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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 204: Rigid gas-insulated transmission lines
for rated voltage above 52 kV
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ihdispensable for thelcarrect application of this publication.

fights. IEC shalt~not be held responsible for identifying any or all such patent rights.

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
o-operation on all questions concerning standardization in the electrical and electronic fields. JTo this end

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG~Publication(s)”). 1
reparation is entrusted to technical committees; any IEC National Committee interestéd‘in the subject dealt

tandardization (ISO) in accordance with conditions determined by agreement.between the two organizatiof

terested IEC National Committees.

ommittees in that sense. While all reasonable efforts are madé._to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for" the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC Nationat Committees undertake to apply IEC Publicat
ansparently to the maximum extent possible in their pational and regional publications. Any divergence bety
ny IEC Publication and the corresponding national or‘regional publication shall be clearly indicated in the Ij

C itself does not provide any attestation of cénformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for|
ervices carried out by independent certification bodies.

Il users should ensure that they have the\latest edition of this publication.

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts
hembers of its technical committées.and IEC National Committees for any personal injury, property damag
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of thé publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to_theiNormative references cited in this publication. Use of the referenced publicatioj

ttention is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of pa

redline version of the official IEC Standard allows the user to identify the changes mad

sing

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promiote“international

and

addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Repprts,

heir
with

ay participate in this preparatory work. International, governmental and non-governmerntal organizations liaising
ith the IEC also participate in this preparation. IEC collaborates closely with th€\International Organizatiop for

S.

he formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internatiponal
onsensus of opinion on the relevant subjects since each technical committee has representation from all

C Publications have the form of recommendations for international use and are accepted by IEC National

IEC
any

ions
een
tter.
mity
any

and
e or
and
IEC

s is

tent

to
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IEC 62271-204 has been prepared by subcommittee 17C: Assemblies, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is an International Standard.

This second edition cancels and replaces the first edition published in 2011. This edition
constitutes a technical revision.

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

a) update to be in line with IEC 62271-1:2017 and alignment of the voltage ratings and the test

[
vuUllaytTo.

b) jaddition of new information for welds on pressurized parts and gas tightness.

Thqg text of this document is based on the following documents:

Draft Report on voting

17C/840/FDIS 17C/846/RVD

Full information on the voting for its approval can be found in the report on voting indicatef in
thelabove table.

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

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

Thig document is to be read in conjunction with IEC 62271-1:2017 and IEC 62271-203:2024, to
whigh it refers and which are applicable unless otherwise specified. In order to simplify |the
indication of corresponding requirements, the same numbering of clauses and subclausep is
used as in IEC 62271-1:2017 and)IEC 62271-203:2022. Amendments to these clauses fand
subclauses are given under the_.same numbering, whilst additional subclauses are numbgred
from 101.

A ligt of all parts of the\]JEC 62271 series can be found, under the general title High-voltage
swifchgear and controlgear, on the IEC website.

Thgq committeeshas decided that the contents of this document will remain unchanged until|the
stability datelindicated 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.

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

Part 204: Rigid gas-insulated transmission lines
for rated voltage above 52 kV

14— General

1 |Scope

Thig part of IEC 62271 applies to rigid HV gas-insulated transmission lines (GlL) in which|the
insdllation is obtained, at least partly, by-a—non-corresive-insulating-gas; an insulating gag or

gas|
abad

Thi
pro

ve 52 kV, and for service frequencies up to and including 60 Hz.

5 document is—intended—that-this—international-standard-—bedsed applicable where
Visions of IEC 62271-203 do not cover the application of GIL (see Note 3).

At ¢ach end of the HV gas-insulated transmission line, a specific element-may-be is used

the

connection between the HV gas-insulated transmission line and other equipment

bushings, power transformers or reactors, cable boxes/metal-enclosed surge arresters, volt

tran

Unl
nor

NOT

NOT

NOT

q

2

Ths
con
For

sformers or GIS, covered by their own specification:

ess otherwise specified, the HV gas-insulated\fransmission line is designed to be used ur
mal service conditions.

E 1 In this document, the term "HV gas-insulated transmission line" is abbreviated to "GIL".
E 2 In this document, the word "gas" means gas or gas mixture, as defined by the manufacturer.

E 3 Examples of GIL applications:
Vhere all or part of the HV gassinsulated transmission line is directly buried;
vhere the HV gas-insulated transmission line is located, wholly or partly, in an area accessible to public;

vhere the HV gas-insulated transmission line is long (typically longer than 500 m) and the typical
ompartment length €xceeds the common practice of GIS technology.

Normative-references

following documents are referred to in the text in such a way that some or all of their con
stitutes requirements of this document. For dated references, only the edition cited appl

mixture other than air at atmospheric pressure, for alternating current|of rated voltages

the

for
like
hge

der

gas

ent
es.

JUndated references, the latest edition of the referenced document (including

any

amendments) applies.

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60068-1:2013, Environmental testing — Part 1. General and guidance
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IEC 60229:2007, Electric cables — Tests on extruded oversheaths with a special protective
function

IEC 60287-3-1:49952017, Electric cables — Calculation of the current rating — Part 3-1:-Sections
on Operating conditions —Reference—operating—conditions—and-selectionof-cabletype Site

reference conditions

IEC 60376, Specification of technical grade sulfur hexafluoride (SFg) and complementary gases
to He used in its mixtures for use in electrical equipment

IEQ 60480,-Guidelinesforthe-checkingand-treatment-of sulfur-hexaflucride(SFEg)-takenfrom
elegtrical-equipment—-and-specification—or—its—re-use Specifications for the re<use of sylfur

hexafluoride (SFg) and its mixtures in electrical equipment

IEQ 60529:1989, Degrees of protection provided by enclosures (IP Code)
IEJ 60529:1989/AMD1:1999
IEM 60529:1989/AMD2:2013

IEG 62271-1:20072017, High-voltage switchgear and controlgear — Part 1: Common
specifications for alternating current switchgear and controlgéar

IEQG 62271-203:20442022, High-voltage switchgear~{and controlgear — Part 203: |AC
gastinsulated metal-enclosed switchgear for rated a#0ltages above 52 kV?

o)
+

IEQ 62271-4:2013, High-voltage switchgear and controlgear — Part 4: Handling procedureq for
sulphur hexafluoride (SFg) and its mixtures

ISQUEC Guide 54-Saf s idelinesf T !

IS 9606 (all parts), Qaalification test of welders — Fusion welding
IS 9712, Non-destiuctive testing — Qualification and certification of NDT personnel

IS 14732, Melding personnel — Qualification testing of welding operators and weld setterq for
me¢hanized-and automatic welding of metallic materials

IS 15609 (all parts), Specification and qualification of welding procedures for metallic
materials — Welding procedure specification

ISO 15614 (all parts), Specification and qualification of welding procedures for metallic
materials — Welding procedure test

3 Terms and definitions

For the purposes of this document, the terms and definitions given in—tEC60050-441;
{EC-60050-154 IEC 62271-1:2017 and the following apply.

*_To be published-
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ISO and IEC maintain terminological databases for use in standardization at the following

add

resses:

IEC Electropedia: available at http://www.electropedia.org/

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

3.101
area accessible to public

ctod to authorizod I

area accessible without restriction to any person

Notdg
accq

3.1

gag-insulated transmission lines

GIL
metf
oth

3.1
GIL
par

1 to entry: A GIL installed above the ground and outside a substation is considered to be "installed in~an
ssible to public".

D2

al-enclosed lines in which the insulation is obtained, at least partly, by\an insulating
br than air at atmospheric pressure, with the external enclosure intended to be earthed

D3
enclosure

of—gas-insulated—tine GIL retaining the insulating gas‘under the—prescribed requ

con
aga

3.1
co
par

ditions—necessary-to-maintain-safely-the rated-insulatienAdevel; protecting the equipm

inst external influences and providing a high degree of protection to personnel

D4
partment
Ofﬁas—m%u—lated—#ﬂ& GIL totally gastight. enclosed except for openings necessary

tight support insulator of gas-insulated metal-enclosed switchgear separating two adjad
partments

D6

n circuit
he conductive/parts of-gas-insulated-tine GIL included in a circuit which is intended
smit electrical energy

URCE:(IEC 60050-441:1984, 441-13-02, modified — Replacement of “an assembly"
_ll-]

Area

gas

red
ent

for

ent

to

by

3.1

N7

JT

ambient air temperature-{(ef-gas-insulated-line)
temperature, determined under—presecribed required conditions, of the air surrounding the

external GIL enclosure-ef-gas-insulated-line in case of installation in open air, open trenches or
tunnels

[SOURCE: IEC 60050-441:1984, 441-11-13, modified — Replacement of “complete switching
device or fuse" by “external GIL enclosure in case of installation in open air, open trenches or
tunnels".]

3.108
design temperature (of the enclosure)
highest maximum temperature which can be reached-by-the on a GIL enclosure under service

con

ditions
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3.109
design pressure (of the enclosure}
relative pressure used to determine the design of the enclosure

Note 1 to entry It is at Ieast equal to the maximum relatlve pressure in the enclosure at the highest temperature
. design temperature of the

enclosure

3.110
design pressure (of the partitions)

relative pressure-used-to-determine-the-design-of across the partition

1 to entry: It is at least equal to the maximum differential pressure across the partition during maintengance

unif to-separate-gas-compartments electrically isolate one side from another gf the main cirqguit,

phgnomenon associated with the failure of insulation under electric stress, in which the fis-
rge completely bridges the insulation—under—test, redueing the voltage between |[the
ele¢trodes to zero or almost zero

Notgq 1 to entry: The term applies to discharges in solid, liquid and gaseous dielectrics and to combinations of thlese.

Notg 2 to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (non-self-
restoring insulation); in a liquid or gaseous dielectric, the loss*may can be only temporary (self-restoring insulatjon).

Notgq 3 to entry: The term "sparkover" is used when aldisruptive discharge occurs in a gaseous or liquid dielegtric.

The [term "flashover" is used when a disruptive dis¢harge occurs over the surface of a solid dielectric in a gas¢ous
or ligquid medium. The term "puncture" is used when a disruptive discharge occurs through a solid dielectric.

3.113

Gl section
a—Gl—section part of GIL which is defined by operational or other requirements such| as
maximum length for dielectric\testing or installation sequence

Notgq 1 to entry: A GIL can €gnSsist on the assembly of several GIL sections.
Notg-1 2 to entry: It-sray~€an consist of one or more compartments.

Notg-2 3 to entry; & Sections-may can be segregated by disconnecting units.

4 [Normaland special service conditions

4.1 Normal service conditions

411 General

Subclause 4.1.1 of IEC 62271-1:2017 is applicable with the following addition.

The normal service conditions which apply to a GIL depending on the installation conditions are
givenin 4.101, 4.102 and 4.103. When more than one of these installation conditions apply, the
relevant subclause shall apply to each section of the GIL.
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41

.2 Indoor switchgear and controlgear

Subclause 4.1.2 of IEC 62271-1:2017 is applicable.

41

3 Outdoor switchgear and controlgear

Subclause 4.1.3 of IEC 62271-1:2017 is applicable.

4.2

Suhclause 4 2 of |EC 62271-1:2017 is zpplihnhlp

Special service conditions

4.191 Installation in open air

For| determining the ratings of GIL for open air installation, the normal serviceGonditions of
IEG 62271-1:2017 shall apply.-Fypicatrating-conditions These are also valid forjopen trenches.
If the actual service conditions differ from the normal service conditions;)the ratings shall be
adgpted accordingly.

Usnlpeosaihopdoscooelioe bor e nene the conelnl eopvles copeliiicne abeop o dhe 120 00071
L [

4.102 Buried installation

Tygical-General values for thermal resistivity and soil temperature are:

- 1,2K-m/W, and 20 °C in summer;

- 10,85 K- m/W, and 10 °C in winter.

For|guidance, values given in IEC 60287+3*1-may can be considered.

NoRE4+—For long distance transmission lines (several kilometres), site measurement of [soil
resistivity should also be considered.

NOTE-2 1 The use of controlled’backfill with a given soil thermal resistivity-may can also be considered.

NOTE-3 2 A risk of thermaltruniaway exists if the soil surrounding the buried GIL becomes dry. In order not tq dry
out fhe soil, a maximum gservice temperature of the enclosure in the range of 50 °C to 60 °C is generally considpred
accgptable.

Thg depth of laying-shall should be agreed between manufacturer and user. The determinagion
of depth of Jaying shall take into account thermo mechanical stresses, safety requirements pnd

local regulations.

4.1

D3 CInstallation in tunnel, shaft or similar situation

Forced cooling is an adequate method to handle with the waste heat and can be used in case
of tunnel, shaft or similar installations.

In the case of long vertical shafts and-inclinated inclined tunnels or sections thereof, attention

sha

5

5.1

Il be paid to thermal and density gradients;—especialy-if-a-gas-mixture-is-used.

Ratings

General

Subclause 5.1 of IEC 62271-1:2017 is not applicable,—except and is replaced as follows.
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The rating of a GIL consists of the following:

a)

b)

rated voltage (U,)-and-hrumberofphases;

rated insulation level (Uy, Uy, Us)y;

rated frequency (f,);

rated-rermal continuous current (I, ){fermain-circuits),

rated short-time withstand current (/,) (for main and earthing circuits);

rated peak withstand current (’v) (for main and earthing circuits):

rated duration of short-circuit (¢,);

Sul

rated supply voltage of auxiliary and control circuits (Uy);

Al  insulat .

rated supply frequency of auxiliary and control circuits.

Rated voltage (U,)
clause4-4-of1EC 62274-203 5.2 of IEC 62271-1:2017 is applicable.

Rated insulation level (Uy, Uy, U)

clause 5.3 of IEC 62271-1:2017 is applicable with the following addition:

Ra

d insulation levels shall be chosen fram)l1EC 62271-203 on the basis of insula

coordination study for the specific installationgin order to consider parameters like overvoltag

vol
ins

Alth

ge reflections, etc. Specific insulation,'coordination studies are recommended for e
llation. For more information, see [¥.

ough internal arcing faults can fargely be avoided by the choice of a suitable insulation le|

measures to limit external overvoltages at each end of the installation (e.g. surge arrest

sho)

5.4

Sul

A

5.5

uld be considered.
Rated frequency.(f;)
clause 5.4 of IEC62271-1:2017 is applicable.
—oted nermeleurrent ond temperatyre rlee
Rated-normal continuous current (1)

ion
es,
Ach

vel,
Prs)

Sulb

clause 5 5 of |IEC 682271-1:2017 is nppli(‘nhln with the fnllnwing addition:

The rated-nermal continuous current is defined for a single; or a three-phase-ciredit GIL installed
above ground with an ambient air temperature at 40 °C. For other installation conditions, the
maximum allowable continuous current can differ from the rated continuous current. See
Annex A.

2 Numbers in square brackets refer to the Bibliography.
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Subclause 5.8 of IEC 62271-1:2017 is applicable.

Rated supply voltage-of closing-and-opening-devices-and of auxiliary and control

circuits (U,)

5.9

1:2017 is applicable.

Subclause 5.9 of IEC 62271

5.10 Rated supply frequency-of-closing-and-epening-devices-and of auxiliary and

control circuits

Subclause 5.10 of IEC 62271-1:2017 is applicable-with-the following-addition:.
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5.11 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 5.11 of IEC 62271-1:2017 is not applicable.

11 Rated filling lovels for insulati y .

6
Cla

Any

Design and construction
use 6 of IEC 62271-1:2017 is-net applicable, except as follows.

-component GIL equipment which requires routine preventive mainteparnce or diagno

tesfing-shall should be easily accessible.

stic

GlY-shall should be designed so that normal service, inspection and,maintenance operatipns
can| be carried out safely, including the checking of phase Sequence after erection pnd
extension.

Thg equipment-shall should be designed such that the meehanical stress caused by all releyant
loadls, for example thermal expansion, agreed permitted movement of foundations, extefnal
vibration, earthquakes, soil loading, wind and ice, do not impair the assigned performancg of
thelequipment.

All hbamnanante nf tho camo ratina and cancetritetinon which mav noad tn he ranlacrad chall ha
All-bomponents—of the- same rating-and-construction-which-may need-to-be replaced-shall-be
intgrchangeable-

6.1 Requirements for liquids in GIL

Sufjclause 6.1 of IEC 62271-1:2017 is not applicable.

6.2 Requirements for gases in GIL

Sufjclause 6.2 of |IE€62271-1:2017 is applicable. In case a gas mixture is used, |the

manufacturer should_provide information about the gas characteristics such as dieled

strg

NOT|

6.3

ngth, mixingatio, process of mixing and filling pressure.

E See references [2], [3] and [4].

Earthing

tric
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6.3.

AZALAAAALRAT ]

101 Earthing of the main circuits

To ensure safety during maintenance work, all parts of the main circuits to which access is
required or provided shall be capable of being earthed. In addition, it shall be possible, after
the opening of the enclosure, to connect earth electrodes to the conductor for the duration of

the

work.

Earthing-may can be made by

a) earthing switches with a making-current capacity equal to the rated peak withstand current,

if there is-ro-certainty still a possibility that the circuit connected is-reot live;
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b) earthing switches without a short-circuit making-eurrent-capacity capability or with a short-
circuit making-eapascity capability lower than the rated peak withstand current, if there is a

c)

certainty that the circuit connected is not live, or
removable earthing devices, only by agreement between manufacturer and user.

Each part being capable of being disconnected shall be capable of being earthed.

Consideration—shalt should be given to the ability of the first operated earthing device to
dissipate the maximum level of trapped charge on the isolated circuit.

Where the earthing switches form part of the plant connected to the transmission line, the, U
shafl ensure that they comply with the above items a) to c).

The
Aftd

6.3

Thd
ear
the
acc
be

be

cro

The
ele

It is
par
the

The
pro

6.4
Sul

6.5
Sul

earthing circuit can be degraded after being subjected to the rated short-cincuit curr
r such event, earthing circuit can be replaced if applicable.

102 Earthing of the enclosure

enclosures shall be capable of being connected to earth. All metal parts intended to
hed, which do not belong to a main or an auxiliary circuit, shalljbe connected to earth.
interconnection of enclosures, frames, etc., fastening (e.g. balting or welding) is gener
eptable for providing electrical continuity. If the fastening is\done by bolting, provisions s
jiven in order that a proper electrical contact is provided<if not, the mechanical joint s
by-passed by a proper electrical connection such as Copper or aluminum leads of prd
ES section.

continuity of the earthing circuits shall be .ensured taking into account the thermal
trical stresses caused by the current they-may-have-to can carry.

envisaged that most GIL installation will be solidly bonded and earthed at both ends.
icular design has an influence on heat dissipation,—standing step and touch voltages
external magnetic field. These are-discussed in Annex B.

design of the earthing of the_enclosure shall be compatible with the measures for corrog
ection when the GIL is butied.

Auxiliary and control equipment

clause 6.4 of IEC62271-1:2017 is applicable.

Dependent power operation

clause.6.5 of IEC 62271-1:2017 is not applicable.

ser

be
For
ally
hall
hall
per

And

[he
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on

6.6

Py
LLA A

Subclause 6.6 of IEC 62271-1:2017 is not applicable.

6.7

Independent manual or power operation (independent unlatched operation)

Subclause 6.7 of IEC 62271-1:2017 is not applicable.

6.8

Manually operated actuators

Subclause 6.8 of IEC 62271-1:2017 is not applicable.
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Operation of releases

Subclause 6.9 of IEC 62271-1:2017 is not applicable.

6.10 Low-and high-pressure-interlockingand-monitering-devices Pressure/level

Subclause 6.10 of IEC 62271-1:2017 is applicable;exceptasfolows.

indication

6.1
Sul

6.1

For
pro

Ac
ser

Df.-Reference-is madeto IEC 62271-1 subclause 540¢

manufacturer's name or trademark
type designation-er and serial number

| Nameplates

clause 6.11 of IEC 62271-1:2017 is not applicable and is replaced as-follows:
[.1 General

). 101—Nameplates

outdoor installation, the nameplates and their fixings shall’'be weather-proof and corros

bmplete nameplate shall be provided at each end of the installation, and at each point wh
ice is needed. These nameplates shall contain the following information:

rated voltage U,
rated lightning impulse withstafhd voltage® Uy
rated switching impulse withstand voltage* Ug
rated short-duration power-frequency withstand voltage* Uy
rated-rermal contintious current I,

rated short-time.withstand current I

rated peak/withstand current Iy
rated frequency f;

rated duration of short-circuit ty

rated-filling pressure for insulation; minimum functional pressure

for insulation; design pressure for enclosures

type of gas

mass of gas-centained kg

NOTE The word "rated"-need-not-appear is optional on the nameplates.

ion

ere


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC 62271-204:2022 RLV © IEC 2022 - 15—

5.10.402 Equi identificati
6.11.2 Application

Subclause 6.11.2 of IEC 62271-1:2017 is not applicable and is replaced as follows:

Since characteristics of different sections-may can be different, a marking shall be provided on
enclosure for equipment identification, or on the coating of the enclosure, if any. The
maximum distance between two identification markings—shall should be agreed between
manufacturer and user.

the

Ma

6.1
Sul

6.1
Sul

6.1
6.1

Suf

No
gas

Deg
app

Thd

6.1

Sul

kings shall be durable and clearly legible and shall contain the following informations

manufacturer's name or trademark;

type designation;

rated voltage;

type of gas and-rated filling pressure for insulation.

P Interlocking Locking devices
clause 6.12 of IEC 62271-1:2017 is-net applicable.

B  Position indication

clause 6.13 of IEC 62271-1:2017 is-net applicable

i Degree of protection provided by enclosures
1.1  General

clause 6.14.1 of IEC 62271-1:2017 ig\applicable with the following additions.

specification applies to the main_Circuit and parts directly connected thereto, because of
tightness of the enclosure.

rees of protection aécerding to IEC 60529 shall be specified for all enclosures
ropriate low-voltage,control and/or auxiliary circuits.

degrees of prgtection apply to the service conditions of the equipment.

1.2 Protection of persons against access to hazardous parts and protection of th
equipment against ingress of solid foreign objects (IP coding)

clause 6.14.2 of IEC 62271-1:2017 is applicable with the following additions:

the

of

e

Protection means are applicable only for control and/or auxiliary circuits. The first characteristic
numeral shall be 3 or higher.

6.14.3 Protection against ingress of water (IP coding)

Subclause 6.14.3 of IEC 62271-1:2017 is applicable with the following additions:

For installations where the laying conditions impose a risk of ingress of water (buried
allations, |nstaIIat|ons in trenches ducts etc) the second characterlstlc numeral shall

inst

be specified-

@leaeedé%aﬂumem as shown in TabIe 1 below
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Table 1 — Second characteristic numeral of IP coding

Second characteristic Brief description Definition
numeral
7 Protected against the effects of Ingress of water causing harmful effects shall

temporary immersion in water not be possible when the enclosure is tempor-
arily immersed in water under standardized

conditions of pressure and time

NOTE—For more severe situations than those corresponding to the second characteristic numeral 7, the protection
should be agreed between manufacturer and user.

e e s e e |
weadthar caonditions chall he esnacified by meanes of the stinnlamentary latter \W nlacad afterlt
viogthoseondidenc chall bo conelilod bt mmoone of the cocnloraon o Iotin s ML olae dl ofio o
6.14.4 Protection against mechanical impact under normal service conditions

(IK coding)
Suliclause 6.14.4 of IEC 62271-1:2017 is applicable.

IEC 62271-204:2022 RLV © |IEC 2022

6.1p Creepage distances for outdoor insulators
Sufjclause 6.15 of IEC 62271x1:2017 is not applicable.
6.16 Gas and vacuum'tightness

6.16.1 General

Sufjclause 6.46-1 of IEC 62271-1:2017 is not applicable.
6.16.2 (Controlled pressure systems for gas

|‘IO+ annlinahla fAr (11

Subclause 6.16.2 of IEC 62271-1:2017 is not applicable.

6.16.3 Closed pressure systems for gas

Subclause 6.16.3 of IEC 62271-203:2022 is applicable with the following additions:

The tightness characteristic of a closed pressure system and the time between replenishment
under normal service condition shall be stated by the manufacturer and shall be consistent with
a minimum maintenance and inspection philosophy.
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The value for the time between replenishment shall be at least 10 years for SFg systems and

for other gases should be consistent with the tightness values. The possible leakages between
subassemblles havmg dlfferent pressures shaII also be taken into account. AﬂJel%LpamC—ula;

6.16.4 Sealed pressure systems

Sulclause 6.16.4 of IEC 62271-1:2017 is applicable.

In the particular case of maintenance in ax¢empartment when adjacent compartments con
gas| under pressure, the permissible gas\l€akage rate across partitions should also be stz
by the manufacturer, and the time betwgen replenishments shall be not less than one mo
MeIns shall be provided to enable gas systems to be safely replenished whilst the equipni
is i service.

Handling for repair and maintenance shall be carried out according to local regulation,
IEQ 62271-4.

6.1f Liquid-tighiness Tightness of liquid systems
Sufjclause 6.17w0f IEC 62271-1:2017 is not applicable.

6.18 Fire-hazard (flammability)
Sufjclause 6.18 of IEC 62271-1:2017 is not applicable.

ain
ted
hth.
ent

6.19 Electromagnetic compatibility (EMC)
Subclause 6.19 of IEC 62271-1:2017 is not applicable.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:2017 is not applicable.

6.21 Corrosion

Subclause 6.21 of IEC 62271-1:2017 is applicable,—except—as—follows with the following

additions:
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6.21.101 Corrosion protection for buried installations

Corrosion protection, i.e. both the external coating and any active protection system, shall take
into account special considerations such as: the location, the soil/backfill material and
conditions, the enclosure material and the type of earthing adopted.

In general, the corrosion protection for GIL is similar to the protection means of normal pipeline
or power cables. The enclosure is coated with rubber or plastic in one or more layers. The
coating acts as a passive corrosion protection system by keeping humidity or water away from
the metal enclosure of the electrical equipment.

Pagsive corrosion protection is required and any active corrosion systen; if requested pnd
insflalled by mutual agreement between operator and supplier, shall beNaid out in accordapce
with environmental conditions along the GIL.

6.21.102 Corrosion protection for not buried installations

Sufjclause 6.21 of IEC 62271-1:2017 is applicable.

6.22 Filling levels for insulation, switching and/éryoperation

Suljclause 6.22 of IEC 62271-1:2017 is applicable:

6.191 Minimizing of internal fault effects
6.191.1 General

A fault leading to-areing an internaharc fault within GIL built according to this document hgs a
very low-erder—of probability. This'results from the use of an insulating gas, other than air at
atmospheric pressure, which'will not be affected by pollution, humidity or vermin.

Exdmples of measurestio’avoid-arcing-due-te an internal arc fault and to limit duration pnd
conjsequences are

— insulation coordination,

— [gas-leakdge-limitation and control,

— |high-speed protection,

— |high=speed arc short-circuiting devices,

TtertocKimTgof Switchinmg devites;

remote control,

internal and/or external pressure reliefs, and

checking of workmanship on site.

Arrangements should also be made to minimize the effects of internal arc faults-leading—te
areing on the continued service capability of the GIL. The effect of an arc should be confined
to the compartment in which the arc has been initiated.

If, in spite of the measures taken, a test is agreed between manufacturer and user to verify the
effect of-arcing-due-teo-an internal arc faults, this test should be in accordance with-6-485 7.105
of IEC 62271-203:2022.
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Tests would normally not be necessary in the case of single-phase enclosed GIL installed in
isolated neutral or resonant earthed systems and equipped with a protection to limit the duration
of internal earth faults.

6.101.2 External effects of the arc

Adequate installation precautions shall be taken in order to reduce the hazards to a tolerable
risk;refertolSOHEC Guide-54. For more information, see [4].

In grder to provide a high protection to personnel, the external effects of an arc shall be_lim|ted
(by|taking adequate precautions) to the appearance of a hole or tear in the enclosure~without
any| fragmentation.

Thg manufacturer shall provide sufficient information to allow the user to takejthese precautipns.

Manufacturer and user-may can agree upon a time during which an arc.due to an internal fault
up {o a given value of short-circuit current will cause no external effeCts (refer also to 6.102.2).

6.101.3 Internal fault location

Appropriate devices shall be available to enable determinatian of the faults location.

6.102 Enclosures
6.102.1 General

Thg enclosure shall be of metal, permanently earthed and capable of withstanding the normal

and transient service pressures-to-which-iis subjected-in-service.

While The enclosures of gas-filled equipment conforming to this document are permanehtly
pregsurized in service-they and are~subjected to particular service conditions which distingyish
them from compressed air receivers and similar storage vessels. These conditions areg| as
follpws:

— [|encloesures—envelop the main circuit-ir-erder is enclose to prevent hazardous approach to
live parts and arewso shaped that, when filled at or above the minimum functional gas
pressure for insulation (see 5.11), they-ensure-that meet the rated insulation level (see $.3)
for the equipment-is-achieved (electrical rather than mechanical considerations predomirjate
in determining*the shape and materials employed)'

condition (with only small fluctuations in pressure) in order to ensure correct operation of
the installation. However, since the enclosures will not be subject to internal corrosion, there
is no need to make allowances for these factors in determining the design of the enclosures
(but, the effect of possible transmitted vibrations should be taken into account).

For outdoor installation, the manufacturer shall take into account the influence of climatic
conditions (see Clause 4).

For buried installation, environment conditions shall be taken into account. Concerning the
prevention of external corrosion, see 6.21.
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6.102.2 Design of enclosures

The wall thickness of the enclosure shall be based on the design pressure as well as the
following minimum withstand durations in case of an internal arc without burn-through:

— 0,1 s for short-circuit currents of 40 kA and above;
— 0,2 s for lower short-circuit currents.

In order to minimize the risk of burn-through, the level and duration of the fault current, the
enclosure design and the size of the compartments shaII be carefully coordmated —'I'—he—mmm%tm

In the absence of an international agreement on a standard procedure, metheds for-the
cal¢gulation-of calculating the thickness and the construction of enclosures, either ®y‘welding or
casfing,—may can be chosen from established relevant pressure vessel andr-pipeline codes,
basled on the design temperature and design pressure defined in this document.

NoJe—When designing an enclosure, account should also be taken of, the following:

— [the possible evacuation of the enclosure as part of the normal filling process;
— [the full differential pressure that is possible across the enclosure walls or partitions;

— [the resulting pressure-in the event of an-accidental leak between the compartments-injthe
case-of-adjacent-compartments-having-different-servicepressures between compartmegnts

in the event of an abnormal leak in the case adjaCent compartments have different filjing
pressures;

— [the possibility of the occurrence of an internal\fault (see 6.101).

Thg design temperature of the enclosure is generally the upper limit of the ambient tempera{ure
nefleased-by taking into consideration thesincrease in temperature rise due to the flow of rgted
normal continuous current. Solar radiations should be-taken-into-account considered when they
havie a significant effect.

Thg design pressure of the enclosure is at least the upper limit of the pressure reached within
thelenclosure at the design temperature.

In determining the design pressure of the enclosure, the gas temperature shall be taken as|the
mreTTP» average of the-upper limits of the enclosure temperature and the main circuit condugtor
temperature-with atrated normal current-flowing unless the design pressure can be established
from existing tempeéerature-rise test records.

When designing the enclosure, mechanical loads other than those caused by intefnal
overpressure shall be taken into account, for instance forces caused by thermal expansion (see
6.1P6) external vibrations (see 6.107), soil loading for buried installations, other external logds,
earfhquakes, wind, snow and ice, etc

Fer If the strength of any enclosures and parts thereof;-the-strength-ef-which has not been fully
determined by calculation, proof tests (see 7.101) shall be performed to demonstrate that they
fulfill the requirements.

Materials used in the construction of enclosures shall be of known and certified minimum
physical properties which are based on calculations and/or proof tests. The manufacturer shall
be responsible for the selection of the materials and the maintenance of these minimum
properties, based on certification of the material supplier, or tests conducted by the
manufacturer, or both.
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6.103 Partitions and partitioning

GIL shall be divided into compartments in such a manner that both the normal operating
conditions are met and a limitation of the effects of an arc inside the compartment is obtained
(see 6.101).

The manner in which the GIL is divided into compartments influences the following:

installation;

site testing;

Theg
ele

nec
gas|

Ap

maintenance and repair;
gas handling.

partitions are generally of insulating material but are not intended by themselves/to pro

pressure with the adjacent compartments.

conppartment filled with liquid, shall not show any abnormal leakagé through the separa

affd

Cor
req
mai

6.1

Theg
sec
ma
mai

6.1
6.1

Pre

cting the dielectric properties of the two media.

sideration should be given to the partitioning of the GlIL-system in order to meet

ntenance or repairs.

D4 Sections of a GIL system

to-gr-eperater people_during the time-he-is they are performing-his their normal operating du

on

NOT
and

6.1

he GIL, if gases-or vapors-escape are escaping under pressure.

E The tetm *pressure relief device" includes both pressure relief valves, characterized by an opening pres
a closing\pressure, and non-reclosing pressure relief devices, such as diaphragms and bursting disks.

D52, Limitation of maximum filling pressure

ide

trical safety of personnel, for which other means such as earthing of the equipment-may-be
essary can apply; they shall, however, provide mechanical safety against‘the differential

artition separating a compartment filled with insulating gas from-a-‘neighbering an adjagent

on

the

hirement of operation, limitation of the fault affected GIL part and convenience of

sectionalizing of a GIL system can beZmade using disconnecting units. The length of

tions along the system is determined considering requirements such as access pnd
imum length for testing, installation progress for long projects or operational And
ntenance reasons.

D5 Pressure relief

D5.1 General

ssure relief devices:in'accordance with 6.105 shall be arranged so as to minimize the danger

ties

pure

For filling a gas compartment, a pressure regulator shall be fitted to the filling pipe to prevent
the gas pressure from rising to more than 10 % above the design pressure. Alternatively, the
regulator-may can be fitted to the enclosure itself.

The filling pressure should be chosen to take into account the gas temperature at the time of
filling, for example, checking by temperature-compensated pressure gauges.

6.105.3 Pressure relief devices to limit pressure rise in the case of an internal fault

Since, after an arc due to an internal fault, the damaged-part-of enclosures will be replaced,
pressure relief devices-need shall only be provided to limit the external effects of the arc (see
6.101.2).
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In the case of an internal fault, depending on volume of gas compartment and filling pressure,

short-circuit current and durat|on ,-the pressure, inthe case of aninternal fault, may not exceed

the routine test pressure of the enclosure in such a case, a pressure relief device is not
mandatory.

If pressure relief devices are used in confined space accessible to personnel, precautions shall
be taken to ensure safety in case of release (see also Clause 12).

NoFE1—In the case of an internal fault which causes yielding of the enclosure, the adjacent
enclosures should be checked for absence of distortion.

NojE 2 When bursting disks are used for pressure relief, due regard should be paid\to their
rupfure pressure in relation to the design pressure of the enclosure to reduce the possibility of
unintentional rupture of the disk.

6.106 Compensation of thermal expansion

Dueg to temperature differences between parts of the GIL, between-parisief the GIL and their
surroundings, or-ef parts of the GIL relative to the temperature during/construction, parts of|the
lingl GIL installation experience movements relative to each other and,to their surroundings

Thg relative movements or forces between the parts and/or\their surroundings-may can| be
determined either by measurement or calculations—which~shal-be based on the maximum
temperature difference of the parts relative to the temperature during construction. WHere
conppensation is necessary, the following methods shall be used:

a) lcompensation between—primary current-carrying parts and enclosure shall be—ebtaihed

achieved by sliding contacts or similar means-n-the-primaryparts;

b) lcompensation between the enclosure and its surroundings (fixed supporting structtre,
surrounding soil) shall be-ebtained achieved by appropriate means.

NojE—Reference should be made toCGappropriate standards or methods for calculationg of
restlting forces and relative movements between environment and enclosure, and|for
intdrpretation of the results. This-is particularly important for buried GIL, which are highly
aff%rcted by factors such as ,anchoring, compression of the soil, type of soil, geometrical
conffiguration of the line, ete.

6.107 External vibrations

Under certain conditions, the GlL-may could be exposed to external vibrations. A typical cpse
is when the Glk.is‘attached to a bridge used by pedestrians, cars, and trains. Another casg is
when the GlL&is-directly connected to power transformers-and or reactors.

Where (@ jtransmission line is attached to a source of vibrations, it is advisable to reduce
meg¢hahical stress by means of dampmg arrangements installed between the source and|the
par UI I.IIU buppurung buuu.uru WIIIbII Ib Ilgluly bUIIIIUblUU I.U LIIC LIdIIbIIIIbeUII IIIIU Oubll means
may can considerably reduce the mechanical dynamic stresses in the transmission line
structure. The remaining dynamic stress level shall be used as a basis for the mechanical
dimensioning by means of combining the loads resulting thereof with other mechanical loads
acting on the GIL in order to determine the total stress levels and to ensure that these levels
are below permitted levels of the materials used.

In the case of a bridge, special attention shall be paid to relative movements between the bridge
and its surrounding. These movements-may can cause additional mechanical loads which would
be necessary to consider when determining the total stress levels during the mechanical
dimensioning.
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6.108 Supporting structures for non-buried GIL
6.108.1 General

The supporting structures for GIL have an influence on the mechanical features of the GIL. The
construction of the supporting structure—may can vary in accordance with its function, the
configuration of the GIL and the construction of the foundation, the tunnel or the shaft where
the GIL is installed. For this reason, 6.108 describes the design condition and the requirements
of the supporting structure functions.

6.108.2 Conditions of the design

Th¢g following forces and loads should be considered for the supporting structure design:

— |weight of GIL;

— [forces due to the internal gas pressure;

— [friction between the surfaces of the support beam and the GIL foot;
— [forces due to the thermal expansion of the GIL;

— [seismic force, when applicable;

— (wind load, when applicable;

— [force due to short-circuit current;

— |ice load, when applicable;

— [forces due to other external impacts such as vibrations.

— [SFg gas/air bushing line pull.

When the supporting structure does not formspart of the earthing system, means shall| be
proyided to avoid eddy currents in the supporting structure and to allow corrosion protectio

=)

6.108.3 Types of supporting structures
Thdre are two basic kinds of supperting-funetien structures:

a) psliding and flexible supporting structures: these supporting structures are designed in ofder
to support and allow a certain movement due to the thermal expansion of the GIL;

b) frigid supporting structures: these supporting structures are designed in order to fix the GIL
and to withstand-the forces due to the thermal expansion of the enclosure and to |the
expansion of theeompensators in the enclosure, if any, and to the internal gas pressuré.

7 [Type tests

7.1 General

The type tests shall be made on representative assemblies or subassemblies.

Because of the variety of possible combinations of components, it is impracticable to subject
all possible arrangements to type tests. The performance of any particular arrangement-may
can be substantiated by test data obtained with comparable arrangements. All the tests shall
be made with the equipment filled with the specified type of gas and at rated filling pressure,
except when otherwise specified in the relevant subclause.

The results of all type tests shall be recorded in type test reports containing sufficient data to
prove compliance with this specification, and sufficient information so that the essential part of
the equipment tested can be identified. General information concerning the supporting structure
shall be included in the test reports.
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The type tests and verifications comprise the tests listed in 7.1.101 and 7.1.102.

7.1.

101 Mandatory type tests

The following mandatory type tests shall be carried out:

NOT|
7.2
7.2

Sul

7.2
Sul

Subclause
Tests to verify the insulation level of the equipment including partial 7.2
discharge tests and dielectric tests on auxiliary circuits
Tests to prove the-temperature—rise continuous current of any part of 7.4 and 7.5
the equipment and measurement of the resistance ol the main circuit
Tests to prove the ability of the main and earthing circuits to carry the 7.6
rated peak and the rated short-time withstand current
Tests to verify the protection of persons against contact with live parts 7.7
of auxiliary circuits
Tests to prove the strength of enclosures 7.101
Test to prove the strength of partitions 7.102
Gas tightness tests 7.8
102 Special type tests
i$ subject applies to agreement between manufacturer'and user.
Anti-corrosion tests (if applicable) 7.103
Mechanical tests on sliding contacts 7.104
Tests to verify the protection of the equipment against external effects 7.106
due to weather and atmospheric agents
Tests to assess the effects of arcingdue to an internal fault 7.105
Long term behaviour test for buried installation Annex C
E Some of the type tests-may cam-impair the suitability of the tested parts for subsequent use in service.
Dielectric tests
1 General
clause 7.2.1.0f4EC 62271-1:2017 is not applicable.
2 Ambient air conditions during tests
clause 7.2.2 of IEC 62271-1:2017 is not applicable.

7.2,

3 Wet test procedure

Subclause 7.2.3 of IEC 62271-1:2017 is not applicable.

7.2.4 Conditionsofswitchgearand controlgearduring dielectric-tests Arrangement of

the equipment

Subclause 7.2.4 of IEC 62271-1:2017 is not applicable and is replaced as follows:

Dielectric tests shall be performed at minimum functional pressure of the insulating gas as
specified by the manufacturer. The temperature and pressure of the gas during the tests shall
be noted and recorded in the test report.
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7.2.5 Criteria to pass the test

Subclause 7.2.5 of IEC 62271-1:2017 is applicable.

7.2.

6 Application of test voltage and test conditions

Subclause 7.2.6 of IEC 62271-1:2017 is not applicable and is replaced as follows.

The test voltages specified in 7.2.7 and 7.2.8 shall be applied connecting each phase conductor
of the main circuit in turn to the high-voltage terminal of the test supply. All other conductors of

the

or

the

Wh
test

7.2

7.2

Sul

7.2

ASA~ARA- A= A~a"

frame and to the earth terminal of the test supply.

en each phase is individually encased in a metallic enclosure, only tests to eanth; and
between phases, are carried out.

7  Test of switchgear and controlgear of U, < 245 kV

7.1 General

clause 7.2.7.1 of IEC 62271-203:2022 is applicable with the following additions:

7.2 Power-frequency voltage tests

no

Thg main circuit of the GIL shall be subjected to short-duration power-frequency voltage t¢sts
in accordance with IEC 60060-1. The test voltage™shall be raised to the test value and
maintained for 1 min. The test shall be performed it dfy conditions only.

TITh aauinmaent chall ha cancidaeraed to have naccad tha tact if na dieruuntiva diceharae ac
Fhg-equipment-shall be considered-to-have passed-thetestif no-disruptive-dischargehas
occurred.

7.2)7.3 Lightning impulse voltage'tests

Durling the tests, the earthed terminal of the impulse generator shall be connected to |the
endlosure of the GIL.

Consideration shall be given to the length of the tested object, in order to avoid overvolthge

dug

7.2

7.2
Suk

to travelling waves.

8 Test ofiswitchgear and controlgear of U, > 245 kV

8.1 General

clalse'7.2.8.1 of IEC 62271-203:2022 is applicable with the following additions:

7.2,

8.2 Power-frequency voltage tests

The GIL shall be subjected to short duration power-frequency voltage tests in accordance with
IEC 60060-1. The test voltage shall be raised to the test value and maintained for 1 min. The
test shall be performed in dry conditions only.

7.2,

8.3 Lightning and switching impulse voltage tests

Subclause 7.2.8.3 of IEC 62271-1:2017 is applicable with the following addition:
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During the tests, the earthed terminal of the impulse generator shall be connected to the
enclosure of the GIL.

Consideration shall be given to the length of the tested object, in order to avoid overvoltage
due to travelling waves.

7.2.9 Artificial pollution tests for outdoor insulators

Subclause 7.2.9 of IEC 62271-1:2017 is not applicable.

7.2]10 Partial discharge tests

Sufjclause 7.2.10 of IEC 62271-203:2022 is applicable.
The . . ol i . . . . I od lost
7.2{11 Dielectric tests on auxiliary and control circuits

Sufjclause 7.2.11 of IEC 62271-1:2017 is applicable.

7.2]12 Voltage test as condition check

Suljclause 7.2.12 of IEC 62271-1:2017 is not applicable.

7.3| Radio interference voltage (RIV) test
Sufjclause 7.3 of IEC 62271-1:2017 is not applicable.

7.4 Measurement of the resistance ofcircuits

Suljclause 7.4 of IEC 62271-1:2017 is‘@pplicable with the following addition:

Thg current-carrying parts of the*main circuit and the enclosure, and each type of confact
system shall be tested before @nd after the-temperature-type continuous current test.

7.5 Temperature-risetests Continuous current test
Sufjclause 7.5 of IEC-62271-1:2017 is applicable with the following addition:

Calpulations-4pay can be performed based upon type test results to determine the maximum
permissible._current in other specified service conditions. For these calculations, refef to
Annex A-and [6]. Any complementary test-shall should be agreed between manufacturer pnd
user.

The assembly or subassembly shall include normal enclosure with—cerresive corrosion
preventive coating, if applicable, and shall be protected against undue external heating or

cooling.Fhe-testshal-be-carried-out-in-open-air-

Where the design provides alternative components or arrangements, the test shall be performed
with those components or arrangements for which the most severe conditions are obtained.

Except when each phase is encased individually in a metallic enclosure, the tests shall be made
with the rated number of phases and the rated normal current flowing from one end of the
assembly to the terminals provided for the connection of test cables.

When a single-phase test is permitted and carried out, the current in the enclosure shall
represent the most severe condition.
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When testing individual subassemblies, the neighbouring subassemblies should carry the
currents which produce the power loss corresponding to the rated conditions. Equivalent
conditions are allowed to be simulated, by means of heaters or heat insulation, if the test cannot
be made under actual conditions.

The temperature rises of the different components shall be stated with reference to the ambient
air temperature. They shall not exceed the values specified for them in the relevant standards.

The temperature of the enclosure shall not exceed the maximum allowable temperature of the

anti

-corrosion coating if applicable.

NOT|
carr

E 1 The data on power losses and electrical resistance of the current-carrying parts of the GIL will be Usg
out calculations according to Annex A.

NOTE 2 The time constant of the GIL during the test will serve as a basis to evaluate the temporary ovel

capd

For
not

bility of the GIL.

open air, tunnel and shaft installations, the maximum temperature ofcthe enclosure s
exceed 80 °C. Parts normally touched during operation shall not excegd 70 °C. Refere

is npade to Clause 12.

For
min

imise soil drying. A temperature in the 50 °C to 60 °C rdnge is generally considered

apglicable limit. Higher temperatures can be accepted below@ie thermal stabilizing backfill g
A project related thermal rating calculation shall be done.

7.6 Short-time withstand current and peak withstand current tests

7.6{1 General

Sufjclause-6-6of HEC62271-203 7.6.1 of MEC 62271-1:2017 is applicable with the follow
addition:

Whegre the design provides alternative components or arrangements, the tests shall

per
con

7.6
Suk

Thdg

A G

ormed with those representative components or arrangements for which the most sey
ditions are obtained.

2  Arrangements of the GIL and of the test circuit

clause 7.6.2 of IEC*62271-1:2017 is not applicable and is replaced as follows:
test arrangement shall be fitted with clean contacts in new condition.

IL with-three-phase enclosure shall be tested three-phase.

A

d to

oad

hall
hce

direct buried installation, the maximum temperature of the(en€losure shall be limited to

as
nly.

ng

be
ere

b1 "with single-phase enclosure shall be tested according to the return current in

the

enc

losure, dependent on the grounding system:

a) if the enclosure carries the full return current in service, the GIL shall be tested single phase,

with the full return current in the enclosure;

b) if the enclosure does not carry the full return current in service, the GIL shall be tested
three-phase. The tests shall be made at the minimum distance between phases indicated

by the manufacturer.

7.6.3 Test current and duration

Subclause 7.6.3 of IEC 62271-1:2017 is applicable.
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4 Conditions of the GIL after test

022

Suk

Afte
the

Afte
res
of t
rise

7.7
Suk
If th
with

IEG

7.8
Sul

6-8;

clause 7.6.4 of IEC 62271-1:2017 is not applicable and is replaced as follows:

r the test, there shall be no deformation or damage to conductors or contact joints wi
enclosure which-may can impair good service.

r the test, the resistance of the main circuits shall be measured according to 7.4. If
stance has increased by more than 20 % and if it is not possible to confirm the conditi

test.

Verification of the protection

clause 7.7 of IEC 62271-1:2017 is applicable with the following addition:

e second characteristic numeral is specified, the jtests shall be performed in accorda
the requirements in Clause 11 andl Clause 14 of IEC 60529:1989
60529:1989/AMD2:2013 for the appropriate ‘humeral.

Tightness tests

clause 7.8 of IEC 62271-1:2017 is(@pplicable.

Lo Flance coppestien

hin

the
pns

he contacts by visual inspection, it will be necessary to perform an ‘additional temperatjire-

hce
and

7.9

Subclause 7.9 of IEC 62271-1:2017 is not applicable.

7.10 Additional test on auxiliary and control circuits

Subclause 7.10 of IEC 62271-1:2017 is not applicable.

7.11 X-radiation test procedure for vacuum interrupters

Subclause 7.11 of IEC 62271-1:2017 is not applicable.
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7.101 Proof tests for enclosures

7.101.1 General

Proof tests are made when the strength of the enclosure or parts thereof is not calculated. They
are performed on individual enclosures before the internal parts are added with testing

con

ditions based on the design pressure stresses.

Proof tests-may can consist of either a bursting pressure test or a non-destructive pressure test,
as appropriate to the material employed.

7.1

D1.2 Destructive pressure tests

clause 7.103.2 of IEC 62271-203:2022 is applicable.

Inthe case of a3 burstinapnressure test the nressure rise should not be faster th@an-400 almin
HHhe-CaSe-otaduSHRgPresSsSuretesSHthe presSsSure HSe-SRotHahotbeasStertia-a oo Kr—aripih-
F'hd burstina pnressure-test reauirements showuld be based on 3 5 times the dasian nressurd-for
RSt g-pressuretestreguremets—Shotteao e 0asSea oo o tHREeSthe_Gestighpressurg+of
cask enclosures-and 2 3 times the desian-pnressure for welded-enclosures hese factorslare
GasSt—encrosdresaha—=otmesthe—aesigh-presSsure+or—wWeraea—ehRciosSUes-"1+ResSe1actofrSiafre
Additional faectore mav he reaauired takina into-scecount the mathede of construction andlthe
~AGHHO RT3 E6tofrS ay—erFegtHrea—+taxkihg to—accouthtthne ethoaSsS—o+—CcoRsStHuctHoR—aRahe
AnJd anclosure remainina-intact after these nressures hava been reached shall be discarded

ARy-eRcrosurefrematiHRgitactateresepressSureshaveseehreachea-SsSnatbe-aiScaraed-

7.1
Sul

7.1
7.1

The
to fd

layers of syntheticrmaterial.

Thdg

7.1

D1.3 Non-destructive pressure test

clause 7.103.3 of IEC 62271-203:2022 is applicable.

D2 Testto prove-the strength-of Pressture test on partitions
clause 7.104 of IEC 62271-203:2022\is applicable.

D3 Anti-corrosion Passivedcorrosion protection tests for buried installation
D3.1 Passive corrosion.protection

passive corrosion protection system is basically a synthetic coating of the metal enclos
rotect the metal from humidity. The synthetic coating is usually built up from one or m

following(three tests shall be performed.

D3.2( 'Electrical testing

ure
ore

To

hrove the nlllalify of the Qyn’rhn’riP (‘na’ring1 a high-\/nlfngn test shall he applinrl An electd

cal

conductive layer is applied over the synthetic coating. A test voltage according to the dielectric
strength of the synthetic coating is then applied between the metal enclosure and the electrical

con

ductive layer.

The voltage level is dependent on the type of synthetic coating and shall be defined by
agreement between manufacturer and user. In case the test is required by the particular
contract, the corrosion protection layer shall be subjected to the electrical test specified in

Cla

use 3 of IEC 60229:2007.

The length of the test sample shall be sufficient to provide the synthetic coating with a realistic
result. Therefore, the minimum length recommended is 5 D, where D is the outer diameter of

the

metal enclosure.
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7.103.3 Mechanical testing

Mechanical type tests—are shall be carried out at ambient temperature in accordance with
IEC 60068-1. The mechanical type test-has—to shall prove the resistance of the coating to
conditions on site during and after laying. Resistance to two mechanical stresses-needs-to shall
be proven:

— bending of the coating;
— impact on the coating of metal objects or rocks.

The_mechanical stresses are highly dependent on the laying methods and the system layout.
Thj forces and the procedure for carrying out testing-shal should be mutually agreed betwgen
user and manufacturer.

7.193.4 Thermal testing

Thgrmal type tests represent the stresses produced by the maximum tempetratdre changep of
the|GIL during on site assembly and in service.

Normal service conditions are covered by IEC 62271-1:2017, where special ambient conditipns
negd-te shall be defined by the user. The procedure for carrying olt type tests-shall shoulq be
mufually agreed between manufacturer and user.

7.104 Special mechanical test on sliding contacts

A mechanical endurance test shall be carried out tola@ssess the ability of basic compongnts
such as sliding contacts to perform their duty during,the expected lifetime of the equipment.

NOTIE 1 The test is specific to GIL because of the difficulty'of measuring and maintaining the contacts.
Thg contact shall be identified by

— [the contact arrangement and principle,
— [the contact material (including the nature and thickness of the coating, if any),
— [the contact pressure (minimum — maximum), and

— [the lubrication (if any) as,indicated in the instruction manual.
Thqg test conditions shalhindicate

— [the contact stroke,
— [he contact'speed, and
— [the number of cycles.

A nmpotorized test rig-may can be used to simulate the expected relative movement of the |ive
conductor. The test is considered representative, provided that

— the worst conditions are met, considering maximum differential expansion, weight of
conductor, loads, etc.,

— the frequency of operation is limited to a value in the order of six cycles an hour, and
— the number of cycles is 10 000 for general purpose of GIL.

NOTE 2 For special applications, such as feeding a pump storage plant, a larger number of operating cycles and/or
an increased frequency of operation-may can be agreed between manufacturer and user.

The following inspections and tests are performed before and after the test:

— visual check;
— dimensional check and contact pressure;
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contact resistance.

The test will be considered satisfactory if

the visual check shows that initial surface coating is still present everywhere,
the wear is such that contact pressure is still within allowed tolerance, and
the contact resistance variation is less than or equal to 20 %.

7.105 Test under conditions of arcing due to internal fault

Evi

danca of narfarmanca acecardina 8 102 2 chall ha damanctratad hy thao maniifactiirar when
o ee—-o—peorHhahRee—a6& g or—5HamuBe—ae R eREsta tHe—H UG tH-e+—W

req

If s
with

The

o Too— oy

ired by the user.

the methods described in IEC 62271-203:2022, Annex B.

time, as determined by the protection devices.

Thd
cur

NOT
abo
curr

Ths
with

No
and
and

ent.
e and 0,2 s for lower currents. The time for the second stage protection normally does not exceed 0,3
ents of 40 kA and above, and 0,5 s for lower currents.

GIL is considered adequate if, during the testyno/external effects are produced within
stand durations specified in 6.102.2.

above, and in 0,5 s for lower currents unless otherwise agreed upon between manufact
user.

Tests on a particular arrangementamay can also be used to predict the performance of o

arra
bot

To
and
and

7.1

Wh
out

ngements with the same désign, either by calculation, or inference, or a combinatio
.

/or to other test parameters, calculation methods should be agreed between manufact
user.

D6 Weatherproofing test

NN —Z4 4. 0047 Tl & & 1 | blo ££ & £

ich a test is agreed between manufacturer and user, the procedure shall be incaccordapce

current duration shall not be less than the expected second stage protection fault clearapce

values of the short-circuit current should correspond to the~rated short-time withstpnd

E For information, the fault clearing time for the first stage protectien.s about 0,1 s for currents of 40 kA{and

5 for

the

fragmentation of the enclosure shall resultfrom a fault cleared in 0,3 s for currents of 4 kA

Grer

o

bxtend the test results to other enclosures of similar design but of different size and shppe

urer

En agreed between manufacturer and user, a weatherproofing test shall be made on GIU for

IEC

alal
UZZT TS T.ZUTT ./ 1o toOot Tivou taRo U [TItU OUUUOTt 1T CITOUto OfF WiltlTd Oiitvoit Oftovy

If an examination of the design shows the test to be unnecessary, it-may can be omitted.

8

8.1

Routine tests

Dielectric-tests-onthe main-circuits General

joof, use. A recommended method is given in—Arrex-A—-oftEC 62271203 Annex (¢ of

Subclause-7#41—of 1EC62271-203 8.1 of IEC 62271-1:2017 is applicable with the following
addition:

Dielectric routine tests will preferably be performed on complete subassemblies. However,
because of the existence of very long parts which-may can be shipped dismantled, the
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manufacturer-may-Hmit can exclude the enclosure and conductor pipes including contacts from
the routine test—to—ecriticalparts—(insulators—for—example).—These—critical—parts All other
components shall be subject to a factory routine test and be tested in a dielectric configuration
identical to the service condition. The dielectric test on the fully assembled section will then be
made at site (see 11.4.101).

The short-duration power-frequency voltage tests on the main circuit of the GIL shall be
performed according to the requirements of 7.2.6 phase to earth and between phases (if
applicable). The test voltages for routine tests shall be chosen from |IEC 62271-203:2022,
column (2) of Table 2 or Table 3.

Thq tests shall be performed at minimum functional pressure of the insulating gas.

8.2 Dielectric test on the main circuit

Suljclause 8.2 of IEC 62271-1:2017 is applicable.

8.3| Dieleectrie Tests on auxiliary and control circuits
Sufjclause 8.3 of IEC 62271-1:2017 is applicable.

8.4 Measurement of the resistance of the main circuit

Sufjclause 8.4 of IEC 62271-1:2017 is applicable with the following addition:

Ovgrall measurements are made on transport units)in the factory. The overall resistapce
meIsured shall not exceed 1,2 R,, where R, is the sum of the corresponding resistances

measured during the type test.

8.5| Tightness test
Sufjclause 8.5 of IEC 62271-1:2017 is:@pplicable, with the following addition:

Attention shall be paid to the fact that external coating of the enclosure (if any)-may can hide a
leak. The tightness test procedure shall be adapted accordingly.

NOTE This test applies for factory made enclosures; for site welded enclosures, refer to 11.4.104.
8.6/ Design and-visual checks

Sufjclause 8.6.6fAIEC 62271-1:2017 is applicable.

8.101 Partial discharge measurement

Partiakdischarge measurements (PD) shall be applied to critical parts such as insulators. Refer
to 7210 for the voitage evels and the partial discharge acceptance value.

The detection of PD on subassemblies and/or sections of the GIL is recommended.

8.102 Pressure tests of factory made enclosures
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Subclause 8.101 of IEC 62271-203:2022 is applicable.

9

Guide to the selection of GIL (informative)

Clause 9 of IEC 62271-1:2017 is-net applicable.

9.1

General

Subclause 9.1 of IEC 62271-1:2017 is not applicable and is replaced as follows:

Forla given duty in service, GIL is selected by considering the individual rated values requ
under normal load conditions and in case of fault conditions.

Th

characteristics of the system as well as its expected future development.

In delecting a rated short-time withstand current for an installation, or_part of an installat
conlsideration can be given to the fact that the maximum fault current.ify a circuit reduces as

dis
det

located in the system.

Wh
agr
the

9.1

Ths
und

temperature, initial conditions, increase in temperature limits for overload condition, lay

con
min
per

9.

—

e
n

rated values should be chosen, as suggested in this document, with(regard to

nce from the substation increases.-The-duty-impesed-by These fault conditions shoulg
brmined by calculating the fault currents at the place where the” transmission line is tg

bn applicable, temporary overload and-eceincident ambient temperature—shall should
bed between manufacturer and user. It is recommended to develop a temperature study
project specific installation to confirm that temperature limits will not be exceeded.

D1 Short time overload capability

conditions of temporary overload-shalf\should be agreed between manufacturer and U
er consideration of the special cireumstances (overload factor and duration, amb

ditions etc.). A typical overload figure is for example 20 % above the rated current fof

taking into account the particular load and temperatures at the beginning of the overl
od.

D2 Forced cooling

hall take into-acdoint-the total losses in-the tunnel
HHtaKeHteo a6ttt e totaH16SSesSHhathetdhhet

red

the

on,
the
be
be

be
on

ser
ent
ing

30
bad

P
D
RS

for]

Dim
tun

ensioning,“of the forced cooling should take into account the total thermal losses in
hel. Tharmal losses should be those at rated current for the GIL at maximum amb

terrlperature and thermal losses from other heat sources.

the
ent

NOTE Access to the tunnel for service-sheuld can be restricted under the following conditions:

10

Cla

in case of temporary overload;
in case of loss of ventilation;
in case of excessive temperature within the tunnel;

when gas concentration exceeds levels stated in local regulations.
Information to be given with enquiries, tenders and orders (informative)

use 10 of IEC 62271-1:2017 is not applicable.



https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

- 34 - IEC 62271-204:2022 RLV © |IEC 2022

10.101 Information with enquiries and orders

10.101.1 General

When enquiring for, or ordering the installation of a GIL, the information listed in 10.101.2 to
10.101.7 should be supplied by the enquirer.

10.101.2 Particulars of the system

Nominal and highest voltage, frequency, type of system neutral earthing.

De

a)

b)
c)
d)

e)
f)
g)
h)

10.

Min
ser
und
the
deli

10.

Detgils of the particulars of the installation-shalt should be given, such as the following:

a)
b)

c)
d)

10.L01 .3 Environmental conditions

ils of environmental conditions-shal should be given such as the following:
location inside electrical plant with restricted accessibility or outside, acc¢essible to
public;
buried or non-buried installation;
installation in trenches, tunnels, or in open air with structures to be'provided,;

geological section and, in the case of a buried installation, geolegieal and physical struc
of soil;

depth of laying (if buried);
thermal conductivity of soil (if buried);
ventilation of trenches or tunnels;

seismic requirements.
101.4 Service conditions

imum and maximum ambient air or soil‘temperature; any condition deviating from the nor
ice conditions or affecting the satisfactory operation of the equipment. For exam
sual exposure to vapour, moisture’fluids, fumes, explosive gases, excessive dust or s
risk of earth tremors or other_vibrations due to causes external to the equipment to
vered, as well as possible movement of foundation, and possible mechanical impact.

101.5 Particulars of(the installation

system length and geographical routing;

number of-phases (individualy-encased-orina-common-enclosure single-phase enclo

or threegphase enclosed);
number of lines located in the same trench or tunnel;
rated voltage;

the

ure

mal
ble,
alt,

be

e)
f)
g)
h)
i)
)
k)
)

m)

rated insulation level;

rated frequency (f,);

rated normal current;

rated short-time withstand current;

rated duration of short-circuit (if different from 1 s);
rated peak withstand current;

maximum fault clearing time in case of internal fault;
degree of protection for auxiliary circuits;

crossing other utilities and or heat sources.
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10.101.6 Particulars of the auxiliary devices

Details of the particulars of the auxiliary devices-shal should be given, such as the following:

a)

b)
c)

requirements of auxiliary devices and monitoring system (e.g. interlocking, gas supervis
signals etc.);

rated auxiliary voltage (if any);
rated auxiliary frequency (if any).

10.101.7 Specific conditions

ion,

In addition to the items listed in 10.101.2 to 10.101.6, the enquirer should indicate-eyery
conldition which might influence the tender or the order, such as, for example, transportfagcilities
and/or restrictions, special mounting or erection conditions, the locating of the“extefnal
high-voltage connections or the rules for pressure vessels.

Infgrmation should be supplied if special type tests are required.

10.102 Information with tenders and contract documentation

10.102.1 General

Thg information listed in 10.102.2 to 10.102.6, if applicable, should be given by [the
manufacturer with written descriptions and drawings.

10.

Par

10.

102.2 Rated values and characteristics

ticulars of the installation are enumerated in 40.101.5.

102.3 Further particulars of the transmission line and its components

Detpils of the line-shalt should be given;-such as the following:

a)
b)
c)
d)
e)
f)
9)
h)

10.

design pressure of enclosures;

design temperature of enclosures;

type and-rated filling pressure of gas for insulation;
minimum functionalpressure;

mass of gas for the'different compartments;

length of the.compartments;

limit values-of moisture content and gas leakage;
details*of‘appropriate measures for fault location.

102:4~ Type test certificate or reports

When requested, type test certificates or reports—shall should be transmitted as complete

doc

uments.

10.102.5 Particulars of the auxiliary devices

The tenders and contract documentation-shall should provide at least, but not limited to, the
following information:

a)
b)

types and rated values as enumerated in 10.101.6;

current or input power for operation.
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10.102.6 List of recommended essential spare parts

Spare parts should be procured by the user.
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Transport, storage, installation,-operation operating instructions and
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I General

clause 11.1 of IEC 62271-1:2017-is-applicableexceptasfolows applies.

P Conditions during transport, storage and installation

clause 11.2 IEC 62271-1:2017 is applicable, with the following addition:

rnal cleanliness influences the function of the GIL; cleanliness therefore shall be assy
buitable precautions as-preseribed required by the manufacturer.

E_The following precautions-may can be included:

connecting GIL units under clean conditions/{evg. closed assembly tents with dry
temperature regulation and with slight gauge-pressure);

openings should be covered by dust-protector or coverplates during installation;

if necessary, the complete GIL should:be*cleaned inside after assembly;

additional to precautions on site, transportation under condition of transport regulation
a prefill of dry and clean gas at an*overpressure can be helpful to keep internal parts of
GIL in good condition.

assembly unit should be as'large as possible in order to reduce the assembly on site
risk of pollution.

necting areas ofthe GIL units should be protected against damage to sealing surface
bared edges forwelding seams.

bre the Gll-units have been welded on site, precautions should be made to avoid m
icles or\polluting smoke entering the GIL.

installation procedure should be covered by the quality assurance system.

red

air,

vith
the

And
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11.3 Installation

11.3.1 General

Subclause 11.3.1 of IEC 62271-1:2017 is applicable, with the following addition.

For each type of GIL, the instructions provided by the manufacturer should at least include the
items listed in 11.3.2 to 11.3.101.

11.3.2 Unpacking and lifting

Subclause 11.3.2 of IEC 62271-1:2017 is applicable.
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11.3.3 Assembly

Subclause 11.3.3 of IEC 62271-1:2017 is applicable.

11.3.4 Mounting

Subclause 11.3.4 of IEC 62271-1:2017 is applicable.

11.3.5 Connections

Subhclause 11 3 5 of [EC 62271-1:2017 s applicable

11.83.6 Information about gas and gas mixtures for controlled and closed pressure
systems

Sufclause 11.3.6 of IEC 62271-1:2017 is applicable.

11.8.7 Final installation inspection

Sufjclause 11.3.7 of IEC 62271-1:2017 is not applicable and is repla¢ed as follows:
R

After installation, before putting into service, the GIL shall be tested to check the corfect
opgration and the dielectric strength of the equipment:

Thgse tests and verifications comprise:

Subclause

a) |voltage tests on the main circuits 11.4.101
b) |dielectric tests on auxiliary circuits 7.2.11

c) |measurement of the resistanee of the main circuit 11.4.103
d) |gas tightness tests 7.8

e) |checks and verifications 11.4.106

f) |measurement of(gas conditions 11.4.102
g) |anti-corrosion_tests for buried installations 11.4.107
h) |tests on_enclosures welded on site 11.4.104

To |ensuyre "minimum disturbance, and to reduce the risk of moisture and dust entefing
endlosures-so-preventing, which secures correct operation of the GIL, no obligatory perigdic
inspections or pressure tests are specified or recommended when the GIL is in service.

Instructions should be provided for inspection and tests which should be made after the GIL
has been installed and all connections have been completed.

The instructions should include the following:

— a schedule of recommended site tests to establish a correct functioning;

— recommendations for any relevant measurements that should be made and recorded to help
future maintenance decisions;

— instructions for final inspection and putting into service.
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For welded connection, the following shall apply: no specific tightness test is required for on
site welded enclosure pipes (butt welds) if a 100 % inspection of the welds by radiographic,
ultrasonic or other means is performed. In this case, the welds are considered to have a zero
leakage rate.

NOTE The impact of a flanged connection at the beginning and/or end is negligible in case of a welded GIL.
11.3.8 Basic input data by the user

Subclause 11.3.8 of IEC 62271-1:2017 is applicable.

11.8.9 Basic input data by the manufacturer

Sufjclause 11.3.9 of IEC 62271-1:2017 is applicable.

11.8.101 Constructional features

Thg tenders and contract documentation-shall should provide at least, but\not limited to, [the
follpwing information:

a) |mass of the heaviest transport unit;

b) loverall dimensions of the transmission line;

c) farrangement of the external connections;

d) Jprovisions for transport to be taken by the user;

e) [provisions for installation and laying-preseribed reqdired by the manufacturer;
f) Jlocation of the attachment points to the supports;

g) [maximum forces to each attachment point;

h) imaximum deflection of the enclosure at each attachment point.

11.4 Operating instructions

Suliclause 11.4 of IEC 62271-1:2007 is applicable.

11.4.101 Voltage test on'the main circuits

11.4.101.1 General
Sinpe-it-is-exceptighally-importantfor Gl The dielectric strength shall be checked in order to

eliminate causesiwhich might give rise to an internal fault in service.

Thqg site veltage tests are supplementary to the dielectric routine tests with the aim of checking
the|dielectric integrity of the completed installation and of detecting irregularities as mentiohed
abgve’ Normally, the dielectric test shall be made after the GIL has been fully erected pnd
gastfilled at therated filling pressure, preferably at the end of all site tests, when newly installed.
Such a dielectric test is recommended to be performed also after major dismantling for
maintenance, repair or reconditioning of compartments. These tests shall be distinguished from
the progressive voltage increase, performed in order to achieve a kind of electrical conditioning
of the equipment before commissioning.

The execution of such site tests is not always practicable and deviations from the standards
may can be accepted. The aim of these tests being a final check before energizing, it is very
important that the chosen test procedure does not jeopardize sound parts of the GIL.

In choosing an appropriate test method for each individual case, a special agreement-may-be
necessary can apply in the interest of practicability and economy, for example the electrical
power requirements and the dimensions and weight of the test equipment-may—need-to-be
considered can also apply.
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A detailed test programme for the dielectric tests on site-shall should be agreed between manu-
facturer and user.

11.4.101.2 Test procedure

The GIL shall be properly erected and gas-filled at its-rated filling pressure.

For the test, the GIL-may-net can be-connected-te disconnected from other equipment, either
because of their high charging current or because of their effect on voltage limitation, such as

_ iah valtaaa cabhlace avarhaad linace Aand 1S
HGH—-OHtage-6aPr85— oV e reada—+HRe8S—Ha A=

— |power transformers and most voltage transformers, and
— urge arresters and protective spark gaps.

Dug to the possible length of a GIL it-may can be-necessary applicable for the site dielegtric
tes{ to be carried out in sections. Due to this fact, provisions shall be made within the desigh of
the| GIL to incorporate positions where test equipment can be mounted\Wwithout having to
dismantle the GIL.

Thg conductors of the GIL section not under test shall be grounded,

NOTE 1 In determining the parts which can be disconnected, attention is drawn to the fact that it is possible|that
the feconnection-may-intreduce introduces faults after the tests are finisheds

NOTE 2 In order to test as much as possible of the GIL, removable links-may can be included in the design in ¢ach
of the above-mentioned cases. Here a "link" is understood to be a-part of the conductor which can easily be rem¢ved
in onder to isolate two parts of the GIL from each other. This type\of separation is preferable rather than dismanfling.

Evgry newly erected part of a GIL shall be subjected to a dielectric test on site.

In the case of extensions, in general, thecadjacent existing part should be de-energized pnd
earthed during the dielectric test, unless special measures are taken to prevent disruptive
disg¢harges in the extension affecting the energized part of the existing GIL.

Apgication-of The test voltage-smay can be-recessary applicable after repair or maintenancg of
major parts or after erection:of )extensions. The test voltage-may can then have to be applied
to gxisting parts in order totest all sections involved. In those cases, the same procedure shquld
be followed as for newly installed GIL.

For| the choice of ;an appropriate voltage waveform, IEC 60060-1 should be taken |nto
conlsideration; howéver, similar waveforms are also permissible. AC is preferred, and DC shquld
not|be used./Partial discharge monitoring shall be performed during application of the fest
voltage. Canventional partial discharge measurement in accordance with IEC 60270-ma} is
possibly_net-be appropriate. Other methods, such as UHF method should be considered. At|the
pregent\time, no level has been-presecribed required.

A voltage level equal to 80 % of the AC voltage applied during the routine test is recommended.
For long GIL, the test is performed on sections as long as possible.

When the sections are fully assembled to form the complete installation, a test is performed at
a lower voltage because of the capacity of the testing facility.

Impulse test voltage-may can be additionally performed (lightning impulse wave shape, possibly
oscillating, with an extended front time-may can be used). The voltage level-shall should be
agreed between manufacturer and user.
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11.4.102 Measurement of gas conditions

The—meisture humidity content of the—insulation insulating gas shall be determined. This
moisture humidity content shall be in accordance with-5-4 11.101.7 of IEC 62271-203:2022.

The measurement shall be performed on all compartments of the GIL, assembled and filled with
gas at the-rated filling pressure.

If the GIL is filled with sulphur hexafluoride, refer to IEC 60376 and IEC 60480 for checking the
conditions of the gas during service. For other gases, see instruction manual from GIL

£ &
maiaractoret:

11.4.103 Measurement of the resistance of the main circuit

Thg measurement shall be performed on assembled sections of the GIL. The conditions of|the
measurement should be as close as possible to those of routine tests performed)where possjble
on {ransport units.

Neyertheless, the measurement method and the adequate length fopthe assembled sectipns
shalll be chosen considering the following requirements:

— [the measurement shall be done in such a way as to verify the“integrity of the main cirguit,
including joints;
— [the accuracy of the measurement shall allow the detection of all possible bad joints.

— [The resistance measured shall not exceed 120 %-0f the maximum values measured dufing
type tests (before temperature rise test), taking-into account the differences of the two fest
arrangements (number of devices, contacts and‘connections, length of conductors, etc.).

11.4.104 Tests on enclosures welded on-site
11.4.104.1 General

Where enclosures are welded on site,*two types of tests shall be performed to verify the weld
quality and integrity: testing of the(welds and pressure tests.

11.4.104.2 Testing of site-welding

Thqg welding-8fthe enclosure on site shall be made in accordance with established standgrds
for pressurized enclosures of gas-filled, high-voltage switchgear and controlgear with inert, rjon-
corfosive Now pressurized gases.

Imperfectiom asSeESSMeENt o a basis of wetdimg—procedure and-wetders quatificationr stratl be
made in agreement between manufacturer and user. For further information, consult the
Bibliography and Annex D.

11.4.104.3 Pressure test

Site-welded enclosures shall withstand a pressure test, preferably pneumatic. In this case, the
factor k—may can be limited to 1,1, the test being done on the complete fully assembled
compartment. In such case, additional precautions such as increased weld inspections should
be made.

Where the factor £ is limited to 1,1, testing of the weld in accordance with 11.4.104.1 shall be
performed over 100 % of the weld length.
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Provision shall be taken during the test to make sure that the pressure relief device will not
operate. If a pneumatic test is not in compliance with local regulations, an alternative method
shal should be agreed between manufacturer and user.

NOTE-Hydraulic testing of the assembled compartment should be avoided.

11.4.105 Periodic testing of the enclosure

No

periodic testing of the enclosure is required if

nelosures-are fillad with 24 nan _caorraciva aacs driad ctahla and inart or
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anti-corrosion external coating is monitored.
1.106 Checks and verifications
following shall be verified:

conformity of the assembly with the manufacturer's drawings and instructions.

sealing of all pipe junctions, and tightness of bolts and connections’

conformity of the wiring with the diagrams;

proper functioning of the monitoring and regulating equipment including heating and light

check of the correct connection of the bonding system.

E—If, for whatever reason, one or more routine tests.are’not performed at the manufactur
ks, they should be carried out on site combined with the tests after erection.

1.107 Tests on corrosion protection for directly buried GIL
1.107 .1 Passive corrosion protection

voltage level and duration specijfied in Clause 5 of IEC 60229:2007 shall be app|
veen the metallic enclosure and the’‘ground.

the test to be effective, it isknecessary that the ground makes good contact with all of
br surface of the oversheath” A conductive layer on the oversheath can assist in this resp

1.107.2 Active corrosion protection

active corrosion” protection system is laid out in accordance with the environme
ditions along‘\the GIL. The protection current and protection potentials are calculated f
h on soil electrical resistivity and acidity.

se values shall be measured after the GIL goes into service.
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11.5—Maintenance

11.5.1 General

Subclause 11.5.1 of IEC 62271-1:2017 is applicable.

11.5.2 Information about fluids and gas to be included in maintenance manual

Subclause 11.5.2 of IEC 62271-1:2017 is applicable.

11.5.3 Recommendations for the manufacturer

Subclause 11.5.3 of IEC 62271-1:2017 is applicable.
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11.5.4 Recommendations for the user

Subclause 11.5.4 of IEC 62271-1:2017 is applicable.

11.5.5 Failure report
Subclause 11.5.5 of IEC 62271-1:2017 is applicable.

11.5.101 Maintenance of GIL
t

t

UJ

mixfures or other gas mixtures included in IEC 62271-4; the requirements therein shall
apgdlied in addition to the recommendations below.

In deneral, insulating gas shall be handled in such'a way as not to cause harmful effects to|t
envronment or persons. If the gas, or its decomposition products, which might be genergt
under certain service conditions (e.g. dueXtointernal arcing), impose a hazard to personp
appropriate precautions shall be taken in order to ensure safe handling, includi
decontamination after accidental release of hazardous products.

Regulations concerning the maximum permitted concentration of gas in those work areas usgi
the|gas shall be observed. This might call for installation of devices for measurement of the g
concentration, and for ventilation arrangements. This is particularly important when working
trenches, tunnels and similar locations with restricted space close to the installation. In the cp
of nitrogen and other gases which can be inhaled without risk, similar precautions shall be tak
in grder to prevent suffocation.

If the gas used*has an environmental impact, it shall not under normal conditions (g

he
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ng,
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.g.

maintenance; repair) be released into the atmosphere. This means reclaiming by means ¢f a

gas| handling unit with a storing capacity corresponding to the largest gas volume of |t

he

insfallation. Abnormal leaks shall be rectified. Contaminated gas shall either be-reprocesped

reclaimed by means of the gas handling unit and reused, or, if not possible, be sent
conmmmmrmmmi

be hazardous, relevant rules for safety during handling and transportation shall be observ
(see IEC 62271-4).

12 Safety

12.1 General

Subclause 12.1 of IEC 62271-1:2017 is applicable;—except—as—follows with the followi
additions:

a
to
ed

ng
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High-voltage,—gas-insulated—transmission—lines GIL can be safe only when installed in

accordance with the relevant installation rules, and used and maintained in accordance with the
manufacturer’s instructions. It shall be operated and maintained by qualified personnel.

Due to the fact that it is completely impossible to touch any live part, a GIL provides a maximum
degree of safety. However, it is normally only accessible by instructed or authorized persons.

When it is installed in an area accessible to the public, additional safety features shall be
required. Two types of installation-are-te shall be considered.

; ied
marker tape inform persons that an electrical device is buried at this location. ~These
dispositions, combined with a sufficient thickness of earth (typically 1 m, see 4.102)'shquld
avoid any accidental contact. Potential load limits of the area above the trench“shall be
clearly visible installed along the route.

— |In the case of above ground installations, fences or equivalent means shall-be located alpng
the GIL in such a way that no unintentional contact with the GIL or\its accessorie$ is
possible.

Thqg specifications in 12.2 to 12.103 are particularly important in orderto ensure personal safpty.

12.2 Precautions by manufacturers

Sufjclause 12.2 of IEC 62271-1:2017 is applicable.

12.3 Precautions by users

Suljclause 12.3 of IEC 62271-1:2017 is applicable:

H——Electrealaspects

Sublel {13 of IEC 6227 . LiaSble with-the followi Hion:
— (|Effect of an internal fault(see 5.101)

12.101 Mechanical aspects

— [Mechanical stress due te/the action of the external environment, or interaction between [GIL
and the environment:

e movement of\foundation, earthquakes, soil loading, wind, ice (see 6.102.2, 6.21)
e thermal expansion (see 6.106)

— |Pressurizedcomponents (see 6.102.2, 6.103, 6.104)

— |Mechanical impact protection (see IEC 62271-1:2017)

12.102/ Thermal aspects

— Maximum temperature of accessible part (see 7.5)
— Flammability (see IEC 62271-1:2017)

12.103 Maintenance aspects
— Gas handling (see 11.4.102)
— Operations of maintenance personnel in tunnels (see 6.105.3)

Operations performed by maintenance personnel shall be strictly limited. When a
maintenance operation is necessary, conditions shall be carefully defined and take into
account the design of the GIL (gas volumes of the compartments, presence of pressure
relief devices, etc.) and the volume of the tunnel.

— Earthing of the main circuits and the enclosure (see 6.3.101, 6.3.102)
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13 Influence of the product on the environment
Clause 13 of IEC 62271-1:2017 is applicable, with the following addition.

Also refer to 11.5.102.
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Annex A
(informative)

Estimation of continuous current

A.1 General

The aim of Annex A is to define the continuous current of the GIL single phase when operating
conditions are different from those of type tests, for example, open air GIL directly exposed to

solar radiation, buried GIL or GIL in shafts or tunnels with forced cooling. Other changes m

incl

or different enclosure currents due to earthing. The proposed method provides a basisfor

esti

In qontrast to the referred standards, the estimation of the continuous current‘maynet-sg

can
obt

appropriate calculation methods are used, these-may can be mentioned. The calculatio
allowed if the temperature rise of the conductor is not more than (15 K with respect to

per

NOTIE Although the scope of-tEC-60287-3-1 IEC 60287-1-1 refers to cables, the given calculations are also
for GIL, unless the premises for certain relations (mainly concerning dimensions) define otherwise.

Lde different distances between phases or phase positions in the case of single-phase

mation of continuous current, and refers to IEC 60287-1-1.

be based on more than one calculation, but be deduced from referénce values to
hined from type test results. The given standards-may can be used,for/calculation. If o

ormed type test.

ght
GIL
the

ety
be

her
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the
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A.4 Symbols

D, diameter of conductor (m)
Dg diameter of enclosure (m)
L length of GIL (m)
n number of phases in one enclosure

A6, average temperature risesgf)the conductor (K)
A6}, maximum temperature(ise of the conductor (K)
A6 average temperature’/rise of the enclosure (K)
AG}. maximum temperature rise of the enclosure (K)
AG), average temperature difference between conductor and enclosure  (K)
Ig estimated continuous current (kA)
K thermal coefficient for heat exchange

a temperature coefficient of electrical resistivity (1/K)
o temperature coefficient of electrical resistivity for conductor (1/K)
Qe temperature coefficient of electrical resistivity for enclosure (1/K)

A.3 Reference values

A.3

| General

The following reference values-may can be deduced from the type test results:

a)
b)
c)
d)

general type test values;
AC resistances;
dissipation;

thermal resistances;
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thermal coefficients.

.2 General type test values

The following values-have-te shall be derived from or given by the performed type test:

Iy rated current (kA)

Abeo average temperature rise of the conductor (K)

Abnco Maximum temperature rise of the conductor (K)

Ryds BEresistanceofconductoratambienttemperature e

Ieo enclosure current (kA)

Abdo average temperature rise of the enclosure (K)

Abteo mMaximum temperature rise of the enclosure (K)

R4do DC resistance of enclosure at ambient temperature (uQ)
Afleo average temperature difference between conductor and enclosure (K)

NOTIE The average temperature is determined from the temperature profile over the (tested) length.

A.313 AC resistances

Thg AC resistance of the conductor at average conductor temperature R_,—may can eithe
deduced from the measured DC resistance Ry.,-and IEC 60287-3-1 or by appropr
calgulation.

Thg AC resistance of the enclosure at the average enclosure temperature R ,—may can ei

be
cald

NOT|

NOT
und

NOT
IEG

A.3

The
by:

deduced from the measured DC resjstance Ry,, and IEC 60287-3-1 or by appropr
ulation.

E 1+ Contact resistance should-also be taken into account.

E2-Such resistance value-of the GIL should be defined in relation to the length of the
er consideration.

[E-3—Proximity effect should be considered; reference-may can be made to}EC-602871
60287-1-1 or the appropriate literature.

4 Dissipation

disgipation in the conductor P, at average conductor temperature-may can be determi

be
ate

her
ate

GIL

hed

P)CO:II'2 XRCO

The dissipation in the enclosure at P, average enclosure temperature-may can be determined

inc

ase of known amplitude by:

Peo = leoz * Rego

Otherwise, the dissipation in the enclosure due to eddy currents-may can be determined by
calculation (refer1=C-60287-3-14 IEC 60287-1-1 or appropriate literature).
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A.3.5 Thermal resistances

The thermal resistance T, between conductor and enclosure is given by:

T,

ceo —

A6,

ceo

/P

co

The thermal resistance T, between enclosure and the environment is given by:

A.3.6 Thermal coefficient

Thg thermal resistance T is given in IEC 60287-3-1 (thermal resistance in air (gaseous meditim))
as:

T=1/[nxDxKx 0025

where

K |is the thermal coefficient;

o

is the diameter;

6 |is the temperature difference.

Thd thermal coefficients K., and K, for respectively:Tce and T, are therefore given by:

Koo =11 [TogoX m x Dy % AG

0,25]
ceo

€0,

Ko =071 [Ty % m % Dg % Aby, 0:25]

NOTE According to IEC TR 60943 the relationship between current and temperature rise is:
11,67 =K’ A6.
Thetefore, the thermal resistance according to IEC TR 60943 would be given by:

T=1/[nxDx K 0%2]
A.4 Estimation of current rating

A.41 General

In establishing the estimated continuous current, the following should be taken into
consideration.

A.4.2 Maximum temperature rise

Since the calculations are based on the average temperature rise, the following relation is used
to determine the maximum temperature rise of the conductor relative to the average conductor
temperature rise:

égme;gs#p‘);g*é’é“gmee'—_&gee‘)
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Ao = (I1)% x (A6

mco

- AGy,)

Therefore, the maximum temperature rise A6y, of the conductor is given by:

Abpe = Ay + 56pc

The maximum temperature rise-84,,, A6, of the enclosure is found in exactly the same way.

A.4[3 Heat input
A.43.1 General

Thqg influence of the adjacent phases-may can be taken into account for the.evaluation of
external heat input.

A.4(3.2 Estimated internal dissipation

Thq internal dissipation of the conductor for the required situation is~given by:
Pg = (I1,)%2 x Poo [1 + ag x (A6, —AGY,)]
Thq dissipation of the enclosure for the required situation-is given by:

Pg = (I/1)2 % Pogy [1 ¥0ag X (MG — Abgy)]

NOTE When the layout of the installation is differente.g. different phase distance of single-phase equipment or
different earthing), the calculation of the dissipation‘is' adjusted accordingly.

A.4{3.3 External heat input

Othfr external heat sources should’be taken into account such as solar radiation, influence of
adjacent phases, etc. In the following, their effect is designated by the symbol Pg.

A.4.4 Thermal resistances
A.44.1 Internal'thermal resistance

Thq internal thermal resistance—%;. 7.,, between conductor and enclosure—may can| be

calgulated according to the formula given in A.4.5. The calculated thermal coefficient-may an
be tised.

A.4.4:2 External thermal resistance

The external thermal resistance-Fg T, of the enclosure to the environment, for an installation

in free air, the formula is given in A.4.5, including the thermal coefficient. In this case, the
influence of wind, etc., is neglected.

The external thermal resistance T, for other situations—may can be determined according to
ECB80287-3-1 IEC 60287-1-1 or other relevant literature.

NOTE The external thermal resistance is the total thermal resistivity of the enclosure to the environment.
A.4.5 Estimated maximum temperature rise

The estimated average temperature rise of the enclosure is defined as follows:


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC

62271-204:2022 RLV © IEC 2022 - 49 —

AOy = Ty % (n % Py + Py + Pg)

The maximum temperature rise of the enclosure is then given by:

and

Abpe = A + 30

the maximum temperature rise of the conductor is given by the following:

A.4

Thd
acc

A.4

Ths
pre

A.4

For

R R I A
AHmC = Age + 6Hmc + Tceo X PC

6 Permissible temperature rises

temperature rise of any point of the GIL (conductor, enclosure, tunnelyetc.)-may can b
prdance with the allowed temperature rise of the relevant IEC standard.

7 Estimated continuous current

estimated continuous current is defined by the simultan€éous solution of the relations
mises given in Annex A.

8 Informal documents

more information, see [7].

and
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Annex B
(informative)

Earthing

General

The earthing system is designed to ensure that no danger to persons or damage to equipment
occurs under normal or abnormal operating conditions due to hazardous potential differences.

B.2

The

high-frequency currents associated with transient enclosure voltage and, for'some types

bon

Acga
of
Atte

voltages) that-may can be imposed by local regulations.

B.3

A G

B.4 Earth electrodes

An
fred

Ths
dur
diff

Ths
gro

risg.

The
att

Safe limits on potential rise
design of the earthing system should take into account potential rises due to.fault curre
ding,-standinrg step and touch voltages.

eptable values for touch potentials, step potentials and transferred potentials for the sa
persons should be determined with reference to IEC TS 6047941 and IEC TS 6047
ntion is drawn to further limits on potential rise (standing stepland touch voltages, indu

Enclosures

IL is contained within a conducting enclosuresnominally at, or near, ground potential.

earth electrode provides a low-impgedance path to earth for both fault currents and h
uency currents associated with.transient enclosure voltage.

earth electrode design.should take into account the maximum ground fault current
ation at that position in jthe system and the soil resistivity so that hazardous potern
brences do not occur.

earth electrode,cross-sectional area should be chosen to accommodate the maxin
ind fault currentand duration at that position in the system within an acceptable tempera

design of any joints should take into account the maximum ground fault current and dura
nat position in the system.

nts,
b of

fety
D-2.
ced

gh-

and
tial

um
ure

ion

The earth electrode design should take into account the mechanical stresses that-may can

o] el

ur during installation and during fault conditions.

The earth electrode material should be resistant to corrosion.

B.5 Conductors of earthing system

The conductors of the earthing system-may-be-required need to carry both fault currents and
possible high-frequency currents associated with transient enclosure voltages. In some cases,

con

ductors will carry zero sequence currents or circulating power-frequency currents.
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The conductor design should take into account all currents to be carried so that hazardous
potential differences do not occur.

The conductors should be wide (typically greater than 50 mm in width), kept as short as possible
and as free from changes in direction as possible to achieve a low inductance. Sharp bends in
the conductors should be avoided.

The conductor cross-sectional area should be chosen to accommodate any current to be carried
within an acceptable temperature rise.

Thg design of any joint should take into account all currents to be carried.

Thg conductor design should take into account the mechanical stresses that-may can ogcur
dur|ng fault conditions.

B.q Earth continuity

Elegtrical continuity between the earthing systems at either end of thHe transmission line rqute
is necessary to provide a low impedance path for zero sequence currents.

Where it is not possible to use the enclosures to provide adequate earth continuity, a separate
earth continuity conductor will be necessary.

B.7 Induced voltages

Thg earthing system should be designed to¢avoid large ground currents (which is not|the
endlosure current during normal operation) flawing as these-may can induce hazardous voltages
in neighbouring communications circuits, pipelines, etc., possibly belonging to other authoritjes.

B.§ Transient enclosure voltage

Evgnts such as switching (particularly disconnector operation), fault conditions, lightrnjing
strgkes and operation of surge arresters generate fast fronted transients. Under such conditipns,
dis¢ontinuities in enclosures (e.g. where an insulating flange forms an essential part of [the
strycture, or at gas_tevair bushings) will allow high-frequency currents to couple out pnd
propagate on the-outside of the enclosures giving rise to transient enclosure voltages.
Precautions are taken in the design of the earthing system to limit the effects of transjent
endlosure voltages.

B.9 Non-linear resistors

To protectagainsttheeffectsof transientenciosure vottages, protective devices (rmon-tinear
resistors) should be installed where the ends of enclosures are not connected to earth.

The rated voltage of the devices should be coordinated with-standing step and touch voltages
induced by rated and short-circuit current (see Clause B.10). The devices should have adequate
energy absorption and high-frequency response.

They should be arranged to give a low-inductance connection by minimizing the length of the
connecting leads and connecting a number of devices in parallel.
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0 Bonding and earthing

0.1 General

It is envisaged that most GIL installations will be solidly bonded and earthed at both ends.
However, where other bonding methods are used such as single point bonding or cross-bonding,
additional precautions-will-reed-te shall be taken in the design of the earthing system in order
to manage the effects of-standing step and touch voltages and induced voltages and currents,
as well as mechanical forces resulting from short-circuit currents.

Thgenctosure may needto beearthedatadditiormatpositions—atongtheToute toTeduce

ear

Wh

h potential rise under internal fault conditions.

bre the three phases of a transmission line are contained within a single enclosure,

endlosure-may can be earthed at both ends of the transmission line route. Theenclosure

nor
ear

mally provide adequate earth continuity between the two ends of the route and a sepa
h continuity conductor will be unnecessary.

Thg enclosures-may can be bonded and earthed at one end and insulated from earth at

oth
the

br (end point bonding) or bonded and earthed at the mid-point-and insulated from eart

elementary sections, each single-point bonded.

To
con

B.1

brotect against the effects of transient voltages, protective devices (non-linear resistors)

0.2 Cross-bonding

In g cross-bonded system, the enclosures are.connected in series at the end of each elemen

SeC

tion in phase rotation, so that the e.m:f\induced along the enclosures tend to sum to 2z

aftdr three elementary sections. The eneclosure voltage is therefore controlled and circula

cur

ents are virtually eliminated. However, eddy currents will generally be induced in

endlosure walls and these will contribute to the total heat dissipation of the transmission lin

Thg enclosures-may can be solidly bonded and earthed at the ends of a transmission line
continuously cross-bonded throughout its length (continuous cross-bonding) or solidly bon
and earthed at the ends of a number of major sections, each consisting of three cross-bon

min

To
con

Wh

or sections (sectionalized cross-bonding).

brotect against the effects of transient voltages, protective devices (non-linear resistors)

bre the earth resistance at solidly bonded positions is high, a separate earth contin

conduCtor-may can be-necessary applicable in order to prevent the ratings of protective devi
being:eéxceeded under internal fault conditions.

two ends (mid-point bonding). The transmission line—may(eah consist of a numbef

nected at the ends of elementary sections where the enclosures are insulated from earth.

nected atthe’ends of elementary sections where the enclosures are insulated from earth.

the

the
will
ate

the
h at
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are
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ing
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Hed

are
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B.11 Application to directly buried installations

Where an installation is directly buried, the design of the earthing system shall accommodate

the

requirements of corrosion protection as stated under 6.21 (see Figure B.1).
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Figure B.1 — Example of earthing system together with active anti<corrosion
system in the case of solid bonding of the enclosure at both ends

Thg design of the earthing system should be coordinated with~the insulation level of [the
corfosion protection coating.

Removable links should be provided to allow electrical™{esting of the passive corrogion
profection as stated under 7.103.

Thg design of the earthing system and the active catrosion protection should be coordinated so
thal no damage results to the active corrosion system from currents flowing from the enclosyres
to garth.

B.12 Informal documents

Forfmore information, see [7] and [9].
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Annex C
(rormative informative)

Long-term testing of buried installations

Assessment of long-term behaviour

| General

Thd

CcA

The
the

it
to
mig

NOT

Eva
prop
tem
useq
tem

CcA1

It is
per

points that-need-to shall be considered to assess long-term behaviour are

the thermomechanical performance of the assembly, and
the corrosion protection of the enclosures.

2 Thermomechanical performance

rmomechanical forces, unless properly accounted for, can result in mechanical damag
GIL and possible rupture of the enclosure. Therefore, whichever 'device is employed

shall be evaluated under buried condition. The length;0of/the test installation-re]
hall be sufficient to ensure that any thermomechanical moyement is representative of W
ht occur in service.

COU|nteracting the effects of thermal expansion and contraction, especially for the enclosu

E Performanceof the backfil-material

uation of the soil over the complete GIL installation couldjpreve difficult unless a backfill material with kn
erties is used. It is assumed that normal ground materials will have a dried-out thermal resistivity value
erature between 50 °C and 60 °C and a non-dried outwalue if the temperature is below this. These figureg
in the rating calculations detailed in Annex A. Provided'that the thermal resistivity values are known, the gr
eratures and hence system rating can be calculatéd allowing for dried out values where applicable.

3 Corrosion protection of the enclosures

important that the enclosure_protective coating is not penetrated during service.
ormance of the coating can be-evaluated by either long-term water immersion tests o

long-term burial test in a wet soilccondition. During this time, the GIL should undergo heat cy

to
can
tha

C.2

dee the effect of temperature cycles on the migration of water. Deterioration in the coa

be detected by regular application of a test voltage and measurement of the leakage cur
flows.

Summary, of long-term tests

elopment’ tests shall be completed by the manufacturer before long-term tests
ertaken. The purpose of these tests is to identify the long-term performance of the comp
system andneed shall onIy be carried out once, unless there is a substantial change |n

P to
for
es,
pds
hat

own
at a
are
und

he
by
les
ing
ent

between 50 m and 100 m of GIL |nclud|ng auxnlary equment (gas monltorlng partlal dlscharge
detection and pressure relief devices). At least one type of each component to be used in the
system should be tested and the test arrangement should be representative of an installation

des

ign. The long-term tests should be undertaken over a twelve-month period.

The definition of the test procedure is under consideration. The following is proposed for
guidance.

The following test should be carried out before starting and after the long duration tests:

a) temperature rise measurement (in accordance with-4-4-2 7.5.3.1 of IEC 62271-1:2017) of

b)

external enclosure walls and at set distances within the backfill material;
measurement of the main circuit resistance;


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC 62271-204:2022 RLV © IEC 2022 - 55 -

c) partial discharge levels within the GIL;

d) dielectric withstand test;

e) gas leakage rate;

f) on completion of the tests, a voltage test to breakdown-may can be performed.

Long duration tests-may can include:

e long-term thermal cycling;
Subject the busbars and any expansion device to thermomechanical forces.

e [corrosion protection performance;

This—is—to shall be evaluated under thermal cycling and will include the ,.complete
arrangement and all the auxiliary equipment.

e |packfill performance;

This shall be carried out if the performance of the backfill is not knéwn or cannot| be
guaranteed.
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Annex D
(normative)

Requirements for welds on pressurized parts

D.1 General

Weld seams shall be produced and assessed according to defined requirements. During the

pro

All
sta
int

Welding process qualification (WPQR) according to | 5614 (all parts)
Qualification of welders and operators according ISO 9606 (all parts) @nd
ISO 14
Non-destructive test (NDT) personnel accoé&ng to ISO 9712
D.§ Non-destructive tests of welding \\<2

duction of a GIL, welding seams are made in the factories and on site.

3

D.2 Process and personal qualifications Qy

v

dards. Welding and subsequent testing personnel shall be certified i
rnational standards. Q

ordance

Definition of the welding procedures (WPS) according to ISO/@‘@E'OQ (all parts)

QO

For|non-destructive testing of factory and ,%rgﬁte welds, the items of Table D.1 applies:

Tabli\ﬁﬁ— Quantity of NDTs

welding processes shall be checked and documented in accordance vvi-@qﬁternaticnal
D

vith

Tests type N \,O Factory welds On site welds
Vishal (VT) \\C}‘ 100 % 100 %
8.6|of IEC 62271-1:2017 A C)
Radliography (RT) or uItra@&c’(UT) min._10 %, 10Q % of cross min. 10 % to 100 %
7 1b3 of IEC 62271-2 ; 9 sections; welding factor v = 1 11.3.7 and 11.4.104

For

N
imperf, ns defined and classified according to ISO 6520 (all parts), refer to Table D

S
\@C)
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Table D.2 — Acceptance criteria of imperfections

Test type Applicable standard Acceptance level
Steel Aluminum Steel Aluminum
VT ISO 5817 ISO 10042 EN 50068 EN 50064
RT ISO 10675-1 ISO 10675-2
uT Recommended applicable standards

ISO 11666, ISO 17640

1ISQ 22825 |SQ 23279

1ISO 10893-8,
1ISO 10893-9,
ISO 10893-10 and
1ISO 10893-11

a8 |UT testing of aluminium welds should be performed according to the adapted steel standard$ or equiva
manufacturer specifications. For more information, see [10] and [11].

ent
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1

2)

3)

4)

5)

6)

7)

8)

9)

IEQ 62271-204 has been prepared by subcommittee 17C: Assemblies, of IEC techn
compmittee.17: High-voltage switchgear and controlgear. It is an International Standard.

U o o
constitutes a technical revision.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 204: Rigid gas-insulated transmission lines
for rated voltage above 52 kV

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

3l national electrotechnical committees (IEC National Committees). The object of IEC is to promote“internati
¢o-operation on all questions concerning standardization in the electrical and electronic fields. JTo this end
ih addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG~Publication(s)”). 1
preparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealt
ay participate in this preparatory work. International, governmental and non-governmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with th€\International Organizatio
$tandardization (ISO) in accordance with conditions determined by agreement.between the two organizatio

he formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internati
¢onsensus of opinion on the relevant subjects since each technical committee has representation fron
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Nat

Committees in that sense. While all reasonable efforts are made_to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for" the way in which they are used or for
isinterpretation by any end user.

In order to promote international uniformity, IEC Nationat Committees undertake to apply IEC Publicaf
ransparently to the maximum extent possible in their pational and regional publications. Any divergence bety

gny IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the ITter.

IEC itself does not provide any attestation of cénformity. Independent certification bodies provide confo
gdssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
4ervices carried out by independent certification bodies.

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

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts
embers of its technical committées.and IEC National Committees for any personal injury, property damag
¢ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
¢xpenses arising out of th€ publication, use of, or reliance upon, this IEC Publication or any other

Attention is drawn to_tReiNormative references cited in this publication. Use of the referenced publicatioj
ihdispensable for thelcarrect application of this publication.

Attention is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of pa
ights. IEC shall-not be held responsible for identifying any or all such patent rights.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) update to be in line with IEC 62271-1:2017 and alignment of the voltage ratings and the test

voltages.

b) addition of new information for welds on pressurized parts and gas tightness.
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The text of this document is based on the following documents:

Draft Report on voting

17C/840/FDIS 17C/846/RVD

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

the

above table.

The language used for the development of this International Standard is English.
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5 document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,‘availg
vww.iec.ch/members_experts/refdocs. The main document types developedyby IEC
cribed in greater detail at www.iec.ch/standardsdev/publications.

5 document is to be read in conjunction with IEC 62271-1:2017 and IEG62271-203:2022
ch it refers and which are applicable unless otherwise specified. jlnorder to simplify
cation of corresponding requirements, the same numbering of clauses and subclause
d as in IEC 62271-1:2017 and IEC 62271-203:2022. Amendments to these clauses
clauses are given under the same numbering, whilst additional subclauses are numbg
h 101.

5t of all parts of the IEC 62271 series can be found{under the general title High-volt
chgear and controlgear, on the IEC website.

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

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 204: Rigid gas-insulated transmission lines
for rated voltage above 52 kV

1 Scope

Thig part of IEC 62271 applies to rigid HV gas-insulated transmission lines (GIL) in which|the

insdllation is obtained, at least partly, by an insulating gas or gas mixture other than”aif at

atmospheric pressure, for alternating current of rated voltages above 52 kV, and for seryice

frequencies up to and including 60 Hz.

Thig document is applicable where the provisions of IEC 62271-203 do not ¢over the application

of GIL (see Note 3).

At each end of the HV gas-insulated transmission line, a specificielement is used for |the

connection between the HV gas-insulated transmission line and other equipment like bushings,

power transformers or reactors, cable boxes, metal-enclosed surge arresters, volthge

tranisformers or GIS, covered by their own specification.

Unless otherwise specified, the HV gas-insulated transidission line is designed to be used under

normal service conditions.

NOTE 1 In this document, the term "HV gas-insulated tfansmission line" is abbreviated to "GIL".

NOTE 2 In this document, the word "gas" means gas ‘or gas mixture, as defined by the manufacturer.

NOT|E 3 Examples of GIL applications:

— Where all or part of the HV gas-insulated-ttansmission line is directly buried;

— Wwhere the HV gas-insulated transmission line is located, wholly or partly, in an area accessible to public;

— Wwhere the HV gas-insulated transmission line is long (typically longer than 500 m) and the typical|gas
¢ompartment length exceeds/the.common practice of GIS technology.

2 |Normative references

Thq following documents are referred to in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited appljes.

For| undated)references, the latest edition of the referenced document (including pny

amg¢ndments) applies.

IECL60060-1:2010, High-voltage test techniques — Part 1: General definitions and fest

requirements

IEC 60068-1:2013, Environmental testing — Part 1: General and guidance

IEC 60229:2007, Electric cables — Tests on extruded oversheaths with a special protective
function

IEC 60287-3-1:2017, Electric cables — Calculation of the current rating — Part 3-1: Operating

con

ditions — Site reference conditions

IEC 60376, Specification of technical grade sulfur hexafluoride (SFg) and complementary gases
to be used in its mixtures for use in electrical equipment
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IEC 60480, Specifications for the re-use of sulfur hexafluoride (SFg) and its mixtures in
electrical equipment

IEC
IEC
IEC

60529:1989, Degrees of protection provided by enclosures (IP Code)
60529:1989/AMD1:1999
60529:1989/AMD2:2013

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1. Common specifications
for alternating current switchgear and controlgear

IEG
me

IEG

62271-203:2022, High-voltage switchgear and controlgear — Part 203: AC gas-insul3
al-enclosed switchgear for rated voltages above 52 kV

62271-4:2013, High-voltage switchgear and controlgear — Part 4: Handling proceduresg

sulphur hexafluoride (SFg) and its mixtures

IS

IS

ISG
me

IS
ma

ISG
ma

9606 (all parts), Qualification test of welders — Fusion welding
9712, Non-destructive testing — Qualification and certificationof INDT personnel

14732, Welding personnel — Qualification testing of welding/operators and weld setterg
thanized and automatic welding of metallic materials

15609 (all parts), Specification and qualificatioh of welding procedures for met
erials — Welding procedure specification

15614 (all parts), Specification and qualification of welding procedures for met
erials — Welding procedure test

ted

for

for

hllic

bllic

And

ng

3 |Terms and definitions

For[the purposes of this document, the terms and definitions given in IEC 62271-1:2017
the(following apply.

IS and IEC maintain ‘terminological databases for use in standardization at the follow
addresses:

o [[EC Electropedia: available at http://www.electropedia.org/

e [SO Onlingé. browsing platform: available at http://www.iso.org/obp

3.101

arep.accessible to public

are GU\JUDO;b:U vv;thuut IUOtI;\Jt;UII tU Olly VUIDUII

Note 1 to entry: A GIL installed above the ground and outside a substation is considered to be "installed in an area
accessible to public".

3.102
gas-insulated transmission lines

GIL

metal-enclosed lines in which the insulation is obtained, at least partly, by an insulating gas
other than air at atmospheric pressure, with the external enclosure intended to be earthed

3.103

GIL

enclosure

part of GIL retaining the insulating gas under the required conditions protecting the equipment

aga

inst external influences and providing a high degree of protection to personnel
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3.104

compartment

part of GIL totally gastight enclosed except for openings necessary for interconnection and
control

3.105

partition

gas tight support insulator of gas-insulated metal-enclosed switchgear separating two adjacent
compartments

3.106
ma‘[r: circuit

all the conductive parts of GIL included in a circuit which is intended to transmit electrical.engrgy

[SQURCE: IEC 60050-441:1984, 441-13-02, modified — Replacement of “anCassembly"| by
“GI_II.]

3.197

ambient air temperature
temperature, determined under required conditions, of the air sufrounding the external GIL
endlosure in case of installation in open air, open trenches or tuninels

[SQURCE: IEC 60050-441:1984, 441-11-13, modified — Replacement of “complete switching
deviice or fuse" by “external GIL enclosure in case of installation in open air, open trenche$ or
tunpels".]

3.108
deqign temperature of the enclosure
maximum temperature which can be reached’on a GIL enclosure under service conditions

3.109
degign pressure of the enclosure
reldtive pressure used to determingythe design of the enclosure

Notg 1 to entry: It is at least equal\fe’the maximum relative pressure in the enclosure at the design temperatufe of
the ¢nclosure.

3.110
degign pressure of.the partitions
relgtive pressure across the partition

Notg 1 to entry=\lt is at least equal to the maximum differential pressure across the partition during maintenance
actiyities.

3.111
discannecting unit
unit to electrically isolate one side from another of the main circuit, mainly for site testing or
maintenance

3.112

disruptive discharge

phenomenon associated with the failure of insulation under electric stress, in which the dis-
charge completely bridges the insulation, reducing the voltage between the electrodes to zero
or almost zero

Note 1 to entry: The term applies to discharges in solid, liquid and gaseous dielectrics and to combinations of these.

Note 2 to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (non-self-
restoring insulation); in a liquid or gaseous dielectric, the loss can be only temporary (self-restoring insulation).
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Note 3 to entry: The term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid dielectric.
The term "flashover" is used when a disruptive discharge occurs over the surface of a solid dielectric in a gaseous
or liquid medium. The term "puncture” is used when a disruptive discharge occurs through a solid dielectric.

3.113

GIL section

part of GIL which is defined by operational or other requirements such as maximum length for
dielectric testing or installation sequence

Note 1 to entry: A GIL can consist on the assembly of several GIL sections.

Note 2 to entry: It can consist of one or more compartments

Notg 3 to entry: Sections can be segregated by disconnecting units.
4 [Normal and special service conditions

4.1 Normal service conditions
411 General

Sufjclause 4.1.1 of IEC 62271-1:2017 is applicable with the following addition.

Thg normal service conditions which apply to a GIL depending 'an the installation conditions|are
givénin 4.101, 4.102 and 4.103. When more than one of thessésinstallation conditions apply,|the
relgvant subclause shall apply to each section of the GIL;

4.1)2 Indoor switchgear and controlgear

Sufjclause 4.1.2 of IEC 62271-1:2017 is applicable.

4.1)3 Outdoor switchgear and controlgear

Sufjclause 4.1.3 of IEC 62271-1:2017-i¢ applicable.

4.2] Special service conditions

Suljclause 4.2 of IEC 62271+1:2017 is applicable.

4.101 Installation in.open air

For| determining«the’ ratings of GIL for open air installation, the normal service conditions of
IEQ 62271-1:2017 shall apply. These are also valid for open trenches.

If the actual service conditions differ from the normal service conditions, the ratings shall be
adf1pted accordingly.

4.102 Buried installation
General values for thermal resistivity and soil temperature are:

- 1,2K - m/W, and 20 °C in summer;
- 0,85 K- m/W, and 10 °C in winter.

For guidance, values given in IEC 60287-3-1 can be considered.

For long distance transmission lines (several kilometres), site measurement of soil resistivity
should also be considered.

NOTE 1 The use of controlled backfill with a given soil thermal resistivity can also be considered.
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NOTE 2 A risk of thermal runaway exists if the soil surrounding the buried GIL becomes dry. In order not to dry out
the soil, a maximum service temperature of the enclosure in the range of 50 °C to 60 °C is generally considered
acceptable.

The depth of laying should be agreed between manufacturer and user. The determination of
depth of laying shall take into account thermo mechanical stresses, safety requirements and
local regulations.

4.103 Installation in tunnel, shaft or similar situation

Forced cooling is an adequate method to handle with the waste heat and can be used in case

ft 1 boft H HI| H tollat:
O MTTTTOT, olTdTl UT  oliTTTidrl TmTfoldiTadtiviTo.

In the case of long vertical shafts and inclined tunnels or sections thereof, attention/shall be
paigl to thermal and density gradients.

5 [Ratings

5.1 General

Sufjclause 5.1 of IEC 62271-1:2017 is not applicable and is replaced as follows.

Thg rating of a GIL consists of the following:

a) frated voltage (U,);

b) Fated insulation level (Uy, U, Us);

c) |rated frequency (f,);

d) [rated continuous current (1,);

e) ated short-time withstand current (/) (for main and earthing circuits);
f) Jrated peak withstand current (Ip) (for main and earthing circuits);

g) rated duration of short-circuit (#);

h) Jrated supply voltage of auxiliary and control circuits (Uy);

i) [rated supply frequency. of auxiliary and control circuits.

5.2| Rated voltage(U,)

Sufjclause 5.2y0f*IEC 62271-1:2017 is applicable.

5.3| Rated insulation level (Uy, Up, Uy)

Suhclatse 5.3 of IEC 62271-1:2017 is applicable with the following addition:

Rated insulation levels shall be chosen from IEC 62271-203 on the basis of insulation
coordination study for the specific installation in order to consider parameters like overvoltages,
voltage reflections, etc. Specific insulation coordination studies are recommended for each
installation. For more information, see [1]1.

Although internal arcing faults can largely be avoided by the choice of a suitable insulation level,
measures to limit external overvoltages at each end of the installation (e.g. surge arresters)
should be considered.

T Numbers in square brackets refer to the Bibliography.
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Rated frequency (f,)

Subclause 5.4 of IEC 62271-1:2017 is applicable.

5.5

Rated continuous current (7,)

Subclause 5.5 of IEC 62271-1:2017 is applicable with the following addition:

The rated continuous current is defined for a single or a three-phase GIL installed above ground
with an ambient air temperature at 40 °C. For other installation conditions, the maximum

allo
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wable continuous current can ditfer from the rated continuous current. See Annex A.

Rated short-time withstand current (1)

clause 5.6 of IEC 62271-1:2017 is applicable.
Rated peak withstand current (/)
clause 5.7 of IEC 62271-1:2017 is applicable.

Rated duration of short-circuit (z)

clause 5.8 of IEC 62271-1:2017 is applicable.

Rated supply voltage of auxiliary and control circuits (U,)

clause 5.9 of IEC 62271-1:2017 is applicable,

D Rated supply frequency of auxiliary*and control circuits

clause 5.10 of IEC 62271-1:2017-iSapplicable.

| Rated pressure of compressed gas supply for controlled pressure systems
clause 5.11 of IEC 62271-1:2017 is not applicable.

Design and construction

use 6 of IEGC.62271-1:2017 is applicable, except as follows.

GIL equipment which requires routine preventive maintenance or diagnostic testing shq
basily accessible.

uld

GIL should be designed so that normal service, inspection and maintenance operations can be
carried out safely, including the checking of phase sequence after erection and extension.

The equipment should be designed such that the mechanical stress caused by all relevant loads,
for example thermal expansion, agreed permitted movement of foundations, external vibration,
earthquakes, soil loading, wind and ice, do not impair the assigned performance of the
equipment.

6.1

Requirements for liquids in GIL

Subclause 6.1 of IEC 62271-1:2017 is not applicable.
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6.2

Requirements for gases in GIL

Subclause 6.2 of IEC 62271-1:2017 is applicable. In case a gas mixture is used,
manufacturer should provide information about the gas characteristics such as dielectric
strength, mixing ratio, process of mixing and filling pressure.

NOTE See references [2], [3] and [4].

6.3

Earthing

Subclause 6.3 of IEC 62271-1:2017 is applicable, with the following additions.

the

6.3
To
req

the
the

Ear

a)

b)

c)

Ead

Cor
ma

Wh

101 Earthing of the main circuits

ensure safety during maintenance work, all parts of the main circuits to which acces

opening of the enclosure, to connect earth electrodes to the conductor for|the duratio
work.

thing can be made by
earthing switches with a making capacity equal to the rated peak’withstand current, if th
is still a possibility that the circuit connected is live;

earthing switches without a short-circuit making capability or with a short-circuit mak
capability lower than the rated peak withstand current;if there is a certainty that the cir|
connected is not live, or

removable earthing devices, only by agreement between manufacturer and user.

h part being capable of being disconnected:'shall be capable of being earthed.

sideration should be given to the ability~of the first operated earthing device to dissipate
imum level of trapped charge on theiisolated circuit.

ere the earthing switches form part of the plant connected to the transmission line, the U

shdll ensure that they comply with the above items a) to c).

Theg
Afte

6.3

The
ear
the

acc

earthing circuit can be-degraded after being subjected to the rated short-circuit curr
r such event, earthing circuit can be replaced if applicable.

102 Earthing-of the enclosure

enclosures shall be capable of being connected to earth. All metal parts intended to
hed, whieh do not belong to a main or an auxiliary circuit, shall be connected to earth.
intefconnection of enclosures, frames, etc., fastening (e.g. bolting or welding) is gener
eptable for providing electrical continuity. If the fastening is done by bolting, provisions s

5 iS

lired or provided shall be capable of being earthed. In addition, it shall be(possible, after
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be by-passed by a proper electrical connection such as copper or aluminum leads of proper
cross section.

The continuity of the earthing circuits shall be ensured taking into account the thermal and
electrical stresses caused by the current they can carry.

It is envisaged that most GIL installation will be solidly bonded and earthed at both ends. The
particular design has an influence on heat dissipation, step and touch voltages and the external
magnetic field. These are discussed in Annex B.

The design of the earthing of the enclosure shall be compatible with the measures for corrosion
protection when the GIL is buried.
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6.4 Auxiliary and control equipment

Subclause 6.4 of IEC 62271-1:2017 is applicable.

6.5 Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 is not applicable.

6.6 Stored energy operation

Suhclause 6 6 of |[EC 682271-1:2017 is not applicable

6.7| Independent manual or power operation (independent unlatched operation)

Sufjclause 6.7 of IEC 62271-1:2017 is not applicable.

6.8 Manually operated actuators

Sufclause 6.8 of IEC 62271-1:2017 is not applicable.

6.9| Operation of releases

Sufclause 6.9 of IEC 62271-1:2017 is not applicable.

6.10 Pressure/level indication

Sufclause 6.10 of IEC 62271-1:2017 is applicables

6.11 Nameplates

Sulclause 6.11 of IEC 62271-1:2017 is notvapplicable and is replaced as follows:

6.11.1 General

Forloutdoor installation, the nameplates and their fixings shall be weather-proof and corrogion
proof.

A cpmplete nameplate shall be provided at each end of the installation, and at each point where
seryice is needed. These nameplates shall contain the following information:

— Jmanufacturef's-name or trademark
— [ype desigaation and serial number

— Jratedweltage U,
— Jrated lightning impulse withstand voltage Up
— rated switching impulse withstand voltage Ug
— rated short-duration power-frequency withstand voltage Uy
— rated continuous current I
— rated short-time withstand current I
— rated peak withstand current I,
— rated frequency f;
— rated duration of short-circuit ty

filling pressure for insulation; minimum functional pressure for
insulation; design pressure for enclosures
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type of gas
mass of gas

NOTE The word "rated" is optional on the nameplates.

6.11.2 Application

Subclause 6.11.2 of IEC 62271-1:2017 is not applicable and is replaced as follows:

Singe characteristics of different sections can be different, a marking shall be provided on

dis

Ma

6.1
Sul

6.1
Sul

6.1
6.1
Sul

No
gas

Ded
app

The

en{osure for equipment identification, or on the coating of the enclosure, if any. The maxin

nce between two identification markings should be agreed between manufactureriand u

kings shall be durable and clearly legible and shall contain the following information:

manufacturer's name or trademark;
type designation;
rated voltage;

type of gas and filling pressure for insulation.
P Locking devices

clause 6.12 of IEC 62271-1:2017 is applicable.

B  Position indication

clause 6.13 of IEC 62271-1:2017 is applicabte.

i Degree of protection provided by enclosures
1.1 General

clause 6.14.1 of IEC 6227141:2017 is applicable with the following additions.

specification applies to the main circuit and parts directly connected thereto, because of
tightness of the endlosure.

rees of protection according to IEC 60529 shall be specified for all enclosures
ropriate low=voltage control and/or auxiliary circuits.

degrees of protection apply to the service conditions of the equipment.

6.1

.2~ Protection of persons against access to hazardous parts and protection of th

equipment against ingress of solid foreign objects (IP coding)

Subclause 6.14.2 of IEC 62271-1:2017 is applicable with the following additions:

the

e

of

Protection means are applicable only for control and/or auxiliary circuits. The first characteristic
numeral shall be 3 or higher.
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6.14.3 Protection against ingress of water (IP coding)

Subclause 6.14.3 of IEC 62271-1:2017 is applicable with the following additions:

For installations where the laying conditions impose a risk of ingress of water (buried
installations, installations in trenches, ducts, etc.), the second characteristic numeral shall
be specified as shown in Table 1 below.

Table 1 — Second characteristic numeral of IP coding

Secomdtiraracteristit Briefdescription Defimtion
numeral
7 Protected against the effects of Ingress of water causing harmful effects(shall nt
temporary immersion in water be possible when the enclosure is temporarily
immersed in water under standardized ‘conditiors
of pressure and time

Fof more severe situations than those corresponding to the second characteristic numeral Z, the protection shopld
belagreed between manufacturer and user.
6.14.4 Protection against mechanical impact under normal service conditions

Suk

6.1
Suk

6.1
6.1
Sul

6.1
Sul

6.1
Sul

Thdg

(IK coding)

clause 6.14.4 of IEC 62271-1:2017 is applicable.

b Creepage distances for outdoor insulators

clause 6.15 of IEC 62271-1:2017 is not applicable.

b Gas and vacuum tightness
5.1 General

clause 6.16.1 of IEC 62271-1:2017 is not applicable.

5.2 Controlled pressure:systems for gas

clause 6.16.2 of IEC 62271-1:2017 is not applicable.

.3 Closed pressure systems for gas

clause 6.46.3 of IEC 62271-203:2022 is applicable with the following additions:

tightness characteristic of a closed pressure system and the time between replenishm

und

a minimum maintenance and inelnp(‘finn lnhilnenlnhy

er/normal service condition shall be stated by the manufacturer and shall be consistent

ent
vith

The value for the time between replenishment shall be at least 10 years for SFg systems and
for other gases should be consistent with the tightness values. The possible leakages between

sub

assemblies having different pressures shall also be taken into account.

6.16.4 Sealed pressure systems

Subclause 6.16.4 of IEC 62271-1:2017 is applicable.


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC 62271-204:2022 © |IEC 2022 - 15—

6.16.5 Internal partitions

In the particular case of maintenance in a compartment when adjacent compartments contain
gas under pressure, the permissible gas leakage rate across partitions should also be stated
by the manufacturer, and the time between replenishments shall be not less than one month.
Means shall be provided to enable gas systems to be safely replenished whilst the equipment
is in service.

Handling for repair and maintenance shall be carried out according to local regulation, see
IEC 62271-4.

6.1f Tightness of liquid systems

Sufjclause 6.17 of IEC 62271-1:2017 is not applicable.

6.18 Fire hazard (flammability)

Sufjclause 6.18 of IEC 62271-1:2017 is not applicable.

6.19 Electromagnetic compatibility (EMC)
Sufjclause 6.19 of IEC 62271-1:2017 is not applicable.

6.20 X-ray emission

Sufjclause 6.20 of IEC 62271-1:2017 is not applicable.

6.21 Corrosion

Subiclause 6.21 of IEC 62271-1:2017 is applicable, with the following additions:

6.21.101 Corrosion protection for buried installations

Corrosion protection, i.e. both the €xternal coating and any active protection system, shall teke
intd account special considerations such as: the location, the soil/backfill material pnd
conditions, the enclosure matérial and the type of earthing adopted.

In deneral, the corrosioh.protection for GIL is similar to the protection means of normal pipejine
or power cables. Theyenclosure is coated with rubber or plastic in one or more layers. [The
codfting acts as a passive corrosion protection system by keeping humidity or water away ffom
the|metal enclosure of the electrical equipment.

Pagsive carrasion protection is required and any active corrosion system, if requested pnd
installed”by mutual agreement between operator and supplier, shall be laid out in accordance
with environmental conditions along the GIL.

6.21.102 Corrosion protection for not buried installations

Subclause 6.21 of IEC 62271-1:2017 is applicable.

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 is applicable.
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6.101 Minimizing of internal fault effects
6.101.1 General

A fault leading to an internal arc fault within GIL built according to this document has a very low
probability. This results from the use of an insulating gas, other than air at atmospheric pressure,
which will not be affected by pollution, humidity or vermin.

Examples of measures to avoid an internal arc fault and to limit duration and consequences are

— insulation coordination,

— |gas-leakage limitation and control,

— |high-speed protection,

— |igh-speed arc short-circuiting devices,

— Jinterlocking of switching devices,

— femote control,

— linternal and/or external pressure reliefs, and
— [checking of workmanship on site.
Arrgangements should also be made to minimize the effects of internal arc faults on the continped

seryice capability of the GIL. The effect of an arc should bé confined to the compartment in
which the arc has been initiated.

If, in spite of the measures taken, a test is agreed between manufacturer and user to verify|the
effdct of internal arc faults, this test should be in ac€ordance with 7.105 of IEC 62271-203:2(22.

Tegts would normally not be necessary in the case of single-phase enclosed GIL installed in
isolpted neutral or resonant earthed systemsand equipped with a protection to limit the duration
of internal earth faults.

6.101.2 External effects of the arc

Adgquate installation precautions shall be taken in order to reduce the hazards to a tolergble
risk. For more information, see[4].

In grder to provide a high protection to personnel, the external effects of an arc shall be lim|ted
(by[taking adequatelprecautions) to the appearance of a hole or tear in the enclosure without
any| fragmentation:

Thg manufacCturer shall provide sufficient information to allow the user to take these precautipns.

MaTufacturer and user can agree upon a time during which an arc due to an internal fault up to
a given’value of short-circuit current will cause no external effects (refer also to 6.102.2).

6.101.3 Internal fault location

Appropriate devices shall be available to enable determination of the faults location.

6.102 Enclosures
6.102.1 General

The enclosure shall be of metal, permanently earthed and capable of withstanding the normal
and transient service pressures.
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The enclosures of gas-filled equipment conforming to this document are permanently
pressurized in service and are subjected to particular service conditions which distinguish them
from compressed air receivers and similar storage vessels. These conditions are as follows:

— the main circuit is enclose to prevent hazardous approach to live parts and are so shaped
that, when filled at or above the minimum functional gas pressure for insulation (see 5.11),
they meet the rated insulation level (see 5.3) for the equipment (electrical rather than
mechanical considerations predominate in determining the shape and materials employed);

— enclosures are normally filled with a non-corrosive, dry, stable and inert gas, and the gas
shall remain in this condition (with only small fluctuations in pressure) in order to ensure

design of the enclosures (but, the effect of possible transmitted vibrations should-beta
into account).

For| outdoor installation, the manufacturer shall take into account the influence of climptic
conditions (see Clause 4).

For| buried installation, environment conditions shall be taken into agcolint. Concerning |the
preyention of external corrosion, see 6.21.

6.192.2 Design of enclosures

Thgq wall thickness of the enclosure shall be based on thevdesign pressure as well as |the
follpwing minimum withstand durations in case of an internal arc without burn-through:
— 10,1 s for short-circuit currents of 40 kA and abovg;

— 10,2 s for lower short-circuit currents.

In grder to minimize the risk of burn-througly, the level and duration of the fault current, |the
endlosure design and the size of the compartments shall be carefully coordinated.

In the absence of an international agreement on a standard procedure, methods for calculating
the|thickness and the construction-of enclosures, either by welding or casting, can be chogen
from established relevant pressure’vessel and pipeline codes, based on the design temperafure
and design pressure defined:ifuthis document.

When designing an enclosure, account should also be taken of the following:

— [the possible evacuation of the enclosure as part of the normal filling process;
— [the full differential pressure that is possible across the enclosure walls or partitions;

— [the resulting pressure between compartments in the event of an abnormal leak in the cpse
adjacent Compartments have different filling pressures;

— [the possibility of the occurrence of an internal fault (see 6.101).

The design temperature of the enclosure is generally the upper limit of the ambient temperature
taking into consideration the increase in temperature rise due to the flow of rated continuous
current. Solar radiations should be considered when they have a significant effect.

The design pressure of the enclosure is at least the upper limit of the pressure reached within
the enclosure at the design temperature.

In determining the design pressure of the enclosure, the gas temperature shall be taken as the
average of the upper limits of the enclosure temperature and the main circuit conductor
temperature at rated normal current unless the design pressure can be established from existing
temperature-rise test records.
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When designing the enclosure, mechanical loads other than those caused by internal
overpressure shall be taken into account, for instance forces caused by thermal expansion (see
6.106) external vibrations (see 6.107), soil loading for buried installations, other external loads,
earthquakes, wind, snow and ice, etc.

If the strength of any enclosures and parts thereof has not been fully determined by calculation,
proof tests (see 7.101) shall be performed to demonstrate that they fulfill the requirements.

Materials used in the construction of enclosures shall be of known and certified minimum

properties, based on certification of the material supplier, or tests conducted by |the
manufacturer, or both.

6.193 Partitions and partitioning

GIY shall be divided into compartments in such a manner that both the!normal operating
conditions are met and a limitation of the effects of an arc inside the compartment is obtaihed
(se¢ 6.101).

Thg manner in which the GIL is divided into compartments influefiees the following:

— [installation;
— [site testing;
— Jmaintenance and repair;

— |gas handling.

Thq partitions are generally of insulating materiatbut are not intended by themselves to proyide
elegtrical safety of personnel, for which other means such as earthing of the equipment pan
apply; they shall, however, provide mechanical safety against the differential gas pressure yith
theladjacent compartments.

A pprtition separating a compartmient filled with insulating gas from an adjacent compartment
filleld with liquid, shall not show-any abnormal leakage through the separation affecting |the
dielectric properties of the twormedia.

Cornsideration should.be given to the partitioning of the GIL-system in order to meet |the
requirement of opeération, limitation of the fault affected GIL part and conveniencel of
maintenance or repairs.

6.104 Sections of a GIL system

Thg sectionalizing of a GIL system can be made using disconnecting units. The length of
sections along the system is determined considering requirements such as access pnd
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maintenance reasons.

6.105 Pressure relief
6.105.1 General

Pressure relief devices in accordance with 6.105 shall be arranged so as to minimize the danger
to people during the time they are performing their normal operating duties on the GIL, if gases
or vapors are escaping under pressure.

NOTE The term "pressure relief device" includes both pressure relief valves, characterized by an opening pressure
and a closing pressure, and non-reclosing pressure relief devices, such as diaphragms and bursting disks.
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6.105.2 Limitation of maximum filling pressure

For filling a gas compartment, a pressure regulator shall be fitted to the filling pipe to prevent
the gas pressure from rising to more than 10 % above the design pressure. Alternatively, the
regulator can be fitted to the enclosure itself.

The filling pressure should be chosen to take into account the gas temperature at the time of
filling, for example, checking by temperature-compensated pressure gauges.

6.105.3 Pressure relief devices to limit pressure rise in the case of an internal fault

Singe, after an arc due to an internal fault, the damaged enclosures will be replaced, presqure
relief devices shall only be provided to limit the external effects of the arc (see 6.101,.2).

In the case of an internal fault, depending on volume of gas compartment and filling presstre,
shofrt-circuit current and duration, not exceed the routine test pressure of the enclosure, in such
a cgse, a pressure relief device is not mandatory.

If pressure relief devices are used in confined space accessible to personnel, precautions shall
be {aken to ensure safety in case of release (see also Clause 12).

In the case of an internal fault which causes yielding of the enclosure, the adjacent enclosyres
sholuld be checked for absence of distortion.

When bursting disks are used for pressure relief, duésregard should be paid to their rupfure
pregsure in relation to the design pressure of the enclosure to reduce the possibility of
uniptentional rupture of the disk.

6.106 Compensation of thermal expansion

Dug¢ to temperature differences between parts of the GIL, between the GIL and their
surfoundings, or parts of the GIL relative to the temperature during construction, parts of|the
GlY installation experience movements relative to each other and to their surroundings.

Thg relative movements or.forces between the parts and/or their surroundings can| be
determined either by measurement or calculations based on the maximum temperajure
difference of the parts relative to the temperature during construction. Where compensatioh is
nedessary, the following methods shall be used:

a) lcompensation between current-carrying parts and enclosure shall be achieved by sliding
contacts or‘similar means;

b) lcompensation between the enclosure and its surroundings (fixed supporting structyre,
surroanding soil) shall be achieved by appropriate means.

RefErence should be made to appropriate standards or methods for calculations of resulting
forces and relative movemenis befween environment and enclosure, and tor interpretation of
the results. This is particularly important for buried GIL, which are highly affected by factors

such as anchoring, compression of the soil, type of soil, geometrical configuration of the line,
etc.

6.107 External vibrations

Under certain conditions, the GIL could be exposed to external vibrations. A typical case is
when the GIL is attached to a bridge used by pedestrians, cars, and trains. Another case is
when the GIL is directly connected to power transformers or reactors.
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Where a transmission line is attached to a source of vibrations, it is advisable to reduce
mechanical stress by means of damping arrangements installed between the source and the
part of the supporting structure which is rigidly connected to the transmission line. Such means
can considerably reduce the mechanical dynamic stresses in the transmission line structure.
The remaining dynamic stress level shall be used as a basis for the mechanical dimensioning
by means of combining the loads resulting thereof with other mechanical loads acting on the
GIL in order to determine the total stress levels and to ensure that these levels are below
permitted levels of the materials used.

In the case of a bridge, special attention shall be paid to relative movements between the bridge
i i N o-additionalmechanicalloads-which-would be
tress levels during the mechaniical

6.108.1 General

Thg supporting structures for GIL have an influence on the mechanical featGres of the GIL. [The
conlstruction of the supporting structure can vary in accordance, with its function, |the
conffiguration of the GIL and the construction of the foundation, the tunnel or the shaft where
the|GIL is installed. For this reason, 6.108 describes the design candition and the requiremgnts
of the supporting structure functions.

6.108.2 Conditions of the design
Thq following forces and loads should be considered\for the supporting structure design:

— |weight of GIL;

— [forces due to the internal gas pressure;

— [friction between the surfaces of the support beam and the GIL foot;
— [forces due to the thermal expansionof the GIL;

— [seismic force, when applicablg;

— |wind load, when applicable;

— [force due to short-circuit current;

— |ice load, when applicable;

— [forces due to other external impacts such as vibrations.

— [gas/air bushingline pull.

When the supporting structure does not form part of the earthing system, means shall| be
provided tosavoid eddy currents in the supporting structure and to allow corrosion protectio

=)

6.108.3" Types of supporting structures

There are two basic kinds of supporting structures:

a) sliding and flexible supporting structures: these supporting structures are designed in order
to support and allow a certain movement due to the thermal expansion of the GIL;

b) rigid supporting structures: these supporting structures are designed in order to fix the GIL
and to withstand the forces due to the thermal expansion of the enclosure and to the
expansion of the compensators in the enclosure, if any, and to the internal gas pressure.
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7

7.1

Subclause 7.1 of IEC 62271-1:2017 is applicable with the following addition:

Type tests

General

The type tests shall be made on representative assemblies or subassemblies.

Because of the variety of possible combinations of components, it is impracticable to subject
all possible arrangements to type tests. The performance of any particular arrangement can be

sub
with
oth

The
pro
the

brwise specified in the relevant subclause.

shall be included in the test reports.

stantiated by test data obtained with comparable arrangements. All the tests shall be m
the equipment filled with the specified type of gas and at rated filling pressure, exceptw

results of all type tests shall be recorded in type test reports containing sufficient dat
e compliance with this specification, and sufficient information so that the' essential pa
equipment tested can be identified. General information concerning the ‘supporting struc

hde
hen

h to
t of
ure

Thqg type tests and verifications comprise the tests listed in 7.1.104)and 7.1.102.

7.1]101 Mandatory type tests

Thqg following mandatory type tests shall be carried out:

Subclause

a) |Tests to verify the insulation level of the equipment including partial 7.2
discharge tests and dielectric tests on auxiliaty circuits

b) |Tests to prove the continuous current of\any part of the equipment and 7.4 and 7.5
measurement of the resistance of the,main circuit

c) |Tests to prove the ability of the mdinh and earthing circuits to carry the 7.6
rated peak and the rated short-time withstand current

d) |Tests to verify the protection_of persons against contact with live parts 7.7
of auxiliary circuits

e) |Tests to prove the strength of enclosures 7.101

f) |Test to prove the-Strength of partitions 7.102

g) |Gas tightness fests 7.8

7.1]102 . Special type tests

Thig-Subject applies to agreement between manufacturer and user.

a) Anti-corrosion tests (if applicable) 7.103

b) Mechanical tests on sliding contacts 7.104

c) Tests to verify the protection of the equipment against external effects 7.106
due to weather and atmospheric agents

d) Tests to assess the effects of arcing due to an internal fault 7.105

e) Long term behaviour test for buried installation Annex C

NOTE Some of the type tests can impair the suitability of the tested parts for subsequent use in service.
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Dielectric tests

7.2.1 General

Subclause 7.2.1 of IEC 62271-1:2017 is not applicable.

7.2,

2 Ambient air conditions during tests

Subclause 7.2.2 of IEC 62271-1:2017 is not applicable.
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3  Wet test procedure

clause 7.2.3 of IEC 62271-1:2017 is not applicable.

4 Arrangement of the equipment

clause 7.2.4 of IEC 62271-1:2017 is not applicable and is replaced as follows:

ectric tests shall be performed at minimum functional pressure of the insulating gas
cified by the manufacturer. The temperature and pressure of the<gas during the tests s
noted and recorded in the test report.

5 Criteria to pass the test

clause 7.2.5 of IEC 62271-1:2017 is applicable.

6 Application of test voltage and test conditions

clause 7.2.6 of IEC 62271-1:2017 is not applicable and is replaced as follows.

test voltages specified in 7.2.7 and 7.228 shall be applied connecting each phase condu
ne main circuit in turn to the high-voltage terminal of the test supply. All other conductor
main circuit and the auxiliary cirguits shall be connected to the earthing conductor or
he and to the earth terminal of the test supply.

en each phase is individually encased in a metallic enclosure, only tests to earth, and
between phases, are carried out.

7  Test of switchgear and controlgear of U, < 245 kV

71 General

clause7.2.7.1 of IEC 62271-203:2022 is applicable with the following additions:

7.2 Power-frequency voltage tests

as
hall

ctor
5 of
the

no

The main circuit of the GIL shall be subjected to short duration power-frequency voltage tests
in accordance with IEC 60060-1. The test voltage shall be raised to the test value and

mai

7.2,

ntained for 1 min. The test shall be performed in dry conditions only.

7.3 Lightning impulse voltage tests

During the tests, the earthed terminal of the impulse generator shall be connected to the

enc

losure of the GIL.

Consideration shall be given to the length of the tested object, in order to avoid overvoltage
due to travelling waves.
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7.2.8 Test of switchgear and controlgear of U, > 245 kV

7.2.8.1 General

Subclause 7.2.8.1 of IEC 62271-203:2022 is applicable with the following additions:

7.2.8.2 Power-frequency voltage tests

The GIL shall be subjected to short duration power-frequency voltage tests in accordance with
IEC 60060-1. The test voltage shall be raised to the test value and maintained for 1 min. The
test_shall be performed in dry conditions only

7.2)8.3 Lightning and switching impulse voltage tests

Sufjclause 7.2.8.3 of IEC 62271-1:2017 is applicable with the following addition:

Duning the tests, the earthed terminal of the impulse generator shall be\eonnected to |the
endlosure of the GIL.

Corjsideration shall be given to the length of the tested object, in_©rder to avoid overvoltpge
dug to travelling waves.

7.2{9 Artificial pollution tests for outdoor insulators

Subclause 7.2.9 of IEC 62271-1:2017 is not applicable:

7.210 Partial discharge tests
Subclause 7.2.10 of IEC 62271-203:2022 is applicable.

7.2)11 Dielectric tests on auxiliary and control circuits

Subiclause 7.2.11 of IEC 62271-1:204\7 is applicable.

7.2{12 Voltage test as condition check
Sufclause 7.2.12 of IEC 62271-1:2017 is not applicable.

7.3| Radio interference voltage (RIV) test
Sufjclause 7.3 of\lEC 62271-1:2017 is not applicable.

7.4 Measurement of the resistance of circuits

Subclause 7.4 of IEC 62271-1:2017 is applicable with the following addition:

The current-carrying parts of the main circuit and the enclosure, and each type of contact
system shall be tested before and after the continuous current test.

7.5 Continuous current test

Subclause 7.5 of IEC 62271-1:2017 is applicable with the following addition:

Calculations can be performed based upon type test results to determine the maximum
permissible current in other specified service conditions. For these calculations, refer to
Annex A and [6]. Any complementary test should be agreed between manufacturer and user.

The assembly or subassembly shall include normal enclosure with corrosion preventive coating,
if applicable, and shall be protected against undue external heating or cooling.
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Where the design provides alternative components or arrangements, the test shall be performed
with those components or arrangements for which the most severe conditions are obtained.

Except when each phase is encased individually in a metallic enclosure, the tests shall be made
with the rated number of phases and the rated normal current flowing from one end of the
assembly to the terminals provided for the connection of test cables.

When a single-phase test is permitted and carried out, the current in the enclosure shall
represent the most severe condition.
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en testing individual subassemblies, the neighbouring subassemblies should carry
ents which produce the power loss corresponding to the rated conditions. Equiva
ditions are allowed to be simulated, by means of heaters or heat insulation, if the tést-car
made under actual conditions.

temperature rises of the different components shall be stated with reference’to the amb
emperature. They shall not exceed the values specified for them in the\relevant standa

temperature of the enclosure shall not exceed the maximum alljowable temperature of
-corrosion coating if applicable.

out calculations according to Annex A.

bility of the GIL.

open air, tunnel and shaft installations, the.maximum temperature of the enclosure s

roject related thermal rating calculation shall be done.

Short-time withstand current and peak withstand current tests
1 General
clause 7.6.1.0fHEC 62271-1:2017 is applicable with the following addition:
bre the( design provides alternative components or arrangements, the tests shall

ditions are obtained.

the
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ds.

the

E 1 The data on power losses and electrical resistance of the current;cafrying parts of the GIL will be usgd to

E 2 The time constant of the GIL during the test will serve’as™a basis to evaluate the temporary overjoad

hall

exceed 80 °C. Parts normally touched duringroperation shall not exceed 70 °C. Referepce
is made to Clause 12.

direct buried installation, the maximum temperature of the enclosure shall be limited to
imise soil drying. A temperature\in”"the 50 °C to 60 °C range is generally considered as
licable limit. Higher temperatures can be accepted below the thermal stabilizing backfill gnly.

be

ormed-with those representative components or arrangements for which the most se\ere

7.6.

2  Arrangements of the GIL and of the test circuit

Subclause 7.6.2 of IEC 62271-1:2017 is not applicable and is replaced as follows:

The test arrangement shall be fitted with clean contacts in new condition.

A GIL with three-phase enclosure shall be tested three-phase.

A GIL with single-phase enclosure shall be tested according to the return current in the
enclosure, dependent on the grounding system:

a) if the enclosure carries the full return current in service, the GIL shall be tested single phase,

with the full return current in the enclosure;
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b) if the enclosure does not carry the full return current in service, the GIL shall be tested

7.6.

by the manufacturer.

3 Test current and duration

Subclause 7.6.3 of IEC 62271-1:2017 is applicable.

7.6.

4 Conditions of the GIL after test

Subclause 7.6.4 of IEC 62271-1:2017 is not applicable and is replaced as follows:

three-phase. The tests shall be made at the minimum distance between phases indicated
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r the test, there shall be no deformation or damage to conductors or contact joinis_wi
enclosure which can impair good service.

r the test, the resistance of the main circuits shall be measured according-to 7.4. If
stance has increased by more than 20 % and if it is not possible to confirm the conditi

test.

Verification of the protection

clause 7.7 of IEC 62271-1:2017 is applicable with the folowing addition:

e second characteristic numeral is specified, the tests shall be performed in accorda
the requirements in Clause 11 and ~Clause 14 of IEC 60529:1989
60529:1989/AMD2:2013 for the appropriate ndmeral.

Tightness tests

clause 7.8 of IEC 62271-1:2017 is applicable.

Electromagnetic compatibility tests (EMC)
clause 7.9 of IEC 62271-1:2017 is not applicable.

D Additional test on auxiliary and control circuits

clause 7.10 of IEC,62271-1:2017 is not applicable.

| X-radiation test procedure for vacuum interrupters

clause 711 of IEC 62271-1:2017 is not applicable.

7.11)1 Proof tests for enclosures

hin

the
pns

he contacts by visual inspection, it will be necessary to perform an additional temperatlire-

hce
And

7.101.1 General

Proof tests are made when the strength of the enclosure or parts thereof is not calculated. They
are performed on individual enclosures before the internal parts are added with testing

con

ditions based on the design pressure stresses.

Proof tests can consist of either a bursting pressure test or a non-destructive pressure test, as
appropriate to the material employed.

7.101.2 Destructive pressure tests

Subclause 7.103.2 of IEC 62271-203:2022 is applicable.
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7.101.3 Non-destructive pressure test

Subclause 7.103.3 of IEC 62271-203:2022 is applicable.

7.102 Pressure test on partitions

Subclause 7.104 of IEC 62271-203:2022 is applicable.

7.103 Passive corrosion protection tests for buried installation

71
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Thg voltage level is dependent on the type of synthetic coating and shall be defined

agr

031 Passive corrosion protection

passive corrosion protection system is basically a synthetic coating of the metal enclos
rotect the metal from humidity. The synthetic coating is usually built up from one{or m

following three tests shall be performed.

D3.2 Electrical testing

brove the quality of the synthetic coating, a high-voltage test shall'be applied. An electn
ductive layer is applied over the synthetic coating. A test voltage according to the dieled
ngth of the synthetic coating is then applied between the metal enclosure and the electn
ductive layer.

bement between manufacturer and user. In c¢ase the test is required by the partic
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conftract, the corrosion protection layer shall be\subjected to the electrical test specified in

Cla

Thqg length of the test sample shall be sufficient to provide the synthetic coating with a reali
Lit. Therefore, the minimum length fecommended is 5 D, where D is the outer diametefr of

res
the

7.1
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IEQ 60068-1. The mechanical type test shall prove the resistance of the coating to conditi

on

Thg mechanical stresses are highly dependent on the laying methods and the system lay
Thq forces and the procedure for carrying out testing should be mutually agreed between (
and manufacturer.

se 3 of IEC 60229:2007.

metal enclosure.

D3.3 Mechanical testing
hanical type tests shall be carried out at ambient temperature in accordance
site during and afterlaying. Resistance to two mechanical stresses shall be proven:

pending of the coating;
mpact onithe coating of metal objects or rocks.

stic

vith
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7.103.4 Thermal testing

Thermal type tests represent the stresses produced by the maximum temperature changes of

the

GIL during on site assembly and in service.

Normal service conditions are covered by IEC 62271-1:2017, where special ambient conditions
shall be defined by the user. The procedure for carrying out type tests should be mutually
agreed between manufacturer and user.
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7.104 Special mechanical test on sliding contacts

A mechanical endurance test shall be carried out to assess the ability of basic components
such as sliding contacts to perform their duty during the expected lifetime of the equipment.

NOTE 1 The test is specific to GIL because of the difficulty of measuring and maintaining the contacts.

The contact shall be identified by

the contact arrangement and principle,

— the contact material (including the nature and thickness of the coating, if any)

— [the contact pressure (minimum — maximum), and

— he lubrication (if any) as indicated in the instruction manual.
Thq test conditions shall indicate

— [he contact stroke,
— [he contact speed, and
— [the number of cycles.

A motorized test rig can be used to simulate the expected_relative movement of the |ive
conductor. The test is considered representative, provided that

— [the worst conditions are met, considering maximum. differential expansion, weigh{ of
conductor, loads, etc.,
— [the frequency of operation is limited to a value in‘the order of six cycles an hour, and

— [the number of cycles is 10 000 for general purpose of GIL.

NOTIE 2 For special applications, such as feeding a pump storage plant, a larger number of operating cycles arjd/or
an increased frequency of operation can be agreedbetween manufacturer and user.

Thqg following inspections and tests aré’performed before and after the test:

— |visual check;
— (imensional check and contact pressure;

— Jcontact resistance.
Thq test will be considered satisfactory if

— [the visual check’shows that initial surface coating is still present everywhere,
— [the wear iS2such that contact pressure is still within allowed tolerance, and
— [the contact resistance variation is less than or equal to 20 %.

7.105/Test under conditions of arcing due to internal fault

Evidence of performance according 6.102.2 shall be demonstrated by the manufacturer when
required by the user.

If such a test is agreed between manufacturer and user, the procedure shall be in accordance
with the methods described in IEC 62271-203:2022, Annex B.

The current duration shall not be less than the expected second stage protection fault clearance
time, as determined by the protection devices.

The values of the short-circuit current should correspond to the rated short-time withstand
current.
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NOTE For information, the fault clearing time for the first stage protection is about 0,1 s for currents of 40 kA and
above and 0,2 s for lower currents. The time for the second stage protection normally does not exceed 0,3 s for
currents of 40 kA and above, and 0,5 s for lower currents.

The GIL is considered adequate if, during the test, no external effects are produced within the
withstand durations specified in 6.102.2.

No fragmentation of the enclosure shall result from a fault cleared in 0,3 s for currents of 40 kA
and above, and in 0,5 s for lower currents unless otherwise agreed upon between manufacturer

and

user.

Tedts on a particular arrangement can also be used to predict the performance of ©
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bxtend the test results to other enclosures of similar design but of different-sizé and sh
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D6 Weatherproofing test

bn agreed between manufacturer and user, a weatherproofingdest shall be made on GIL
joor use. A recommended method is given in Annex C of IEC 62271-1:2017.

N examination of the design shows the test to be unnetessary, it can be omitted.

Routine tests

General

clause 8.1 of IEC 62271-1:2017 is applicable with the following addition:

ectric routine tests will preferably be performed on complete subassemblies. Howe

exclude the enclosure and conductor pipes including contacts from the routine test.
br components shall be ysubject to a factory routine test and be tested in a dieleqg

then be made at site'(see 11.4.101).

short-duration~"power-frequency voltage tests on the main circuit of the GIL shall
ormed according to the requirements of 7.2.6 phase to earth and between phases
licable)( The test voltages for routine tests shall be chosen from IEC 62271-203:2(

Th

8.2

her
ngements with the same design, either by calculation, or inference, or a combinatiorl\ of

hpe

/or to other test parameters, calculation methods should be agreed between manufactlirer

for

er,

ause of the existence of very long parts which can be shipped dismantled, the manufactlirer
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tests shall be performed at minimum functional pressure of the insulating gas

Dielectric test on the main circuit

Subclause 8.2 of IEC 62271-1:2017 is applicable.

8.3

Tests on auxiliary and control circuits

Subclause 8.3 of IEC 62271-1:2017 is applicable.
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8.4

Measurement of the resistance of the main circuit

Subclause 8.4 of IEC 62271-1:2017 is applicable with the following addition:

Overall measurements are made on transport units in the factory. The overall resistance
measured shall not exceed 1,2 R,, where R, is the sum of the corresponding resistances

measured during the type test.

8.5
Sul

Atte
The

NOT
8.6
Suk

8.1

Par
to 7

Ths

8.1
Suk

Cla

9.1
Sul

For
und

The

Tightness test
I 85O EC-622T—+-2017 treabte—witt P—— tdtiom

ntion shall be paid to the fact that external coating of the enclosure (if any) can hide-a le
tightness test procedure shall be adapted accordingly.

E This test applies for factory made enclosures; for site welded enclosures, refer to 11.4.104.
Design and visual checks

clause 8.6 of IEC 62271-1:2017 is applicable.

D1 Partial discharge measurement

tial discharge measurements (PD) shall be applied to ctitical parts such as insulators. R
.2.10 for the voltage levels and the partial discharge acceptance value.

detection of PD on subassemblies and/or sections of the GIL is recommended.
D2 Pressure tests of factory made enclosures

clause 8.101 of IEC 62271-203:2022 s applicable.

Guide to the selection of GIL (informative)

use 9 of IEC 62271-1:201F s applicable.

General

clause 9.1 of IEC 62271-1:2017 is not applicable and is replaced as follows:

a given,duty in service, GIL is selected by considering the individual rated values requ
er normatl’load conditions and in case of fault conditions.

ak.

pfer

red

the

rated values should be chosen, as suggested in this document, with regard to

cha

racteristics of the system as well as its expected tuture development.

In selecting a rated short-time withstand current for an installation, or part of an installation,
consideration can be given to the fact that the maximum fault current in a circuit reduces as the
distance from the substation increases. These fault conditions should be determined by
calculating the fault currents at the place where the transmission line is to be located in the
system.

When applicable, temporary overload and ambient temperature should be agreed between
manufacturer and user. It is recommended to develop a temperature study on the project

spe

cific installation to confirm that temperature limits will not be exceeded.
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9.101 Short time overload capability

The conditions of temporary overload should be agreed between manufacturer and user under
consideration of the special circumstances (overload factor and duration, ambient temperature,
initial conditions, increase in temperature limits for overload condition, laying conditions etc.).
A typical overload figure is for example 20 % above the rated current for 30 min taking into
account the particular load and temperatures at the beginning of the overload period.

9.102 Forced cooling

Dimensioning of the forced cooling should take into account the total thermal losses in the
tunfel. Thermal losses should be those at rated current for the GIL at maximum ambjent
temperature and thermal losses from other heat sources.

NOTIE Access to the tunnel for service can be restricted under the following conditions:
— |in case of temporary overload;

- n case of loss of ventilation;

- n case of excessive temperature within the tunnel;

— Mwhen gas concentration exceeds levels stated in local regulations.
10 [Information to be given with enquiries, tenders and ‘orders (informative)
Clapse 10 of IEC 62271-1:2017 is not applicable.

10.101 Information with enquiries and orders
10.101.1  General

When enquiring for, or ordering the installation of a GIL, the information listed in 10.101.2 to
10.101.7 should be supplied by the enquirer.

10.101.2 Particulars of the system

Nominal and highest voltage, frequency, type of system neutral earthing.

10.101.3 Environmental conditions
Detpils of environmental conditions should be given such as the following:

a) Jocation inside“electrical plant with restricted accessibility or outside, accessible to [the
public;
b) furied.gr hon-buried installation;

c) [installation in trenches, tunnels, or in open air with structures to be provided;

d) |geological section and, in the case of a buried installation, geological and physical strucfure
of soil;

e) depth of laying (if buried);
f) thermal conductivity of soil (if buried);
g) ventilation of trenches or tunnels;

h) seismic requirements.
10.101.4 Service conditions

Minimum and maximum ambient air or soil temperature; any condition deviating from the normal
service conditions or affecting the satisfactory operation of the equipment. For example,
unusual exposure to vapour, moisture, fluids, fumes, explosive gases, excessive dust or salt,
the risk of earth tremors or other vibrations due to causes external to the equipment to be
delivered, as well as possible movement of foundation, and possible mechanical impact.
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10.101.5 Particulars of the installation

Details of the particulars of the installation should be given, such as the following:

a)
b)
c)
d)
e)

system length and geographical routing;

number of phases (single-phase enclosed or three-phase enclosed);
number of lines located in the same trench or tunnel;

rated voltage;

rated insulation level;

f)
g)
h)
i)
)
k)
)

m)

10.

Detgils of the particulars of the auxiliary devices should be given, such as the following:

a)
b)
c)

10.

rated frequency (f,);

rated normal current;

rated short-time withstand current;

rated duration of short-circuit (if different from 1 s);
rated peak withstand current;

maximum fault clearing time in case of internal fault;
degree of protection for auxiliary circuits;

crossing other utilities and or heat sources.

101.6 Particulars of the auxiliary devices

requirements of auxiliary devices and monitoring system (e.g. interlocking, gas supervis
signals etc.);

rated auxiliary voltage (if any);

rated auxiliary frequency (if any).

101.7 Specific conditions

In

condition which might influence\the tender or the order, such as, for example, transport facili
and/or restrictions, specialsmounting or erection conditions, the locating of the exte

hig
Infg

10.
10.

-voltage connections or.the rules for pressure vessels.
rmation should be'supplied if special type tests are required.

102 Information with tenders and contract documentation

102.1 General

The

manufacturer with written dncr‘ripfinnc and r*Irnwinge

information listed in 10.102.2 to 10.102.6, if applicable, should be given by

on,

ddition to the items listed in{10.101.2 to 10.101.6, the enquirer should indicate eyjery

ties
nal

the

10.102.2 Rated values and characteristics

Par

ticulars of the installation are enumerated in 10.101.5.

10.102.3 Further particulars of the transmission line and its components

Det
a)
b)
c)

ails of the line should be given, such as the following:

design pressure of enclosures;
design temperature of enclosures;
type and filling pressure of gas for insulation;
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minimum functional pressure;

mass of gas for the different compartments;
length of the compartments;

limit values of moisture content and gas leakage;

details of appropriate measures for fault location.

10.102.4 Type test certificate or reports

When requested, type test certificates or reports should be transmitted as complete documents.

10.

The
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a)
b)
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11.
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Thd

.102.6 List of recommended essential spare parts

102.5 Particulars of the auxiliary devices

tenders and contract documentation should provide at least, but not limited to, the follow
rmation:

types and rated values as enumerated in 10.101.6;
current or input power for operation.

re parts should be procured by the user.

Transport, storage, installation, operating instructions and maintenance

| General

clause 11.1 of IEC 62271-1:2017 applies.

P Conditions during transport, storage and installation

clause 11.2 IEC 62271-1:2017 is\applicable, with the following addition:

rnal cleanliness influences.the function of the GIL; cleanliness therefore shall be assy
uitable precautions as required by the manufacturer.

following precautiohs can be included:

connecting GIL units under clean conditions (e.g. closed assembly tents with dry
temperature tegulation and with slight gauge pressure);

openings.should be covered by dust-protector or coverplates during installation;

f necessary, the complete GIL should be cleaned inside after assembly;

additional to precautions on site, transportation under condition of transport regulation

ng

red

air,

vith

ptefill of dry and clean gas at an overpressure can be helpful to keep internal parts of

the

GIL in good condition.

The assembly unit should be as large as possible in order to reduce the assembly on site and

the

risk of pollution.

Connecting areas of the GIL units should be protected against damage to sealing surfaces or
prepared edges for welding seams.

Where the GIL units have been welded on site, precautions should be made to avoid metal
particles or polluting smoke entering the GIL.

The installation procedure should be covered by the quality assurance system.
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11.3 Installation

11.3.1 General

Subclause 11.3.1 of IEC 62271-1:2017 is applicable, with the following addition.

For each type of GIL, the instructions provided by the manufacturer should at least include the
items listed in 11.3.2 to 11.3.101.

11.3.2 Unpacking and lifting

Sul

1.
Sul

1.
Sul

1.
Sul

11.

Sul

1.
Sul

Aftd

clause 11.3.2 of IEC 62271-1:2017 is applicable.

8.3 Assembly
clause 11.3.3 of IEC 62271-1:2017 is applicable.

8.4 Mounting
clause 11.3.4 of IEC 62271-1:2017 is applicable.

B.5 Connections

clause 11.3.5 of IEC 62271-1:2017 is applicable.

8.6 Information about gas and gas mixtures for.controlled and closed pressure
systems

clause 11.3.6 of IEC 62271-1:2017 is applicable.

B.7 Final installation inspection

clause 11.3.7 of IEC 62271-1:2017%"is not applicable and is replaced as follows:

r installation, before putting- into service, the GIL shall be tested to check the cor

opdration and the dielectric_strength of the equipment.

Thgse tests and verifications comprise:

Subclause
a) |voltage tesfson the main circuits 11.4.101
b) |dielectric tests on auxiliary circuits 7.2.11
c) |measurement of the resistance of the main circuit 11.4.103
d) |gas‘tightness tests 7.8
e) checks and verifications 11.4.106
f) measurement of gas conditions 11.4.102
g) anti-corrosion tests for buried installations 11.4.107
h) tests on enclosures welded on site 11.4.104

ect

To ensure minimum disturbance, and to reduce the risk of moisture and dust entering
enclosures, which secures correct operation of the GIL, no obligatory periodic inspections or
pressure tests are specified or recommended when the GIL is in service.

Instructions should be provided for inspection and tests which should be made after the GIL

has

been installed and all connections have been completed.
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The instructions should include the following:

— a schedule of recommended site tests to establish a correct functioning;

— recommendations for any relevant measurements that should be made and recorded to help
future maintenance decisions;

— instructions for final inspection and putting into service.

For welded connection, the following shall apply: no specific tightness test is required for on
site welded enclosure pipes (butt welds) if a 100 % inspection of the welds by radiographic,
ultrasonic or other means is performed. In this case, the welds are considered to have a zero
leakage Tate:

NOTIE The impact of a flanged connection at the beginning and/or end is negligible in case of a welded GIL.
11.8.8 Basic input data by the user
Sufjclause 11.3.8 of IEC 62271-1:2017 is applicable.

11.8.9 Basic input data by the manufacturer

Sufjclause 11.3.9 of IEC 62271-1:2017 is applicable.

11.8.101 Constructional features

Thg tenders and contract documentation should provide atJeast, but not limited to, the follow
infgrmation:

ng

a) |mass of the heaviest transport unit;

b) loverall dimensions of the transmission line;

c) farrangement of the external connections;

d) Jprovisions for transport to be taken by the user;

e) Jprovisions for installation and laying required by the manufacturer;
f) Jlocation of the attachment points to the supports;

g) maximum forces to each-attachment point;

h) maximum deflection of th'e enclosure at each attachment point.
11.4 Operating instructions

Suljclause 11.4 of IEC 62271-1:2017 is applicable.

11.4.101 <\Voltage test on the main circuits

11.4.101A1 General

The dielectric strength shall be checked in order to eliminate causes which might give rise to
an internal fault in service.

The site voltage tests are supplementary to the dielectric routine tests with the aim of checking
the dielectric integrity of the completed installation and of detecting irregularities as mentioned
above. Normally, the dielectric test shall be made after the GIL has been fully erected and
gas-filled at the filling pressure, preferably at the end of all site tests, when newly installed.
Such a dielectric test is recommended to be performed also after major dismantling for
maintenance, repair or reconditioning of compartments. These tests shall be distinguished from
the progressive voltage increase, performed in order to achieve a kind of electrical conditioning
of the equipment before commissioning.


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC 62271-204:2022 © |IEC 2022 - 35—

The execution of such site tests is not always practicable and deviations from the standards
can be accepted. The aim of these tests being a final check before energizing, it is very
important that the chosen test procedure does not jeopardize sound parts of the GIL.

In choosing an appropriate test method for each individual case, a special agreement can apply
in the interest of practicability and economy, for example the electrical power requirements and
the dimensions and weight of the test equipment can also apply.

A detailed test programme for the dielectric tests on site should be agreed between manu-
facturer and user.

11.4.101.2 Test procedure

Thg GIL shall be properly erected and gas-filled at its filling pressure.

For|the test, the GIL can be disconnected from other equipment, either because of their
charging current or because of their effect on voltage limitation, such as

gh

— |high-voltage cables, overhead lines, and GIS,
— |power transformers and most voltage transformers, and
— [surge arresters and protective spark gaps.

Dug to the possible length of a GIL it can be applicable for theé site dielectric test to be carfied
out|in sections. Due to this fact, provisions shall be, made within the design of the GIlL to
incgrporate positions where test equipment can be moaated without having to dismantle the GIL.

Thg conductors of the GIL section not under test\shall be grounded.

NOTIE 1 In determining the parts which can be discenrected, attention is drawn to the fact that it is possible|that
the feconnection introduces faults after the tests are\finished.

NOTE 2 In order to test as much as possible ‘of the GIL, removable links can be included in the design in eagh of
the above-mentioned cases. Here a "link" issunderstood to be a part of the conductor which can easily be rem¢ved
in onder to isolate two parts of the GIL from each other. This type of separation is preferable rather than dismanfling.

Evdry newly erected part of a GIL shall be subjected to a dielectric test on site.

In the case of extensions; in general, the adjacent existing part should be de-energized gnd
earthed during the dielectric test, unless special measures are taken to prevent disruptive
dis¢harges in the extension affecting the energized part of the existing GIL.

Theg test voltage'can be applicable after repair or maintenance of major parts or after erecjion
of gxtensians! The test voltage can then have to be applied to existing parts in order to test all
sections-involved. In those cases, the same procedure should be followed as for newly instajled
GIY.

For the choice of an appropriate voltage waveform, |IEC 60060-1 should be taken into
consideration; however, similar waveforms are also permissible. AC is preferred, and DC should
not be used. Partial discharge monitoring shall be performed during application of the test
voltage. Conventional partial discharge measurement in accordance with IEC 60270 is possibly
not appropriate. Other methods, such as UHF method should be considered. At the present
time, no level has been required.

A voltage level equal to 80 % of the AC voltage applied during the routine test is recommended.
For long GIL, the test is performed on sections as long as possible.

When the sections are fully assembled to form the complete installation, a test is performed at
a lower voltage because of the capacity of the testing facility.
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Impulse test voltage can be additionally performed (lightning impulse wave shape, possibly
oscillating, with an extended front time can be used). The voltage level should be agreed
between manufacturer and user.

11.4.102 Measurement of gas conditions

The humidity content of the insulating gas shall be determined. This humidity content shall be
in accordance with 11.101.7 of IEC 62271-203:2022.

The measurement shall be performed on all compartments of the GIL, assembled and filled with

bdla FHITH
gasrattne g pressure:

If the GIL is filled with sulphur hexafluoride, refer to IEC 60376 and IEC 60480 for checking|the
conditions of the gas during service. For other gases, see instruction manual from GIL
manufacturer.

11.4.103 Measurement of the resistance of the main circuit

Thg measurement shall be performed on assembled sections of the GIL: The conditions of|the
measurement should be as close as possible to those of routine tests performed where possjble
on {ransport units.

Nevertheless, the measurement method and the adequate«l€ngth for the assembled sectipns
shdlll be chosen considering the following requirements:

— [he measurement shall be done in such a way as™to verify the integrity of the main cirqguit,
including joints;
— he accuracy of the measurement shall allow'the detection of all possible bad joints.

— [The resistance measured shall not exceed 120 % of the maximum values measured dufing
type tests (before temperature rise test); taking into account the differences of the two test
arrangements (number of devices, contacts and connections, length of conductors, etc.).

11.4.104 Tests on enclosures welded on site
11.4.104.1 General

Where enclosures are welded on site, two types of tests shall be performed to verify the weld
qudlity and integrity: testing of the welds and pressure tests.

11.4.104.2 Testing of site welding

Thqg welding-ofthe enclosure on site shall be made in accordance with established standgrds
for pressurized enclosures of gas-filled, high-voltage switchgear and controlgear with inert, rfon-
corfosive,Now pressurized gases.

Imperfectiom assessment oM a basis of wetding—procedure and-wetders quatificatiomstratt be
made in agreement between manufacturer and user. For further information, consult the
Bibliography and Annex D.

11.4.104.3 Pressure test

Site-welded enclosures shall withstand a pressure test, preferably pneumatic. In this case, the
factor k can be limited to 1,1, the test being done on the complete fully assembled compartment.
In such case, additional precautions such as increased weld inspections should be made.

Where the factor k is limited to 1,1, testing of the weld in accordance with 11.4.104.1 shall be
performed over 100 % of the weld length.
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Provision shall be taken during the test to make sure that the pressure relief device will not
operate. If a pneumatic test is not in compliance with local regulations, an alternative method

sho

uld be agreed between manufacturer and user.

Hydraulic testing of the assembled compartment should be avoided.

11.4.105 Periodic testing of the enclosure

No

periodic testing of the enclosure is required if
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anti-corrosion external coating is monitored.
1.106 Checks and verifications
following shall be verified:

conformity of the assembly with the manufacturer's drawings and instructions.

sealing of all pipe junctions, and tightness of bolts and connections!,

conformity of the wiring with the diagrams;

proper functioning of the monitoring and regulating equipment including heating and light

check of the correct connection of the bonding system.

br whatever reason, one or more routine tests are not performed at the manufacturer's wo
should be carried out on site combined with the/tests after erection.

1.107 Tests on corrosion protection for directly buried GIL

1.107.1 Passive corrosion protection
voltage level and duration specijfied in Clause 5 of IEC 60229:2007 shall be app|

veen the metallic enclosure and the‘ground.

the test to be effective, it isknecessary that the ground makes good contact with all of
br surface of the oversheath” A conductive layer on the oversheath can assist in this resp

1.107.2 Active corrosion protection

active corrosion” protection system is laid out in accordance with the environme
ditions along‘\the GIL. The protection current and protection potentials are calculated f
h on soil electrical resistivity and acidity.

se values shall be measured after the GIL goes into service.
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11.5  Maintenance

11.5.1 General

Subclause 11.5.1 of IEC 62271-1:2017 is applicable.

11.5.2 Information about fluids and gas to be included in maintenance manual

Subclause 11.5.2 of IEC 62271-1:2017 is applicable.

11.5.3 Recommendations for the manufacturer

Subclause 11.5.3 of IEC 62271-1:2017 is applicable.
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11.5.4 Recommendations for the user

Subclause 11.5.4 of IEC 62271-1:2017 is applicable.

11.5.5 Failure report

Subclause 11.5.5 of IEC 62271-1:2017 is applicable.

11.5.101 Maintenance of GIL

Th . . . . .
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important to think through the requirements of a possible post-fault or otheryrepair
e provisions for gas handling and storage, access for replacement section, jn-situ weld
e extraction and weld inspection, and consider how a high-voltage test can-be perforr

5.102 Gas handling

following applies to GIL filled with gases which might have.‘an”environmental impac
ht impose a hazard to the operating personnel.

GIL using SFg gas, SFg mixtures or other gas mixtures included in IEC 62271-4,
lirements therein shall be applied in addition to the’recommendations below.

eneral, insulating gas shall be handled in such a way as not to cause harmful effects to
ironment or persons. If the gas, or its decomposition products, which might be generz
er certain service conditions (e.g. due to,internal arcing), impose a hazard to person
ropriate precautions shall be taken(“in order to ensure safe handling, inclug
ontamination after accidental release‘of hazardous products.

ulations concerning the maximum'permitted concentration of gas in those work areas us
gas shall be observed. This might call for installation of devices for measurement of the
centration, and for ventilation arrangements. This is particularly important when workin
ches, tunnels and similar tocations with restricted space close to the installation. In the ¢

rder to prevent suffocation.

ne gas used, has an environmental impact, it shall not under normal conditions (
ntenance,£epair) be released into the atmosphere. This means reclaiming by means
handling,‘unit with a storing capacity corresponding to the largest gas volume of
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allation:Abnormal leaks shall be rectified. Contaminated gas shall either be reclaimed

the
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econtamination/reprocessing of waste. If the waste is considered to be hazardous, reley

Fsarety during handling and transportatio all be obServed (See IEC 6227 T-4).

Safety

12.1 General

Subclause 12.1 of IEC 62271-1:2017 is applicable with the following additions:

High-voltage, GIL can be safe only when installed in accordance with the relevant installation
rules, and used and maintained in accordance with the manufacturer’s instructions. It shall be
operated and maintained by qualified personnel.
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Due to the fact that it is completely impossible to touch any live part, a GIL provides a maximum
degree of safety. However, it is normally only accessible by instructed or authorized persons.

When it is installed in an area accessible to the public, additional safety features shall be
required. Two types of installation shall be considered.

In the case of buried installations, there is no direct access but visible markings and a buried
marker tape inform persons that an electrical device is buried at this location. These
dispositions, combined with a sufficient thickness of earth (typically 1 m, see 4.102) should

avoid any accidental contact. Potential load limits of the area above the trench shall
learly visible installed along the route

be

Thdg

12.
Sul

12.
Sul

12.

In the case of above ground installations, fences or equivalent means shall be located-al
the GIL in such a way that no unintentional contact with the GIL or its accessorie
possible.

specifications in 12.2 to 12.103 are particularly important in order to ensure/personal saf|

P Precautions by manufacturers

clause 12.2 of IEC 62271-1:2017 is applicable.

B Precautions by users

clause 12.3 of IEC 62271-1:2017 is applicable.

101 Mechanical aspects

Mechanical stress due to the action of the exterhal environment, or interaction between
and the environment:

e movement of foundation, earthquakes{soil loading, wind, ice (see 6.102.2, 6.21)
e thermal expansion (see 6.106)

Pressurized components (see 6.102.2, 6.103, 6.104)

Mechanical impact protection(see IEC 62271-1:2017)

.102 Thermal aspects

Maximum temperature of accessible part (see 7.5)
Flammability (seeJEC 62271-1:2017)

.103 Maintenance aspects

Gas handling (see 11.4.102)
Operations of maintenance personnel in tunnels (see 6.105.3)

bng
5 IS

bty .

GIL

Mmaintenance operation is necessary, conditions shall be carefully defined and take

Operations performed by maintenance personnel shall be strictly limited. WheT a

nto

13

Cla

account the design of the GIL (gas volumes of the compartments, presence of pressure

relief devices, etc.) and the volume of the tunnel.
Earthing of the main circuits and the enclosure (see 6.3.101, 6.3.102)

Influence of the product on the environment

use 13 of IEC 62271-1:2017 is applicable, with the following addition.

Also refer to 11.5.102.
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Annex A
(informative)

Estimation of continuous current

General

The aim of Annex A is to define the continuous current of the GIL single phase when operating
conditions are different from those of type tests, for example, open air GIL directly exposed to

solar radiation, buried GIL or GIL in shafts or tunnels with forced cooling. Other changes m

ght
GIL
the

on
fest
on
Fise

less

include different distances between phases or phase positions in the case of single-phase

or different enclosure currents due to earthing. The proposed method provides a basis for
estimation of continuous current, and refers to IEC 60287-1-1.

In gontrast to the referred standards, the estimation of the continuous current can be baseqg
mofe than one calculation, but be deduced from reference values to be obtained from type

restlts. The given standards can be used for calculation. If other ,appfopriate calcula
meihods are used, these can be mentioned. The calculation is allowéed if the temperature

of the conductor is not more than 15 K with respect to the performeditype test.

NOTIE Although the scope of IEC 60287-1-1 refers to cables, the given calculations are also valid for GIL, un
the premises for certain relations (mainly concerning dimensions) define‘otherwise.

A.2 Symbols

D, diameter of conductor (m)

Dg diameter of enclosure (m)

L length of GIL (m)

n number of phases in one enclosure

A6, average temperature rise of the conductor (K)

A6}, maximum temperature rise-of the conductor (K)

A6, average temperature\tise of the enclosure (K)

A6}, maximum temperature rise of the enclosure (K)

Af), average temperature difference between conductor and enclosure  (K)

Ig estimated _continuous current (kA)

K thermal-coefficient for heat exchange

a temperature coefficient of electrical resistivity (1/K)

a. temperature coefficient of electrical resistivity for conductor (1/K)

A fnmpnrahlrn coefficient of electrical rneiefi\/ii‘y for enclosure (1/K)

A.3 Reference values

A.3.1 General

The following reference values can be deduced from the type test results:

a) general type test values;

b) AC resistances;

c) dissipation;
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d)
e)

A.3

thermal resistances;
thermal coefficients.

.2 General type test values

The following values shall be derived from or given by the performed type test:

Iy rated current (kA)

Abeo average temperature rise of the conductor (K)

A@I — maximum fnmlnnrnhlrn rise of the conductor (K)

R4do DC resistance of conductor at ambient temperature (nQ)

Ieo enclosure current (kA)

Abdo average temperature rise of the enclosure (K

Abheo Maximum temperature rise of the enclosure (K)

Rydo DC resistance of enclosure at ambient temperature Q)

Afleo average temperature difference between conductor and entlosure (K)

NOT|[E The average temperature is determined from the temperature profile over the (tested) length.

A.33 AC resistances

Thg AC resistance of the conductor at average ‘conductor temperature R., can either
deduced from the measured DC resistance Ry., and |EC 60287-3-1 or by appropr
calgulation.

Thg AC resistance of the enclosure .at'the average enclosure temperature R., can either
deduced from the measured DC “resistance Ry, and IEC 60287-3-1 or by appropr
calgulation.

Contact resistance should @lso be taken into account.

Sugh resistance value of the GIL should be defined in relation to the length of the GIL un
consideration.

Proximity effect' should be considered; reference can be made to IEC 60287-1-1 or
appropriate.literature.

A.3

4 Dissipation

be
ate

be

ate

der

the

The dissipation in the conductor P, at average conductor temperature can be determined by:

PCO = II"2 X RCO

The dissipation in the enclosure at P, average enclosure temperature can be determined in

cas

e of known amplitude by:

Peo = leoz * Rego

Otherwise, the dissipation in the enclosure due to eddy currents can be determined by
calculation (refer IEC 60287-1-1 or appropriate literature).
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A.3.5 Thermal resistances

The thermal resistance T

ceo Detween conductor and enclosure is given by:

T,

ceo —

A6,

ceo

/P

co

The thermal resistance T, between enclosure and the environment is given by:

A.3.6 Thermal coefficient

Thg thermal resistance T is given in IEC 60287-3-1 (thermal resistance in air (gaseous meditim))
as:

T=1/[nxDxKx 0025

where

K |is the thermal coefficient;

o

is the diameter;

6 |is the temperature difference.

Thd thermal coefficients K., and K, for respectively:Tce and T, are therefore given by:

Koo =11 [TogoX m x Dy % AG

0,25]
ceo

€0,

Ko =071 [Ty % m % Dg % Aby, 0:25]

NOTE According to IEC TR 60943 the relationship between current and temperature rise is:
11,67 =K’ A6.
Thetefore, the thermal resistance according to IEC TR 60943 would be given by:

T=1/[nxDx K 0%2]
A.4 Estimation of current rating

A.41 General

In establishing the estimated continuous current, the following should be taken into
consideration.

A.4.2 Maximum temperature rise

Since the calculations are based on the average temperature rise, the following relation is used
to determine the maximum temperature rise of the conductor relative to the average conductor
temperature rise:

A = (I1)2 % (AOrco — Abso)

Therefore, the maximum temperature rise A6y, of the conductor is given by:
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Ao = Ay + 36,

The maximum temperature rise A6, of the enclosure is found in exactly the same way.

A.4.3 Heat input

A.4.31 General

The influence of the adjacent phases can be taken into account for the evaluation of external
heat input.

A.4{3.2 Estimated internal dissipation

Thqg internal dissipation of the conductor for the required situation is given by:

The

NOT|
diffe

A.4

adj

A.4
A.4

Thd
acc

A.4

The

free
of \

P, = (Ig/1)2 x Pgo [1 + a % (A, — Aby,)]
dissipation of the enclosure for the required situation is given by:
Py = (I/1,)2 x Py [1 + ag % (AGy —A8,)]
E When the layout of the installation is different (e.g. different phase distance of single-phase equipme

rent earthing), the calculation of the dissipation is adjusted acCerdingly.

3.3 External heat input

Othfr external heat sources should be taken into account such as solar radiation, influenc

cent phases, etc. In the following, their€ffect is designated by the symbol Pg.

4 Thermal resistances

4.1 Internal thermal resistance

internal thermal resistance 7., between conductor and enclosure can be calculg
prding to the formula given in A.4.5. The calculated thermal coefficient can be used.
4.2 External thermal resistance

external thermal resistance T, of the enclosure to the environment, for an installatio

air, thefofmula is given in A.4.5, including the thermal coefficient. In this case, the influg
ind, efe.;”is neglected.

The

tor

b of

ted

N in
hce

external thermal resistance T, for other situations can be determined according

to

IEC 60287-1-1 or other relevant literature.

NOTE The external thermal resistance is the total thermal resistivity of the enclosure to the environment.

A.4

.5 Estimated maximum temperature rise

The estimated average temperature rise of the enclosure is defined as follows:

AOy = Ty % (n x Py + Py + Pg)
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The maximum temperature rise of the enclosure is then given by:

Abpe = AOg + 30

and the maximum temperature rise of the conductor is given by the following:

A.4

Thd
acc

A.4

Thdg
pre

A.4

For

AHI'T'IC = Age + 6HI'T'IC + TCGO x PC

[6 Permissible temperature rises

prdance with the allowed temperature rise of the relevant IEC standard.

7 Estimated continuous current

estimated continuous current is defined by the simultaneous solution) of the relations
mises given in Annex A.

8 Informal documents

more information, see [7].

temperature rise of any point of the GIL (conductor, enclosure, tunnel, etc.) can’b¢ in

And
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Annex B
(informative)

Earthing

General

The earthing system is designed to ensure that no danger to persons or damage to equipment
occurs under normal or abnormal operating conditions due to hazardous potential differences.

B.2

The

high-frequency currents associated with transient enclosure voltage and, for'some types

bon

Acg
of

Atted
tha

B.3

A G

B.4 Earth electrodes

An
fred

The
dur
diff

The
gro

risg.

Ths
att

persons should be determined with reference to IEC TS 6047941 and IEC TS 6047

Safe limits on potential rise

design of the earthing system should take into account potential rises due to.fault curre

ding, step and touch voltages.

eptable values for touch potentials, step potentials and transferred, potentials for the sa

ntion is drawn to further limits on potential rise (step and touch)voltages, induced voltag
can be imposed by local regulations.

Enclosures

IL is contained within a conducting enclosuresnominally at, or near, ground potential.

earth electrode provides a low-impgedance path to earth for both fault currents and h
uency currents associated with.transient enclosure voltage.

earth electrode design.should take into account the maximum ground fault current
ation at that position in jthe system and the soil resistivity so that hazardous potern
brences do not occur.

earth electrode,cross-sectional area should be chosen to accommodate the maxin
ind fault currentand duration at that position in the system within an acceptable tempera

design of any joints should take into account the maximum ground fault current and dura
nat position in the system.

nts,
b of

fety
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The earth electrode design should take into account the mechanical stresses that can occur
during installation and during fault conditions.

The earth electrode material should be resistant to corrosion.

B.5 Conductors of earthing system

The conductors of the earthing system need to carry both fault currents and possible high-
frequency currents associated with transient enclosure voltages. In some cases, conductors

will

carry zero sequence currents or circulating power-frequency currents.
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The conductor design should take into account all currents to be carried so that hazardous
potential differences do not occur.

The conductors should be wide (typically greater than 50 mm in width), kept as short as possible
and as free from changes in direction as possible to achieve a low inductance. Sharp bends in
the conductors should be avoided.

The conductor cross-sectional area should be chosen to accommodate any current to be carried
within an acceptable temperature rise.

Thg design of any joint should take into account all currents to be carried.

Thg conductor design should take into account the mechanical stresses that can occur duf
fault conditions.

ng

B.q Earth continuity

Elegtrical continuity between the earthing systems at either end of thHe transmission line rqute
is necessary to provide a low impedance path for zero sequence currents.

Where it is not possible to use the enclosures to provide adequate earth continuity, a separate
earth continuity conductor will be necessary.

B.7 Induced voltages

Thg earthing system should be designed to¢avoid large ground currents (which is not|the
endlosure current during normal operation) flowing as these can induce hazardous voltagef in
neighbouring communications circuits, pipelines, etc., possibly belonging to other authoritigs.

B.§ Transient enclosure voltage

Evgnts such as switching (particularly disconnector operation), fault conditions, lightrnjing
strgkes and operation of surge arresters generate fast fronted transients. Under such conditipns,
dis¢ontinuities in enclosures (e.g. where an insulating flange forms an essential part of [the
strycture, or at gas_teyair bushings) will allow high-frequency currents to couple out pnd
propagate on the-outside of the enclosures giving rise to transient enclosure voltages.
Precautions are taken in the design of the earthing system to limit the effects of transjent
endlosure voltages.

B.9 Non-linear resistors

To protectagainsttheeffectsof transientenciosure vottages, protective devices (rmon-tinear
resistors) should be installed where the ends of enclosures are not connected to earth.

The rated voltage of the devices should be coordinated with step and touch voltages induced
by rated and short-circuit current (see Clause B.10). The devices should have adequate energy
absorption and high-frequency response.

They should be arranged to give a low-inductance connection by minimizing the length of the
connecting leads and connecting a number of devices in parallel.
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B.10 Bonding and earthing

B.10.1 General

It is envisaged that most GIL installations will be solidly bonded and earthed at both ends.
However, where other bonding methods are used such as single point bonding or cross-bonding,
additional precautions shall be taken in the design of the earthing system in order to manage
the effects of step and touch voltages and induced voltages and currents, as well as mechanical
forces resulting from short-circuit currents.

Thgenctosure may needto be earthedatadditionmatpositions—atongtheToute toTeducg]the
earth potential rise under internal fault conditions.

Where the three phases of a transmission line are contained within a single enclosure, [the
endlosure can be earthed at both ends of the transmission line route. The(enclosure |will
normally provide adequate earth continuity between the two ends of the route and a sepafate
earth continuity conductor will be unnecessary.

Thq enclosures can be bonded and earthed at one end and insulated from earth at the ofher
(enf point bonding) or bonded and earthed at the mid-point and insulated from earth at the ffwo
ends (mid-point bonding). The transmission line can consist of a number of elementary sectigns,
eadh single-point bonded.

To protect against the effects of transient voltages, protective devices (non-linear resistors)|are
conhected at the ends of elementary sections where the enclosures are insulated from earth.

B.10.2 Cross-bonding

In g cross-bonded system, the enclosures are-connected in series at the end of each elementary
secfion in phase rotation, so that the e.m:f\induced along the enclosures tend to sum to Zero
aftgr three elementary sections. The enelosure voltage is therefore controlled and circulating
curfents are virtually eliminated. However, eddy currents will generally be induced in [the
endlosure walls and these will contribute to the total heat dissipation of the transmission lire.

Thg enclosures can be solidly,bonded and earthed at the ends of a transmission line gnd
continuously cross-bonded throughout its length (continuous cross-bonding) or solidly bonded
and earthed at the ends of a number of major sections, each consisting of three cross-bonfled
minjor sections (sectionalized cross-bonding).

To protect against the effects of transient voltages, protective devices (non-linear resistors)|are
conhected atthe'ends of elementary sections where the enclosures are insulated from earth.

Where the earth resistance at solidly bonded positions is high, a separate earth continpity
condutCtor can be applicable in order to prevent the ratings of protective devices being exceefled
undeninternal fault conditions

B.11 Application to directly buried installations

Where an installation is directly buried, the design of the earthing system shall accommodate
the requirements of corrosion protection as stated under 6.21 (see Figure B.1).


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

- 48 — IEC 62271-204:2022 © IEC 2022

i \

q
)|
{—

Decoupling _ — Active
device | anticorrosion

- l - } system —l
77777 /7771/'/" 77777 77777

IEC

Figure B.1 — Example of earthing system together with active anti<corrosion
system in the case of solid bonding of the enclosure at both ends

Thg design of the earthing system should be coordinated with~the insulation level of [the
corfosion protection coating.

Removable links should be provided to allow electrical™{esting of the passive corrogion
profection as stated under 7.103.

Thg design of the earthing system and the active catrosion protection should be coordinated so
thal no damage results to the active corrosion system from currents flowing from the enclosyres
to qarth.

B.12 Informal documents

Forfmore information, see [7] and [9].
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Annex C
(informative)

Long-term testing of buried installations

C.1 Assessment of long-term behaviour

C.1.1 General

Thqg points that shall be considered to assess long-term behaviour are

— [the thermomechanical performance of the assembly, and
— [the corrosion protection of the enclosures.

C.112 Thermomechanical performance

Thgrmomechanical forces, unless properly accounted for, can result in mechanical damage to
the|GIL and possible rupture of the enclosure. Therefore, whichever ‘device is employed| for
counteracting the effects of thermal expansion and contraction, especially for the enclosufes,
it sglall be evaluated under buried condition. The length of the test;installation shall be sufficjent
to ensure that any thermomechanical movement is representative of what might occur in seryice.

NOTIE Evaluation of the soil over the complete GIL installation couldprove difficult unless a backfill material with
known properties is used. It is assumed that normal ground materials\will have a dried-out thermal resistivity falue
at aftemperature between 50 °C and 60 °C and a non-dried out value if the temperature is below this. These figures
are psed in the rating calculations detailed in Annex A. Provided that the thermal resistivity values are known| the
ground temperatures and hence system rating can be calculated allowing for dried out values where applicable

C.13 Corrosion protection of the enclostres

It i$ important that the enclosure protective coating is not penetrated during service. [The
performance of the coating can be evalUated by either long-term water immersion tests of by
long-term burial test in a wet soil condition. During this time, the GIL should undergo heat cy¢les
to dee the effect of temperature cycles on the migration of water. Deterioration in the coating
can|be detected by regular application of a test voltage and measurement of the leakage curfent
that flows.

C.2 Summary of long-term tests

Development tests“shall be completed by the manufacturer before long-term tests |are
undertaken. The:purpose of these tests is to identify the long-term performance of the complete
GlY systemsand shall only be carried out once, unless there is a substantial change in the GIL
sysfem concerning material, process and design. The test arrangement should consisf of
betyweeh 50 m and 100 m of GIL including auxiliary equipment (gas monitoring, partial dischgrge
detection and pressure relief devices). At least one type of each component to be used in|the
SyStemn Snould De 1€STeq ana the (eSSt arrangement snould DE represenlalive of ammstattation
design. The long-term tests should be undertaken over a twelve-month period.

The definition of the test procedure is under consideration. The following is proposed for
guidance.

The following test should be carried out before starting and after the long duration tests:

a) temperature rise measurement (in accordance with 7.5.3.1 of IEC 62271-1:2017) of external
enclosure walls and at set distances within the backfill material;

b) measurement of the main circuit resistance;

c) partial discharge levels within the GIL;

d) dielectric withstand test;
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e) gas leakage rate;
f) on completion of the tests, a voltage test to breakdown can be performed.

Long duration tests can include:

e |long-term thermal cycling;
Subject the busbars and any expansion device to thermomechanical forces.

e corrosion protection performance;

This shall be evaluated under thermal cycling and will include the complete arrangement

adatttheauxitary equipment:
e |packfill performance;

This shall be carried out if the performance of the backfill is not known orycannot
guaranteed.

be
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Annex D
(normative)

Requirements for welds on pressurized parts

D.1 General

Weld seams shall be produced and assessed according to defined requirements. During the
production of a GIL, welding seams are made in the factories and on site.

D.2 Process and personal qualifications

All welding processes shall be checked and documented in accordance with)internatignal
stapdards. Welding and subsequent testing personnel shall be certified in ‘aecordance yith
intgrnational standards.

— |Definition of the welding procedures (WPS) according to 1ISOA15609 (all parts)

— |Welding process qualification (WPQR) according to 18015614 (all parts)

— [Qualification of welders and operators according ~to~1SO 9606 (all parts) and
ISO 14732

— [Non-destructive test (NDT) personnel according to 1ISO 9712

D.3 Non-destructive tests of welding
For[non-destructive testing of factory and en-site welds, the items of Table D.1 applies:

Table D.1 — Quantity of NDTs

Tests type Factory welds On site welds
Vispal (VT) 100 % 100 %
8.6|of IEC 62271-1:2017
Radliography (RT) or ultrasonic (UT) min. 10 %, 100 % of cross min. 10 % to 100 %
7 1b3 of IEC 62271-2082822 sections; welding factor v = 1 11.3.7 and 11.4.104

Forlimperfections defined and classified according to ISO 6520 (all parts), refer to Table D|2.
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Table D.2 — Acceptance criteria of imperfections

Test type Applicable standard Acceptance level
Steel Aluminum Steel Aluminum
VT ISO 5817 ISO 10042 EN 50068 EN 50064
RT ISO 10675-1 ISO 10675-2
uT Recommended applicable standards

1ISO 11666, ISO 17640

1ISQ 22825 |SQ 23279

1ISO 10893-8, 8
1ISO 10893-9,
ISO 10893-10 and
1ISO 10893-11

a8 JUT testing of aluminium welds should be performed according to the adapted steel standards or equivalent
manufacturer specifications. For more information, see [10] and [11].
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testing for the detection of laminar imperfections in strip/plate used for the manufacture

of welded steel tubes
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ISO 10893-10, Non-destructive testing of steel tubes — Part 10: Automated full peripheral
ultrasonic testing of seamless and welded (except submerged arc-welded) steel tubes
for the detection of longitudinal and/or transverse imperfections

ISO 10893-11, Non-destructive testing of steel tubes — Part 11: Automated ultrasonic
testing of the weld seam of welded steel tubes for the detection of longitudinal and/or
transverse imperfections

ISO 11666, Non-destructive testing of welds — Ultrasonic testing — Acceptance levels

[22

[23

[24

[25

[26

[27

ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing
levels, and assessment

IEC 60050-151, International Electrotechnical Vocabulary (IEV) — Part 1517 Electfical
and magnetic devices (available at www.electropedia.org)

IEC 60050-441, International Electrotechnical Vocabulary (IEV) — Rart 441: Switchg
controlgear and fuses (available at www.electropedia.org)

1%
Q
3

IEC 60270, High-voltage test techniques — Partial discharge|measurements

ISO 22825, Non-destructive testing of welds — Ultrasonic testing — Testing of weldk in
austenitic steels and nickel-based alloys

ISO 23279, Non-destructive testing of welds‘—)Ultrasonic testing — Characterizatioh of
discontinuities in welds
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3)
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5)

6)
7)

8)

9)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 204: Lignes de transport rigides a isolation gazeuse
de tension assignée supérieure a 52 kV

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comp
e l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC.‘a pour objg
voriser la coopération internationale pour toutes les questions de normalisation dansyes domaine
l|électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internation
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles~ad public (PAS) et
uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée ardes’comités d'études,
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisaf
ternationales, gouvernementales et non gouvernementales, en liaison avec I'lEC," participent également
avaux. L'IEC collabore étroitement avec I'Organisation Internationale de.‘Normalisation (ISO), selon
onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'|EC concernant les questions techhiques représentent, dans la mesur
ossible, un accord international sur les sujets étudiés, étant donné que/les"Comités nationaux de I'lEC intére
ont représentés dans chaque comité d’études.

es Publications de I'l[EC se présentent sous la forme de recommandations internationales et sont agr
omme telles par les Comités nationaux de I'lEC. Tous les_gfforts raisonnables sont entrepris afin que |
'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsabl
Iléventuelle mauvaise utilisation ou interprétation qui en est/faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale,(les,"Comités nationaux de I'lEC s'engagent, dans tou

t régionales. Toutes divergences entre toutes-PRublications de I'lEC et toutes publications nationale
eégionales correspondantes doivent étre indiquees en termes clairs dans ces derniéres.

I'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de\conformité et, dans certains secteurs, accédent aux marque
onformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certificg
ihdépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandata
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I’
pour tout préjudice causé\en cas de dommages corporels et matériels, ou de tout autre dommage de que
nature que ce soit, direete ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
écoulant de la puptication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I’
qu au crédit qui lui‘est accordé.

I'attention est) attirée sur les références normatives citées dans cette publication. L'utilisation de publica
éférencées~est obligatoire pour une application correcte de la présente publication.

‘attentiomest attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire I
e droits'de brevet. L’'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droit
revets.
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L'IEC 62271-204 a été établie par le sous-comité 17C: Ensembles, du comité d’études 17 de
I'lEC: Appareillage haute tension. Il s'agit d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2011. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)

mise a jour par rapport a I'lEC 62271-1:2017 et alignement des caractéristiques assignées

de tension et des tensions d’essai;

ajout de nouvelles informations relatives aux soudures sur les parties sous pression et a

I’étanchéité au gaz.
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Le texte du présent est issu des documents suivants:

Projet Rapport de vote
17C/840/FDIS 17C/846/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

Lal

angue employée pour I'élaboration de cette Norme internationale est I’anglais.

Le
selq
sou
par

Le
203

présent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été dévelo

s www.iec.ch/members_experts/refdocs. Les principaux types de documents)dévelop
I'lEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications;

brésent document doit étre utilisé conjointement avec I'lEC 62271-1;2017 et '|EC 627
:2022, auxquelles il fait référence et qui sont applicables sauf spécification contraire. H

ide
203
nun

Ung
ah

Le
sta
dogc

facmiter le repérage des exigences correspondantes, ce document utilise une numérota

tique des articles et des paragraphes a celle de I'lEC 62271-%4:2017 et de IEC 622
:2022. Les modifications a ces articles et paragraphes sont indiquées sous la mé§
nérotation, alors que les paragraphes additionnels sont numérotés a partir de 101.

liste de toutes les parties de la série IEC 62271, publiées sous le titre général Appareill
hute tension, peut étre consultée sur le site web de{'IEC.

comité a décidé que le contenu du présent document ne sera pas modifié avant la datg
ilité indiquée sur le site web de I'lEC sousiWwebstore.iec.ch dans les données relativeg
ument recherché. A cette date, le document sera

reconduit,

supprime,

remplacé par une édition révisée, ou

amendé.

bpé

n les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplement IEC, disponibles

pés

71-
our
ion
71-
me

hge

de
au



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC

1

62271-204:2022 © |IEC 2022 - 59 -

APPAREILLAGE A HAUTE TENSION -

Partie 204: Lignes de transport rigides a isolation gazeuse
de tension assignée supérieure a 52 kV

Domaine d’application

La
ais
ou
de
ab

Le
pas

Ac
utili
tels]
par
gaz

La ligne de transport a isolation gazeuse HT est,'sauf spécification contraire, congue pour

utili

NOT|

"LIF".

NOT|

NOT|

brésente partie de I'lEC 62271 est applicable aux lignes de transport rigides haute téns
plation gazeuse (LIG) dont I'isolation est réalisée, au moins partiellement, par un gaziso
In mélange gazeux autre que l'air a la pression atmosphérique, pour un courant alterr

D Hz.

brésent document est applicable lorsque les dispositions de I'IEC 62271-203 ne couv
I'application des LIG (voir la Note 3).

haque extrémité de la ligne de transport a isolation gazeuse HT; un élément spécifique
Sé pour la connexion entre la ligne de transport a isolation.gazeuse HT et d’autres matérn
que les traversées, les transformateurs ou bobines d’inductance, les boites a cables,
hfoudres sous enveloppe métallique, les transformateurs.de tension ou les postes aisola
euse, auxquels s’applique leur propre spécification

sée dans les conditions normales de servige.

E 1 Dans le présent document, les "lignes de tfransport HT a isolation gazeuse" sont désignées par I'abrévi

E 2 Dans le présent document, le mot “gaz" signifie gaz ou mélange gazeux, selon la définition du construc

E 3 Exemples d’applications de LIG:
brsque tout ou partie de la ligne\de transport a isolation gazeuse HT est directement enterrée;

brsque la ligne de transport“&/isolation gazeuse HT est située, entierement ou partiellement, dans une 3
ccessible au public;

brsque la ligne de transport a isolation gazeuse HT est longue (généralement plus de 500 m) et que la long
pe du compartimént-gazeux dépasse la valeur courante associée a la technologie des postes a isolg
azeuse.

ion
ant
atif

ension assignée supérieure a 52 kV, pour des fréquences de service inférieures ou égales

ent

est
iels
les
ion

btre

tion

eur.

one

Leur
tion

2 |Références normatives
Les| documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou pgrtie
de leyr r\nni‘nnll, des nvignnr‘nc du précnnf document Pour les références daféne’ saule

I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60060-1:2010, Techniques des essais a haute tension — Partie 1: Définitions et exigences
générales

IEC 60068-1:2013, Essais d’environnement — Partie 1: Généralités et lignes directrices

IEC 60229:2007, Cables électriques — Essais sur les gaines extérieures extrudées avec
fonction spéciale de protection

IEC 60287-3-1:2017, Céables électriques — Calcul du courant admissible — Partie 3-1: Conditions
de fonctionnement — Conditions du site de référence
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IEC 60376, Spécification de la qualité technique de I'hexafluorure de soufre (SFg) et des gaz
complémentaires a employer dans les mélanges de SFg pour utilisation dans les matériels
électriques

IEC 60480, Specifications pour la réutilisation de [I’hexafluorure de soufre (SFg) et des
mélanges contenant du SF4 dans le matériel électrique

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)
IEC 60529:1989/AMD1:1999

IEC66529-4989/AMB2:2043

IEQ
apf

IEQ 62271-203:2022, Appareillage a haute tension — Partie 203: Appareillage' sous envelo

mé

IEQ 62271-4:2013, Appareillage a haute tension — Partie 4: Utilisation et manipulation

I'he)

IS 9606 (toutes les parties), Epreuve de qualification des sotideurs — Soudage par fusion
ISQ 9712, Essais non destructifs — Qualification et certification du personnel END

ISQ 14732, Personnel en soudage — Epreuve de Gualification des opérateurs soudeurs et

rég
mé

IS 15609 (toutes les parties), Descriptifiet'qualification d'un mode opératoire de soudage g

les

ISQ 15614 (toutes les parties), Déscriptif et qualification d'un mode opératoire de soudage g

les

Poyr les besoins, du-présent document, les termes et les définitions de I'lEC 62271-1:2017 a
qug les suivants-s'appliquent.

L'I90 et EC tiennent a jour des bases de données terminologiques destinées a étre utilis

62271-1:2017, Appareillage a haute tension — Partie 1. Spécifications communes g
areillage a courant alternatif

allique a isolation gazeuse de tensions assignées supérieures a 52 kV,

Ixafluorure de soufre (SFg) et des mélanges contenant du SFg

eurs en soudage pour le soudage mécanise~et le soudage automatique des matéri
alliques

matériaux métalliques — Descriptif @iun mode opératoire de soudage

matériaux métalliques — Epreuve de qualification d'un mode de soudage

Termes et définitions

hormalisation, consultables aux adresses suivantes:

our

bpe

de

des
aUX

our

our

insi

ges

[ET Electropedia; disponible a l'adresse niip.//www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.101
zone accessible au public
zone accessible a toute personne sans restriction

Note 1 a l'article:

accessible au public”.

Une LIG posée en surface a I’extérieur d’'un poste électrique est réputée "installée dans une zone
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3.102

lignes de transport a isolation gazeuse

LIG

lignes sous enveloppe métallique dans lesquelles I'isolation est obtenue, au moins
partiellement, par un gaz isolant autre que l'air a la pression atmosphérique, et dont I'enveloppe
externe est destinée a étre mise a la terre

3.103
enveloppe LIG
partie d'une LIG contenant le gaz isolant dans les conditions exigées protégeant le matériel

contre-les-effets—extérieurs-et-procurant-un-haut-degré-de-protection-du-personnel
14 1) 1 14

3.104

compartiment
parjie d'une LIG entiérement fermée de maniére étanche au gaz a I'exception des-ouvertyres
nécessaires a l'interconnexion et a la commande

3.195

clojson

isolpteur support étanche au gaz d’un appareillage sous enveloppe métallique a isola
gazleuse séparant deux compartiments adjacents

on

3.106

cirguit principal
toules les piéces conductrices d'une LIG qui font partie d'un circuit destiné a transpofrter
I'énergie électrique

[SQURCE: IEC 60050-441:1984, 441-13-02, modifié — Remplacement de "un ensemble" |par
"ung LIG".]

3.107

température de I'air ambiant
température déterminée dans des, conditions exigées de l'air qui entoure l'enveloppe LIG
exte¢rne dans le cas de la pose en-surface, tranchées ouvertes ou tunnels

[SQURCE: IEC 60050-441(1984, 441-11-13, modifié — Remplacement de "totalité de I'app3reil
de ponnexion ou du fusible" par "enveloppe LIG externe dans le cas de la pose en surface,
tranichées ouvertes oustunnels".]

3.108
température«e-calcul de I’enveloppe
températuré maximale d’une enveloppe LIG qui peut étre atteinte dans les conditions de seryice

3.109
pression de calcul de 'enveloppe

pression relative utilisée pour déterminer le calcul de I'enveloppe

Note 1 a l'article: Elle est au moins égale a la pression relative maximale dans I'enveloppe a la température de
calcul de I’enveloppe.

3.110
pression de calcul de la cloison
pression relative a la surface de la cloison

Note 1 a l'article: Elle est au moins égale a la pression différentielle maximale a la surface de la cloison pendant
les activités de maintenance.
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3.111

unité de séparation

unité destinée a isoler électriquement un c6té du circuit principal de l'autre, principalement a
des fins d’essais ou de maintenance sur site

3.112

décharge disruptive

phénoméne associé a la défaillance de l'isolation sous I'action d'une contrainte électrique, dans
lesquels la décharge court-circuite complétement l'isolation, réduisant la tension entre
électrodes a une valeur nulle ou presque nulle

Notg 1 & l'article: Ce terme s'applique aux décharges dans les diélectriques solides, liquides ou gazeux et-a\leurs
compinaisons.

Notg 2 a I'article: Une décharge disruptive dans un diélectrique solide occasionne la perte définitive/de la rigjdité
diélgctrique (isolation non autorégénératrice); dans les diélectriques liquides ou gazeux, cette perte peut n'étre|que
monjentanée (isolation autorégénératrice).
Notg 3 a l'article: Le terme "amorgage" est utilisé lorsque la décharge disruptive se produit dans un diélectique
gazgux ou liquide. Le terme "contournement" est utilisé lorsque la décharge disruptive’ longe la surface |d’un

diélgctrique solide entouré d’un gaz ou d’un liquide isolant. Le terme "perforation" est\utilisé lorsque la déchprge
disrgptive se produit a travers un diélectrique solide.

3.113

trongon de LIG
parfie d'une LIG définie par des exigences opérationnelles‘ou autres telles que la longyeur
maximale pour I'essai diélectrique ou la séquence d’instalation

Notg 1 a I'article: Une LIG peut étre constituée d’'un ensembleyde/plusieurs trongons de LIG.
Notd 2 a l'article: Elle peut étre constituée d’un ou de plusieurs compartiments.

Notd 3 a l'article: Les trongons peuvent étre isolés par des unités de séparation.
4 [Conditions normales et spéciales de service

4.1 Conditions normales de service
411 Généralités

Le paragraphe 4.1.1 deil'lEC 62271-1:2017 est applicable avec I’'ajout suivant:

Les| conditions nofmales de service applicables a une LIG selon les conditions d’installat|on,
sontt décrites en'4.101, 4.102 et 4.103. Lorsque plusieurs modes d’installation sont employés,
les [paragraphes qui conviennent doivent s’appliquer a chaque trongon de la LIG.

4.1)2 Appareillage pour l'intérieur

Le ,;apagr_‘aphe 412 de llEC 62271142017 est-apnplicable
0 o

4.1.3 Appareillage pour I'extérieur

Le paragraphe 4.1.3 de I'l[EC 62271-1:2017 est applicable.

4.2 Conditions spéciales de service

Le paragraphe 4.2 de 'l|EC 62271-1:2017 est applicable.
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4.101 Installation a I’air libre

Pour la détermination des caractéristiques assignées des LIG dans le cas d’une installation a
I'air libre, les conditions normales de service de I'lEC 62271-1:2017 doivent s’appliquer. Ces

con

Si

ditions sont aussi valables dans le cas des tranchées ouvertes.

les conditions réelles de service différent des conditions normales de service,

caractéristiques assignées doivent étre adaptées en conséquence.

4.102 Installation enterrée

Les| valeurs générales de résistivité thermique et de température du sol sont:

A ti
con

Poyr des lignes de transport longues (plusieurs kilométres), il convient également d’envisg
des| mesurages de résistivité du sol sur site.

NOTIE 1 L'’utilisation d’'un remblai contrdlé avec une résistivité thermique de sol donnée peut également

envi

NOTIE 2 Un risque d’emballement thermique existe en cas d’ass&chement du sol qui entoure la LIG enterrée.
évitgr 'asséchement du sol, une température maximale de I'enveloppe en service située dans une plage comj

entr

Il convient que la profondeur de pose fasse\Fobjet d’'un accord entre le constructeu

I'uti
the
4.1

Un
rés

Dans le cas de longs puits verticaux, de tunnels inclinés ou de trongons de ces tunnels,

attqg

5

5.1
L’A
Les
a)
b)
c)
d)

e)

f)

les

1,2 K- m/W, et 20 °C en été;
0,85 K- m/W, et 10 °C en hiver.

fre de recommandation, les valeurs données dans I'|EC 60287-3-1, peuvent étre prises
sidération.

pagée.

b 50 °C et 60 °C est généralement réputée acceptable.

lisateur. La détermination de la profondeln de pose doit prendre en compte les contrair
momeécaniques, les exigences de sécurité et les réglementations locales.

D3 Installation en tunnel, puits'ou situations similaires

systéme de refroidissement forcé constitue une méthode adaptée a la gestion de la cha
duelle, qui peut étre utilisée dans le cas de tunnels, puits ou installations similaires.

ntion particuliére-dait étre portée aux gradients de température et de densité.

Caractéristiques assignées

Géneralités

en

ger

étre

Pour
rise

et
tes

eur

Line

[ticle 5 de I'lEC 62271-1:2017 n’est pas applicable et est remplacé comme suit.

caractéristiques assignées d'une LIG sont les suivantes:
la tension assignée (U,);

le niveau d’isolement assigné (Uy, Up, Us);

la fréquence assignée (f,);

le courant permanent assigné (/,);

le courant de courte durée admissible assigné (1) (pour les circuits principaux et les circ
de mise a la terre);

la valeur de créte du courant admissible assigné (Ip) (pour les circuits principaux et
circuits de mise a la terre);

uits

les
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la durée de court-circuit assignée (#,);
la tension d’alimentation assignée des circuits auxiliaires et de commande (U,);

la fréquence d’alimentation assignée des circuits auxiliaires et de commande.

Tension assignée (U,)

Le paragraphe 5.2 de 'l|EC 62271-1:2017 est applicable.

5.3

Niveau d’isolement assigné (Uy, Uy, Uy,

Le

Les|
étu
con
rec

instiallation. Pour plus d’informations, voir [1]1.

Bie

d’un niveau d’isolement approprié, il convient d’envisager des)'moyens de limitation

sur

5.4

Le

5.5

Le

Le
sur
le d
ass

5.6

Le

5.7

Le

baragraphe 5.3 de I'l|EC 62271-1:2017 est applicable avec I'ajout suivant:

niveaux d’isolement assignés doivent étre choisis dans I'|EC 62271-203 sur }a base d’
je de coordination d’isolement spécifiqgue a [linstallation, de fagon @\ 'prendre
sidération des paramétres tels que les surtensions, les réflexions de tension, etc. Il
bmmandé d’effectuer des études de coordination d’isolement spécifiques pour cha

ensions externes (parafoudres, par exemple) a chaque extrémité de I'installation.

Fréquence assignée (f,)

baragraphe 5.4 de I'lEC 62271-1:2017 est applicable.

Courant permanent assigné (1)

baragraphe 5.5 de I'l|EC 62271-1:2017 est applicable avec I'ajout suivant:

courant permanent assigné est deéfini pour une LIG monophasée ou triphasée installég
ace pour une température de ¥air ambiant de 40 °C. Pour les autres conditions d’installa
ourant en service continu maximal admissible peut étre différent du courant permar
gné. Voir 'Annexe A.

Courant de courte durée admissible assigné (1)

paragraphe 5.6.de I'lEC 62271-1:2017 est applicable.

Valeuryde créte du courant admissible assigné (/)

baragraphe 5.7 de I'EC 62271-1:2017 est applicable.

Line

en
est
ue

N qu'il soit possible, dans une large mesure, d'éviter des défauts d’arc internes par le choix

des

en
ion,
ent

5.8

Durée de court-circuit assignée (7,)

Le paragraphe 5.8 de 'l|EC 62271-1:2017 est applicable.

5.9

Tension d’alimentation assignée des circuits auxiliaires et de commande (U,)

Le paragraphe 5.9 de I'l|EC 62271-1:2017 est applicable.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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5.1

Le

5.1

Le

6

L’A

0 Fréquence d’alimentation assignée des circuits auxiliaires et de commande

paragraphe 5.10 de I'lEC 62271-1:2017 est applicable.

1 Pression d’alimentation assignée en gaz comprimé pour les systémes a pression

entretenue

paragraphe 5.11 de I'lEC 62271-1:2017 n’est pas applicable.

Conception et construction

'ticle 6 de I'IEC 62271-1:2017 est applicable, a 'exception de ce qui suit.

Il convient d’accéder aisément a tout matériel de LIG qui nécessite une maintenance'préven
sysfématique ou des essais de diagnostic.

Il c

bnvient de concevoir les LIG de telle maniére que les opérations norimales d’exploitat

d’inspection et de maintenance puissent étre effectuées sans risque,,y"Compris la vérifica

de

a séquence des phases apreés installation et aprés extension.

Il cgnvient de concevoir le matériel de telle maniére que les contraintes mécaniques provoqu

live

on,
ion

Ees

par[toutes les charges applicables, par exemple la dilatatiogi.thermique, le déplacement admis
et gccepté des fondations, les vibrations externes, les tremblements de terre, le chargement
deg| sols, le vent et la glace ne compromettent pas les_ caractéristiques assignées du matérjel.
6.1 Exigences pour les liquides utilisés dans‘les LIG

Le paragraphe 6.1 de 'l|EC 62271-1:2017 n’est\pas applicable.

6.2 Exigences pour les gaz utilisés.dans les LIG

Le paragraphe 6.2 de I'lEC 62271-12017 est applicable. Si un mélange gazeux est utilisg, il

conjvient que le constructeur fournisse des informations relatives aux caractéristiques du gaz,
tellgs que la rigidité diélectriques-le rapport de mélange, le procédé de mélange et la presgion

de

emplissage.

NOTIE Se référer aux références [2], [3] et [4].

6.3

Le

6.3

Raccordement’a la terre

baragraphe)6.3 de I'l|EC 62271-1:2017 est applicable avec les ajouts suivants:

101~ Mise a la terre des circuits principaux

Podrsassurer la sécurité lors de travaux de maintenance, toutes les parties des circpits
principaux auxquelles il est exigé ou prévu d'accéder doivent pouvoir étre mises a la terre. De
plus, il doit étre possible, aprés ouverture de I'enveloppe, de raccorder des prises de terre au
conducteur pendant la durée des travaux.

La

a)

b)

mise a la terre peut étre réalisée par

des sectionneurs de terre avec un pouvoir de fermeture égal a la valeur de créte du courant

admissible assigné, s’il est toujours possible que le circuit raccordé soit sous tension;

des sectionneurs de terre sans pouvoir de fermeture en court-circuit ou avec un pouvoir de

fermeture en court-circuit inférieur a la valeur de créte du courant admissible assigné,
est avéré que le circuit raccordé est hors tension; ou

s'il

des dispositifs amovibles de mise a la terre, seulement aprés accord entre constructeur et

utilisateur.
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Chaque partie dont la déconnexion est possible doit pouvoir étre mise a la terre.

Il convient de veiller a ce que le dispositif de mise a la terre initiale soit capable de dissiper le
niveau maximal de la charge susceptible d’étre piégée sur le circuit isolé.

Lorsque les sectionneurs de terre font partie du poste raccordé a la ligne de transport,

I'uti

lisateur doit assurer qu’ils sont conformes aux points a) a ¢) ci-dessus.

Le circuit de mise a la terre peut étre dégradé aprés avoir été soumis au courant de court-circuit
assigné. A l'issue d’un tel événement, le circuit de mise a la terre peut étre remplacé, le cas

échiéant.

6.3]102 Mise a la terre de I’enveloppe

Les| enveloppes doivent pouvoir étre connectées a la terre. Toutes les parties“métalligues
préyues pour étre mises a la terre et ne faisant pas partie d'un circuit principdl ou auxilipire
doiyent étre connectées a la terre. Pour l'interconnexion des enveloppégs, chéssis, etc) la
fixaltion (par exemple, par boulonnage ou soudage) est généralement acceptée pour assurqr la
continuité électrique. Si la fixation est réalisée par boulonnage, des/dispositions doivent ¢tre
préyues afin de permettre un contact électrique adéquat. Dans’ le’ cas contraire, le jpint
meéganique doit étre shunté par une connexion électrique appropriée; telle que des conductgurs
en ¢uivre ou en aluminium de section adaptée.

La pontinuité des circuits de mise a la terre doit étre assurée compte tenu des contraintes
thermiques et électriques provoquées par les courants_qui peuvent les traverser.

Il e$t prévu que la plupart des installations LIG soient solidement reliées entre elles et misgs a
la ferre aux deux extrémités. La conception ¢particuliere a une influence sur la dissipation
thermique, les tensions de pas et de touchg,et le champ magnétique externe. Ceux-ci qont
traifés a I'Annexe B.

La tonception de la mise a la terre_de-I’enveloppe doit étre compatible avec les mesureg de
profection contre la corrosion pouries LIG enterrées.

6.4| Matériels auxiliaires-et-de commande

Le paragraphe 6.4 de '|EC 62271-1:2017 est applicable.

6.5 Manceuvre dépendante a source d’énergie extérieure

Le paragraphe)6.5 de I'l|EC 62271-1:2017 n’est pas applicable.

6.6 Manceuvre a accumulation d'énergie

Le paragraphe 6.6 de I'lEC 62271-1:2017 n’est pas applicable.

6.7

Manceuvre indépendante manuelle ou manceuvre indépendante a source d’énergie

extérieure (manceuvre indépendante sans accrochage mécanique)

Le paragraphe 6.7 de 'l|EC 62271-1:2017 n’est pas applicable.

6.8

Organes de commande a manceuvre manuelle

Le paragraphe 6.8 de 'l|EC 62271-1:2017 n’est pas applicable.

6.9

Fonctionnement des déclencheurs

Le paragraphe 6.9 de I'l|EC 62271-1:2017 n’est pas applicable.
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6.10 Indication de la pression/du niveau

Le paragraphe 6.10 de I'lEC 62271-1:2017 est applicable.

6.11 Plaques signalétiques

Le paragraphe 6.11 de I'lEC 62271-1:2017 n’est pas applicable et est remplacé comme suit:

6.11.1 Généralités

Btre

Pot
rés

Cha
néc

r les installations extérieures_les Ir\lnqln:aq Qignnléfiqnpc et leurs fixations doivent

stantes aux intempéries et a la corrosion.

que extrémité de l'installation, ainsi que chaque point dans lequel des interventions S
essaires a l'exploitation, doivent étre équipés d’une plaque signalétique combpléte.

plaques signalétiques doivent contenir les informations suivantes:

NOT
6.1
Le

le nom du constructeur ou la marque
la désignation du type et le numéro de série
la tension assignée

la tension assignée de tenue au choc de foudre

la tension assignée de tenue au choc de manceuvre

la tension assignée de tenue de courte durée a fréquence industrielle
le courant permanent assigné

le courant de courte durée admissible assigne

la valeur de créte du courant admissible-assigné

la fréquence assignée

la durée de court-circuit assignée

la pression de remplissage-pour I'isolement; la pression fonctionnelle
minimale pour I'isolement;‘la pression de calcul pour les enveloppes

le type de gaz
la masse du gaz

E La présence du_rnot "assigné" est facultative sur les plaques signalétiques.

1.2 Application

ont
Ces

baragfraphe 6.11.2 de I'EC 62271-1:2017 n’est pas applicable et est remplacé comme duit:

Cor

me les caractéristiques de différents troncons peuvent étre différentes les envelopped ou

leur revétement, le cas échéant, doivent comporter un marquage a des fins d’identification des
matériels. Il convient que la distance maximale entre deux marquages d’identification fasse
I'objet d’'un accord entre le constructeur et 'utilisateur.

Les marquages doivent étre durables et clairement lisibles, et doivent contenir les informations
suivantes:

le nom du constructeur ou la marque;
la désignation du type;
la tension assignée;

le type de gaz et la pression de remplissage pour I'isolement.
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6.12 Dispositifs de verrouillage

Le paragraphe 6.12 de I'lEC 62271-1:2017 est applicable.

6.13 Indicateur de position

Le paragraphe 6.13 de I'lEC 62271-1:2017 est applicable.

6.14 Degré de protection procuré par les enveloppes

6.1
Le

Il n
dirg

Les
eny

Les|

6.1

Le

Les|
pre

6.1

Le

Lor

11 Généralits

paragraphe 6.14.1 de I'l|EC 62271-1:2017 est applicable avec I'ajout suivant:

'existe aucune spécification pour le circuit principal ni pour les parties(guti lui §
ctement raccordées, du fait de I'étanchéité au gaz des enveloppes.

degrés de protection conformément a I'lEC 60529 doivent étre spécifies pour toutes
eloppes des circuits appropriés a basse tension de commande et/oti auxiliaires.

degrés de protection s’appliquent aux conditions de service dulmatériel.

1.2 Protection des personnes contre I’accés aux parties dangereuses et protecti
du matériel contre la pénétration de corps solides étrangers (codification IP)

paragraphe 6.14.2 de I'lEC 62271-1:2017 est applicable avec I'ajout suivant:

moyens de protection ne s’appliquent qu’aux circuits de commande et/ou auxiliaires
mier chiffre caractéristique doit étre supérieur ou égal a 3.

1.3 Protection contre la pénétration d’eau (codification IP)

baragraphe 6.14.3 de I'l|EC 62271=1:2017 est applicable avec I'ajout suivant:

5que les conditions de pos€;d’une installation conduisent a un risque de pénétration d’

ont

es

Le

eau

(ingtallations enterrées, (nstallations en tranchées, fourreau, etc.), le second chiffre

car

hctéristique doit étre specifié, comme cela est présenté dans le Tableau 1 ci-aprés.

Tableau 1 — Second chiffre caractéristique du codage IP

Second chiffre Bréve description Définition
caractéristique
7 Protégé contre les effets d’'une Une pénétration d’eau provoquant des effets
immersion temporaire dans de nuisibles ne doit pas étre possible lorsque
I'eau I’enveloppe est immergée temporairement dans
Lagi—dan 1 adition V-V 1P a B H
Feau—danstes-conditions-spéeifiées-de—pression
et de durée

Dans le cas de situations plus sévéres que celles qui correspondent au second chiffre caractéristique 7, il convient
que la protection fasse I'objet d’'un accord entre le constructeur et I'utilisateur.

6.14.4 Protection contre les impacts mécaniques dans les conditions normales de

service (codification IK)

Le paragraphe 6.14.4 de I'l|EC 62271-1:2017 est applicable.

6.15 Lignes de fuite pour les isolateurs d’extérieur

Le paragraphe 6.15 de I'lEC 62271-1:2017 n’est pas applicable.
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6.16 Etanchéité au gaz et au vide

6.16.1 Généralités

Le paragraphe 6.16.1 de I'l|EC 62271-1:2017 n’est pas applicable.

6.16.2 Systémes a pression entretenue de gaz

Le paragraphe 6.16.2 de I'l|EC 62271-1:2017 n’est pas applicable.

6.16.3 __Systémes 3 pression autonome de gaz

Le

Les| caractéristiques d’étanchéité des systémes a pression autonome et l'intervalle e
compléments de remplissage dans les conditions normales de service doivent étre indiqués
le qonstructeur et doivent étre cohérents avec une maintenance minimale ét une philosof
d’injspection.

La
les

d’éfanchéité. Les fuites éventuelles entre sous-ensembles ayant des pressions différer

doi

6.1
Le

6.1

Dans le cas particulier de la maintenance d'un compartiment dont les compartiments adjacs
contiennent du gaz sous pression, il cofivient que le constructeur indique aussi le taux de f]

de
res

conpipléments de remplissage des systémes a gaz en toute sécurité alors que le matériel es

ser

La
fait

6.1
Le

6.113 Risque de feu (inflammabilité)

paragraphe 6.16.3 de I'lEC 62271-203:2022 est applicable avec I'ajout suivant:

aleur pour l'intervalle entre compléments de remplissage doit étre\d’au moins 10 ans ¢
systémes a SFq et, pour les autres gaz, il convient qu’elle soit cohérente avec les valg

ent également étre prises en compte.

5.4 Systémes a pression scellés

paragraphe 6.16.4 de I'EC 62271-1:2017 est applicable.

5.5 Cloisons internes

jaz admissible a travers les cloisans, et l'intervalle entre compléments de remplissage
er supérieur ou égal a un mois. Des moyens doivent étre fournis pour permettre

ice.

Mmanipulation du gazidans le cadre des travaux de réparation et de maintenance doit
p selon la régleméntation locale, voir 'lEC 62271-4.

f Etanchégité des systémes de liquide

baragraphe 6.17 de I'lEC 62271-1:2017 n’est pas applicable.

htre
par
hie

our
urs

tes

nts
Lite
Hoit
les
en

ptre

Le paragraphe 6.18 de I'lEC 62271-1:2017 n’est pas applicable.

6.19 Compatibilité électromagnétique (CEM)

Le paragraphe 6.19 de I'lEC 62271-1:2017 n’est pas applicable.

6.20 Emission de rayons X

Le paragraphe 6.20 de I'lEC 62271-1:2017 n’est pas applicable.

6.21 Corrosion

Le paragraphe 6.21 de I'|EC 62271-1:2017 est applicable avec les ajouts suivants:
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6.21.101 Protection contre la corrosion des installations enterrées

Le choix de la protection contre la corrosion, c’est-a-dire du revétement externe et de tout
systéme actif de protection, doit prendre en compte les conditions particuliéres telles que: le
lieu, la nature et I’état du sol ou du remblai, le matériau d’enveloppe et le type de mise a la
terre adopté.

En général, la protection contre la corrosion des LIG est similaire a celle des pipelines ou des
cables de puissance. L’enveloppe est revétue d'une ou de plusieurs couches de caoutchouc ou
d’'un matériau plastique. Le revétement agit comme un systéme passif de protection contre la

corrasion _en empéchant le contact de 'envelaoppe métallique du matériel électrique avec

I’lhumidité ou I'eau.

La protection passive contre la corrosion est exigée et tout systéme actif contre la corrosjon,
s’il lest requis et installé par suite d'un accord entre I'opérateur et le fournisseur, doit ¢tre
disposé conformément aux conditions d’environnement sur toute la longueur de‘la LIG.

6.21.102 Protection contre la corrosion des installations non enterrées

Le paragraphe 6.21 de I'lEC 62271-1:2017 est applicable.

6.22 Niveaux de remplissage pour I'isolement, la coupure-et/ou la manceuvre

Le paragraphe 6.22 de I'lEC 62271-1:2017 est applicable.

6.101 Réduction des effets des défauts internes
6.101.1 Généralités

La probabilité d'un défaut conduisant a un défaut d’arc interne dans une LIG construite sglon
le grésent document est trés faible. Cela résulte de I'utilisation d'un gaz isolant autre que |'air
a lg pression atmosphérique, exempt detpollution, d'humidité ou de vermine.

Deg exemples de dispositions pouryéviter un défaut d’arc interne, et pour limiter leur durég¢ et
leus conséquences sont

— |a coordination de I'isolement,

— Ja limitation et la sufveillance des fuites de gaz,

— |la protection rapide,

— Jes dispositifs.de court-circuitage rapide des arcs,

— les verrodillages entre les appareils de connexion,

— [a commande a distance,

— [les.décharges de pression, internes et/ou externes, et

— tecomntrotede tamain=a osuvre Sur Site.

Il convient également de prendre des dispositions pour réduire le plus possible les effets de
défauts d’arcs internes conduisant a un arc sur la continuité de service de la LIG. Il convient
que l'effet d'un arc soit limité au compartiment dans lequel il s'est produit.

Si, en dépit des dispositions prises, un essai fait I'objet d’'un accord entre le constructeur et
I'utilisateur pour vérifier I'effet des défauts d'arcs internes, il convient de conduire cet essai
selon le 7.105 de I'lEC 62271-203:2022.

Dans le cas de LIG sous enveloppe monophasée installée dans des réseaux a neutre isolé ou
mis a la terre par bobine d'extinction, et équipé d'une protection pour limiter la durée des défauts
internes a la terre, les essais ne sont généralement pas nécessaires.
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6.101.2 Effets externes de I’arc

Des précautions adéquates au niveau des installations doivent étre prises pour réduire les
dangers dus aux risques tolérables. Pour plus d’informations, voir [4].

Afin d'atteindre une protection du personnel élevée, les effets externes d'un arc doivent étre
limités (en prenant les précautions appropriées) a 'apparition d'un trou ou d'une déchirure sur
I'enveloppe, sans aucune fragmentation.

Le constructeur doit fournir des informations suffisantes pour permettre a l'utilisateur de

ol - FH
prepare—sesprecautons:

Le tonstructeur et I'utilisateur peuvent convenir d'une durée pendant laquelle un arc’d & un
défaut interne, jusqu'a une valeur donnée du courant de court-circuit, ne provoquefpas d'effets
externes (se reporter également au 6.102.2).

6.101.3 Localisation de défaut interne

Deg dispositifs appropriés doivent étre disponibles pour permettre de,déterminer la localisation

de @éfauts.

6.102 Enveloppes
6.102.1 Généralités

L'enveloppe doit étre en métal, reliée en permanencé. a la terre et capable de résister a la
pregsion normale et aux pressions transitoires de sgervice.

Les| enveloppes de matériels a remplissage de-gaz conformes au présent document sont] en
seryice, sous pression permanente, et son{rsoumises a des conditions de service particuligres
quilles différencient des réservoirs d'air comprimé et des réservoirs de stockage similaires. Ces
conditions sont les suivantes:

— Jle circuit principal est entouré d'une enveloppe pour empécher toute approche dangerepuse
des parties actives, et les enveloppes ont une forme qui leur permet d'étre conformeg au
niveau d'isolement assigné.-(voir 5.3) du matériel lorsqu'elles sont remplies a une presgion
gale ou supérieure a la_pression minimale fonctionnelle de gaz pour I'isolement (voir 5.11))
des considérations, d'ordre électrique plutét que mécanique sont déterminantes pouf le
choix des formes-€t:des matériaux utilisés);

— Jles enveloppes _sont généralement remplies d'un gaz non corrosif, sec, stable et inerte| Le
gaz doit resterdans cette condition (uniqguement avec de faibles variations de pression) gfin
d'assurerde-fonctionnement normal de I'installation. Cependant, puisque les enveloppeg ne
sont pas_.soumises a la corrosion interne, il n’est pas nécessaire de prévoir ces facteurs |ors
de la-détermination de la conception des enveloppes (toutefois, il convient de tenir compte
de’Veffet de vibrations transmises potentielles).

Pour toute installation a I'extérieur, le constructeur doit tenir compte de l'influence des
conditions climatiques (voir I'Article 4).

Dans le cas d’'une installation enterrée, les conditions d’environnement doivent étre prises en
compte. En ce qui concerne la protection contre la corrosion externe, voir 6.21.

6.102.2 Conception des enveloppes

Les parois des enveloppes doivent avoir une épaisseur déterminée d'aprés la pression de calcul
et d'aprés les durées minimales suivantes dans le cas d’un arc interne sans perforation:

— 0,1 s pour les courants de court-circuit de 40 kA et plus;

— 0,2 s pour les courants de court-circuit plus faibles.
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Pour réduire le plus possible le risque de perforation, la valeur et la durée du courant de défaut
ainsi que la conception de I'’enveloppe et la taille des compartiments doivent étre
soigheusement coordonnées.

En 'absence d’un accord international sur la normalisation d’'une procédure, les méthodes de
calcul de I'épaisseur et la construction des enveloppes soudées ou moulées peuvent étre
choisies dans des codes reconnus de réservoirs a pression et de gazoducs, en prenant comme
base la température et la pression de calcul définies par le présent document.

Lors de la conception d'une enveloppe, il convient également de tenir compte des données
suiyantes:

— [a mise a vide éventuelle de I'enveloppe au cours des opérations normales de remplissgge;

— Jla différence totale de pression possible, de part et d'autre des parois de I'enveloppe ou des
cloisons;

— Jla pression entre compartiments résultant d'une éventuelle fuite anormale lorsque Hdes
compartiments adjacents remplis a des pressions de remplissage différentes;

— Jla possibilité d'apparition d'un défaut interne (voir 6.101).

La fempérature de calcul de I'enveloppe est généralement la limite.supérieure de la tempérajure
de |'air ambiant, en tenant compte de I'augmentation de I'échauffement di au passage| du
coufrant permanent assigné. Il convient de prendre en considération le rayonnement solairg en
cas| d'effet significatif de celui-ci.

La pression de calcul de I'enveloppe est au moins~é€gale a la pression maximale atteinte a
I'interieur de I'enveloppe a la température de calcul,

Poyr déterminer la pression de calcul de I'enveloppe, la température du gaz doit étre considgrée
comme égale a la moyenne des températures maximales de I'enveloppe et du conducteur de
cirduit principal au courant assigné en service continu, a moins que la pression de calcul ne
puisse étre déduite des rapports d'essai“d'échauffement existants.

Lorg de la conception de I'enveloppe, les charges mécaniques autres que celles provoquges
par|la surpression interne doivent étre prises en compte, comme les efforts dus a la dilatajion
thefmique (voir 6.106) les vibrations externes (voir 6.107), les chargements du sol pour|les
insfallations enterrées, d’autres charges externes, tremblements de terre, vent, neige, gldce,
etc

Si Ip résistance desenveloppes et parties d’enveloppes n’a pas été complétement détermipée
par|calcul, dessépreuves (voir 7.101) doivent étre réalisées pour prouver qu’elle satisfait pux
exigences.

Les| matériaux utilisés dans la construction des enveloppes doivent avoir des proprigtés
phyjsiques minimales connues et certifiées, fondées sur les calculs et/ou les épreuves.| Le
consStructeur doit eire responsable du choiXx des materiaux et du respect de ces proprietés
minimales, fondées sur les certificats de fournisseurs ou d’aprés des essais réalisés par lui-
méme, ou d’apres les deux a la fois.

6.103 Cloisons et compartimentage

Les LIG doivent étre divisées en compartiments en vue de satisfaire aux conditions normales
de fonctionnement et d'obtenir une limitation des effets d'un arc a l'intérieur du compartiment
(voir 6.101).

La maniére dont la LIG est divisée en compartiments a une influence sur:

— Vlinstallation;

— les essais sur site;
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— la maintenance et la réparation;
— la manipulation du gaz.

Les cloisons sont généralement constituées par un matériau isolant mais ne sont pas destinées
a assurer par elles-mémes la sécurité électrique du personnel, sécurité pour laquelle d'autres
moyens, tels que la mise a la terre du matériel, peuvent s’appliquer. Toutefois, les cloisons
doivent assurer la sécurité mécanique vis-a-vis de la pression différentielle du gaz qui existe
avec les compartiments voisins.

Une cloison séparant un compartiment rempli d'un gaz isolant d'un compartiment adjacent
renptde tiquide e doit pas comporter de fuite anormate, au niveau de fa separatiomn, affgciant
les |propriétés diélectriques des deux milieux.

Il convient de prendre en considération le compartimentage du systeme de LIG afin de satisfaire
aux exigences de fonctionnement, de limitation de la partie de la LIG affectée_parie défaut et
de facilité de maintenance ou de réparations.

6.104 Trongons d’un systéme de LIG

Le cloisonnement d’un systéme de LIG peut étre réalisé a l'aide.d’unités de séparation| La
longueur de ces trongons le long du systéme est déterminée en fahction de certaines exigenices
tellis que l'accés et la longueur maximale pour les essais, 'éVolution de l'installation dang le
cas|de projets longs, ou en fonction des conditions de fonctiohnement et de maintenance.

6.195 Décharge de pression
6.105.1 Généralités

Les| dispositifs de décharge de pression prévus.conformément au 6.105 doivent étre placég de
facpn a réduire le plus possible le danger.pour les personnes pendant qu'elles effectuent|les
taches normales d'exploitation sur la LIG,si-des gaz ou vapeurs s'échappent sous pression|.

NOTIE Le terme "dispositif de décharge deda pression” recouvre a la fois des soupapes de décharge caractérigées
par Wine pression d’ouverture et une pression de fermeture, et des dispositifs de décharge sans refermeture, tels|que
des diaphragmes et des disques de rupture.

6.105.2 Limitation de la-pression maximale de remplissage

Poyr remplir un compartiment de gaz, un régulateur de pression doit étre monté sur le tuyau
de femplissage afin d'empécher que la pression dépasse de plus de 10 % la pression de calgul.
En yjariante, le régulateur peut étre monté sur I'enveloppe elle-méme.

moment du~remplissage, par exemple en utilisant des manomeétres avec compensation| de

Il :}nvient dechoisir la pression de remplissage en tenant compte de la température du gaz au
température.

6.105.3" Dispositifs de decharge pour imiter I'elévation de pression en cas de defaut
interne

Comme, aprés un arc dd a un défaut interne, les enveloppes endommagées sont remplacées,
les dispositifs de décharge de pression ne doivent étre prévus que pour limiter les effets
externes de l'arc (voir 6.101.2).

Dans le cas d’un défaut interne, selon le volume du compartiment de gaz et la pression de
remplissage, la valeur et la durée du courant de court-circuit ne dépassent pas la pression
spécifiée pour I'essai individuel de série de I’enveloppe; si tel est le cas, un dispositif de
décharge n’est pas obligatoire.
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Si les dispositifs de décharge sont utilisés dans un espace confiné accessible au personnel,
des précautions doivent étre prises pour assurer la sécurité en cas de décharge (voir également
I’Article 12).

Dans le cas d'un défaut interne provoquant la déformation plastique d'une enveloppe, il convient
de vérifier I'absence de déformation sur les enveloppes voisines.

En cas d'emploi de disques de rupture pour la décharge de pression, il convient de porter une
attention particuliére a leur pression de rupture, comparée a la pression de calcul de I'enveloppe
pour diminuer les risques de rupture intempestive des disques.

6.106 Compensation de la dilatation thermique

Du [fait des différences de température entre les parties de la LIG, entre la (LIG et pon
envlironnement, ou encore entre des parties de la LIG par rapport a leur température lors de la
conlstruction, des parties de l'installation LIG subissent des mouvements les unes par rapport
aux| autres, et par rapport a leur environnement.

Les| mouvements relatifs ou les forces entre les parties de la LIG gt/ou leur environnement
peyvent étre déterminés soit par des mesurages, soit par des calclls fondés sur la différepce
de fempérature maximale de ces parties par rapport a leur température durant la construct|on.
Lorgqu’une compensation s’avére nécessaire, les méthodes sudivantes doivent étre utilisées:

a) |a compensation entre les parties conductrices et I'’enveloppe doit étre réalisée par des
contacts glissants ou des moyens analogues;

b) |a compensation entre I'’enveloppe et I'environnefmeént (charpente fixe, sol environnant) foit
etre réalisée par des moyens appropriés.

Il copnvient de faire référence a des normes ou meéthodes appropriées pour le calcul des forces
réstiltantes et des mouvements relatifs entreenveloppe et son environnement, ainsi que gour
I'inferprétation des résultats. Ceci est particulierement important dans le cas de LIG enterrges,
quilsont fortement affectées par des fagteurs tels que les ancrages, le compactage et la nafjure
du sol, la configuration géométrique-de la ligne, etc.

6.107 Vibrations externes

Dans certaines conditions,\la LIG peut étre exposée a des vibrations externes. Une LIG fixde a
un pont utilisé aussi bien par des piétons que par des automobiles ou des trains constitug un
exelmple type. Une £IG directement connectée a des transformateurs de puissance ou {des
bobiines d’inductance-est un autre exemple.

Lorgqu’une ligne de transport est fixée a une source de vibrations, il est conseillé de rédpire
les [contraintes mécaniques par l'installation de dispositifs d’amortissement placés entr¢ la
source et les éléments de charpente fixés de maniere rigide a la ligne de transport. Une tglle

doit étre pris en compte comme base pour le dimensionnement mécanique, en combinant les
forces qui en résultent avec les autres charges mécaniques qui s’appliquent a la LIG pour
déterminer les niveaux de contraintes résultants, et assurer que ces niveaux sont inférieurs aux
niveaux admis dans les matériaux employés.

Dans le cas d’un pont, une attention particuliére doit étre portée aux mouvements relatifs entre
le pont et son environnement. Ces mouvements peuvent produire des charges mécaniques
supplémentaires qu'il est nécessaire de prendre en considération lors de la détermination des
niveaux de contraintes résultants en vue du dimensionnement mécanique.
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6.108 Charpentes pour les LIG non enterrées
6.108.1 Généralités

Les charpentes pour les LIG ont une influence sur le comportement mécanique des LIG. La
construction de la charpente peut varier suivant sa fonction, la configuration de la LIG et les
caractéristiques des fondations, du tunnel ou du puits destinés a recevoir la LIG. C’est pour
cette raison que les paramétres de la conception et les exigences applicables a la charpente
sont décrits en 6.108.

6.108.2 Parameétres de la conception

Il cpnvient de prendre en considération les forces et charges suivantes pour la conceptior] de
la dharpente:

— |le poids de la LIG;

— |les forces dues a la pression interne du gaz;

— [ friction entre les surfaces du support et de la semelle de la LIG;
— |les forces dues a la dilatation thermique de la LIG;

— Jla force sismique, le cas échéant;

— Jla force due au vent, le cas échéant;

— |a force due au courant de court-circuit;

— Jla charge de glace, le cas échéant;

— Jles forces dues a d’autres impacts externes, tels{que les vibrations;
— [’effort de traction de ligne sur la traversée gaz/air.

Lorsque la charpente ne fait pas partie intégrante du systéme de mise a la terre, des moygns

doiyent étre fournis pour éliminer les courants de Foucault dans la charpente et permettre la
protection contre la corrosion.

6.108.3 Types de charpentes
Les| charpentes se répartissent €n deux catégories de base:

a) les supports flexibles ou coulissants: ces charpentes sont congues pour supportef et
permettre un certaintmouvement du fait de la dilatation thermique de la LIG;

b) [es supports rigides: ces charpentes sont congues pour bloquer la LIG et supporter|les
forces dues a la’dilatation thermique de I’enveloppe et a la dilatation des compensatgurs
d’enveloppés-lé cas échéant, ainsi que celles dues a la pression interne du gaz.

7 |Essais de type

7.1 >2Généralités

Le paragraphe 7.1 de 'l|EC 62271-1:2017 est applicable avec I'ajout suivant:
Les essais de type doivent étre réalisés sur des ensembles ou sous-ensembles représentatifs.

Il n'est pas possible de soumettre toutes les dispositions prévues a des essais de type, compte
tenu de la multiplicité des combinaisons possibles des matériels. Les caractéristiques d'une
disposition donnée peuvent étre déduites a partir des données d’essai obtenues avec des
dispositions comparables. Tous les essais doivent étre effectués sur le matériel rempli avec le
type de gaz spécifié a la pression assignée de remplissage, sauf spécification contraire au
paragraphe correspondant.
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Les résultats de tous les essais de type doivent étre enregistrés dans des rapports d’essais de
type contenant assez de données pour prouver la conformité a cette spécification, et assez
d’informations pour pouvoir identifier les parties essentielles du matériel en essai. Des
informations générales sur les charpentes doivent étre incluses dans les rapports d’essai.

Les essais et vérifications de type comprennent les essais énumérés en 7.1.101 et 7.1.102.

7.1.101 Essais de type obligatoires

Les essais de type obligatoires suivants doivent étre réalisés:

Paragraphe

a) |Essais de vérification du niveau d'isolement du matériel, y compris les 7.2
essais de décharges partielles et les essais diélectriques des circuits
auxiliaires

b) |Essais de vérification au courant permanent de toute partie du matériel 7.4 et 7.5
et mesurage de la résistance du circuit principal

c) |Essais de vérification de I'aptitude des circuits principaux et des circuits 7.6
de mise a la terre a supporter la valeur de créte du courant admissible
assigné et le courant de courte durée admissible assigné

d) |Essais de vérification de protection des personnes contre \le contact 7.7
avec des parties actives des circuits auxiliaires

e) |Essais de vérification de la résistance mécanique des-enveloppes 7.101
f) |Essai de vérification de la résistance mécanique dés cloisons 7.102
g) |Essais d’étanchéité au gaz 7.8

7.1/102 Essais de type spéciaux

IIs font I'objet d'un accord entre constructeur et utilisateur.

a) |Essais anticorrosion (le cas échéant) 7.103
b) |Essais mécaniques sur les-contacts glissants 7.104
c) |Essais de vérification dejla protection du matériel contre les effets 7.106

externes dus aux intempéries et aux agents atmosphériques
d) |Essais pour évaluer les effets d'un arc d0 a un défaut interne 7.105

e) |Essai de longue’durée pour évaluer le comportement des installations Annexe C
enterrées

NOT|E /Certains de ces essais de type peuvent compromettre I'aptitude des parties en essai a leur emploi ultéfieur
en sehvice.

7.2 Essais diélectriques
7.21 Généralités

Le paragraphe 7.2.1 de I'lEC 62271-1:2017 n’est pas applicable.

7.2.2 Conditions de I'air ambiant pendant les essais

Le paragraphe 7.2.2 de I'lEC 62271-1:2017 n’est pas applicable.

7.2.3 Modalités des essais sous pluie

Le paragraphe 7.2.3 de I'lEC 62271-1:2017 n’est pas applicable.


https://iecnorm.com/api/?name=e71c63bc16e791010867c3442aa0c7c1

IEC 62271-204:2022 © |IEC 2022 -77 -

7.2.4 Disposition du matériel

Le paragraphe 7.2.4 de I'l[EC 62271-1:2017 n’est pas applicable et est remplacé comme suit:

Les essais diélectriques doivent étre effectués a la pression minimale fonctionnelle du gaz
isolant spécifiée par le constructeur. La température et la pression du gaz doivent étre
enregistrées durant les essais et indiquées dans le rapport d’essai.

7.2,
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7.2
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7.2
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a I'¢nveloppe dela LIG.

La
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5 Conditions de réussite des essais

6 Application de la tension d’essai et conditions d’essai

tensions d'essai spécifiées en 7.2.7 et 7.2.8 doivent étre appliquées en connec
cessivement chaque conducteur de phase du circuit principal a la bornga haute tensior
ource d'essai. Tous les autres conducteurs du circuit principal et"des circuits auxilia
ent étre reliés au conducteur de terre, ou au chéssis et a la borne de terre de la soU
sai.

sque chaque phase est individuellement enfermée dans une enveloppe métallique, seuls
Ais a la terre, et non les essais entre phases, sont effectués.

7 Essais de lI'appareillage de U, < 245 kV

7.1 Généralités

baragraphe 7.2.7.1 de I'l[EC 62271-203:;2022 est applicable avec les ajouts suivants:

7.2 Essais de tension a fréquence industrielle

uence industrielle, selon I'EE€ 60060-1. La tension d’essai doit étre élevée jusqu’a la va
sai et maintenue pendant 1 min. L’essai doit étre effectué a sec seulement.

7.3 Essais detension de choc de foudre

dant les essais, la borne du générateur de choc, raccordée a la terre, doit étre conned

ongueur-de I'objet en essai doit étre prise en considération pour éviter les surtensions d
ondes'mobiles.

paragraphe 7.2.6 de I'lEC 62271-1:2017 n’est pas applicable et est remplacé.comme suit:

ant

de
res
rce

es

circuit principal de la LIG doit’étre soumis a des essais de tension de courte durée a

eur

tée

Lies

7.2.

7.2,

8 Essais de l'appareillage de U, > 245 kV

8.1 Généralités

Le paragraphe 7.2.8.1 de I'|[EC 62271-203:2022 est applicable avec les ajouts suivants:

7.2,

8.2 Essais de tension a fréquence industrielle

La LIG doit étre soumise a des essais de tension de courte durée a fréquence industrielle, selon
I'IEC 60060-1. La tension d’essai doit étre élevée jusqu’a la valeur d’essai et maintenue

pen

dant 1 min. L’essai doit étre effectué a sec seulement.
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