transfert de potentiel
élévation du potentiel de l'installation\de mise a la terre provoquée par un courant a la ferre
trangmis au moyen d'un conductéur connecté (par exemple, gaine métallique de cgble,
conducteur PEN, tuyau, rail) entre.les zones avec faible élévation ou sans élévation de potgntiel
a la terre de référence, de softe’qu'une différence de potentiel apparaisse entre le condug¢teur
et sgn environnement

Note | a l'article: Cette (définition s'applique également a un conducteur connecté a la terre de référerjce et
condyisant a la zone dert'élévation du potentiel.

3.7.18

tensjon de contrainte
tensjon qui-apparait dans des conditions de défaut a la terre entre une partie mise a la terfe ou
une [enyeloppe du matériel ou de l'appareil et une quelconque de ses parties susceptible
d’affectér I'exploitation normale ou la sécurité

3.7.19

installation de mise a la terre globale

installation équivalente de mise a la terre créée par l'interconnexion d’installations de mise a la
terre locales qui assure, par le voisinage des installations de mise a la terre, I'absence de
tension de contact dangereuse

Note 1 a l'article: De telles mises a la terre permettent la répartition du courant de défaut a la terre de telle sorte
que I'élévation du potentiel dans l'installation locale de mise a la terre est réduite. Une telle mise a la terre peut
former une surface quasi équipotentielle.

Note 2 a l'article: L’existence d’une installation de mise a la terre globale peut étre déterminée par des mesurages
ou des calculs d’échantillons pour les systémes typiques. Des exemples typiques d’installations de mise a la terre
globales sont les centres-villes, les zones urbaines ou industrielles avec des installations réparties de mise a la terre
a basse et a haute tension.
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3.7.20

conducteur de neutre HT mis a la terre en des points multiples
multi-grounded HV neutral conductor (US)

conducteur neutre d’une ligne de distribution connecté a l'installation de mise a la terre du
transformateur source et mis a la terre régulieérement

3.7.21

partie conductrice accessible

masse (dans une installation électrique)
partie conductrice d'un matériel, susceptible d'étre touchée, et qui n'est pas normalement sous
tension, mais peut le devenir lorsque l'isolation principale est défaillante

[SOYRCE: IEC 60050-195:2021, 195-06-10]

3.7.22

élément conducteur étranger

partie conductrice ne faisant pas partie de l'installation électrique et susceptible d'introdui
poteptiel électrique, généralement celui d’une terre locale

[SOURCE: IEC 60050-195:2021, 195-06-11, modifiée — dans la définition anglaise, "elec
installation" a été remplacé par "electrical power installation".]

3.7.23

conducteur PEN
conducteur assurant a la fois les fonctions de conducteur de mise a la terre de protection
conducteur de neutre

[SOURCE: IEC 60050-195:2021, 195-02-12]

3.7.24

défaut a la terre

groynd fault (US)

défalit di a un conducteur ayant un’/point a la terre ou a une résistance d’isolement dev
inférjeure a une valeur spécifiée

Note [I a l'article: Des défauts.a 1a terre de deux conducteurs de phase ou plus du méme réseau en diff¢
emplgcements sont appelés_doubles défauts a la terre ou défauts a la terre multiples.

e un

rical

pt de

enue

rents

ment

3.7.35

counant de défaut a'la terre

Ig

courpnt qui.gircule du circuit principal a la terre ou aux parties mises a la terre a I'emplace
du dgfaut

Note a¥'article: Pour des défauts Qimplne alaterre ce courant est.

Note 2 a I'article:

dans les schémas a neutre isolé, le courant capacitif de défaut a la terre;

dans les schémas a mise a la terre d'impédance élevée, le courant composé résistif et capacitif de défaut a la

terre;
dans les schémas a neutre compensé, le courant résiduel de défaut a la terre;

dans les schémas a neutre faiblement impédant, le courant de court-circuit phase-terre.

biphasé-terre.

Un autre courant de défaut a la terre peut résulter d’'un double défaut a la terre et d'un défaut
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4 Exigences fondamentales

4.1 Généralités
4.1.1 Exigences générales

Les installations électriques et les matériels doivent pouvoir supporter les contraintes
électriques, mécaniques, climatiques et les influences externes prévisibles sur le site.

Il convient que le choix du site prenne en compte, entre autres:

|

acces pour permettre les activités de construction, de maintenance et d'exploitation;

impact sur la communauté, notamment la proximité des sites sensibles, les-\aspects
visuels, le bruit, les commodités et la circulation;

impact environnemental, y compris la prise en compte de la pollution, de la ventilatiof, de
@ faune et de la flore;

impact de la topographie, des zones sismiques, des lignes de faille, des voies inondaples,
es marécages, des avalanches ou des glissements de terrain;

I¢s conditions du sol: y compris la résistivité thermique et électrique et la contaminatign du

but de lI'installation;

lgs exigences de l'utilisateur telles que™la qualité de I'énergie, sa fiabilité, sa disponihilité,
t la capacité du réseau électrique a-résister aux effets transitoires tels que le démarrage
e moteurs de puissance, les micreeoupures et la réalimentation de I'installation électrlque;

— l¢s conditions de charge, les ceurants de court-circuit de calcul, etc.;
sécurité des opérateurs.et,du pubilic;
— lgs influences externes;

— lés possibilités d’extension (si elles sont exigées) et la maintenance.
L'utilisateur doit définir les préférences des dispositions spécifigues de maintenancge et
idenfifier les exigences de sécurité a mettre en place pour les niveaux de sélectivitg de
I'appareillage afin d’assurer un arrét minimal de l'installation. Lorsque cela est nécessairqg, les
niveaux de.sélectivité de I'appareillage doivent étre tels qu’ils réduisent le plus possibje la
diffugion d'un défaut, y compris un incendie, survenant dans un module défini quelconque flans
les rTodules adjacents.

Il peut apparaitre des conditions de fonctionnement rares ou dont les durées cumulées sont
faibles pour lesquelles des critéres et mesures spécifiques de conception exigés pour maintenir
les conditions de sécurité et éviter tout dommage au matériel électrique ou a l'installation font
I'objet d’'un accord entre le fournisseur et I'utilisateur.

Les générateurs doivent étre capables de satisfaire aux exigences de raccordement du réseau
de distribution ou du réseau local, par exemple, pour la régulation de la tension, la réponse en
fréquence, etc.

4.1.2 Accords entre fournisseur et utilisateur

Les processus d’exploitation de l'utilisateur doivent étre pris en compte dans la conception de
I'installation électrique.
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Pour la conception et le montage d'installations électriques, des accords complémentaires entre
le fournisseur/le constructeur/I’entrepreneur/le planificateur et I'utilisateur/le mafitre d’ceuvre/le
propriétaire (ci-aprés dénommé fournisseur et utilisateur) doivent étre appliqués, et peuvent
également influencer les exigences d’exploitation nécessaires. Les références peuvent étre
trouvées dans les paragraphes énumeérés dans le Tableau 1 ci-dessous:



https://iecnorm.com/api/?name=20df346f5052018c7f9d0499da088956

- 146 — IEC 61936-1:2021 © IEC 2021

Tableau 1 — Références aux paragraphes pour lesquels un accord
entre fournisseur et utilisateur est exigé

Paragraphe Sujet

4.1.1 Exigences générales (critéres de conception spécifiques)

4.2.2 Classification des tensions (Valeurs nominales, valeurs assignées)

4.3.1 Exigences mécaniques, conditions locales

4.3.9 Conditions particuliéres et exigences relatives aux régions a environnement sismique

4421 Conditions climatiques et environnementales (pour les matériels auxiliaires: intérieurs)

4.4.2.2 Conditions climatiques et environnementales (pour les matériels auxiliaires: extérieurs)

4.4.3.1 Conditions différentes des conditions environnementales normales

4.4.3.5 Conditions particuliéres et exigences relatives aux vibrations

6.1.1 Conformité aux procédures d’exploitation et de sécurité

6.2.1 Meéthode d’indication (position du contact de I'interrupteur ou du sectionneur)

6.2.1 Dispositifs de verrouillage et/ou d’enclenchement

6.2.1 Dispositifs de commutation (caractéristiques assignées réduites)

6.2.1 Caractéristiques assignées de I'appareillage (exigences spécifiques)

6.2.8 Isolateurs, niveau de pollution et conditions d'humidité

6.2.9.2 Cables isolés (températures dans des conditions spéciales de fonctionnement)

7.1.1 Valeurs plus élevées pour les distances, distances d’isolement et dimensions

711 Exigences communes (procédures de fonctionnement)

7.1.3 Documentation (étendue de la documentation)

7.1.4 Voies de circulation (capacité de portance, hauteur et largeur)

7.1.6 Eclairage (présence et importance de I'éclairage)

7.5.4 Zones d’exploitation et de maintenance (distances et issue de secours)

8.4.1 Dispositions de protection des pérsonnes travaillant sur des installations électriques (procédures|de
travail)

8.4.4 Dispositifs de vérification,de1'absence de tension (étendue des dispositions)

8.4.5 Dispositifs de mise allaterre et en court-circuit (étendue des dispositions ou de la fourniture)

8.4.6.2 Cloisons isolées &t mobiles

8.4.6.3 Cloisons mobiles

8.5 Protection contre les dangers provenant d'un défaut d’arc (degré d’importance des mesures)

8.6 Protection contre les coups de foudre directs (méthode d’analyse)

8.7.1 Exigences relatives aux matériels d’extinction d’incendie

8.7.2.2 Reéduction des distances G, et G,

8.9 Langage-de-Hdentificationet-du-marguage

9.1 Systémes de protection, coordination des protections, réglages des protections, protections de secours,
etc.

9.3.1.3 Systémes auxiliaires et dimensionnement des batteries

9.3.2 Systéme d’air comprimé (coupure pour maintenance)

9.3.3 Installations de manipulation du gaz SF; (conception et capacité de I'installation)

10.2.1 Exigences fondamentales relatives a la conception de l'installation de mise a la terre

1.1 Contrble et essais (étendue du contrdle et des essais / spécifications / documentation)

11.2 Veérification des performances spécifiées

11.3 Essais lors de l'installation et de la mise en service (exigences / matériel d’essai / programme d’essais)

11.4 Essai de mise en exploitation (performances)
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4.2
421

Exigences électriques

Méthodes de mise a la terre du neutre

La méthode de mise a la terre du neutre influence fortement le niveau et la durée du courant
de défaut. Par ailleurs, la méthode de mise a la terre du neutre est importante pour ce qui

conc

erne les caractéristiques suivantes:

— le choix du niveau d’isolement;

— les caractéristiques des appareils limitant les surtensions, comme des éclateurs ou des

p

arafoudres;

Lec

- It choix des relais de protection;

conception de l'installation de mise a la terre.
hples de méthodes de mise a la terre du neutre:

chéma a neutre isolé;
chéma a neutre compensé,;
héma a la terre d'impédance élevée;

héma a neutre faiblement impédant.

noix du type de mise a la terre du neutre repose normalement sur les critéres suivant

Unr
neut
diffé
neut
mat§
de tq

4.2.2

réglementation locale (si elle existe);
continuité de I'alimentation exigée pour le réseau;
limitation des dommages subis par les matériels en cas de défaut a la terre;

I'élimination sélective des portions de réseau*en défaut;

localisation des défauts;

I¢s tensions de contact et de pas;
lgs effets inductifs;

s aspects d’exploitation et:de maintenance.

Bseau raccordé galvaniguement a uniguement une seule méthode de mise a la terp
re. Différents réseaux galvaniquement indépendants peuvent avoir des méth
entes de mise a.faiterre du neutre. Si différentes configurations de mise a la terr
‘e peuvent suryenir dans des conditions normales ou anormales de fonctionnement
riels et systémes de protection doivent étre congus de maniére a pouvoir fonctionner
lles conditions.

Classification des tensions

L uti

isateur doit définir la tension nominale et la tension maximale de fonctionnement d¢g

o7

e du
bdes
e du
, les
Hans

son

réseau. A partir de Ta ftension maximale de foncltionnementi, Ta plus grande fension pour

I'inst

allation (U,,) doit étre choisie dans le Tableau 2, le Tableau 3 ou I’Annexe A.

4.2.3 Courant en exploitation normale

Chaque partie d’une installation électrique doit étre congue et mise en ceuvre afin de supporter

les c

ourants dans les conditions de fonctionnement définies.

4.2.4 Courant de court-circuit

Les installations électriques doivent étre congues, construites et montées pour pouvoir
supporter sans dommage les contraintes mécaniques et thermiques provoquées par les
courants de court-circuit.
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un réseau (cogénération), les niveaux de défectuosité peuvent augmenter.

Lorsqu'une installation posséde une production sur site, des moteurs ou une exploitation en paralléle avec

Pour les besoins du présent document, tous les types de courts-circuits doivent étre pris en

cons

- d
- d
- d
- d

idération. Exemples:

éfaut triphasé;
éfaut biphasé;
éfaut phase-terre;

éfaut biphasé-terre.

Les
inter

Les
dest

installations électriques doivent étre protégées par des dispositifs automatique$§
rompre les courts-circuits triphasés et biphasés.

installations électriques doivent étre protégées soit par des dispositifsautomati
nés a couper les courants de défaut a la terre, soit par des appareils ‘signalant {

condition de défaut a la terre. Le choix du dispositif dépend de la méthode-de mise a la

dun

Lav

Siu
reco

NOTEH

butre.
bleur normalisée de la durée assignée de court-circuit est de 1/0.s.

ne valeur différente de 1 s est appropriée lors du processus de conception, les va
mmandées sont de 0,5 s, 2,0 s ou 3,0 s.

2 La durée assignée inclut la durée d'élimination d’'un défaut:

pour

jues
oute
ferre

eurs

Les méthodes de calcul des courants de court-cjrcuit dans les installations triphasées a colirant

alter

Les
et,p

4.2.5

Les
lequ

4.2.6
Les

radid
cour

NOTH

hatif sont décrites dans I'lEC 60909 (toutesles parties).

méthodes de calcul des effets du courant de court-circuit sont décrites dans I'lEC 608
bur les cables de puissance, dans JAEC 60949.

Fréquence assignée

nstallations électriques doeivent étre congues pour la fréquence assignée du réseau
b| elles doivent fonctionner.

Effet couronne
installations-electriques doivent étre concues de maniére a ce que les perturba

électriques dues aux champs électromagnétiques (par exemple causées par des €
bnnes)ne’dépassent pas un niveau spécifié.

1. lres documents CISPR 18-1, CISPR 18-2 et CISPR 18-3 contiennent des recommandations en v,

65-1

Hans

ions
ffets

e de

réduir

} ! H P e iadl ) <l H follati ato ta it H
T PTUSPOSSToTCTESPeTrturoatonS radrotreCt queS eSS MStanatonS—a naute tenSTomn:

NOTE 2 Les niveaux maximaux admissibles des perturbations radioélectriques peuvent étre fixés par les autorités
locales, nationales ou régionales.

NOTE 3 Des recommandations relatives aux niveaux de tension acceptables des perturbations radioélectriques

pour |

‘appareillage sont données dans I'l[EC 62271-1.

Lorsque la valeur acceptable est dépassée, le niveau de I'effet couronne peut étre contrélé, par
exemple, par l'installation d’anneaux couronnes ou le renforcement de connecteurs des jeux
de barre a haute tension, de leurs supports, des raccords de barres et des bornes de matériel.
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4.2.7 Champs électriques et magnétiques

Une installation électrique doit étre congue de maniére a limiter les champs électriques et
magnétiques générés par le matériel sous tension a un niveau acceptable pour les personnes
exposées.

NOTE La réglementation locale, nationale ou régionale peut spécifier les niveaux acceptables. Des informations
complémentaires sont disponibles auprés de la Commission internationale pour la protection contre les
rayonnements non ionisants (ICNIRP — International Commission on Non-lonizing Radiation Protection) ou de I'lEEE.

4.2.8 Surtensions

Les |matériels doivent étre protégés contre les surtensions issues des opérationg de
commutation ou des coups de foudre qui peuvent dépasser les valeurs de tenue ‘au’ choc
confprmément a I'lEC 60071-1 et a I'lEC 60071-2.

4.2.9 Harmoniques

Il copvient de considérer les effets des harmoniques de courant et de tensionh sur l'installation
élecfrique, par exemple, dans les installations industrielles. Une analyse\des harmoniques|peut
étre pxigée pour déterminer quelles sont les mesures de correction nécessaires pour satigfaire
a la] réglementation locale et/ou assurer I'exploitation correcte.de I'ensemble du réseau
élecfrique.

4.2.10 Compatibilité électromagnétique (CEM)

Il cojnvient de concevoir les installations électriques™de maniére a ce qu’elles fonctionnent
corrgctement dans leur environnement CEM donné:

NOTH Des recommandations permettant d’assurer la compatibilité électromagnétique et la conformité des cfamps
électrpmagnétiques aux limites admises par les autorités locales, nationales ou régionales sont disponiljles a
I’Articde 9 et a I’Article 10. Des recommandations sont également fournies dans I'lEC 61000 (toutes les pafties),
surtodit dans I'lEC 61000-5 (toutes les parties), I'|E€,61000-6-5, I'lEC 62271-1, I'|EC 62271-208 et dans la Brochure
technjque 535 du CIGRE.

4.3 | Exigences mécaniques
4.3.1 Généralités

Les matériels et les structures de support, y compris leurs fondations, doivent supporter tqutes
les dgombinaisons de chiatge prévisibles.

Il copvient d’accorder une attention toute particuliére aux états limites ultimes et de servicg des
strugtures.

Les hypothéses de charge liées aux conditions locales doivent faire I'objet d’'un accord enfre le
fournisseur et 'utilisateur.

Deux cas de charges doivent étre considérés, a savoir un cas de charge normale et un cas de
charge exceptionnelle.

Dans chacun de ces cas de charge, plusieurs combinaisons doivent étre analysées. La
combinaison la plus défavorable doit étre utilisée pour déterminer la tenue mécanique des
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structures. Pour le cas de charge normale, les charges suivantes doivent étre prises en
considération:

poids proper;

charge de tension mécanique;
charge de montage;

charge de glace;

charge due au vent.

Il convient de prendre en considération les contraintes temporaires et les charges qui peuvent

étre |appliquées lors de la construction ou des procédures de maintenance. Des matiriels

particuliers peuvent étre affectés par des charges cycliques (se reporter aux normes conce
ces matériels particuliers).

Pourn le cas de charge exceptionnelle, le poids propre et la charge de tension mécan
agisgsant simultanément avec la plus grande des charges occasionnelles suivantes doivent

pris

Bn considération:

fforts dus aux manceuvres;
forces de court-circuit;
erte de la tension mécanique d'un conducteur;
harges sismiques;
force de flottabilité sur la fondation pendant I'inondation.

4.3. Charge de tension mécanique

La dharge de tension mécanique doit étre galculée sur la base de la tension mécarn
maximale d'un conducteur dans les conditions locales les plus défavorables.

NOTH Exemple de combinaisons possibles: -20.°C sans glace et sans vent; -5 °C avec glace et sans vent;
avec yent.

4.3.3 Charge de montage

La charge de montage est unhe/force d'au moins 1,0 kN appliquée a I'endroit le plus contraig
d'ung structure de suppart, portique d'arrét, etc.

4.3.4 Charge de glace

Dang les régiofis~ou peut se former de la glace, la charge qui en résulte sur les conduct
souples comme sur les jeux de barres ou conducteurs rigides doit étre prise en compte.

En l''abserice de normes et réglementations nationales, de relevés locaux ou de statistig

des

nant

ique
étre

ique

+5 °C

nant

eurs

ues,

épaieenllre de gln(‘p de 1 mm_ 10 mm ou 20 mm selon les critéres donnés

I'IEC 62271-1 peuvent étre définies par hypothése.

4.3.5 Charge due au vent

dans

Les charges dues au vent, qui peuvent étre trés différentes selon les caractéristiques
topographiques locales et la hauteur des structures au-dessus du sol environnant, doivent étre
prises en compte. La direction du vent la plus défavorable doit étre prise en considération.

L'IEC 62271-1 comporte les exigences relatives aux charges dues au vent auxquelles sont
soumis les appareillages.
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4.3.6 Efforts dus aux manceuvres

Les efforts dus aux manceuvres doivent étre pris en considération au moment de la conception
des supports. Ces efforts doivent étre déterminés par le concepteur du matériel.

4.3.7 Forces de court-circuit

Une estimation des effets mécaniques d’un court-circuit peut étre faite selon les méthodes

déta

illées dans I'lEC 60865-1.

NOTE La brochure technique 214 du CIGRE "Mechanical effects of short-circuit currents in open air substations"

(Effet
suppl

4.3.9 Perte de la tension mécanique d'un conducteur

Une

b IMecaniques des Ccourdants de  COUTt-CITCUIt ddlls des pPOsiesS OuUverits) 1ournit des TeCOoMmimand
Ementaires.

structure sur laquelle viennent s'accrocher des chaines d'isolateurs doit étre’congue

tions

pour

résidter a la perte de la tension mécanique d'un conducteur, résultant de la rupture de 'isolateur

oud

NOTH 1 En général, il est de pratique courante de retenir pour la base de calcul\0)°C, sans charge de gl

charg

NOTH 2 Dans le cas de conducteurs en faisceau, la rupture d’'un seul sousrconducteur est prise comme hypo

4.3.9 Charges sismiques

Les
fourn
exig

Les
cong

Lors
maté
resp

Les
aux
enveg
mét3

Les

a) t
r

I conducteur responsable du cas de charge le plus défavorable.

e due au vent.

conditions et les exigences particuliéres doivent faire I'objet d’un accord entn
isseur et l'utilisateur (voir aussi 4.4.3.5 et I'|EC 60721-2-6) et doivent tenir compte
bnces locales, lorsqu’elles existent.

nstallations électriques situées dans des régions a environnement sismique doivent
ues afin de tenir compte de ces conditions.

ue des spécifications de charge s’appliquent a des travaux de génie civil ou a
riels répondant a des conditions sismiques, ces spécifications doivent alors
pctées.

installations électriques: par exemple I'lEC 62271-207 pour les appareillages
loppe métalliqueA'IEC 62271-210 pour les ensembles d'appareillages sous envel
llique, 'NEC TR-62271-300 pour les disjoncteurs et I'|EC TS 61463 pour les traversés

mesures suivantes doivent étre prises en compte:

put 'matériel individuel doit étre congu pour résister aux forces dynamiques dues

ce ni

hese.

e le
des

étre

des
étre

charges sismiques doivent étre traitées conformément aux normes appropriées relatives

SOuUS

bppe
S.

aux

houvements verticaux et horizontaux du sol. Ces effets peuvent étre modifiés p

ar la

réponse de la fondation et/ou des supports et/ou du sol qui soutiennent ces matériels. Le
spectre de réponse du séisme doit étre pris en compte lors de la conception des matériels;

b) la disposition doit étre choisie afin de limiter les charges dues aux interconnexions entre
des dispositifs adjacents pour lesquels il est nécessaire de supporter des mouvements,
relativement importants, axiaux, latéraux, de torsion ou autres, a des valeurs acceptables.
Il convient d’accorder une attention particuliere aux autres contraintes qui peuvent se

d

évelopper au cours d'un séisme.

4.3.10 Dimensionnement des structures

Il existe des normes et des réglementations nationales de dimensionnement des structures.
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4.4 Conditions climatiques et environnementales
4.4.1 Généralités

Les installations électriques, y compris tous les appareils et matériels auxiliaires qui font partie
intégrante de celles-ci, doivent étre congues pour fonctionner dans les conditions climatiques
et environnementales présentées ci-apres.

Les emplacements dangereux doivent faire I'objet d’'une attention spécifique. La présence de
condensation, projection de liquide, particules, poussiéres, éléments corrosifs et atmosphéres
dangereuses doit étre spécifiée afin de pouvoir choisir les matériels électriques appropriés. La
clasgificatiom e zones pour des atmosSperes expiosives doitetreeffectugeconformenmegnt a
I'lEQ 60079-10-1 et a I'lEC 60079-10-2. La classification des conditions environnemeniales
peut|étre effectuée conformément a I'lEC 60721 (toutes les parties).

4.4.2 Conditions normales
4.4.21 Intérieur
Pour les installations électriques intérieures, les conditions normales doivent étre les suivantes:

a) la température ambiante de I'air ne dépasse pas 40 °C, et sa)ivaleur moyenne, mesurée
endant une durée de 24 h, ne dépasse pas 35 °C;

| i ©]

es températures ambiantes minimales de I'air sont les¢suivantes:

-4 -5 °C pour la classe "-5 °C a l'intérieur";

—15 °C pour la classe "-15 °C a l'intérieur";
- =25 °C pour la classe "-25 °C a l'intérieur?

Hour les matériels auxiliaires, tels que relais' et contacteurs destinés a étre utilisés g une
température ambiante inférieure a —5 °C{un accord entre le fournisseur et l'utilisateur est

necessaire;
b) llinfluence du rayonnement solaire\ne doit pas étre prise en compte;
c) lpltitude ne dépasse pas 1 000.'m au-dessus du niveau de la mer;

d) I'mir ambiant n’est pas pollué*de maniére significative par la poussiére, la fumée, deq gaz
gorrosifs et/ou inflammables, des vapeurs ou du sel;

e

valeur moyenne de I'’humidité relative, mesurée sur une durée de 24 h, ne dépassqg pas
5 %;
ans ces conditiohs, une condensation peut apparaitre de maniére occasionnelle.

OTE 1 Uné€_condensation peut apparaitre lors de variations subites de température au cours de périodes a
fort taux d’humidité.

OTE(2 y*Pour éviter le claquage de I'isolation et/ou la corrosion de parties métalliques en raison d’'une humidité
élevée, ainsi que de la condensation, les matériels congus pour de telles conditions et soumis aux essais en
cpnsé€quence sont normalement utilisés.

NOTE 3 La condensation peut étre évitée par une conception particuliére de I’enveloppe ou du batiment, par
une ventilation et un chauffage adéquats du poste ou par I'utilisation d’'un déshumidificateur.

f) Les vibrations dues a des causes externes pour les matériels ou a des tremblements de
terre sont négligeables.

4.4.2.2 Extérieur

Pour les installations électriques extérieures, les conditions normales doivent étre les
suivantes:

a) la température ambiante de l'air ne dépasse pas 40 °C, et sa valeur moyenne, mesurée
pendant une durée de 24 h, ne dépasse pas 35 °C;
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b)

c)
d)

h)

4.4.3 Conditions particuliéres
4.4.3.1 Généralités

Lorsflue \des matériels a haute tension sont utilisés dans des conditions différentes
condition's environnementales normales indiquées en 4.4.2, les paragraphes 4.4.3.2 a 4

Les températures ambiantes minimales de I'air sont les suivantes:
— =10 °C pour la classe "-10°°C a I’extérieur";
— =25 °C pour la classe "-25°°C a I’extérieur";
— =30 °C pour la classe "-30°°C a I’extérieur";
— —40 °C pour la classe "-40°°C a I’extérieur".

Des variations rapides de température doivent étre prises en compte, voir 4.4.2.2, poi
et 4.4.3.4.

Les matériels auxiliaires tels que relais et contacteurs, destinés a étre utilisés a
températures ambiantes inférieures a -5 °C, doivent faire l'objet d'un accord ent

nt g)

des
e le

fournisseur et I'utilisateur.

rayonnement solaire jusqu’a 1 000 W/m2 (a midi par temps clair) doit &tre:pri
nsideration;

OTE 1 Dans certaines conditions de rayonnement solaire, des mesures appropriées,.par exemple t

en

L2

iture,

ventilation forcée, etc. peuvent étre nécessaires, ou un déclassement peut étre utilisé afin,de ne pas dépasser

lgs montées en température spécifiées.

OTE 2 Des informations détaillées sur le rayonnement solaire global sont dopnéées dans I'lEC 60721-2

I'l[EC 60068 (toutes les parties) peut étre consultée.

Ititude ne dépasse pas 1 000 m au-dessus du niveau de‘la mer;

rrosifs, des vapeurs ou du sel. La pollution ne~dépasse pas la classe ¢ de gravit
ollution de site — Moyenne — conformément a I{EC’ TS 60815-1;

0 mm pour la classe 20. Des informations_cemplémentaires sont données en 4.3.4;
vitesse du vent ne dépasse pas 34 m/s;

NOTE 4 Les caractéristiques du vent sont @écrites dans I'lEC 60721-2-2.

la présence de condensation et les précipitations sous forme de rosée, condensa3
RQrouillard, pluie, neige, glace, ou givre doivent étre prises en compte;

NOTE 5 Les caractéristiques, de précipitation pour l'isolation sont décrites dans I'lEC 60060-1 et I'lEC 60
Four les autres propriétés, ces\caractéristiques sont décrites dans I'lEC 60721-2-2.

¢s vibrations dues.a'des causes externes aux matériels ou a des tremblements de
ont négligeables(

n

4.

OTE 3 Le rayonnement UV peut endommager certains matériaux synthétiques. Pour plus d’informgtions,

ir ambiant n’est pas pollué de maniére significative (par la poussiére, la fumée, deq gaz

e de

couche de glace ne dépasse pas 1 mm peur la classe 1, 10 mm pour la classe 10 et

tion,

71-1.

terre

des

t.3.5

doivent étre respectés.

4.4.3.2 Altitude

Pour des installations électriques situées a une altitude supérieure a 1 000 m au-dessus du
niveau de la mer, le niveau d’isolement pour l'isolation extérieure dans des conditions
atmosphériques de référence normalisées doit étre déterminé en multipliant les tensions de
tenue d'isolation exigées a I'emplacement de service par un facteur K, conformément a

'EC 62271-1.

L’'interpolation linéaire des distances d’'isolement, comme indiqué dans le Tableau 2 et le
Tableau 3 est acceptable.
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Pour les matériels auxiliaires et de commande a basse tension, des précautions particuliéres
doivent étre prises pour une altitude de plus de 2 000 m au-dessus du niveau de la mer. Voir
I'IEC 60664-1.

NOTE 1 Pour une isolation interne sous pression, les caractéristiques diélectriques sont identiques, quelle que soit
I'altitude, et aucune précaution particuliére n’est nécessaire.

NOTE 2 La variation de pression due a l'altitude est donnée dans I'lEC 60721-2-3. Les questions qui se posent
concernent les points suivants:
— échanges thermiques par convection, conduction ou rayonnement;

— rendement du chauffage ou de la climatisation;

— nifeau de Tonctionnemeni des appareils sous pression;
— repdement du groupe électrogene diesel ou de I'unité d'air comprimé;

— aygmentation de I'effet couronne.

NOTH 3 Le facteur de correction K, de I'lEC 62271-1 reflete le fait qu’'une modification n’est pas,exigée popr les
altitudes inférieures a 1 000 m.

NOTH 4 Pour la correction de la ligne de fuite pour les installations a courant continug'VEC TS 60815-4 pelt étre
consyitée.

4.4.3.3 Pollution

Pourn les matériels situés dans I'air ambiant pollué, une classe de gravité de pollution df site
doit Btre spécifiée, par exemple, la classe d (élevée) ou la.classe e (irés élevée) conforie a
'MECQ TS 60815-1.

4.4.3.4 Température et humidité

Pourl les matériels situés en un emplacementou la température ambiante peut étre|trés
difféfente de la plage de températures de fonétionnement normal indiquée en 4.4.2, il conyient
que |les plages préférentielles de températures minimales et maximales a spécifier spient
définies comme suit:

50 °C et +40 °C pour des climats trés froids;

5 °C et +50 °C pour des climats trés chauds.

Dang certaines régions avec.apparitions fréquentes de vents humides et chauds, des variajions
brutales de température. peuvent se produire, entrainant la formation de condensatign, y
compris a l'intérieur.

Dang des conditions intérieures tropicales, la valeur moyenne mesurée de I’humidité relptive
pendant une durée de 24 h peut étre de 98 %.

Dang certaines installations électriques souterraines, le matériel peut se trouver immergé de
man|éfe occasionnelle. De tels matériels doivent étre congus en conséquence.

4.4.3.5 Vibrations

Les conditions et les exigences particuliéres doivent faire l'objet d’'un accord entre le
fournisseur et I'utilisateur (Voir aussi 4.3.9).

Les vibrations dues au vent, aux contraintes électromagnétiques, au trafic (par exemple routier
ou ferroviaire temporaire), a I’exploitation (par exemple ouverture/fermeture des disjoncteurs),
aux procédés industriels (par exemple compression et précompression) et a d’autres sources
prévisibles doivent étre prises en considération. Les vibrations transmises par une fondation
ou un plancher monolithique commun doivent étre également prises en compte.

La capacité d'un matériel a résister aux vibrations doit étre donnée par le constructeur.
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4.5

4.51

Exigences particuliéres

Effets dus a la présence de petits animaux et micro-organismes

Si une activité biologique (due a des oiseaux, a d'autres petits animaux ou a des
microorganismes) constitue un danger, des mesures doivent étre prises pour éviter de tels
dommages. Ces mesures peuvent inclure le choix approprié de matériaux, des dispositions
pour empécher l'accés, ainsi qu’un chauffage et une ventilation adéquats (pour de plus amples
informations, voir 'lEC 60721-2-7).

4.5.2 Niveau de bruit

Si dd
elles

L’1S(
peérig
4.5.3
Le t

stoc
tens

NOTE
3-1e

5

5.1

s limites de niveau de bruit sont imposées (en général par des autorités administrati
doivent étre respectées par la mise en ceuvre de mesures appropriées telles que:

‘ladoption de techniques d'isolement phonique contre toute forme de transmission duy

ar I'air ou des corps solides;

‘utilisation de matériel a faible niveau de bruit.

D 1996-1 spécifie des critéres pour I'évaluation du bruit, pour différents lieux et différg
des de la journée.

Transport

ransport sur site, par exemple de volumineux tranSformateurs, et les contrainte
age peuvent avoir des conséquences sur la conception de I'installation électrique a h
on.

Les paramétres de transport et de stockage associés’/a leur durée sont définis conformément a I'lEC 6}
al'lEC 60721-3-2.

solement

Généralités

Etant donné que les installations électriques traditionnelles (isolées par lair) ne

normnj

alement pas I'objet d’essais de niveau de tenue au choc, I'installation exige des dista

minimales d’isolement entre les parties actives et la terre et entre les parties actives des ph

afin
I'inst]

Lac

Lap
pour

d'éviter un contournement au-dessous du niveau de tenue au choc spécifié
allation électrique.

pordination.de"l'isolement doit étre conforme a I'lEC 60071-1.

rocédure-de coordination de I'isolement comprend la sélection de la tension la plus él
le, matériel, ainsi que d’'un ensemble correspondant de tensions de tenue assig

normni

es),

son

ntes

5 de
aute

P721-

font
nces
nses
pour

bvée
hées

alisées qui caractérisent 'isolement du matériel nécessaire pour I'application.

NOTE Le Tableau 2, le Tableau 3 et ’Annexe A sont fondés sur les exigences de I'lEC 60071-1.

5.2

5.2.1

Choix du niveau d'isolement

Généralités

Le niveau d'isolement doit étre choisi selon la tension la plus élevée établie pour l'installation
U, et/ou la tension de tenue au choc.

5.2.2 Considération relative aux méthodes de mise a la terre du neutre

Il convient que le choix soit effectué principalement pour assurer la fiabilité en service compte
tenu de la méthode de mise a la terre du neutre dans le réseau, ainsi que des caractéristiques
et emplacements des dispositifs de limitation des surtensions a installer.
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NOTE La coordination de l'isolement distingue différents types de surtensions, par exemple la surtension a
fréquence industrielle, les surtensions transitoires et les surtensions transitoires trés rapides.

Dans les installations électriques pour lesquelles

— la configuration du réseau, ou
— la méthode adoptée pour la mise a la terre du neutre, ou
— la protection par des parafoudres,

ainsi qu’un niveau élevé de sécurité sont exigés, et pour lesquelles il est inapproprié d'abaisser
le niveau d'isolement, I'une des valeurs alternatives les plus élevées du Tableau 2, du

Tabwmmmﬂmmﬂdent
'abgissement approprié, les valeurs les plus basses du Tableau 2, du Tableau3-¢gt de

’Annexe A sont suffisantes.

5.2.3 Considération relative aux tensions assignées de tenue au choc

Dang la plage de tensions | (1 kV < U, < 245kV), le choix doit reposer-sur les tengions

assignées normalisées de tenue au choc de foudre et les tensions assignées normaliségs de
tenug aux fréquences industrielles de courte durée du Tableau 2; dans-la plage de tensigns Il
(Unm P 245 kV), le choix doit reposer sur les tensions assignées normalisées de tenue au ghoc

de npanceuvre et les tensions assignées normalisées de tenué au choc de foudre indiquées
dang le Tableau 3. Les valeurs des niveaux d'isolement assigh€s qui n'ont pas été normalisées
par l|IEC, mais qui se fondent sur les méthodes courantes dans certains pays, sont énumdrées
dang I'Annexe A (Tableau A.1, Tableau A.2 et Tableau A.3).

NOTH 1 La tension assignée normalisée de tenue aux fréquences industrielles de courte durée est appliquée
confofmément a la tension normalisée de courte durée a fréquence industrielle.

NOTH 2 La tension assignée normalisée de tenue au(¢hoc de foudre est appliquée conformément a la tgnsion
normalisée de choc de foudre.

NOTH 3 La tension assignée normalisée de tenue-au choc de manceuvre est appliquée conformément a la tgnsion
normalisée de choc de manceuvre.

5.3 | Vérification des valeurs de-tenue au choc

Si lep distances minimales d’isolement dans I'air indiquées dans le Tableau 2, le Tableay 3 et
I’Anriexe A sont maintenues,-il n'est pas nécessaire de réaliser des essais diélectriques.

Si lep distances minimales d’isolement dans l'air ne sont pas maintenues, la capacité a tojérer
des fensions d'essai“du niveau d'isolement choisi doit étre établie en appliquant les eg$sais
diéldctriques appropriés conformément a I'lEC 60060-1 pour les valeurs de tension de tgnue
au choc indiquées dans le Tableau 2, le Tableau 3 et ’Annexe A.

Si lep distances minimales d’isolement dans I'air ne sont pas maintenues dans les partids ou
les Zones d'une installation électrique, des essais diélectriques limités a ces parties ou g ces
zones sont suffisants.

NOTE Conformément a I’Annexe A de I'lEC 60071-1:2019, les distances minimales d’isolement peuvent étre
abaissées si des essais ou des expérimentations de fonctionnement ont permis de démontrer de plus basses
surtensions.

5.4 Distances minimales d’isolement des parties actives
5.4.1 Généralités

Les distances minimales d’isolement dans l'air indiquées dans le Tableau 2, le Tableau 3 et
I’Annexe A s'appliquent pour des altitudes jusqu'a 1 000 m au-dessus du niveau de la mer. Pour
des altitudes plus élevées, voir 4.4.3.2.
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Les valeurs relatives a la distance minimale d’isolement d’une zone dangereuse sont indiquées
dans le Tableau 2, le Tableau 3 et ’Annexe A, désignées par la lettre N. Ces valeurs définissent
la base des distances de sécurité indiquées a I'Article 7.

Si des parties d'une installation électrique peuvent étre séparées l'une de l'autre par un
sectionneur, ces parties doivent étre soumises a des essais a la tension assignée normalisée de
tenue au choc pour la distance de sectionnement (voir les Tableaux 2 et 3 de '|EC 62271-1:2017).
Si entre de telles parties d'une installation, les distances minimales d’isolement entre phases du
Tableau 2 pour la plage de tensions | et du Tableau 3 pour la plage de tensions Il définies dans
le présent document sont augmentées de 25 % ou plus, il n'est pas nécessaire de réaliser des

essa

is diélectriques.

5.4.2
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Distances minimales d’isolement dans la plage de tensions |

la plage de tensions | (voir le Tableau 2), les distances minimales d’isolement dans

alisée de tenue au choc de foudre (LIWV — lightning impulse withstand veltage) est la m
I'isolement entre phases et I'isolement phase-terre, les distances dlisolement s'applid
Jeux distances d'isolement (conformément au Tableau A.1 de I'lEC\60071-1:2019).

Distances minimales d’isolement dans la plage de tensions Il

la plage de tensions Il (voir le Tableau 3), les distances d’isolement dans I'air
'minées par la tension assignée normalisée de tenue au choc de manceuvre (SIV|
hing impulse withstand voltage). Elles dépendenten grande partie des configurations

mmandé de faire un choix sur la base des distances d’isolement entre phase et terre

construction de la tour (structure-tige)o(conformément aux Tableaux A.2 et A.
60071-1:2019).

D’autres configurations des électrodes (facteurs d’intervalle) conduisent a des distances d’isol
entes (voir ’Annexe F de I'lEC 60071+232018).

I'air

sent sur des configurations défavorables des électrodes avec de petits rayens de coutbure
(c'esft-a-dire plaque-tige). Etant donné que dans ces plages de tensions, la tension assi
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guration la plus défavorable, telle que, par‘e€xemple, le bras d'un sectionneur par rapport
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Tableau 2 - Distances minimales d’isolement dans I'air — Plage de tensions |
(1 kV U,, < 245 kV)

Plage de Tension la plus | Tension assignée | Tension assignée | Distance minimale d’isolement
tensions élevée pour normalisée de normalisée de entre phase et terre et entre
I’installation tenue aux tenue au choc de phases
fréquences foudre 2
industrielles de N
courte durée
U, Uy U, Installations Installations
intérieures extérieures
Valeur efficace Valeur efficace 1,2 us/50 ps
(vateur de créte)
kV kV kV mm mm
20 60 120
3,6 10
40 60 120
40 60 120
7,2 20
60 90 120
60 90 150
12 28 75 120 150
95 160 160
75 120 160
17,5 38
95 160 160
95 160
24 50 125 220
145 270
145 270
36 70
170 320
52 95 250 480
72,5 140 325 630
185 b 450 b 900
123
230 550 1100
185 P 450 900
145 230 550 1100
275 650 1.300
230° 550 ° 1100
170 275 650 1 300
325 750 1.500
275° 650 P 1300
325° 750 P 1500
245 360 850 1700
395 950 1900
460 1 050 2100

La tension assignée normalisée de tenue au choc de foudre est applicable entre phases et entre phase et

terre.

Si les valeurs sont considérées comme insuffisantes pour démontrer que les tensions exigées de tenue au
choc entre phases sont obtenues, des essais supplémentaires de tenue au choc entre phases sont
nécessaires.
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Tableau 3 — Distances minimales d’isolement dans I'air — Plage de tensions Il

(U > 245 kV)
Tension Tension Tension
Tension la assignée assignée . L. 1stol . -
. A ek L Distance minimale assignée Distance minimale
plus élevée |normalisée | normalisée vt g ye
pour de tenue de tenue d’isolement entre normalisée de d’isolement entre
Pinstallation | au choc de | au choc de phase et terre t;nue au choc phases
foudre @ | manceuvre € manceuvre
PI U, U, U, Conducteur Tige U, Conducteur Tige
age a a a a
d_e Valeur 1,2 us/ Phase a structure |structure| Entre phases |conducteur |conducteur
tensiong+—rcace 50 s Terre 250 ps/Z 500 §s |en paralléle
(valeur de 250 s/ (valeur de
créte) 2 500 ps créte)
(valeur de
créte)
N
kV kV kV mm kV mm
1600
850/950 750 1 7000 1900 1125 2 300 2 600
300
1800
950/1 050 850 1900 ® 2 400 19275 2 600 100
1800
950/1 050 850 . 2 400 1275 2 600 100
362 1900
1 050/1 175 950 2 200 2 900 1425 3100 600
1900
1 050/1 175 850 3 2.400 1360 2900 400
2 200
420 2200
1175/1 300 950 . 2 900 1425 3100 600
2 400
1 .300/1 425 1 050 2 600 3400 1575 3600 4 200
2 200
1175/1 300 950 2 900 1615 3700 4 300
I 2400°
550
1 .300/1 425 1 050 2600 3400 1680 3900 4 600
1 425/4.550 1175 3100 4100 1763 4 200 000
167571 800 1 300 3600 4 800 2210 6 100 1400
800 1°800/1 950 1425 4 200 5600 2 423 7 200 000
1950/2 100 1 550 4 900 6 400 2 480 7 600 400
1950/2 100 1425°¢ 4 200 5600 - - -
2 100/2 250 1 550 4 900 6 400 2 635 8 400 ¢ 10 000 ¢
1100
2 250/2 400 1675 5600 ¢ 7 400 ¢ 2764 91009 10 900 ¢
2 400/2 550 1 800 6 300 ¢ 83009 2 880 98009 11 600 9
2 100/2 250 1675 5600 9 7 400 ¢ 2 848 9600 ¢ 11 400 ¢
1200 2 250/2 400 1 800 6 3009 8 300 9 2 970 10 300 ¢ 12 3004
2 550/2 700 1950 7 200 ¢ 9500 ¢ 3120 11 200 ¢ 13 3004

a8 La tension assignée normalisée de tenue au choc de foudre est applicable entre phases et entre phase et terre.

b Distance minimale d’isolement exigé pour la valeur supérieure de la tension assignée normalisée de tenue au choc de

foudre.

¢ Cette valeur est applicable uniquement a l'isolation entre phase et terre des matériels monophasés non exposés a

I'air.

Les valeurs d'essai sont toujours a I'étude.
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5.5 Distances minimales d’isolement entre les parties dans des conditions spéciales

En régime permanent, les distances minimales d’isolement sont augmentées de telle sorte que,
exprimées en pourcentage des valeurs des distances minimales d’isolement indiquées dans le
Tableau 2, le Tableau 3 et 'Annexe A, les distances d’isolement suivantes sont présentes:

a) entre les parties d’une installation électrique si une opposition de phases peut se produire:
120 %;

b) entre les parties d’'une installation électrique en cas de niveaux d’isolement différents:
125 % du niveau d’isolement supérieur.

DangdesTomditions dymarmiques, tes adistances mmmates o TSotfenemt temporaites exprimées
en ppurcentage des distances minimales d’isolement en régime permanent indiquées:daps le
Tablgau 2, le Tableau 3 et ’Annexe A [si une correction nécessaire est effectuée conformément
a a)|ou b)] doivent étre prises en considération de maniére indépendante et deivent|étre
supérieures a:

1) €n cas d’oscillation des conducteurs sous l'influence du vent: 75 %; ou
2) &n cas de rupture d’'une sous-chaine dans une chaine d’isolateurs mujtiples: 75 %; ou
3) €n cas d’oscillation des conducteurs sous l'influence d’un court-circuit: 50 %.

5.6 | Zones de connexion soumises a I’essai

Les |nformations concernant les conditions de montage et‘de service des matériels soumis a
un epsai de type et fournis par le constructeur doivent étre-respectées sur le site.

En I’'Bbsence d’informations, une attention toute particuliére doit étre accordée a la conception
de Ig transition des matériels soumis a un essai de\type aux matériels conformes au Tablegau 2,
au Tpbleau 3 et a ’Annexe A. Cette transition doit étre aussi courte que possible.

Dang les zones de connexion soumises.a I'essai, il n'est pas nécessaire de maintenif les
distances minimales d’isolement conformes au Tableau 2, au Tableau 3 et a I’Annexe A ¢tant
donrlé que la capacité de supporter: la tension d'essai est établie par un essai de |type
diélgctrique.

NOTH Les zones de transition types.sont inférieures a 3 fois la distance d’isolement entre phases.
6 Matériel électrique

6.1 Exigences'générales
6.1.1 Sécurité du matériel électrique

Le matériel ‘électrique doit étre de construction sdre lorsqu’il est assemblé, installé et racqordé
a I’a‘imentation conformément au présent document.

Le matériel électrique ne doit pas présenter de danger de choc électrique, d’incendie, d’effets
thermiques ou de Iésions corporelles en cas de conditions de surcharge, d’exploitation
anormale, de défaut raisonnablement prévisibles ou d’influences extérieures raisonnablement
prévisibles.

Le matériel électrique doit étre installé selon les instructions du constructeur.

Lorsqu’une installation électrique donnée nécessite d’autres procédures spécifiques
d’exploitation et de sécurité, celles-ci doivent étre spécifiées par I'utilisateur.

Le matériel électrique doit étre conforme aux normes de produits IEC applicables. En I'absence
de ce type de normes, des normes locales, nationales ou régionales applicables peuvent étre
prises en considération.
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6.1.2 Sécurité de l'utilisateur

Une attention toute particuliére doit étre accordée, lors de la conception, a la sécurité des
personnes au cours de l'installation, de I'exploitation et de la maintenance du matériel
électrique.

Cette démarche peut inclure:

a) des manuels et des instructions concernant le transport, I'entreposage, l'installation,
I’exploitation et la maintenance;

b) des outils spéciaux exigés pour I'’exploitation, la maintenance et les essais;

c) des méthodes de manipulation en toute sécurité, établies pour des emplacenients
dpécifiques;

d) des moyens slrs de mise a la terre.

NOTH La formation et I'autorisation des personnes chargées de I'exploitation peuventétre soumises| a la

réglementation locale, nationale ou régionale.

6.2 | Exigences spécifiques

6.2.1 Dispositifs de coupure

Les dispositifs de coupure comprennent, par exemple, les disjoncteurs et les sectionneurs|Ces

dispositifs doivent étre choisis selon les exigences de I'Article:4.

Un djspositif doit étre prévu pour indiquer la position d€s,contacts du matériel de sectionnement

(y cqmpris les sectionneurs de mise a la terre). La méthode d’indication doit étre spécifié¢ par

l'utilisateur et il convient qu’elle soit conforme auxsnormes de matériels.

L'indicateur de position doit fournir une indication précise de la position réelle des congacts

primpires des matériels.

Le d|spositif indicateur de position ouverte/fermée doit étre facilement visible pour I'opérageur.

Des pppareils de sectionnementet des sectionneurs de mise a la terre doivent étre installgs de

facoh a ce qu'ils ne puissent pas étre mis en fonctionnement par inadvertance, par tensign ou

par gression, exercée manuellement sur les enchainements opérationnels.

Lorsfiue l'utilisateur’le“spécifie, des dispositifs de verrouillage et/ou d'enclenchement do|vent

étre jnstallés poufifournir une protection contre une exploitation inappropriée.

Si unp systéme’/de verrouillage est prévu afin d'empécher le sectionneur de mise a la terre de

supporter-la totalité du courant de court-circuit, il est admis, selon accord avec l'utilisateufr, de

speédifier une valeur assignée réduite pour cet appareil qui refléte sa contrainte éventuelle de

courant.de caourt-circuit

Les dispositifs de coupure non capables d’établir le courant de défaut présumé peuvent étre
utilisés lorsque des procédures de verrouillage ou de commutation satisfaisantes sont prévues.

Les matériels doivent étre installés d'une maniére telle que le gaz ionisé libéré pendant la
commutation n'entraine pas de détériorations des matériels ou de dangers pour les personnes

char

gées de I'exploitation.

NOTE Le mot "détérioration" est considéré comme désignant toute défaillance du matériel qui nuit a son bon

foncti

onnement.

La protection contre le danger provenant d'un défaut d’arc interne doit étre prise en
considération telle que spécifiée en 8.5.
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Les caractéristiques assignées de l'appareillage doivent reposer sur les normes IEC haute
tension appropriées. La commutation de certains circuits peut cependant exiger 'usage de
contraintes plus séveres que celles définies dans ces normes. Des exemples de tels circuits
sont les bancs de filtres et les charges dont les rapports réactance/résistance (X/R) sont trés
élevés, tels que les gros transformateurs et générateurs. Les exigences spécifiques relatives
aux appareillages nécessaires a de tels circuits doivent faire I'objet d’un accord entre le
fournisseur et l'utilisateur.

6.2.2 Transformateurs de puissance et réactances

Sauf indication contraire, le paragraphe 6.2.2 s'applique tant aux transformateurs qu'aux
réacfances, meme siI le texte ne 1ait reference qu aux seuls fransformateurs.

Les principaux critéres de choix pour les transformateurs sont indiqués a I’Article 4 éta I'Afticle
8.

L'IEC 60076 (toutes les parties) et I'IEC 61378 (toutes les parties) ! 7définissent| les
caragtéristiques spécifiques détaillées qui sont associées a la construction et aux performahces
des fifférents types de transformateurs. La classification (utilisée dansle présent document)
des [(différents types de transformateurs dépend d’un grand nombre de facteurs, donf les
matdriaux d’enroulement, les diélectriques et les systémes de refrgidissement.

Lors| de la conception de l'installation des transformateurs,“le risque de propagation| des
incendies (voir 8.7) doit étre pris en considération. De méme; et si cela s’avére nécessaire| des
moyeéns de limiter le niveau de bruit acoustique doiventiétre mis en place (voir 4.5.2).

Pour les transformateurs, il convient de veiller a<atténuer le risque associé a une montée en
température excessive. Des mesures appropriéesrde refroidissement et de ventilation dojvent
étre prévues [voir 7.5.7 et se reporter a I'lEC_60076 (toutes les parties)].

Les leaux (nappes phréatiques, eaux de‘ruissellement et eaux usées) ne doivent pas|étre
contgminées par les installations de transformateurs. Cet objectif doit étre atteint par le ¢hoix
de Ig conception du type de transformateur et/ou des dispositions du site. Pour les mesures,
voir 8.8.

S'il gst nécessaire de prélever des échantillons (échantillons d'huile) ou de lire les donnéeg des
appdreils de surveillange * continue (comme les indicateurs de niveau des fluides] de
température ou de pression) qui sont importants pour I’exploitation du transformateur, alorg que
Ie trnsformateur est sous tenS|on il doit etre p053|ble de réaliser ces opérations en foute

2lique
| Les
ques

2 ace s s s C datic 8dures
et grllles de mise a Ia terre ne d0|vent pas étre soumises a une montee en temperature
excessive dans des conditions normales de charge.

Il convient de réduire le plus possible le risque de détérioration des transformateurs dd a la
ferrorésonance, aux harmoniques, aux tensions de choc, aux surtensions temporaires et a
d’autres causes, par des études et des mesures appropriées du réseau (par exemple,
parafoudres ou choix approprié de l'isolation des transformateurs).

Lorsque des limiteurs de pression sont utilisés pour les transformateurs, ils doivent étre mis en
ceuvre de maniere a diriger la surpression d’huile loin des emplacements de commande ou les
personnes chargées de I'exploitation sont susceptibles de se trouver.
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6.2.3 Appareillage préfabriqué soumis a un essai de type

Les exigences relatives aux postes sous enveloppe métallique (PSEM), aux appareillages a
enveloppe métallique, aux appareillages a enveloppe d'isolement et aux autres ensembles
d'appareillages préfabriqués soumis a un essai de type sont données en 7.4. Pour la sécurité

des personnes et la manipulation du gaz, se reporter a 8.8.3 et 9.3.3.

6.2.4 Transformateurs de mesure

6.2.4.1 Généralités

ferre
ferre

Les' f secondaires n L
¢s circuits secondaires doivent étre séparés par des écrans métalliques mis a.la
confprmément aux recommandations de I'Article 10.

Le ppint du circuit secondaire qui peut étre mis a la terre doit étre déterminé dé|fagcon a dviter
toutq interférence électrique.

Les [transformateurs de mesure doivent étre installés de fagon a ce(que leurs bornep du
secondaire soient facilement accessibles lorsque I'ensemble de ['appareillage est mis |hors
tensjon. Les recommandations de I'lEC 61869 (toutes les parties) doivent étre prisep en
consfidération.

6.2.4.2 Transformateurs de courant

Le facteur assigné de surintensité et la charge assignée doivent étre choisis de manigre a
assurer un fonctionnement approprié de 'équipement de protection et a éviter la détérioration
des matériels de mesure en cas de court-circuit.

Dang les réseaux a haute tension dans lesguels la constante de temps primaire est longlie et
dang lesquels s'effectue un réenclenchement, il est recommandé de tenir compte de la
contfainte transitoire due a la partie.apgriodique du courant de court-circuit. |l convient de
prenfdre en considération les recommandations de I'lEC 61869-2.

Si des instruments de mesurg;'sont également connectés aux noyaux de protection| des
trangformateurs de courantyils*doivent, si cela se révéle nécessaire, étre protégés contre les
détéfiorations résultant de “forts courants de court-circuit au moyen de transformafeurs
auxiliaires appropriés. Les dispositifs de protection contre les surintensités ne doivent pas| étre
utilisés dans les circuits 'secondaires des transformateurs de courant inductif.

Si cgla est nécessaire, un écran efficace doit étre installé entre le circuit primaire et le c|rcuit
secondaire afinide réduire les surtensions transitoires sur les circuits secondaires découlapt de
I'opération.de“commutation.

Pourl assurer la protection contre les surtensions dangereuses, des dispositions doivent| étre
prises afin de faciliter la mise en court-circuit des enroulements du secondaire des
transformateurs de courant.

6.2.4.3 Transformateurs de tension

Les transformateurs de tension doivent étre choisis de sorte que la sortie nominale et la
précision soient appropriées aux matériels connectés et au cablage. Les effets de
ferrorésonance doivent étre pris en considération.

Le cbté secondaire des transformateurs de tension doit étre protégé contre les effets des
courts-circuits et il est recommandé que les dispositifs de protection soient surveillés.
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6.2.5 Parafoudres

Les parafoudres doivent étre congus ou positionnés de maniére a assurer la sécurité pendant
I’exploitation en cas de rupture du logement ou du fonctionnement de tout limiteur de pression.

Les caractéristiques temps-tension des parafoudres installés dans le méme circuit que les
fusibles de protection doivent tenir compte des surtensions produites par les fusibles.

Si des appareils de surveillance sont fournis dans le conducteur de terre des parafoudres de
type non linéaire a résistance, le conducteur entre un parafoudre et I'appareil de surveillance,
et I'appareil de surveillance lui-méme, doit alors étre protégé de facon a éviter gu’il ne soit
touché. Il doit étre possible de lire les données des appareils de surveillance et de comgtage
lorsque les matériels sont sous tension.

6.2.6 Condensateurs

Le risque de résonance et de surtensions di aux harmoniques doit étre pris en considérdtion,
et dgs moyens appropriés de le limiter doivent étre adoptés.

L'augmentation de la tension due aux réactances inductives branchées en série, telles| que
réacfances d'amortissement et circuits de filtres ou de fréquences_sonores, doit étre prige en
conglidération lors du choix de la tension assignée et de\ la capacité de courant| des
condensateurs.

Des |condensateurs de couplage, de mesure de la’dension et de protection contrg les
surtgnsions, doivent étre choisis selon la tension assignée de I'appareillage, méme si la ternsion
d'exploitation est plus faible.

La décharge sans danger des condensateurs.de puissance doit étre garantie. Les apparei|s de
décHarge doivent étre en mesure d'assurerile fonctionnement du point de vue thermigye et
mécanique.

Les (dispositifs de mise en courtscibcuit et de mise a la terre fournis pour une batterip de
condensateurs doivent tenir comipte de l'interconnexion des appareils au sein de la batferie,
des [ésistances de déchargeet-du type de fusibles.

6.2.7 Circuits-bouchons

La Igrgeur de bande dgoit étre déterminée conformément a I'attribution de fréquences du régeau.

6.2.8 Isolateurs

Sauf| spécification contraire, la ligne de fuite minimale spécifique des isolateurs doit|étre
confprme-a I'lEC TS 60815-1, I'l[EC TS 60815-2 et I'lEC TS 60815-3 en ce qui concernje le

niveaurde pollution spécifié par ['utilisateur

Les exigences de la méthode d'essai humide de I'l|EC 62271-1 doivent s'appliquer a toutes les
isolations extérieures.

Les profils et/ou les exigences de performance relatifs aux isolateurs extérieurs dans des
conditions de pollution ou d'humidité importante peuvent étre spécifiés par I'utilisateur.

6.2.9 Cables isolés
6.2.9.1 Généralités
Le paragraphe 6.2.9 s’applique aux cables isolés sauf lorsqu’ils sont utilisés comme des lignes

aériennes. Les cables isolés qui sont installés comme des lignes aériennes doivent satisfaire
aux exigences des normes |IEC appropriées pour les lignes aériennes.
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NOTE L’'IEC 60826 est un exemple de norme applicable aux lignes aériennes.

6.2.9.2 Température

Les cables isolés doivent étre choisis et posés de sorte que la température maximale admise
ne soit pas dépassée en ce qui concerne les conducteurs, leur isolation, les connexions, les
bornes des matériels électriques ou les environnements dans les conditions suivantes:

a)
b)

c)

exploitation normale;

conditions de fonctionnement particuliéres, soumises a un accord préalable entre le

fournisseur et I'utilisateur;

dourt-circuit.

NOTH Pour le dimensionnement des cables associés aux valeurs assignées du courant, se reporteraux n
IEC 60287, IEC 60853 (toutes les parties) et IEC TR 62095.

Le branchement d'un cable aux matériels électriques (par exemple, moteurs,(disjoncteurs

doit

pourfle cable dans des conditions opérationnelles prévisibles.

6.2.9.3 Contrainte due aux variations de température

Lac

longueur des conducteurs doit étre prise en compte. Si cela gst nécessaire, la contrainte
étre gliminée au moyen de mesures appropriées (par exemple, connexions flexibles, emh
de d|latation ou serpentés). Si ces mesures ne sont pas’adoptées, il doit étre tenu comptg
forcgs supplémentaires dues aux variations de température lors de la vérification d
résigtance mécanique des matériels.

.9.4 Cables rampants et a bobinage souples

cables rampants et a bobinage souples doivent étre choisis conformément aux exige

et cdnditions suivantes:

d)

e)

des cables rampants, ou des cé@bles avec des caractéristiques électriques et mécani
du moins équivalentes doivent étre utilisés pour fournir I'énergie aux matériels de ley
mobiles ou amovibles;

ans le cas de contraintes mécaniques plus importantes, par exemple, lorsque les cé
ont soumis a I'abrasion, la tension, la flexion ou I'enroulement en cours d’exploitation
ables rampants (@ )double gaine ou des cables avec des caractéristiques électrique]
nécaniques au'moins équivalentes doivent étre utilisés;

3.0 0 O

bs cables isolés destinés a I'alimentation en énergie électrique de matériels de le
hobiles guyamovibles doivent étre équipés d'un conducteur de mise a la terre de proteg

- —

la conception d'une quelconque connexion, qu'il s'agisse d'un raccord, d'une terming
qu«’un autre agencement de la connexion, doit étre telle qu'en cas d’application @

rmes

) ne

bas entrainer la soumission du cable a des températures plus élevées que celles admises

bntrainte subie par les matériels électriques en raison des,variations de température dur la

doit
outs
des
e la

nces

jues
age,

bles
des

yage
tion;
ison
‘une

ontrainte sur le cable, le conducteur de protection doit étre le dernier élément a

s’en

détacher ou a s’en séparer;

les cables isolés qui doivent étre enroulés sur un tambour doivent étre dimensionnés de
facon telle que, lorsque le conducteur est totalement enroulé et soumis a la charge nominale

normale, la température maximale admise n’est pas dépassée.

Les embouts des cables rampants souples ne doivent pas étre soumis a des tensions ou des
compressions; les gaines des cables doivent étre protégées contre le déchirement et les
embouts contre les torsions. Les embouts doivent étre également congus de maniére que les
cables ne se vrillent pas.
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6.2.9.5 Traversées et proximités

Lorsque des cables isolés traversent ou se trouvent prés de canalisations de gaz, d'eau ou
autres canalisations, une distance d’isolement appropriée doit é&tre maintenue entre les cables
et les canalisations. Lorsque cette distance d’isolement ne peut étre maintenue, tout contact
entre les cables et les canalisations doit &tre empéché, par exemple, par l'insertion de coques
ou de plaques d'isolement. Ces mesures doivent étre coordonnées avec l'opérateur de la
canalisation. Dans le cas d'un long trajet paralléle, la surtension induite sur la canalisation
pendant un court-circuit doit étre calculée. |l peut se révéler nécessaire de déterminer des
mesures appropriées (par exemple, un trajet alternatif pour les cables ou les canalisations ou
un plus grand espace libre entre les cables et les canalisations).

Lorsfjue des cables isolés traversent ou se trouvent a proximité d'installationy de
télégommunications, une distance d’isolement appropriée doit étre maintenue entre-les cjbles
et lef installations de télécommunications.

Dang le cas d'un long trajet parallele, la surtension induite sur'|Jinstallation| de
télégommunications pendant un court-circuit doit étre calculée (se référer aux directivels de
I'UIT| pour des recommandations). |l peut se révéler nécessaire d'adopter des megures
apprppriées afin de réduire cette surtension (un trajet alternatifCpour les cables o4 les
installations de télécommunications, un plus grand espace libre“entre les cébles e} les
instdllations de télécommunications).

Lorsfjue des cables isolés traversent ou se trouvent a proxingité d'autres cables isolés, les dffets
thermiques réciproques doivent étre calculés afin de“~déterminer la distance minimale
d’isolement entre les cables ou de déterminer d'autrés mesures appropriées (par exemple,
réacheminement). Les cables doivent étre installés¢a une distance suffisante de sources de
chal¢ur ou doivent étre séparés de telles sources.de chaleur au moyen d'écrans d'isolement
thermique.

Il copvient que la traversée et la proximité\de cables isolés, de canalisations de gaz, d'equ ou
autrg¢s canalisations et leur distan€e d’isolement appropriée soient conformes | aux
réglgmentations et normes nationales:

6.2.9.6 Installation des cables

Il dojt étre prévu suffisamment de points d’accés pour la maintenance et la vérification des
cablgs par essai (voir I'Article 11).

Le g¢able doit étre-protégé contre toute détérioration mécanique pendant et aprés|son
installation comme ‘suit.

a) pour éviter toute détérioration du céble, les opérations de pose doivent étre réaliséeg a la
bmpérature ambiante spécifiée par les normes des matériels ou par le constructeur;

—

b) Iges.cables isolés unipolaires doivent étre posés et fixés de maniére a assurer que les fqrces
résultant de courants de court-circuit n'entrainent aucune détérioration;

c) la méthode de pose doit étre choisie afin d'assurer que les effets extérieurs sont limités a
des valeurs de sécurité acceptables. En outre, lorsqu'ils sont enterrés dans des tranchées,
les cables doivent étre installés a une profondeur spécifique et couverts par des dalles ou
une grille avec avertissement afin d'empécher tout dommage causé par des tiers. Les
cables souterrains et sous-marins doivent étre protégés mécaniquement lorsqu'ils émergent
de l'eau ou du sol;

d) la pose de cables dans la terre doit étre réalisée dans le fond d'une tranchée a cables
exempte de pierres. L'assise doit consister en du sable ou de la terre sans pierres. Des
constructions spéciales de cables peuvent étre choisies, s’il y a lieu, afin d'assurer une
protection contre les incidences chimiques;

e) des mesures doivent étre prises pour éviter que les cables dans les tranchées ne soient
endommagés par les véhicules qui circulent au-dessus des tranchées;
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f) les mouvements et les vibrations du sol doivent étre pris en compte;

g) pour les installations verticales, le cable approprié a l'installation doit étre soutenu au
moyen d'isolateurs a gorge appropriés, a des distances déterminées par la construction du
cable et les informations fournies par le constructeur;

h) si des cables unipolaires sont installés dans des plafonds et des murs renforcés, la
possibilité d'échauffement des barres de renforcement en acier doit étre prise en
considération. Si cela est nécessaire, des mesures structurelles appropriées pour limiter

échauffement doivent étre déterminées.

Les cables installés dans des conduits métalliques doivent étre regroupés d'une maniére telle

que

es conducteurs de toutes les nhases (et le neutre le cas dchéant) du méme circuit s
g < y 7

ient

posé
L'em

Les
les li
cont

Il co
mét3
de tr

NOTH
prése
pOSseés

Les

La Id
étre

Les
cablg

6.2.9

Les

s dans le méme conduit afin de réduire le plus possible les courants de Foud
placement du conducteur de terre doit étre pris en compte.

cables isolés doivent étre installés de fagon que les tensions de contact se, situent
Mmites des valeurs admissibles ou de maniére que les parties accessibles\avec tensior
hct inadmissibles soient protégées contre les contacts au moyen de mesures appropr

nvient de prendre en considération, lors de la mise a la tenre-des écrans et ga
lliques, les questions telles que les tensions induites, les courants de défaut, les tens
ansfert et les emplacements des transformateurs de courant,

Lors de la mise a la terre des écrans et gaines métalliques, un¢risque peut exister en ce qui conce
hce de courants élevés circulant dans les écrans des cables unifgolaires gainés, en particulier lorsqu'il
a plat.

jaines métalliques doivent étre mises a la terrex¢conformément a I'Article 10.

ngueur des cables qui raccordent les transformateurs et les réactances a un circuit
choisie de fagon a réduire le plus possible la production de ferrorésonances.

contraintes mécaniques exercées\sur les matériels électriques lors de leur connexior
es de puissance doivent étre limitées afin de ne pas altérer leur propriété.

T Rayon de courbure

aleurs minimales du rayon de courbure pendant et aprés l'installation dépendent du

de cable. Elles sont indiquées dans les normes correspondantes ou elles doivent étre spéci

par |

6.2.9

Lac

£ constructeur.

.8 Contrainte de traction

bntrainte maximale de traction admise pendant la pose dépend de la nature du condu

et d
étre

type’de cable. Elles sont indiquées dans les normes correspondantes ou elles do

ault.

Hans
s de
ées.

ines
ions

ne la
sont

doit

aux

type
fices

Cteur
vent

pécifiées par le constructeur.

La contrainte de traction statique continue et de créte appliquée aux conducteurs de cables
souples et rampants doit étre aussi faible que possible et ne doit pas dépasser les valeurs
fournies par le constructeur.

6.2.10 Conducteurs et accessoires

Le paragraphe 6.2.10 traite des conducteurs (rigides ou souples) et des accessoires qui font
partie intégrante des artéres sortantes ou des jeux de barres dans les installations.

Les conducteurs couverts doivent étre traités comme des conducteurs nus.
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Des dispositions doivent étre prises pour permettre la dilatation et la contraction des
conducteurs dues aux variations de température. Ce principe ne doit pas s'appliquer lorsque la
contrainte due aux variations de température a été prévue dans la conception du systéme de
conducteurs.

NOTE Se reporter a I'l[EC 60826 pour les conducteurs nus souples placés hors des installations électriques
fermées.

Les raccords entre les conducteurs, et les connexions entre les conducteurs et les matériels
électriques ne doivent pas présenter de défauts ni se détériorer en cours de service. lls doivent
étre stables du point de vue mécanique et chimique. Les faces des raccords doivent étre
adéquatement-proparées-et-connectéss—comme-specifiepourte-type-de-connexion—La-mgntée

en tgmpérature d'une connexion entre des conducteurs et I'appareillage en service ne_doit pas
dépdsser les valeurs spécifiées dans I'lEC 62271-1.

Il copvient d’obturer les extrémités des jeux de barres tubulaires afin d’éviter la Corrosion gt les
nichg¢es d’oiseaux.

Des |dispositions doivent étre prises pour éviter une oscillation résonante éventuelle des|jeux
de barres tubulaires provoquée par le vent.

6.2.11 Machines électriques tournantes

Le risque de lésions corporelles dues a des défauts dans les boites a bornes des machineq doit
étre [réduit le plus possible. Les boites a bornes des moteurs doivent tolérer les condifions
locales de court-circuit. Des dispositifs de limitation de~Courant peuvent étre nécessaires.

Le dpgré de protection des matériels contre la pénétration d'objets, de poussiére et d'eay doit
étre | choisi conformément aux conditions climatiques et environnementales au sit¢ de
I'installation électrique. Les pieéces dangereuses des machines doivent étre protégées contre
des |[contacts accidentels avec les personnes. Le degré de protection doit étre défini
confprmément a I'lEC 60529.

Le n|veau d'isolement de la machine’doit étre choisi conformément a 'lEC 60034-1.
Un refroidissement suffisant doit étre prévu.

Les machines peuvept étre protégées contre le dépassement de la montée en température
maximale admise pa+’ l'utilisation de dispositifs de protection électrique appropriés| En
particulier, en cewqui concerne les grosses machines ou celles qui ont un caractére crifique
pour|lun procédeé de production, il convient d’installer des dispositifs de protection qui indiquent
un dgfaut inteme de la machine ou, s’il y a lieu, I'arrétent automatiquement.

La cpnception globale de I'installation doit identifier les exigences relatives au type d’envelpppe
du moteur, particuliérement si le moteur doit étre installé dans une zone dangereusd. En
complément, des aspects de sécurité tels que les niveaux de bruit, la température maximale
des surfaces accessibles aux personnes chargées de I’'exploitation, le contrble des fuites et la
surveillance doivent satisfaire aux exigences particuliéres de I'installation.

Le démarrage de moteurs de forte puissance engendre des chutes de tension dans le réseau
électrique de distribution. Différentes techniques sont disponibles pour réduire I'impact sur le
réseau électrique lors du démarrage de moteurs de forte puissance. L’équipement de protection
doit étre congu pour assurer une protection appropriée du moteur lors de sa séquence compléte
de démarrage.

La contribution au courant de court-circuit des moteurs de forte puissance doit étre prise en
considération.
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6.2.12 Générateurs

Le type de caractéristique assignée de puissance du générateur doit étre spécifié (par exemple,
puissance continue, principale ou de secours). Il convient de spécifier I'exploitation du
générateur en paralléle avec le réseau ou d’autres générateurs. Les dispositifs de commutation
a employer pour la synchronisation doivent étre définis.

La conception globale doit identifier les exigences générales de sécurité spécifiques aux
générateurs, particuliérement pour la protection contre I'incendie et I'utilisation de I’hydrogéne.
Voir I'lEC 60034-3.

6.2.13 Connexions principales du générateur

Poun des générateurs de faible puissance, le choix et la spécification des €onnhexions
pringipales du générateur (jeux de barres) peuvent se fonder sur les articles appropriés de
I'lEQ 62271-200.

Toutefois, il convient d'accorder un soin particulier au choix des courants établis de ¢réte
assignés. Il peut également étre nécessaire de spécifier des essais ou des calculs
supglémentaires pour les connexions non préfabriquées et non soumises a des essais de fype.

Si cqla est nécessaire, des études de défauts doivent &étre menées)pour déterminer les coufants
établis de créte et de tenue au choc de courte durée, particuliefement pour les connexions de
section réduite (par exemple, pour les transformateurs auxiliaires).

Poun des générateurs de forte puissance, et lorsqu un\niveau de sécurité plus élevé est ekigé,
il es recommandé d’employer des jeux de barres.a phases isolées ou a phases séparées

L'impact des champs magnétiques dus a l'utilisation de connexions principales des générafeurs
sans| enveloppe métallique doit étre pris en“considération dans la conception de I'installatjon.

La cpnception doit prendre en compte\ e fait que lorsqu’un générateur n’est pas connecfé au
résepu, mais tourne a faible vitesse(afin d’éviter toute déformation de I'arbre d’entrainemept du
géndrateur:

a) il existe une possibilité de)tensions induites potentiellement dangereuses; et
b) des moyens doivent'étre mis en ceuvre pour modifier la position du commutateur sufr les
tfansformateurs directement reliés aux bornes du générateur.

Lorsflue les connexions entre le générateur et le transformateur sont courtes, il convient de
prévpir I'ajout de-condensateurs dans I'appareillage de connexion afin de limiter les surtengions
qui geuvent apparaitre lors de la commutation.

6.2.14</ Convertisseurs statiques

Les piéces accessibles des appareils convertisseurs qui peuvent transporter une tension
dangereuse au cours de leur exploitation normale ou dans des conditions de défaut doivent
étre marquées et protégées de maniére appropriée contre tout contact accidentel avec les
personnes. Cela peut se faire par la mise en place de barriéres de protection appropriées.

Les fluides de transfert de froid et de chaleur ne doivent pas contenir de polluants mécaniques
ou de composants chimiquement agressifs susceptibles d’entrainer un dysfonctionnement du
matériel.

Lorsque I'eau est utilisée comme fluide de refroidissement, la possibilité de corrosion due a des
courants de fuite (courants dus a la conductivité de I'eau) doit étre prise en considération.
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Lorsque I'huile est utilisée comme fluide de refroidissement, une protection analogue contre
I'incendie et la pollution des nappes phréatiques doit étre assurée; il en est de méme pour les
transformateurs et les réactances remplis d'huile.

Au moment de la planification de la disposition des appareils convertisseurs, la possibilité
d'interférence magnétique occasionnée par des courants alternatifs élevés sur d'autres
matériels électriques ou parties de l'installation, en particulier les composants en acier, doit
étre prise en considération.

6.2.15 Fusibles

Les fusibles doivent étre installés de fagcon que leur remplacement puisse étre réalisé en {oute
sécurité conformément aux instructions du constructeur.

Il copvient que les personnes disposent de toutes les informations nécessaires. pendapt le
fonctionnement et la maintenance afin de choisir de maniére adéquate(les fusibles de
remplacement.

Deux types de fusibles sont utilisés:

Is fusibles limiteurs de courant conformes a I'lEC 60282-1;

s fusibles a expulsion conformes a I'|EC 60282-2.
NOTH 1 Pour de plus amples informations concernant les aspects relatifs a I'exploitation, voir 'lEC TR 6265p.

Poun un bon fonctionnement, I'élément de remplacement doit étre solidement fixé en pogition
de service.

NOTH 2 Selon I'lEC TR 62655, il est recommandé de remplacer tous les trois éléments de remplacement lofsque
I’élément de remplacement d’une ou de deux phasegs\ditn circuit triphasé a fonctionné, & moins d’étre absol§iment
certaih qu’aucune surintensité n’a traversé les éléments de remplacement non actionnés.

Les [fusibles limiteurs de courant conformes a I'lEC 60282-1 ne nécessitent pas d’alitres
conglidérations en raison de leur comportement de limitation de courant et de leur pouvoljr de
cougure élevé en cas de défaut,

La mise en place des fusibles a expulsion selon les distances électriques minimales d’isolement
de I'|[EC 60282-2 pour les installations d'ensembles de fusibles doit prendre en considération
toutgs les positions pessibles des parties actives avant, pendant et aprés I’exploitation] Les
fusibjles a expulsion~deivent étre pourvus de distances d’isolement adéquates ou de barr|éres
de plotection appropriées dans la ou les directions d'orientation des ouvertures.

Les décharges qui proviennent de fusibles a expulsion peuvent contenir des gaz chauds, du
plasma d‘arc et du métal fondu. Elles peuvent également étre conductrices.

Des 'dispesitifs—doivent-étr rsoRhes—Re-sent-pas—expesées
aux décharges des fusibles a expulsion conformes a I'lEC 60282-2, soit pendant le
remplacement de ces fusibles soit pendant d’autres travaux dans la zone concernée. Lorsque
cela n'est pas possible, le circuit d’alimentation des fusibles doit étre mis hors tension
préalablement aux expositions possibles, autrement les personnes doivent utiliser des

vétements et des blindages de protection.

6.2.16 Verrouillage électrique et mécanique

Le verrouillage peut étre nécessaire pour assurer la réalisation correcte d’'une séquence
d’exploitation sur le matériel électrique, afin de prévenir tout danger pour les personnes
chargées de I'exploitation et tout dommage du matériel électrique.
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