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INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC 62271-1
Edition 2.0 2017-07

— HGH-VOLETAGE SWHTFECHGEAR-AND-CONTROLEGEAR—

Part 1: Common specifications for alternating
current switchgear and controlgear

INTERPRETATION SHEET 1

Thig interpretation sheet has been prepared by IEC techrical committee 17: High-voltage
swiichgear and controlgear.

The text of this interpretation sheet is based on the follewing documents:

DISH Report on voting
17/1090/DISH 17/1095/RVDISH

Ful| information on the voting for the approval of this interpretation sheet can be found in|the
repprt on voting indicated in the above table.

Interpretation.of 4.2.2 of IEC 62271-1:2017 regarding the altitude correction factor

Subyclause. 4.2.2 of IEC 62271-1:2017 contains two references for calculation of the required

instilation withstand level at altitudes higher than 1 000 m, IEC 60071-2:1996 and
IEWW&— ' i ' ' ctor

according to IEC 60071-2:1996 starts at sea level and that of IEC TR 62271-306 starts at an
altitude of 1 000 m. This results in different altitude correction factors.

As already stated in 5.3 of IEC 62271-1:2017, the rated insulation levels refer to normal
service conditions. Altitudes up to 1 000 m above sea level are covered and need no altitude
correction.

For altitudes higher than 1 000 m the -equation provided in 4511 b) of
IEC TR 62271-306:2012 and in H.3.4 of IEC 60071-2:2018 shall be used, i.e.

H-1000

"~ g 150

kat =€

)

ICS 29.130.10; 29.130.99
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where
kgt is the altitude correction factor;
H is the altitude in m above sea level,;
m is an exponent.

Conservative values for the exponent m are provided in Table 4 of IEC TR 62271-306:2012.
For further details about the exponent m, see H.4 of IEC 60071-2:2018.
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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

FOREWORD

3ll 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
ip addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG~Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee interestéd‘in the subject dealt

vith the IEC also participate in this preparation. IEC collaborates closely with thé\International Organizatio
btandardization (ISO) in accordance with conditions determined by agreement between the two organizatior

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

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

IIn order to promote international uniformity, IEC National Committees undertake to apply IEC Publicaf
fransparently to the maximum extent possible in their national and regional publications. Any divergence betw
ny IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the Ia

I[EC itself does not provide any attestation of canformity. Independent certification bodies provide confor
assessment services and, in some areas, aceess 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.

No liability shall attach to IEC or its*directors, employees, servants or agents including individual experts
members 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
Publications.

\ttention is drawn to_theiNormative references cited in this publication. Use of the referenced publicatior]
ihdispensable for thelcarrect application of this publication.

A\ttention is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of pa
fights. IEC shali-not be held responsible for identifying any or all such patent rights.

is extended version (EXV) of the official IEC Standard provides the user wit
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IEC 62271-204:2022 EXV includes the content of the references made to IEC 62271-1:201
AMD1:2021 CSV and IEC 62271-203:2022.

Particular subclauses of IEC 62271-1:2017+AMD1:2021 CSV and IEC 62271-203:2022 are
displayed in the content on a blue background.
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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

con

stitutes 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

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

text of this document is based on the following documents:
Draft Report on voting
17C/840/FDIS 17C/846/RVD

information on the voting for its approval can be found in thereport on voting indicate
above table.

language used for the development of this InternationahStandard is English.

5 document was drafted in accordance with ISOAEC Directives, Part 2, and develope
ordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availg
vww.iec.ch/members_experts/refdocs. The maih document types developed by IEC
cribed in greater detail at www.iec.ch/stané@ardsdev/publications.

5 document is to be read in conjunction with IEC 62271-1:2017 and IEC 62271-203:2022
ch it refers and which are applicable unless otherwise specified. In order 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 numbe
n 101.

st of all parts of thé\JEC 62271 series can be found, under the general title High-volt
fchgear and controlgear, on the IEC website.

committeeshas decided that the contents of this document will remain unchanged until
pility daterindicated on the IEC website under webstore.iec.ch in the data related to
cific document. At this date, the document will be

reconfirmed,
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withdrawn,
replaced by a revised edition, or

amended.

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

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

Scope

022

Thi

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

insdilation is obtained, at least partly, by an insulating gas or gas mixture other than ai

atm
fred

Thi
of

At

ospheric pressure, for alternating current of rated voltages above 52 kV, and [for ser
uencies up to and including 60 Hz.

5 document is applicable where the provisions of IEC 62271-203 do not cover the applica
bIL (see Note 3).

cach end of the HV gas-insulated transmission line, a specificelement is used for

the
r at
ce

on

the

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

pov
tran

er transformers or reactors, cable boxes, metal-enclosed surge arresters, volt
sformers or GIS, covered by their own specification.

hge

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

nor

NOT
NOT

NOT

2

The
con
For
am

mal service conditions.

E 1 In this document, the term "HV gas-insulated tfansmission 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 gas-insulated~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 exceeds /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

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

IEG

60038:2009, IEC standard voltages

gas

ent
jes.
any

IEC 60050-131:2002, International Electrotechnical Vocabulary (IEV) — Part 131: Circuit theory

IEC 60050-151:2001, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic devices

IEC 60050-192:2015, International Electrotechnical Vocabulary (IEV) — Part 192: Dependability

IEC 60050-351, International Electrotechnical Vocabulary (IEV) — Part 351: Control technology
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IEC 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses
IEC 60050-441:1984/AMD1:2000

IEC 60050-551, International Electrotechnical Vocabulary (IEV) — Part 551: Power electronics

IEC 60050-581:2008, International Electrotechnical Vocabulary (IEV) — Part 581:
Electromechanical components for electronic equipment

IEC 60050-601, International Electrotechnical Vocabulary (IEV) — Chapter 601: Generation,
trangsmission and distribution of electricity — General

IEQ 60050-605, International Electrotechnical Vocabulary (IEV) — Chapter 605: Gé&neratjon,
trannsmission and distribution of electricity — Substations

IEQ 60050-614:2016, International Electrotechnical Vocabulary (IEV) — Part,614: Generatjon,
tranpsmission and distribution of electricity — Operation

IEQ 60050-811, International Electrotechnical Vocabulary (IEV) — Part\811: Electric traction

IEQ 60050-826:2004, International Electrotechnical Vocabulary (IEV) — Part 826: Electnical
installations

IEQ 60060-1:2010, High-voltage test techniques —<{Part 1. General definitions and fest
requirements

IEC 60068-1:2013, Environmental testing — Part)f: General and guidance
IEQ 60068-2-1:2007, Environmental testing-— Part 2-1: Tests — Test A: Cold
IEQ 60068-2-2:2007, Environmentalktesting — Part 2-2: Tests — Test B: Dry heat

IEQ 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, c)fclic
(12|h + 12 h cycle)

IEQ 60071-1:2006, Insulation co-ordination — Part 1: Definitions, principles and rules
IEQ 60071-1:2006/AMD1:2010

IEQ 60071-2:4996, Insulation co-ordination — Part 2: Application guide

IEQ 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC-68
function

IEC 60255-21-1:1988, Electrical relays — Part 21: Vibration, shock, bump and seismic tests on
measuring relays and protection equipment — Section One: Vibration tests (sinusoidal)

IEC 60270, High-voltage test techniques — Partial discharge measurements

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

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear
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IEC 60376, Specification of technical grade sulfur hexafluoride (SFg) and complementary gases
to be used in its mixtures for use in electrical equipment

IEC 60480, Specifications for the re-use of sulfur hexafluoride (SFg) and its mixtures in
electrical equipment

IEC 60507, Artificial pollution tests on high-voltage ceramic and glass insulators to be used on
a.c. systems

IE 80542 92 9 (Copnpnac tore for alactranin Aoiinpaant Tocte and maonciiramapnfc Pa,rt ’)_2-

Qoo =, Ut CCtOTo 10T CTCCIrOTI G~ CYUTOTITCTIT T COTO arrta 111caour Crirerits

Elettrical continuity and contact resistance tests — Test 2b: Contact resistance — Specified test
curktent method

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

IEQ TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use
in fdolluted conditions — Part 1: Definitions, information and general{principles

IEQ TS 60815-2:2008, Selection and dimensioning of high-voltage insulators intended for use
in dolluted conditions — Part 2: Ceramic and glass insulators«for a.c. systems

IEQ TS 60815-3:2008, Selection and dimensioning of<high-voltage insulators intended for use
in dolluted conditions — Part 3: Polymer insulators for a.c. systems

IEQ 61000-4-4, Electromagnetic compatibilitys\{EMC) — Part 4-4: Testing and measurement
tecnniques — Electrical fast transient/burst inimunity test

IEQ 61000-4-11, Electromagnetic compatlibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interrdptions and voltage variations immunity tests

IEQ 61000-4-17:2009, Electromagnetic compatibility (EMC) — Part 4-17: Testing and
measurement techniques —Ripple on d.c. input power port immunity test

IEQ 61000-4-18, Electromagnetic compatibility (EMC) — Part 4-18: Testing and measurement
techniques — Dampéd)oscillatory wave immunity test

IEQ 61000-4-29; Electromagnetic compatibility (EMC) — Part 4-29: Testing and measurement
techniques~Voltage dips, short interruptions and voltage variations on d.c. input power port
immunity.tests

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immupity
for industrial environments

IEC 61000-6-5, Electromagnetic compatibility (EMC) — Part 6-5: Generic standards — Immunity
for equipment used in power station and substation environment

IEC 61180, High-voltage test techniques for low-voltage equipment — Definitions, test and
procedure requirements, test equipment

IEC 61810-7:2006, Electromechanical elementary relays — Part 7: Test and measurement
procedures

IEC 62262:2002, Degrees of protection provided by enclosures for electrical equipment against
external mechanical impacts (IK code)
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IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1. Common specifications
for alternating current switchgear and controlgear

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

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

CISBR 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement

CISPR TR 18-2, Radio interference characteristics of overhead power lines and high=voltage
eqyipment — Part 2: Methods of measurement and procedure for determining limits

ISQ 9606 (all parts), Qualification test of welders — Fusion welding
ISQ 9712, Non-destructive testing — Qualification and certification of ND'T personnel

1ISQ 14732, Welding personnel — Qualification testing of welding ‘opérators and weld setterq for
meg¢hanized and automatic welding of metallic materials

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

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

3 |Terms and definitions

Forl the purposes of this document, the terms and definitions given in IEC 60050-131,
IEQ 60050-151, IEC 60050-192, IEC 60050-351, IEC 60050-441, IEC 60050-451,
IEQ 60050-581, IEC 60050-601, IEC 60050-605, IEC 60050-614, IEC 60050-811 gand
IEQ 60050-826, some of which are recalled hereunder, and the following apply.

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

ng

e [IEC Electropéedia: available at http://www.electropedia.org/

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

NOTE / Terms and definitions are classified in accordance with IEC 60050-441. References from other parts than
IEC [60050-441 are classified so as to be aligned with the classification used in IEC 60050-441.

3.1 General terms and definitions

3.1.1

switchgear and controlgear

general term covering switching devices and their combination with associated control,
measuring, protective and regulating equipment, also assemblies of such devices and
equipment with associated interconnections, accessories, enclosures and supporting structures

[SOURCE: IEC 60050-441:2000, 441-11-01]
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3.1.2

external insulation
distances in atmospheric air and along the surfaces in contact with atmospheric air of solid
insulation of the equipment which are subject to dielectric stresses and to the effects of
atmospheric and other environmental conditions from the site

Note 1 to entry: Examples of environmental conditions are pollution, humidity, vermin, etc.

[SOURCE: IEC 60050-614:2016, 614-03-02]

3

3.1
degd
ext
ing

[SC
and

3.1

IP ¢

ree of protection
bnt of protection provided by an enclosure against access to hazardous parts, aga
ess of solid foreign objects and/or ingress of water and against mechanical impact

URCE: IEC 60529:1989, 3.3, modified — leave out “verified by standardized test methd
add “against mechanical impact” after "water and".]

4

ode

coding system to indicate the degrees of protection provided by an_enclosure against acces

haz
info

[SC

3.1

ardous parts, ingress of solid foreign objects, ingress of water and to give additig
rmation in connection with such protection

URCE: IEC 60529:1989, 3.4]

5

protection provided by an enclosure against access to hazardous parts

pro

Notg

[SQ

3.1
IK ¢

ection of persons against

contact with hazardous low-voltage live“parts;
contact with hazardous mechanicalkparts;

approach to hazardous highévoltage live parts below adequate clearance inside
enclosure

1 to entry: This protection(may be provided:
by means of the enclosure itself;

by means of barriers/as\part of the enclosure or distances inside the enclosure.

URCE: IEC 60529:1989, 3.6]

6
tode

coding,system to indicate the degree of protection provided by an enclosure against harn
external mechanical impacts

nst

ds”

5 to
nal

an

nful

[SOURCE: IEC 62262:2002, 3.3]

3.1.7

maintenance
combination of all technical and management actions intended to retain an item in, or restore it
to, a state in which it can perform as required

Note 1 to entry: Management is assumed to include supervision activities.

[SOURCE: IEC 60050-192:2015, 192-06-01]
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3.1.8
visual inspection
visual investigation of the principal features of the switchgear and controlgear

Note 1 to entry: This inspection is generally directed toward pressures and/or levels of fluids, tightness, position of
relays, pollution of insulating parts, but actions such as lubricating, cleaning, washing, etc. which can be carried out
with the switchgear and controlgear in service are also included.

Note 2 to entry: Observations resulting from inspection can lead to the decision to carry out overhaul.

Note 3 to entry: This inspection can be used for determining the state of tested objects on e.g. cracks in solid
insulators.

3.1]9
diagnostic test
comparative test of the characteristic parameters of switchgear and controlgear toverify that it
performs its functions, by measuring one or more of these parameters

Notg 1 to entry: The result from a diagnostic test can lead to the decision to carry out overhatl.

3.1{10

overhaul
wolk performed with the objective of repairing or replacing parts-which are found to be out of
tolgrance by inspection, diagnostic test, examination or as‘required by manufacturer's
maijntenance manual, in order to restore the component and/orthe switchgear and controlgear
to gn acceptable condition (within tolerance)

3.1{11
failure
los$ of ability to perform as required

Notg 1 to entry: A failure of an item is an event that-results in a fault of that item: see fault (IEC 60050-192:2p15,
192404-01).

Notg 2 to entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, can be usdd to
categorize failures according to the severity' of consequences, the choice and definitions of severity criferia
depg¢nding upon the field of application.

Notg 3 to entry: Qualifiers, such. @s,"misuse, mishandling and weakness, may be used to categorize failpres
accqrding to the cause of failure;

[SQURCE: IEC 60050-192:2015, 192-03-01]

3.1]12

major failure (efiswitchgear and controlgear)
failire of switchgear and controlgear which causes the cessation of one or more of| its
fungamentalfunctions

Notg 4*t0.entry: A major failure may result in an immediate change in the system operating conditions, for exanjple,

the backup protective equinmentwill be regquired to remove the fault or will result in mandatory removal from-sedvice
L P - Y

within 30 min for unscheduled maintenance.

3.1.13

minor failure (of switchgear and controlgear)

any failure of a constructional element or a subassembly which does not cause a major failure
of the switchgear and controlgear

3.1.14

defect

imperfection in the state of an item (or inherent weakness) which can result in one or more
failures of the item itself, or of another item under the specific service or environmental or
maintenance conditions, for a stated period of time
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3.1.15

ambient air temperature
temperature, determined under prescribed conditions, of the air surrounding the complete
switching device or fuse

Note 1 to entry: For switching devices or fuses installed inside an enclosure, it is the temperature of the air out
the enclosure.

[SOURCE: IEC 60050-441:2000, 441-11-13]

3.1.16

side

mc;]'iitoring
obgervation of the operation of a system or part of a system to verify correct functioning

det
sys

Notg
of a

3.1
suf
act

Notg

3.1

bcting incorrect functioning, this being done by measuring one or more variabl€s of
tem and comparing the measured values with the specified values

1 to entry: Some definitions are given for this term in IEC 60050 (all parts). They are related to different c
plication.

17
ervision
vity, performed either manually or automatically, intended to ebserve the state of an ite

1 to entry Automatic supervision may be performed internally or externally to the item.

18

sit
SP

clagsification of pollution severity at a site, fromyvery light to very heavy, as a function of
SP§ (site pollution severity)

Notg 1 to entry: Adapted from: IEC TS 60815-1:2008, 3.1.15, modified — the term (site pollution severity) is ad
3.1{19
intérnal insulation

inte

profected from the effects of.atmospheric and other external conditions

[SQURCE: IEC 60050-614:2016, 614-03-03, modified — addition of "parts of".]

3.1{20

non-sustained disruptive discharge

NSDD

disquptive discharge associated with current interruption that does not result in the resump

of
cur

pollution severity class

rnal distances of the solid, liquid or gaseous parts of the insulation of equipment which

owerfrequency current or, in the case of capacitive current interruption, does not resu
reptiin’the main load circuit

the

ses

the

Hed.

are

ion
tin

3.2

Assemblies of switchgear and controlgear

3.2.1
test object
equipment needed to represent the switchgear and controlgear for a particular type test

3.3

Parts of assemblies

3.3.1
transport unit
part of switchgear and controlgear intended for transportation without being dismantled
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3.3.2
busbar
low-impedance conductor to which several electric circuits can be connected at separate points

Note 1 to entry: In many cases, the busbar consists of a bar.

[SOURCE: IEC 60050-151:2001, 151-12-30]

3.4 Switching devices

3.41
(melchanical) switch
meg¢hanical switching device capable of making, carrying and breaking currents under-normal
cirduit conditions which may include specified operating overload conditions and also_carrying
for p specified time currents under specified abnormal circuit conditions such as those of shjort-
cirquit

Notg 1 to entry: A switch may be capable of making but not breaking short-circuit currents:

[SQURCE: IEC 60050-441:2000, 441-14-10]

3.4)2

disponnector
meg¢hanical switching device which provides, in the open\pdsition, an isolating distance in
accordance with specified requirements

Notg 1 to entry: A disconnector is capable of opening and closing a circuit when either negligible current is brgoken
or mlade, or when no significant change in the voltage across the terminals of each of the poles of the disconngctor
occyrs. It is also capable of carrying currents under normahlgircuit conditions and carrying currents for a specjfied
timeJunder abnormal conditions such as those of short-circuit.

[SQURCE: IEC 60050-441:2000, 441-14-05]

3.5| Parts of switchgear and controlgear

3.5|1
englosure
hoysing affording the type @nd degree of protection suitable for the intended application

Notg 1 to entry: Enclosures-provide protection of persons or livestock against access to hazardous parts.
Barrjers, shapes of openings or any other means (whether attached to the enclosure or formed by the enclgsed
equipment) suitable to\pfevent or limit the penetration of the specified test probes, are considered as a part of the
enclpsure, when they.are secured in position either by means of interlocks, keys, or by hardware requiring a topl to
be removed.

[SQURCE:EC 60050-826:2004, 826-12-20, modified — the Note 1 to entry has been added]

3.5)2
hazardous part
part that is hazardous to approach or touch

[SOURCE: IEC 60529:1989, 3.5]

3.5.3

contact (of a mechanical switching device)

conductive parts designed to establish circuit continuity when they touch and which, due to their
relative motion during an operation, open or close a circuit or, in the case of hinged or sliding
contacts, maintain circuit continuity

[SOURCE: IEC 60050-441:2000, 441-15-05]
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3.5.4

auxiliary circuit (of a switching device)
all the conductive parts of a switching device which are intended to be included in a circuit other
than the main circuit, the earthing circuit and the control circuits of the device

Note 1 to entry:

such, they may be part of the control circuit of another switching device.

[SOURCE: IEC 60050-441:2000, 441-15-04, modified — "earthing circuit" has been added]

3.5

5

022

Some auxiliary circuits fulfil supplementary functions such as signalling, interlocking, etc., and, as

all
ac

[SC

3.5
aux
SWi
SWi

[SQ

3.5
cor
me
or g

Notg

[SQ

3.5
au

contact included in an auxiliary circuit and operated by the switching device

[SC

3.5
cor

contact included in a control circuit of a switching device and operated by this device

con;ltrol circuit (of a switching device)

he conductive parts (other than the main circuit) of a switching device which are include
rcuit used for the closing operation or opening operation, or both, of the device

URCE: IEC 60050-441:2000, 441-15-03]

6

iliary switch (of a mechanical switching device)
ch containing one or more control and/or auxiliary contacts mechanically operated b
ching device

URCE: IEC 60050-441:2000, 441-15-11]

7

trol switch (for control and auxiliary circuits)
chanical switching device which serves the purpaese of controlling the operation of switchg
ontrolgear, including signalling, electrical interlocking, etc.

1 to entry: A control switch consists of one of\more contact elements with a common actuating system.

URCE: IEC 60050-441:2000, 441-14-46]

8
iliary contact

URCE: IEC 60050-441:2000, 441-15-10, modified — delete "mechanically"]
9
trol contact

d in

y a

ear

and

[SQUREE: IEC 60050-441:2000, 441-15-09, modified - delete "mechanical"
"mgchanically"]
3.5.10

connection (bolted or the equivalent)
two or more conductors designed to ensure permanent circuit continuity when forced together
by means of screws, bolts or the equivalent

3.5.11

position indicating device
part of a mechanical switching device which indicates whether it is in the open, closed, or where
appropriate, earthed position

[SOURCE: IEC 60050-441:2000, 441-15-25]
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3.5.

12

monitoring device

dev

ice intended to observe automatically the status of an item

3.5.13
pilot switch
non-manual control switch actuated in response to specified condition of an actuating quantity

Note 1 to entry: The actuating quantity may be pressure, temperature, velocity, liquid level, elapsed time, etc.

[SQ

3.5
pan
par

[Sq
3.5
act
par
Notsg

[SC

3.5
spl

URCEIEC60050-444-2000-441-44-48]

14

tition (of an assembly)

of an assembly separating one compartment from other compartments
URCE: IEC 60050-441:2000, 441-13-06]

15
uator

of the actuating system to which an external actuating forcef(is 'applied

1 to entry: The actuator may take the form of a handle, knob, push:button, roller, plunger, etc.
URCE: |IEC 60050-441:2000, 441-15-22]

16

ce

connecting device with barrel(s) accommeodating electrical conductor(s) with or with

ado
[SC

3.5

itional provision to accommodate and s€cure the insulation
URCE: IEC 60050-581:2008, 581-24-19, modified — addition of "electrical".]

17

terminal

poi
ele

Notg
inte

Notg

[SC

nt of interconnection of(@n‘electric circuit element, an electric circuit or a network with of
ctric circuit elements, electric circuits or networks

1 to entry: For an electric circuit element, the terminals are the points at which or between which the rel
ral quantities are defined. At each terminal, there is only one electric current from outside into the element

2 to entry: S\/The term “terminal” has a related meaning in IEC 60050-151.

URCE:1EC 60050-131:2002, 131-11-11]

3.5

out

her

hted

18

terminal block
assembly of terminals in a housing or body of insulating material to facilitate interconnection
between multiple conductors

[SOURCE: IEC 60050-581:2008, 581-26-26]

3.5.19

contactor

mechanical contactor
mechanical switching device having only one position of rest, operated otherwise than by hand,
capable of making, carrying and breaking currents under normal circuit conditions including
operating overload conditions
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Note 1 to entry: Contactors may be designated according to the method by which the force for closing the main
contacts is provided.

[SOURCE: IEC 60050-441:2000, 441-14-33]

3.5.20

starter

combination of all the switching means necessary to start and stop a motor in combination with
suitable overload protection

Note 1 to entry: Starters may be designated according to the method by which the force for closing the main contacts
is provided.

[SQURCE: IEC 60050-441:2000, 441-14-38]

3.5]21

vaquum interrupter

cogmonent being part of a switching device in which electrical contactsceperate in a highly
evdcuated, hermetically sealed environment

3.5|22

opération counter
deViice indicating the number of operating cycles a mechanical switching device has
acgomplished

3.5{23
coi
set|of series-connected turns, usually coaxial

[SQURCE: IEC 60050-151:2001, 151-13-15]

3.5|24
auXiliary and control circuits
entfty of

— [control and auxiliary cirecuits, mounted on or adjacent to the switchgear or controlgeéar,
including circuits in central control cubicles;

— lequipment for monitoring, diagnostics, etc. that is part of the auxiliary circuits of |the
switchgear or controlgear;

— circuits connected to the secondary terminals of instrument transformers, that are pant of
the switchgear or controlgear

3.5|25

subassembly (of auxiliary and control circuits)
parf of auxiliary and control circuits, with regard to function or position, having its own interface
andnermally placed in a separate enclosure

3.5.26

interchangeable subassembly (of an auxiliary and control circuits)

subassembly which is intended to be placed in various positions within an auxiliary and control
circuits, or intended to be replaced by other similar subassemblies

Note 1 to entry: An interchangeable subassembly has an accessible interface.

3.5.27

interlocking device

device which makes the operation of a switching device dependent upon the position or
operation of one or more other pieces of equipment
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[SOURCE: IEC 60050-441:2000, 441-16-49]

3.6 Operational characteristics of switchgear and controlgear

3.6.1

dependent power operation (of a mechanical switching device)

operation by means of energy other than manual, where the completion of the operation is
dependent upon the continuity of the power supply (to solenoids, electric or pneumatic motors,
etc.)

T = VoS S | =P~V V.V V. |
[SC UNUL. TECU OUUOU=S5 1.

3.6{2
stored energy operation (of a mechanical switching device)
opgration by means of energy stored in the drive mechanism itself prior to the comptetion of|the
opgration and sufficient to complete it under predetermined conditions

Notg 1 to entry: This kind of operation may be subdivided according to:
— [the manner of storing the energy (spring, weight, etc.);
— [the origin of the energy (manual, electric, etc.);

— [the manner of releasing the energy (manual, electric, etc.).

[SQURCE: IEC 60050-441:2000, 441-16-15, modified — addition of "drive".]

3.6)3

independent unlatched operation
stored energy operation where energy is stored and‘released in one continuous operation sjuch
that the speed and force of the operation are independent of the rate of applied energy

Notg 1 to entry: The energy stored for the operation®may originate from the operator (manual) or a power sourge.

3.6/4

positively driven operation
opdration which, in accordance with'specified requirements, is designed to ensure that auxillary
contacts of a mechanical switehing device are in the respective positions corresponding to|the
opgn or closed position of the®main contacts

Notg 1 to entry: A positively driven operating device is made by the association of a moving part, linked
mechanically to the main contact of the primary circuit, without the use of springs, and a sensing element. In the
casg of mechanical adxiliary contacts, this sensing element can be simply the fixed contact, directly connectdd to
the gecondary terminal. Tn the case where the function is achieved electronically, the sensing element can be a static
trangducer (opticalimagnetic, etc.) associated with a static switch, or associated with an electronic or electro-¢ptic
trangmitting element.

[SQUREELTEC 60050-441:2000, 441-16-12, modified — the Note 1 to entry has been added]

3.6.5—TFerms—and-definitionsrelative topressure(or-density)
3.6.5.1

filling pressure p,, for insulation and/or switching

filling density p,, for insulation and/or switching

pressure (in Pa), for insulation and/or for switching, referred to the standard atmospheric air
conditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or absolute
terms, to which the assembly is filled before being put into service, or automatically replenished
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3.6.5.2
filling pressure p,,, for operation
filling density p,,, for operation

pressure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 °C and
101,3 kPa (or density), which may be expressed in relative or absolute terms, to which the
energy storage device is filled before being put into service or automatically replenished

3.6.5.3
alarm pressure p,, for insulation and/or switching

alaym density p,, for insulation and/or switching
pregsure (in Pa), for insulation and/or for switching, referred to the standard atmospherid air
conditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative orabsofute
terms, at which a monitoring signal may be provided

3.6{5.4
alafm pressure p_ ., for operation
alafm density p,,, for operation

pregsure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 °C and
101,3 kPa (or density), which may be expressed in relative or absolute terms, at which a
mohitoring signal from the energy storage device may be provided

3.6/5.5
minimum functional pressure p,,, for insulation and/or 'switching
minimum functional density p.,, for insulation and/or switching

pregsure (in Pa), for insulation and/or for switching, veferred to the standard atmospherid air
conditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or absofute
terms, at which and above which rated characteristics of switchgear and controlgear |are
maintained

3.6{5.6
minimum functional pressure p., . for operation
minimum functional density p.;;,;-for operation

pregsure (in Pa), for operation;referred to the standard atmospheric air conditions of 20 °C and
101,3 kPa (or density), which>may be expressed in relative or absolute terms, at which gnd
abdve which rated characteristics of switchgear and controlgear are maintained and at whigh a
replenishment of the energy storage device becomes necessary

Notg 1 to entry: This '‘pressure is often designated as interlocking or lockout pressure.

3.6/6 Terms-and definitions relating to gas and vacuum tightness

3.6/6.1

controlled pressure system for gas
voI||1me which is automatically replenished from an external compressed gas supply or intefnal
gas Source

Note 1 to entry: Examples of controlled pressure systems are air-blast circuit-breakers or pneumatic drive
mechanisms.

Note 2 to entry: A volume may consist of several permanently connected gas-filled compartments.

3.6.6.2
closed pressure system for gas
volume which is replenished when needed by manual connection to an external gas source

Note 1 to entry: Example of closed pressure systems are SF; single-pressure circuit-breakers.
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3.6.6.3

sealed pressure system

volume for which no further liquid, gas or vacuum processing is required during its expected
operating duration

Note 1 to entry: Examples of sealed pressure systems are vacuum interrupters or some SF; circuit-breakers.

Note 2 to entry: Sealed pressure systems are completely assembled and tested in the factory.

Note 3 to entry: Expected operating duration starts when the device is sealed.

3.676:
absgolute leakage rate
F

amount of gas escaped by time unit

Notg 1 to entry: The absolute leakage rate is usually expressed in Pa x m3 x s7'.

3.6/6.5
permissible leakage rate

Fp

maximum permissible absolute leakage rate of gas specified for @ part, a component or a Jub-
assembly, or by using the tightness coordination chart, for an arrangement of parts, components
or gubassemblies connected together in one pressure system

3.6/6.6

relative leakage rate
Fre
abdolute leakage rate related to the total amount of gas in the system at filling pressure| (or
dersity)

Notg 1 to entry: The relative leakage rate is expressed in percentage per year or per day.

3.6/6.7

time between replenishments
tl'
tim¢ elapsed between two-réeplenishments performed manually when the pressure (dengity)
reaches the alarm level, to‘eompensate the leakage rate F

Notg 1 to entry: This value is applicable to closed pressure systems.

3.6/6.8
number of replenishments per day
N

number.of replenishments to compensate the leakage rate F

Notd 110 entry: This value is applicable to controlled pressure systems

3.6.6.9

pressure drop

Ap

drop of pressure in a given time caused by the leakage rate F, without replenishment

3.6.6.10

tightness coordination chart

survey document supplied by the manufacturer, used when testing parts, components or sub-
assemblies, to demonstrate the relationship between the tightness of a complete system and
that of the parts, components and/or sub-assemblies
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3.6.6.11
sniffing
action of slowly moving a leak meter sensing probe around an assembly to locate a gas leak

3.6.6.12

cumulative leakage measurement
measurement which takes into account all the leaks from a given assembly to determine the
leakage rate

3.6.7 Terms and definitions relating to liquid tightness

3.6J7.1
absgolute leakage rate

Fiq

Notg

3.6
pen

bunt of liquid escaped by time unit

1 to entry: The absolute leakage rate is usually expressed in cm? x s,

7.2
missible leakage rate

Fp(fia)

ma

3.6

imum permissible leakage rate specified by the manufacturerfor a liquid pressure syst

7.3

number of replenishments per day

Njid

3.6

nber of replenishments to compensate the leakage'rate Fj;,

7.4

prelssure drop

Ap,
dro
3.7

3.7
iso

q
b in pressure in a given time caused’ by the leakage rate Fliq without replenishment

Characteristic quantities

1
ating distance (of a pole of a mechanical switching device)

clearance between pepen contacts meeting the withstand voltage requirements specified

dis

[SC

onnectors

URCE: |EC'60050-441:2000, 441-17-35, modified — "safety" replaced by "withst

voltage".]

3.7

2

rated—ralue

for

and

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

con

ditions of a component, device, equipment or system

[SOURCE: IEC 60050-151:2001, 151-16-08]

3.7.3

hig
U,

m

hest voltage for equipment

greatest value of phase-to-phase voltage (RMS value) for which the equipment is designed in
respect of its insulation as well as other characteristics which relate to this voltage in the
relevant equipment standards
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Note 1 to entry: Under normal service conditions specified by the relevant apparatus committee this voltage can be
applied continuously to the equipment.

[SOURCE: IEC 60050-614: 2016, 614-03-01, modified — The note to entry was added]
3.7.4
supply voltage (of auxiliary and control circuits)

RMS value or, if applicable, the DC value, of the voltage existing at a given instant at a point of
supply, measured over a given time interval

Note 1 to entry: If a supply voltage is specified for instance in the supply contract, then it is called “declared supply

voltage”.
Notg 2 to entry: The supply voltage of auxiliary and control circuits is measured at the circuit terminals of| the
apparatus itself during its operation, including, if necessary, the auxiliary resistors or accessories supplied‘of reqdired
by the manufacturer to be installed in series with it, but not including the conductors for the cennection to| the
electricity supply.
[SQURCE: IEC 60050-614: 2016, 614-01-03, modified — add Note 2 to entryl]
3.8 Index of definitions
A-B
Abdolute leakage rate.........cooouiiiiiiiiii e e 3.6.6.4 and 3.6|7.1
o1 = 1 o T oo PP 3.9.15
Alafm pressure (or density) for insulation and/or switching’..................coocoiiiiiinin... 3.6(5.3
Alafm pressure (or density) for operation ... ...y i 3.6/5.4
Ampient air temperature ... ... 3.1.15
Auxiliary and control CirCUILS .. ..o I e 3.5.24
U b (1= Y o [ o7 U S 3|5.4
F O D (1 =YY o7 0] 1 €= (] S PP 3(5.5
AUNITAIY SWILCR ..o e ettt ettt et et et et e e e et et e e e e e e aaaas 3]5.7
U o = o P 313.2
C
Cloped pressure SYStemM fOr GaS . ... u i e e 3.6(6.2
(o | PP 3.5.23
Comnection (bolted orfthe equivalent)........ ..o 3.5.10
(07011 2= (] SR PPN 3]5.3
L0701 111 fo] I o7 1 o1 UL PP 3(5.5
(07011 o] [ o0} o £= (e S 315.9
(070 11 o] IE] | o o I PSPPIt 315.7
Controlled pressure SyStemM fOr Gas. ... ... it 3.6]6.1
Cumuilative leakage measUr€mMeNt ..........oiuiiitiiii e e e aneeaas 3.6.4.12
D
1= = o] PP 3.1.14
Degree Of ProtECHION. ... .. e 3.1.3
Dependent power operation (of a mechanical switching device)................coooiiiiiiiiinn.. 3.6.1
1= T Lo X3 o £ P 3.1.9
DT Yoo ] Y=Y o] (o] (o PP 3.4.2
E
Lo To T U = 3.5.1

EXternal INSUIAtION ... e et e et e e 3.1.2
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F
=YL= 3.1.11
Filling pressure (or density) for insulation and/or switching ..............c.ooiiiiiinnee, 3.6.5.1
Filling pressure (or density) for operation ............o.oiuiiiiiiii e 3.6.5.2
H-1
[ == 1o [0 10 [T o T 1 P 3.5.2
Highest voltage for eqQUIPMENt ... ... e 3.7.3
IK code 3.1.6
Independent unlatched operation....... ..o 316.3
Intgrchangeable subassembly (of auxiliary and control circuits) ..............cooooeiiiiii 0] 3.5.26
INtGrIOCKING AEVICE . .iiie e e e e e e e i de 3.5.27
Intgrnal iINSulation.. ... ..o e (T 3.1.19
L D o [ PP NP 3{1.4
Isolating distance of @ POle........ccoviiiiiiiii e N 3|7.1
M
MalntenaNnCe .. ..o O 3|11.7
Major failure (of switchgear and controlgear)............ccovvuiiiin e 3.1.12
(M@chanical) contactor..........cccieiiiii e T 3.5.19
(M@chanical) SWItCN ..o e 3l4.1
Minimum functional pressure (or density) for insulation”and/or switching....................... 3.6/5.5
Minimum functional pressure (or density) for operation).............ccooiiiiiiiiiiiiinen 3.6/5.6
Minor failure (of switchgear and controlgear)...... ... . oo 3.1.13
/o] 1110 1 o [ o P 3.1.16
MORNItOriNG dEVICE .....uiiiiiiiiiee e 3.5.12
N-O
Nom-sustained disruptive diSCharge <. ... e 3.1.20
Number of replenishments per day=..........ccccoiiiiiiii e 3.6.6.8 and 3.6(7.3
(@0 Y =Y (o] oI o701 U o) (=T 3.5.22
L0 XY o 0 = 1 3.1.10
P
Partition (Of @n @SSEIMTDIY) . ... 3.9.14
Permissible leakage rate ............cooouiiiiiiiiiiii 3.6.6.5 and 3.6(7.2
o LT o] e 3.8.13
Pogition indi€ating deVICE ... ... 3.9.11
Pogitively) riven OpPeration. .. ... ... e 3]6.4
PreESSUIE ArOP ...uuuuiiiiiii i 3.6.6.9 and 3.6|7.4
Protection provided by an enclosure against access to hazardous parts........................... 3.1.5
R
RaAted ValUe ... e 3.7.2

Relative 1eaKage rate ..o 3.6.6.6
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S
Sealed PressUre SYSTEM ... .. 3.6.6.3
Site Pollution SEVEFILY ClasS .....cuii i 3.1.18
ST 11 T 3.6.6.11
ST o] [T = PP 3.5.16
S €= L= 3.5.20
Stored energy operation (of a mechanical switching device) .............cocoooiiiiiiiiiiiinens 3.6.2
Subassembly (of auxiliary and control CirCUitS) ..........cooviiiiiiiiii e 3.5.25
Supervision 3.1.17
Supply voltage (of auxiliary and control CirCUItS) .........ovuiuiiiiiii e 8{7.4
Switchgear and CONtrolgear. ... ... e e g s 3|1.1
T-V
=1 1 1010 = PP PP 3.8.17
Terminal BIOCK .....c.iii el N 3..18
L= L] o 1= o3 PP o 3]2.1
Tightness coordination Chart........ ..o e eas 3.6.4.10
Time between replenishments ... LY 3.6]6.7
QLI = | ] oo ST L S 3]3.1
Vaguum interrUPLer ... e e 3.5.21
RV = T 1= Y=Y o4 o o e 3]1.8

3.101
arep accessible to public
arep accessible without restriction to any person

Notg 1 to entry: A GIL installed above the ground and-outside a substation is considered to be "installed in an grea
accgssible to public".

3.1p2

gag-insulated transmission lines
GIL
mefal-enclosed lines in which\the insulation is obtained, at least partly, by an insulating gas
other than air at atmosphetic pressure, with the external enclosure intended to be earthed

3.1p3

GIY enclosure
parf of GIL retaining the insulating gas under the required conditions protecting the equipnient
agqginst externalrinfluences and providing a high degree of protection to personnel

3.1p4
compartment

par of Gl totally gastiaht enclosed -except-for openings—necessaryv—forinterconnection-and
PA ) 9 g g ) 4

control

3.105

partition

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

3.106
main circuit
all the conductive parts of GIL included in a circuit which is intended to transmit electrical energy

[SOURCE: IEC 60050-441:1984, 441-13-02, modified — Replacement of “an assembly" by
“GIL"_]
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3.107

ambient air temperature
temperature, determined under required conditions, of the air surrounding the external GIL
enclosure in case of installation in open air, open trenches or tunnels

022

[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

degIgmtemperature of the enclosure

ma

3.1

degign pressure of the enclosure

rels

Notd
the

3.1

degign pressure of the partitions

imum temperature which can be reached on a GIL enclosure under service conditions
D9
tive pressure used to determine the design of the enclosure

1 to entry: Itis at least equal to the maximum relative pressure in the enclosure at,the design temperatu
enclosure.

10

e of

reldtive pressure across the partition

Notg 1 to entry: It is at least equal to the maximum differential pressure across the partition during maintenance
actiyities.

3.1{1

disponnecting unit

uni{ to electrically isolate one side from another of the main circuit, mainly for site testing or
majntenance

3.112

disfuptive discharge

phgnomenon associated with théfailure of insulation under electric stress, in which the dis-
chgrge completely bridges the-iasulation, reducing the voltage between the electrodes to Zero
or glmost zero

Notg 1 to entry: The termapplies to discharges in solid, liquid and gaseous dielectrics and to combinations of these.
Notg 2 to entry: A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (non-gelf-
restpring insulation)i\in a liquid or gaseous dielectric, the loss can be only temporary (self-restoring insulation).
Notg 3 to entry~\The term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid dielegtric.
The |term "flashoever" is used when a disruptive discharge occurs over the surface of a solid dielectric in a gasgous
or ligquid medium. The term "puncture" is used when a disruptive discharge occurs through a solid dielectric.

3113

GIL section

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

diel

ectric 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.

Note 3 to entry: Sections can be segregated by disconnecting units.
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4

4.1

Normal and special service conditions

Normal service conditions

4.1.1 General

Unless otherwise specified, high-voltage switchgear and controlgear, including the operating
devices and the auxiliary equipment which form an integral part of them, are intended to be
used in accordance with their rated characteristics and the normal service conditions listed in
4.1.

Optlaration under normal service conditions is considered to be covered by the type-tg

acgc

The

ording to this document and relevant product standard.

normal service conditions which apply to a GIL depending on the installation-conditions

givén in 4.101, 4.102 and 4.103. When more than one of these installation conditions apply,

rele

4.1
The

a)

vant subclause shall apply to each section of the GIL.

2 Indoor switchgear and controlgear
normal service conditions for indoor switchgear and controlgear are:

the ambient air temperature does not exceed 40 °C and<ts-average value, measured ¢

-5 °C;
there is no influence from solar radiation;
the altitude does not exceed 1 000 m;

the ambient air is not significantly polluted-by dust, smoke, corrosive and/or flammg
gases, vapours or salt and would be considered as having site pollution severity class (S
‘very light” according to IEC TS 60815>1:2008;

the conditions of humidity are as fallows:

— the average value of the relative humidity, measured over a period of 24 h, does
exceed 95 %;

— the average value of the’water vapour pressure, over a period of 24 h, does not exc
2,2 kPa;

— the average value of the relative humidity, over a period of one month, does not exc
90 %;

— the averageVvalue of the water vapour pressure, over a period of one month, does
exceed) 1,8 kPa.

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

NOTE 2 High humidity can also be due to ground level rainwater or for underground applications,

bsts

are
the

ver

a period of 24 h does not exceed 35 °C. The ambient aintemperature does not drop bejlow

ble
DS)

not
high

rom

incoming cable raceways connected to switchgear.

f)

vibrations due to causes external to the switchgear and controlgear or earth tremors do
exceed the impact of vibrations caused by operation of the switchgear itself.

4.1.3 Outdoor switchgear and controlgear

The normal service conditions for outdoor switchgear and controlgear are:

not

a) the ambient air temperature does not exceed 40 °C and its average value, measured over

b)

a period of 24 h does not exceed 35 °C;
the ambient air temperature does not drop below -25 °C;

NOTE 1 Rapid temperature changes can occur, for example a hot sunny day followed by a sudden rain.

solar radiation does not exceed a level of 1 000 W/m?2;
NOTE 2 Details of global solar radiation are given in IEC 60721-2-4 [6].


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

-32 - IEC 62271-204:2022 EXV © IEC 2022

c) the altitude does not exceed 1 000 m;

d) the ambient air may be polluted by dust, smoke, corrosive gas, vapours or salt, the pollution
does not exceed site pollution severity class (SPS) “medium” as defined by IEC TS 60815-
1:2008;

e) ice coating does not exceed 20 mm;

f) the wind speed does not exceed 34 m/s;
NOTE 3 Characteristics of wind are defined in IEC 60721-2-2 [8].

g) the average humidity values given in 4.1.2 e) may be exceeded. Condensation or
recipitation may occur;

NOTE 4 Characteristics of precipitation are defined in IEC 60721-2-2 [8].

NOTE 5 The conditions of humidity are always the effect of a combination of relative humidity” with dther
lenvironmental parameters, primarily temperature and rapid change of temperature.

h) |vibrations due to causes external to the switchgear and controlgear or earth
tremors do not exceed the impact of vibrations caused by operation of the
switchgear itself.

4.2| Special service conditions
4.2/1 General

WhEn high-voltage switchgear and controlgear is expected to be used under conditions diffefent
from the normal service conditions given in 4.1, the usér's requirements should refer to
stapdardized steps in 4.2.2 up to 4.2.7 if not provided by product standards.

NOTE 1 Appropriate actions are also taken to ensure proper operation under such conditions of other compongnts,
such] as relays.

NOTE 2 Detailed information concerning classification‘of-environmental conditions is given in IEC 60721-3-8 [9]
(indgor) and IEC 60721-3-4 [10] (outdoor).

4.2]2  Altitude

Forl installations at an altitude higherthan 1 000 m, the required insulation withstand levgl of
external insulation at the servigce) location shall be determined according to Clause 4 of
IEQ 60071-2:1996. The rated insulation level of the switchgear and controlgear should be equal
to gr higher than this value, reference is made to IEC TR 62271-306 [4].

NOTE 1 For internal insulatien, the dielectric characteristics are identical at any altitude and no special precautjons
need to be taken. For exterhal and internal insulation, refer to IEC 60071-2:1996.

NOTE 2 For low-valtage auxiliary and control equipment, no special precautions need to be taken if the altitude is
lowdr than 2 000 mx-For higher altitudes, refer to IEC 60664-1 [11].

4.2{3 Exposure to pollution

Forloutdoor application ambient air that may be polluted by dust, smoke, corrosive gas, vapqurs
or [salft _at a level that exceeds severity class (SPS) “medium” as defined | by
IEC TS 60815-1:2008 should be classified as “heavy” or “very heavy” as defined by
IEC TS 60815-1:2008.

For indoor application, ambient air that may be polluted by dust, smoke, corrosive gas, vapours
or salt at a level that exceeds severity class (SPS) “very light” as defined by
IEC TS 60815-1:2008 should be classified as “light”’, “medium”, “heavy” or “very heavy” as
defined by IEC TS 60815-1:2008.

NOTE More information about exposure to pollution can be found in Annex K (informative).

For indoor application up to and including 52 kV, IEC TS 62271-304 [12] can be specified, in
particular if there are concerns regarding pollution of the switchgear insulation.
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4.2.4 Temperature and humidity

For installation at a location where the ambient temperature can be different from the normal
service condition ranges stated in 4.1, the ranges of minimum and maximum temperature to be
specified should be:

a)
b)
c)
d)
e)
f)

In t

of 34 h can be up to 98 %.

NOTE In certain regions with frequent occurrence of warm humid winds, sudden changes of temperature an

atm

4.2

Sta

freg from excessive vibration, shock, or tilting. Where any ofithése standard conditions may
exist, the requirements for the particular application should.be specified by the user.

Forlinstallations where earthquakes are likely to oceur,/the severity level according to a reley
publication or specification (e.g. IEC TR62271-300 [13], IEC 62271-207 [14]
IEQ TS 62271-210 [15]) should be specified by.the user. In case of earthquake risk, the
shquld specify the operational requirements and admissible damage level.

Ins{allations with other unusual forms_ef‘vibration shall be identified, such as installation

clog

NOT
C37

4.2
If th

user should specify the requirements for a particular application.

4.2
Wh

is to be placed in service, they should be specified by the user by reference to IEC 60721-1 [
IEM@@MM&@%—.

-50 °C to 40 °C for extremely cold climates;
-40 °C to 40 °C for very cold climates;
-30 °C to 40 °C for cold climates;

-25 °C to 40 °C for cold climates (indoor conditions);

-15 °C to 40 °C for moderate climates (indoor conditions);
-5 °C to 55 °C for very hot climates.

ropical indoor conditions, the average value of relative humidity measured during a pe

spheric pressure can occur.
5 Exposure to abnormal vibrations, shock or tilting

hdard switchgear and controlgear is designed for mounting‘on substantially level structu

e proximity to mine blasting or mobile applications.

E Other relevant publications for(seismic evaluations are IEEE Standard 693 [16] and IEEE Standard
81 [17].

6 Wind speed

e wind speed is(expected to be in excess of the normal service wind speed of 34 m/s,

7 Othet parameters

bn speeial environmental conditions prevail at the location where switchgear and controlg

od

d/or

es,
not

ant
and
ser

o
5.

the

ear
18],

4.101 Installation in open air

For determining the ratings of GIL for open air installation, the normal service conditions of
IEC 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
adapted accordingly.

4.102 Buried installation

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

NOTE2—ATiskof thermmat Tomaway existsif thesoitsurrourndinmg-thebured- Gt becomesdry—tmrorder mottodry out
the poil, a maximum service temperature of the enclosure in the range of 50 °C to 60 °C is generally consid¢red
accgptable.

Thg depth of laying should be agreed between manufacturer and user. The determination of
degth of laying shall take into account thermo mechanical stresses, safety requirements gnd
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 cpse
of thnnel, shaft or similar installations.

In the case of long vertical shafts and inclined tunnels or s€ctions thereof, attention shall be
paid to thermal and density gradients.

5 |Ratings

5.1] General

Thaq rating of a GIL consists of the following:

a) |rated voltage (U,);

b) [rated insulation level (Uy, Uy, Us);

c) Jrated frequency (f,);

d) |rated continuous cugréent (1,);

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

g) |rated duration of short-circuit (z,);

h) |rated supply voltage of auxiliary and control circuits (U,);

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

5.2 Rated voltage (U,)

5.2.1 General

The rated voltage (U,), as used in this document, is the phase-to-phase RMS voltage equal to

the maximum system voltage for which the equipment is designed. It indicates the maximum
value of the "highest system voltage" of networks for which the equipment may be used
(see 3.7.3, highest voltage for equipment U,,,). The rated voltages are given in 5.2.2 and 5.2.3

below.

NOTE The term "rated maximum voltage" used in most IEEE switchgear standards has the same meaning as the
term "rated voltage" as used in this document.
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5.2.2 Range I for rated voltages of 245 kV and below

Ser

Ser

NOTE 1

ies I: 3,6 kV—-7,2kV —-12kV —17,5kV — 24 kV — 36 kV — 40,5 kV — 52 kV — 72,5 kV
— 100 kV — 123 kV — 145 kV — 170 kV — 245 kV.
ies Il (Voltages based on the current practice in some countries, e.g. US):

4,76 kV — 8,25 kV— 15 kV (see Note 1) — 15,5 kV— 25,8 kV (see Note 2) — 27
— 38 kV —48,3kV -72,5kV —123 kV-145 kV — 170 kV — 245 kV.

kV

The 15 kV rating is used in US and some other countries. It has historically been associated with metal-

clad and metal-enclosed switchgear used for applications that are primarily indoors and/or outdoors where the
insulation level is less than that required for outdoor overhead applications. For applications other than metal-clad

ornm
NOT

bee
27 K

5.2
304

5.3

The
in T

Wit

SWi
from

shdll be considered as insulation values at the standardized reference atmosphere temperaf

(20
IEQ

NOT
COV§E

The
(Us
with

The

PR ’ . PR ’ e\ — - ‘
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E 2 The 25,8 kV, still used in IEEE C37.04 [21] as a circuit breaker rating and in some other countries,
replaced by the 27 kV rating in most relevant equipment standards. For new applications and designs
\ rating is preferred.

3 Range II for rated voltages above 245 kV

kV — 362 kV — 420 kV — 550 kV — 800 kV — 1 100 kV — 1 200 kV.

Rated insulation level (Uy, Up, Uy)

rated insulation level of switchgear and controlgear shall be selected from the values gi
able 1, Table 2, Table 3 and Table 4.

hstand values given in Table 1, Table 2, Table 3- and Table 4 cover the application
chgear and controlgear under normal service conditions defined in 4.1 including altitu
n sea level up to 1 000 m. However for testing purposes to verify a rating or capability, t

°C), pressure (101,3 kPa) and humidity (11 g/m3) specified in IEC 60071-1:2006
60071-1:2006/AMD1:2010. For special sérvice conditions, refer to IEC TR 62271-306 |

E According to IEC 60071-1:2006 and IEC>60071-1:2006/AMD1:2010 the insulation levels in Table 1 to Tah
r the temperature range of -40 °C up to.40.°C.

rated withstand voltage values for lightning impulse voltage (U,), switching impulse volt

)
p
(when applicable), and rated short-duration power-frequency voltage (Uy) shall be seled

out crossing the horizontal marked lines in Table 1, Table 2, Table 3, and Table 4.

and

cle
dis

vollage values\"across the isolating distance" apply to the switching devices where

across the open’switching device, if not otherwise specified in this document. The withst

rance between open contacts is designed to meet the dielectric requirements specified
onneectors.

Rated.vinsulation levels shall be chosen from IEC 62271-203 on the basis of insula

has
the

ven

of
des
hey
ure
and
4].

le 4

hge
ted

"common values” used in Table 1 and Table 2 apply to phase-to-earth, between phagses

and
the
for

ion

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]7.

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.

1

Numbers in square brackets refer to the Bibliography.
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Table 1 — Rated insulation levels for rated voltages of range I, series 1

Rated Rated short-duration power-frequency Rated lightning impulse
voltage withstand voltage withstand voltage
U, Uy U
P
kV (RMS value) kV (RMS value) kV (peak value)
Common value Across the Common value Across the isolating
isolating distance distance
(1) (2) (3) (4) ()
20 23
3,6 10 12
40 46
40 46
7,2 20 23
60 70
60 70
12 28 32
75 85
75 85
17,5 38 45
95 110
95 110
24 50 60
125 145
145 165
36 70 80
170 195
40,5 (NOTE) 80 90 185 215
52 95 110 250 290
72,5 140 160 325 375
150 175 380 440
100
185 210 450 520
185 210 450 520
123
230 265 550 630
230 265 550 630
145
275 315 650 750
275 315 650 750
170
325 375 750 860
360 415 850 950
245 395 460 950 1 050
460 530 1 050 1200
NO[TE, VThe rated voltage of 40,5 kV is recognized in IEC 60038:2009 with a note that unification with the rated
voltage of 36 kV is under consideration. Present values are adopted from TEC 60077-1:2006, Annex B.
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Table 2 — Rated insulation levels for rated voltages of range I, series II
(based on current practice in some countries, including US)

Rated Rated short-duration power-frequency Rated lightning impulse withstand
voltage withstand voltage voltage
U, Uy U,
kV (RMS value) kV (RMS value) kV (peak value)
Common value Across the Common value | Across the isolating
isolating distance distance
(1) (2) (3) (4) (9)
4,76 19 21 60 66
8,25 36 40 95 105
15 (NOTE) 36 40 95 105
36 40 95 105
15,5
50 55 110 121
125 138
26,8 (NOTE) 60 66
150 165
60 66 125 138
27
70 77 150 165
70 77 150 165
38 80 88 170 187
95 105 200 220
105 145 250 275
48,3
120 132 250 275
160 -- 350 385
72,5
175 193 350 385
260 286 550 --
123
280 308 550 605
310 - 650 --
145
835 369 650 715
365 -- 750 --
170
385 424 750 825
425 -- 900 --
245
465 512 900 990
NOJTE For15%V and 25,8 kV ratings, see NOTE 1 and NOTE 2 in 5.2.2.
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Table 3 — Rated insulation levels for rated voltages of range 17

Rated Rated short-duration Rated switching impulse Rated lightning impulse
voltage power-frequency withstand voltage withstand voltage
withstand voltage
U, Uy U Up
kV kV (RMS value) kV (peak value) kV (peak value)
(RMS
value)
Phase- Across Phase-to- | Between Across Phase-to- Across open
to-oarth I\pl\'\ oarth and_ Phases iselating eaF'th and i i i
and switching across distance between and/or isolating
between device open phases distance
phases and/or switching
isolating device
distance
(NOTE (NOTE 2) (NOTE 2) | (NOTES (NOTES 1 (NOTE 2) (NOTES 1 and 2)
2) 2 and 3) and 2)
1) (2) (3) (4) (5) (6) (7) (8)
750 1125 950 950(+170)
300 395 435 700(+245)
850 1275 17050 1 050(+170)
850 1275 17050 1 050(+205)
362 450 520 800(+295)
950 1425 1175 1 175(+205)
950 1425 1300 1 300(+240)
420 520 610 900(+345)
1 050 1575 1425 1 425(+240)
1 050 1680 1425 1 425(+315)
560 620 800 900(+450)
1175 1760 1550 1 550(+315)
1425 2.420
800 830 1150 1 175(+650) 2100 2 100(+455)
1550 2480
1100 1 550 2635 1(ggg)+ 2 250 2 250 + (630)
100 1100
1100 + 1675 +
(635) 1 800 2 880 (900) 2 400 2 400 + (630)
1200 1 800 2970 2 400 2 400 + (685)
1900 | 1200 | 1200+ (RGN
1950 3120 (980) 2 550 2 550 + (685)
(6995)
NOJTE 1 In column,(6), values in brackets are the peak values U, x \/E/\/g of the power-frequency voltage
apglied to the opposite terminal (combined voltage).
In ¢golumn(8); values in brackets are the peak values 0,7 U, x \/E/\/E of the power-frequency voltage applied to
the|opposite terminal (combined voltage).

NOTE2—Vatues of cotumm (£) die applicdbie.

a) for type tests, phase-to-earth and phase-to-phase;

b) for routine tests, phase-to-earth, phase-to-phase, and across the open switching device.

The values of columns (3),(4), (5), (6), (7) and (8) are applicable for type tests only.

NOTE 3 These values are derived using the multiplying factors given in Table 3 of IEC 60071-1:2006/AMD1:2010.
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Table 4 — Additional rated insulation levels for range Il, based
on current practice in some countries, including US

Rated Rated short-duration Rated switching impulse Rated lightning
voltage power-frequency withstand withstand voltage impulse withstand voltage
voltage
U, Uy U, U,
kV (RMS kV (RMS value) kV (peak value) kV (peak value)
value
) Phase-to- Across open Phase-to- Terminal to Phase-to- Across open
earth and switching earth terminal, earth and switching
between device amdfor [ switciimg— | switchimg— | betweem ——_devite amdjor
phases isolating device closed | device open phases isolating
distance distance
(NOTE) (NOTE) (NOTE) (NOTE) (NOTE) (NOTE)
(1) (2) (3) (4) (5) (6) (7)
362 555 555 825 900 1 300 1300
362 610 671 885 825+(295) 1 300 1430
550 860 890 1180 1300 1800 1800
550 810 891 1150 1 000+(450) 1 800 1980
800 960 960 1430 1500 2 050 2 050
800 940 1034 1 300 1 000+(650) 2 050 2 255
NOJTE Values of column (2) are applicable:
a) [for type tests, phase-to-earth and phase-to-phase;
b) [for routine tests, phase-to-earth, phase-to-phase, and acress the open switching device.
Valpes of columns (3), (4), (5), (6) and (7) are applicablefor type tests only.
In Column (5), values in brackets are the peak valies U, JE/J? of the power-frequency voltage applied to [the
opgosite terminal (combined voltage).
5.4 Rated frequency (f,)
Theg preferred values of the rated frequency are 16,7 Hz, 25 Hz, 50 Hz and 60 Hz.
5.5/ Rated continuous current (I,)
Thig rating defines the RMS value of the current the switchgear and controlgear can carry

continuously for.its service conditions (see Clause 4).

Thg valugs of rated continuous current should be selected from the R 10 series, specified
in IEC 60059.

NOTE T The R 10 series comprises the numbers 1 — 1,25—-16 -2 —2,56-3,15—4 -5 — 6,3 — 8 and their products
by 10".

NOTE 2 The term rated continuous current associated with the continuous current test in 7.5 as used in this edition
is equivalent to the term rated normal current used in the previous edition of this document.

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
allowable continuous current can differ from the rated continuous current. See Annex A.


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

5.6

- 40 - IEC 62271-204:2022 EXV © IEC 2022

Rated short-time withstand current (1)

This rating defines the RMS value of the short-circuit current that the switchgear and controlgear
can carry in the closed position during its rated duration (see 5.8) under its service conditions
(see Clause 4).

The value of rated short-time withstand current should be selected from the R 10 series

spe

cified in IEC 60059.

NOTE The R 10 series comprises the numbers 1 —1,25-16-2-2,5-3,15-4 -5 - 6,3 — 8 and their products

by 1
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Rated peak withstand current (Ip)

5 rating defines the peak current associated with the first major loop of the rated“short-t
stand current that the switchgear and controlgear can carry in the closed peosition unde
ice conditions (see Clause 4).

rated peak withstand current is obtained by multiplying the RMS, value of the rated sh
p withstand current with a peak factor. This peak factor is a functign.of the DC time cons
he network and the rated frequency.

C time constant of 45 ms covers the majority of cases{and corresponds to a rated p
stand current equal to 2,5 times the rated short-time withstand current for a rated freque
0 Hz. For a rated frequency of 60 Hz, it is equal to,2,6-times the rated short-time withst
rent.

le 5 gives peak factors for different time constants and rated frequencies.

E1 IEC TR 62271-306 [4] gives the information™for calculating peak factors according to rated frequency
constant of the network.

E 2 For non-simultaneous drive mechanisms of each pole the peak factor can be different, for details,
TR 62271-306 [4].

Table 5 — Peak factors for rated peak withstand current

Rated DC time constant
frequency (f) ms
g 45 60 75 120
16,7 2,1 2,3 2,4 2,5
25 2,3 2,4 2,5 2,6
50 2,5 2,6 2,7 2,7
60 2,6 2,7 2,7 2,7

me
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ort-
ant

pak
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and

and
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5.8

Rated duration of short-circuit ()

This rating defines the interval of time for which the switchgear and controlgear can carry, in

the

closed position, a current equal to its rated short-time withstand current.

The preferred value of rated duration of short-circuit is 1 s.

An

alternative value lower or higher than 1 s may be chosen, e.g. 0,5s, 2 s, 3 s.
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5.9 Rated supply voltage of auxiliary and control circuits (U,)

5.9.1 General

Several auxiliary voltages can be used on a single piece of switchgear and controlgear.
5.9.2 Rated supply voltage (U,)

The rated supply voltage should be selected from the standard values given in Table 6 and
Table 7.

Table 6 — Direct current voltage

U

a

24
48
60
110
125
220
250

Table 7 — Alternating .current voltage

Line Three-phase, three-wire or Single-phase, three-wire Single-phase, two-wire
number four-wire systems systems systems
V Vv Vv
(1) (2) (3) (4)
1 - 120/240 120
2 120/208 - 120
3 (220/380) - (220)
4 2307400 - 230
5 (240/415) - (240)
6 2771480 - 277
7 347/600 - 347
The value 230/400 V indicated in line 4 of this table should be, in the future, the IEC standard voltage replac|ng
thgq values 220/380 V and 240/415 V in lines 3 and 5 and its adoption is recommended in new systems. The
voltage” variations of existing systems at 220/380 V and 240/415V should be brought within the rarge
2307400 V £ 23740 V. The reduction of this range will be considered at a Tater stage of standardization.
NOTE The lower values in the column (2) of this table are voltages to neutral and the higher values are voltages
between phases. The lower value in the column (3) is the voltage to neutral and the higher value is the voltage
between lines.

5.10 Rated supply frequency of auxiliary and control circuits

When alternating current supply voltage is used, the preferred values of rated supply frequency
are 50 Hz and 60 Hz.

5.11 Rated pressure of compressed gas supply for controlled pressure systems

Not applicable.
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6 Design and construction

Any GIL equipment which requires routine preventive maintenance or diagnostic testing should
be easily accessible.

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 vibratjon,
earthquakes, soil loading, wind and ice, do not impair the assigned performance of |the
eqyipment.

6.1 Requirements for liquids in GIL

Nofl applicable.

6.2 Requirements for gases in GIL

Theg manufacturer shall specify the type and the required quantity;and quality of the gas uped
in gwitchgear and controlgear.

Thg manufacturer shall provide the user with necessary instrdctions for renewing the gas and
maintaining its required quantity and quality (refer to11.5.2 and item a) of 11.5.3). This
reqguirement does not apply to sealed pressure systems.

For| sulphur hexafluoride (SFg) filled switchgear and controlgear, SFg in accordance With
IEQ 60376 for new SFg and IEC 60480 for reused SFg shall be used. For switchgear gand
conftrolgear with SFg mixtures, reference is‘made to IEC 62271-4.

In ¢rder to prevent condensation, the maximum allowable humidity content within gas-fijled
swifchgear and controlgear filled,with gas at the filling density for insulation p,, shall be such

thai the dew point at filling pressure (density) for insulation is not higher than -5 °C far a
megasurement at 20 °C durjng:Service life, refer to 11.3.6.

In ¢ase a gas mixturelis used, the manufacturer should provide information about the pas
characteristics suchlas dielectric strength, mixing ratio, process of mixing and filling pressure.

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

6.3| Earthing

Switchgear and controlgear shall be provided with a reliable earthing point for connection o

with the "protective earth" symbol, as indicated by symbol IEC 60417-5019:2006-08.
Conductive parts of the switchgear and controlgear intended to be connected to the earthing
system, may be designed to be part of the earthing circuit.

All conductive components and enclosures that may be touched during normal operating
conditions and are intended to be earthed shall be designed to carry 30 A (DC) with a voltage
drop of maximum 3 V to the earthing point provided at the switchgear and controlgear.

NOTE For guidance on the connection of the earthing point of the switchgear and controlgear to the main station
earth, Clause 10 of IEC 61936-1:2010 and IEC 61936-1:2010/AMD1:2014 [22] applies.
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6.3.101 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 can be made by

a) earthing switches with a making capacity equal to the rated peak withstand current, if there
is still a possibility that the circuit connected is live;

b) learthing switches without a short-circuit making capability or with a short-circuit making
capability lower than the rated peak withstand current, if there is a certainty that the Cirguit
connected is not live, or

c) [removable earthing devices, only by agreement between manufacturer and_dsef.

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

Consideration 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 fojthe transmission line, the User
shdll ensure that they comply with the above items a) to c).

Theg earthing circuit can be degraded after being subjected to the rated short-circuit current.
Afteér such event, earthing circuit can be replaced if-applicable.

6.3]102 Earthing of the enclosure

Thg enclosures shall be capable of being.connected to earth. All metal parts intended tq be
earthed, which do not belong to a main.or an auxiliary circuit, shall be connected to earth. |For
thelinterconnection of enclosures, frames, etc., fastening (e.g. bolting or welding) is genenally
acgeptable for providing electrical continuity. If the fastening is done by bolting, provisions shall
be given in order that a proper electrical contact is provided. If not, the mechanical joint shall
be py-passed by a proper electrical connection such as copper or aluminum leads of prgper
crogs section.

Thg continuity of thelearthing circuits shall be ensured taking into account the thermal and
elegtrical stresses,caused by the current they can carry.

It i envisage@-that most GIL installation will be solidly bonded and earthed at both ends. The
parficular design has an influence on heat dissipation, step and touch voltages and the external
magneticfield. These are discussed in Annex B.

The dncign of the nnr'fhing of the enclosure shall he nnmpnfihln with the measures for corrosion

protection when the GIL is buried.

6.4 Auxiliary and control equipment
6.4.1 General

Switchgear and controlgear include all auxiliary and control equipment and circuits, including
but not limited to, electronic controls, supervision, monitoring and communication.

Auxiliary and control equipment and circuits shall operate normally when the voltage measured
during operation at the supply terminals of the auxiliary and control equipment and circuits:

e is within 85 % to 110 % of rated supply voltage (U,);
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in the case of DC, a ripple voltage is not greater than 5 % of U;

is free of the voltage dips and interruptions which exceed the limits declared by

the

manufacturer according to IEC 61000-4-29 (DC supply voltage) and IEC 61000-4-11

(AC supply voltage).

In case of supply interruptions (also during operations) that exceed the duration limits declared
by the manufacturer for normal operation:

there shall be no false operation, false alarms or false remote signalling resulting from
interruption or re-instatement of the supply;

the

interrupted (for example impact on internal energy storage);

subsequent actions shall only be completed in response to a new valid operational comm
(where applicable).

Thg fulfiiment of the above conditions can be demonstrated at any convehient dip duration
exceeds the declared limit.

NOTE 1 Possible actions can be:

a)
b)
c)
This

Sp¢4
und

For
anyf

Req
IEQ

NOT
Ann
and

tend

6.4
6.4

completing the pending action without manual intervention such that the*equipment achieves a
defined, safe operating state for example open, closed, charged, disecharged;

charged, discharged;

completing the action after giving another command for th€)same switching operation that was interrupted.

choice can also be dependent on the duration of the interruption.

cific conditions are given in 6.9 for shunt closing releases, shunt opening releases
er-voltage releases.

damage to electronic equipment and/or unsafe operation.

uirements for the intérface with digital communication that ensure compliance
61850 (all parts) [23} are detailed in IEC 62271-3 [24].

bx B of IEC 62271-3:2015 cover only some properties required by the electronic nameplates of some switch
controlgear of.the' IEC 62271 series of standards. The other properties required for the physical namep
lering, quotation*and ordering phases are not covered.

2 Protection against electric shock

21 Protection of auxiliary and control circuits from the main circuit

the manufacturer shall state the behaviour of the device when the supply voltage réturn

the manufacturer shall state the behaviour of the device when the supply voltage\gets

Y

and

hat

manual intervention such that the equipment achieves a defined, safe operating state for example open, cloged,

and

supply voltages lower than the minimum stated above, precautions shall be taken to prevent

vith

E 2 The logical ,nd0des in IEC 62271-3:2015 (XCBR, XSWI) and their additional data objects described in

hear
ate,

Auxiliary and control circuits that are installed on the frame of switchgear and controlgear shall
be suitably protected against disruptive discharge from the main circuit. This is verified by

diel

ectric type tests specified in 7.2, see 7.2.5 c).

6.4.2.2 Safety clearance during service

Auxiliary and control circuits to which access is required during service shall be accessible
without the need to compromise clearances to hazardous parts.
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6.4.3 Components installed in enclosures
6.4.3.1 Selection of components

All components used in the auxiliary and control circuits shall be designed or selected to be
operational with their rated characteristics over the full range of service conditions inside
auxiliary and control circuits enclosures. Suitable precautions (for example, heaters, ventilators,
insulation, etc.) should be taken to ensure that those service conditions essential for proper
operation of relays, contactors, low-voltage switches, meters, operation counters, push-buttons,
etc. are maintained.

NOTE These internal conditions in control cabinet for auxiliary and control circuits can differ from the extgrnal
servjce conditions specified in Clause 4.

Thg loss of “suitable precautions” shall not cause failure of the auxiliary and control circpits
within the enclosure or untimely operation of the switchgear within the specified time” Selection
of Jomponents should take into account the temperature obtained in the cabimet-of the control
and auxiliary circuit during a 2-hour period following the loss of the “suitable:precautions|’ in
order to ensure the proper operation of switchgear and controlgear until the’end of this 2-hour
perjod.

Aftgr this 2-hour period non-operation is acceptable. If the loss of'the “suitable precautiong” is
longer than 2 h but does not exceed 24 h in total, the functionality of the switchgear and
controlgear shall come back to its original characteristics¢when the service conditions [are
recpvered.

Where heating is essential for correct functioning ofthe equipment, monitoring of the heating
cirquit shall be provided.

In [the case of switchgear and controlgear designed for outdoor installation, suitgble
arrgngements (ventilation and/or internal: heating, etc.) may be required to prevent harmful
condensation in auxiliary and control circuit'enclosures.

6.4{3.2 Accessibility

Cloging and opening actuatorsitand emergency shut-down system actuators shall be locgted
between 0,4 m and 2 m above the floor, ground or operating platform normally used| by
opgrating personnel.

Other actuators should be located at such a height that they can be easily operated, and
indicating devices'should be located at such a height as to be readily legible.

WhEgre a component may need adjustment during its service life, access shall be provided ith
profection-level of at least IP XXB, refer to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013.

6.4.3.3 Identification

Identification of components installed in enclosures shall be in agreement with the indication
on the wiring diagrams and drawings. If a component is of the plug-in type, an identifying mark
should be placed on the component and on the fixed part where the component plugs in.

6.4.3.4 Requirements for auxiliary and control circuit components
6.4.3.4.1 General

The auxiliary and control circuit components shall comply with applicable IEC standards if one
exists. Annex D (informative) is provided as a quick reference to many of the component
standards.
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6.4.3.4.2 Cables and wiring

Where a facility for external wiring is provided, it shall be through an appropriate connecting
device, e.g. terminal blocks or plug-in terminations.

Polarity reversal at the interfacing point shall not damage auxiliary and control circuits.

Terminal blocks should be fixed. Cables between two terminal blocks shall have no intermediate
splices or soldered joints.

Cables and wiring shall be adequately supported and shall not rest against sharp edges.

Theg available wiring space for external connection shall permit spreading of the coresef multi-
corg cables and the proper termination of the conductors without undue stresses;

Comductors connected to components mounted on doors shall be so pinstalled that| no
meg¢hanical damage can occur to the conductors as a result of movementafithese doors.

6.4/3.4.3 Terminals

If facilities are provided for connecting incoming and outgoing\neutral, protective and HEN
(protective earthed neutral) conductors, they shall be situated.in the vicinity of the associdted
phgdse conductor terminal.

6.4|3.4.4 Auxiliary switches

Auxiliary switches shall be suitable for the number of operating cycles specified for the h|gh-
volfage switching device to which they are linked:

Auxiliary switches which are operated in cenjunction with the main contacts shall be positiyely
driven in both directions. An auxiliary_switch may consist of a set of two one-way positively
drien auxiliary contacts (one for each:’direction).

6.4(3.4.5 Auxiliary and control contacts

Auxiliary and control contacts shall be suitable for the number of operating cycles specified for
the[switching device. This requirement is verified by the mechanical endurance test of the high-
volfage switching devices to which they are linked.

Thg operational\eharacteristics of the auxiliary contacts that are made available to the yser
shdll comply @ith one of the classes shown in Table 8.

Table 8 — Auxiliary contact classes

B-G-edrrent
Class Rated Rated short- Breaking capacity
continuous time withstand
current current U,<48V 110 V<U, <250V
1 10 A 100 A/30 ms 440 W
2 2A 100 A/30 ms 22 W
& 200 mA 1 A/30 ms 50 mA
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NO

NO

NO
red

TE 1 Control contacts which are included in a control circuit of a mechanical switching device can be covered

by this table.

TE 2 |If insufficient current is flowing through the contact, oxidation can increase the resistance. Therefore, a

minimum value of current is specified for class 1 contact.

TE 3 In the case of the application of solid state contacts, the rated short-time withstand current can be

uced if current-limiting equipment, other than fuses, is employed.

current and voltage.

er value for class 1 and class 2 contacts (for example, 2 A at 220 V DC for a class 1 contact).

2
NOTE 4 For all classes, breaking capacity are based on a circuit time constant of 20 ms with a tolerance of ! % %.

ing

TE 6 Breaking current at a defined voltage value between 110 V and 250 V can be deduced from the indicated

6.4
Al

Wh
exc
spe

mples of the use of the three contact classes are shown in Figure 1.
+V
Class 1 Class 2
f Protection
- --------------\Y ----------- \ ------------- \ relay
Class™3

Main shaft ]

10,10
[y [
Power load Contactor
coil

-V
IEC

Figure 1 — Examples of classes of contacts

3.4.6 Heatingtelements

heating elements shall be designed to prevent touching an electrically live part.

bre contact with a heater or shield can occur accidentally, the surface temperature shall
eed thestemperature limits for accessible parts not to be touched in normal operation
cifiedin 7.5.6.

6.4.3.5 Operation counter

not
as

Operation counters shall be suitable for their intended duty in terms of environmental conditions

and

6.5
Not

6.6
Not

for the number of operating cycles specified for the switching devices.

Dependent power operation

applicable.

Stored energy operation

applicable.


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

6.7

Not

6.8

Not

6.9

—48 - IEC 62271-204:2022 EXV © IEC 2022

Independent manual or power operation (independent unlatched operation)

applicable.

Manually operated actuators

applicable.

Operation of releases

Not

6.1
6.1

Clo
a 1
pre

The
pre

6.1

A
per

daghpots or shock-absorbers.

6.1
6.1

For
pro

Ac
ser

apnlicable.
Ll o

D Pressurel/level indication
D.1 Gas pressure

5ed pressure systems filled with compressed gas for insulation and/or operation and ha
ninimum functional pressure for insulation and/or operation aboye.0;2 MPa (abso
ssure), shall be provided with a device capable of monitoring the pressudre (or density).

uncertainty of the gas monitoring device should be establiShed and take into accg
ssure coordination (filling, minimum functional and alarm pressure) and leakage rate.

D.2 Liquid level

evice for checking the liquid level, with indication of minimum and maximum lir
Mmissible for correct operation, shall be provided! This requirement is not applicable

I Nameplates
1.1 General

outdoor installation, the nameplates and their fixings shall be weather-proof and corrog
Df.

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:

manufacturer's.name or trademark

type designation and serial number

ing
ute

unt

nits
to

ion

ere

rated voltage U,
ratedtightning impulse withstand voltage Up
rateéd 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 Iy
rated frequency f;
rated duration of short-circuit ty

filling pressure for insulation; minimum functional pressure for
insulation; design pressure for enclosures

type of gas
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mass of gas

NOTE The word "rated" is optional on the nameplates.

6.11.2 Application

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

Ma

6.1

Sw
as
pad

6.1

Ind
unl

Req

[ ]
[ ]
Ide

ang
[26

6.14.

The

No
gas

'kingq shall he durable and r‘lparly ngihlp and shall cantain the fnllnwing information:

manufacturer's name or trademark;
type designation;
rated voltage;

type of gas and filling pressure for insulation.
P Locking devices

ching devices, the incorrect operation of which can cause damage or which are used
uring isolating distances, shall be provided with locking facilities/(for example, provision
locks).

B Position indication

cation of the actual position of the main contacts(of the switching devices shall be provi
bss the contacts themselves are visible in all positions.

uirements for position indicating devices are as follows:

it shall be possible to read the position-indicating device when operating locally;
all stable positions such as open, ¢losed and test positions shall be clearly indicated.
ntification of the open, closed"and where appropriate earthed positions should use symk

/or colours defined by the relevant IEC publications: IEC 60073 [25] for colours, IEC 60
for symbols and IEC 60617 [27] for diagrams.

6.1[ Degree of protection provided by enclosures
1

General

enclosures-shall provide degrees of protection in accordance with 6.14.2 through 6.14

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

for
for

Hed

ols
117

the

Degrees of protection according to IEC 60529 shall be specified for all enclosures of
appropriate low-voltage control and/or auxiliary circuits.

The degrees of protection apply to the service conditions of the equipment.

6.14.2 Protection of persons against access to hazardous parts and protection of the

equipment against ingress of solid foreign objects (IP coding)

The degree of protection of persons and of equipment provided by an enclosure against access
to hazardous parts of the main circuit, control and/or auxiliary circuits and to any hazardous
moving parts and against ingress of solid foreign objects shall be at least IP1XB according to
IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.
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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)

For equipment of indoor installation, no minimum degree of protection against harmful ingress
of water is specified, i.e. the second characteristic numeral of the IP code is X according to
IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

Equipment for outdoor installation shall be at least IPX3 according to IEC 60529:1989,
|EG66529-1989AMD 11999 =andHEC66529-1989tAMB 226131 —itis provided-with—=dditignal
profection features against rain and other weather conditions (supplementary letter W), [the
performance refers to the situation with these features in place and shall be demanstrdted

according to Annex C (normative) (see 7.7.1).

Forl installations where the laying conditions impose a risk of ingress ofi ,water (bufied
insfallations, installations in trenches, ducts, etc.), the second characteristic numeral shall
be specified as shown in Table 1 below.

Table 9 — Second characteristic numeral of IP' coding

Second characteristic Brief description Definition
numeral
7 Protected against the effects of Ingress_af water causing harmful effects shall n¢t
temporary immersion in water be possible when the enclosure is temporarily
immersed in water under standardized conditions
of pressure and time

Fof more severe situations than those corresponding to the\second characteristic numeral 7, the protection shopld

belagreed between manufacturer and user.

6.1#4.4 Protection against mechanical impact under normal service conditions
(IK coding)

Forfindoor installation, the preferred impact level is IKO7 according to IEC 62262:2002 (2 J).

Forloutdoor installation without additional mechanical protection, the minimum impact level shall
be [K10 according to IEC 62262:2002 (20 J).

Insylators and bushings of high-voltage switchgear and controlgear are not subjected to this
requirement.

6.1p Creepage distances for outdoor insulators

Nof applicable.

6.16 Gas and vacuum tightness
6.16.1 General

Not applicable.

6.16.2 Controlled pressure systems for gas

Not applicable.
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6.16.3 Closed pressure systems for gas

The tightness of closed pressure systems for gas is specified by the relative leakage rate F

of each compartment. The maximum values under the standardized ambient temperature of
20 °C are:

— for SFgz and SFg mixtures, 0,5 % per year;
— for other gases, 1 % per year.

NOTE 1 Some local or governmental regulations can require a lower SF, leakage rate, e.g. 0,1 % per year.

The tightness characteristic of a closed pressure system and the time between replenishmgnts
under normal service conditions shall be stated by the manufacturer. This time shall"be¢ at
leagt 10 years for maintenance planning purposes. Means shall be provided to enable pas
systems to be replenished while the equipment is in service.

NOTE 2 The term “in service” implies “under live conditions”.

NOTE 3 Manufacturer’s instructions and the user’s operating practices provide guidance for replenishing gas.

Theg relative leakage rate from any single compartment of GIS to atmosphere and betwgen
compartments shall not exceed 0,5 % per year for the expected’operation duration of |the
eqyipment.

NOTE 1 Expected operation duration is typically 40 years under normal service condition as specified in Annek E.

Thg maximum relative leakage rate F for type tests-is. specified as:

e [£0,1 % per year for SFg, SFg mixtures and for.other gas mixtures with GWP > 1 000;
e [£0,5 % per year for other gas mixtures with GWP < 1 000.

NOTE 2 The global warming potential (GWP) aef\gases in GIS is the major reason for requiring low permisgible
leakpge rates. Solutions with alternative gaseswith GWP lower than 1 000 exist. GWP (100 years) of SF is 23(500

accqrding the IPCC — AR5 Climate Change 2013 [31].

For|small gas compartments cantaining less than 1 kg gas the permissible relative leakage rate

F.o|for type tests is specified.as:

e [£0,2 % per year fonSFg, SFg mixtures and for other gas mixtures with GWP > 1 000.

Theg tightness characteristic of a closed pressure system and the time between replenishment
under normal sekvice condition shall be stated by the manufacturer and shall be consistent ith
a minimum maintenance and inspection philosophy.

Thg value\for the time between replenishment shall be at least 10 years for SFg systems and
for pthér gases should be consistent with the tightness values. The possible leakages betwgen

ol lo H oLl & loall 1 lo oy | Hy 4
subassempres TaviiTy UTTTTTTIU PTTOSUTT S STIdll AdToU UT 1aRTIT TTTtU aCLUUUTTL.

6.16.4 Sealed pressure systems

The tightness of sealed pressure systems is specified by their expected operating duration. The
expected operating duration shall be specified by the manufacturer and shall be at least
20 years. Other preferred values are 30 years and 40 years.

The tightness of gas insulated switchgear and controlgear shall be designed in a way to ensure
that the minimum functional pressure (density) shall not be attained before the expected end of
life. The manufacturer shall specify a permissible leakage rate.

NOTE 1 For some designs verification of an expected operating duration greater than 20 years can be impractical
for a type or routine test.
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NOTE 2 Sealed SF; switchgear and controlgear is considered to have insignificant SF; losses (less than
0,1 % per year) during their expected operating duration.

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, pee
IEQ 62271-4.

6.1f Tightness of liquid systems

Nof applicable.

6.18 Fire hazard (flammability)

Nof applicable.

6.19 Electromagnetic compatibility (EMC)

Nof applicable.

6.20 X-ray emission

Nof applicable.

6.2 Corrosion

DUI to the large number of parametersto be considered no standard requirements can be giyen.
General recommendations are given'in IEC TR 62271-306 [4].

6.21.101 Corrosion protection for buried installations

Cofnrosion protection, i.e.-both the external coating and any active protection system, shall take
intd account special«considerations such as: the location, the soil/backfill material gnd
conditions, the enclésure material and the type of earthing adopted.

In deneral, theycorrosion 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
codting aetsas a passive corrosion protection system by keeping humidity or water away ffom
the|metalbenclosure of the electrical equipment.

Passive corrosion protection is required and any active corrosion system, if requested and
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

The pressure (or density) or liquid mass shall be assigned by the manufacturer. The pressure
(or density) of gas is referred to atmospheric conditions of 20 °C at which gas filled switchgear
is filled before being put into service.
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In addition to the filling levels the following values have to be assigned by the manufacturer

(wh
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Arrangements should also be made to minimize the effects of internal arc faults on the contin

ser
whi

If, i
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Tes
isol
of i

6.1
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en applicable):

alarm pressure p,, (or density p,.) for insulation and/or switching;

alarm pressure p,,, (or density p,,) for operation;

minimum functional pressure p,,, (or density p,.) for insulation and/or switching;

minimum functional pressure p,, (or density p, ) for operation.

011 Minimizi £ ] L fault effect
D1.1  General

ult leading to an internal arc fault within GIL built according to this document has a very
bability. This results from the use of an insulating gas, other than air at atmosphefic pressg
ch will not be affected by pollution, humidity or vermin.

mples of measures to avoid an internal arc fault and to limit duration and consequences

insulation coordination,

gas-leakage limitation and control,
high-speed protection,

high-speed arc short-circuiting devices,
interlocking of switching devices,

remote control,

internal and/or external pressure reliefs, and

checking of workmanship on site.

ice capability of the GIL. The effect of an arc should be confined to the compartmen
ch the arc has been initiated.

h spite of the measures taken, a test is agreed between manufacturer and user to verify
ct of internal arc faults,'this test should be in accordance with 7.105 of IEC 62271-203:20

ts would normallyynot be necessary in the case of single-phase enclosed GIL installe
ated neutral orresonant earthed systems and equipped with a protection to limit the dura
nternal earth faults.

D1.2 _External effects of the arc

quate installation precautions shall be taken in order to reduce the hazards to a tolers

risk

low
ure,

are

led
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the
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Eor more information see [41
7 | S |

In order to provide a high protection to personnel, the external effects of an arc shall be limited
(by taking adequate precautions) to the appearance of a hole or tear in the enclosure without
any fragmentation.

The manufacturer shall provide sufficient information to allow the user to take these precautions.

Manufacturer 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.
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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.

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 employ¢d);

— lenclosures are normally filled with a non-corrosive, dry, stable and inert gas) and the pas
shall remain in this condition (with only small fluctuations in pressure) in order to endure
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 acount the influence of climptic
conditions (see Clause 4).

For| buried installation, environment conditions shall<be taken into account. Concerning |the
prepyention of external corrosion, see 6.21.

6.102.2 Design of enclosures

Thg wall thickness of the enclosure shall{be based on the design 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 above;

— [0,2 s for lower short-circuit.currents.

In grder to minimize the riskvof burn-through, 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 ansinternational agreement on a standard procedure, methods for calculaging
the|thickness and the construction of enclosures, either by welding or casting, can be chogen
from establishedrelevant pressure vessel and pipeline codes, based on the design temperafure
and design¢pressure defined in this document.

Whgnsdesigning 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 case
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.
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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.

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 strengthofany enclosures and parts thereof Tas not been fuify determimed by cafcutation,
propf 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, minimjum
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 minimjum
properties, based on certification of the material supplier, or testscconducted by [the
manufacturer, or both.

6.1p3 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
(sege 6.101).

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

— [installation;
— |[site testing;
— |maintenance and repair;

— [gas handling.

The partitions are generally of insulating material but are not intended by themselves to proyide
eletgtrical safety of personnel,*for which other means such as earthing of the equipment fan
apdly; they shall, however, previde mechanical safety against the differential gas pressure With
the|adjacent compartments.

A plartition separating)a compartment filled with insulating gas from an adjacent compartnent
fillefd with liquid, shall not show any abnormal leakage through the separation affecting [the
dielectric properties of the two media.

Consideration should be given to the partitioning of the GlL-system in order to meet [the
reqguirement of operation, limitation of the fault affected GIL part and conveniencel of
ma1ntenance or repairs.

6.104 Sections of a GIL system

The 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 and
maximum length for testing, installation progress for long projects or operational and
maintenance reasons.
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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.

6.1052—timitatiomof mraximumr fithimgpressure

Forlfilling a gas compartment, a pressure regulator shall be fitted to the filling pipe io preyent
the|gas pressure from rising to more than 10 % above the design pressure. Alterpatively, |the
regllator can be fitted to the enclosure itself.

The filling pressure should be chosen to take into account the gas temperature at the tim¢ of

fillimg, for example, checking by temperature-compensated pressure gaugges.

D

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 pressure,
shdrt-circuit current and duration, not exceed the routine test pressure of the enclosure, in sjch
a case, a pressure relief device is not mandatory.

If pfessure relief devices are used in confined,space accessible to personnel, precautions shall
be faken to ensure safety in case of releas€\(see also Clause 12).

In the case of an internal fault which causes yielding of the enclosure, the adjacent enclosyres
shduld be checked for absence of distortion.

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

6.106 Compensation of thermal expansion

Due¢ to temperature differences between parts of the GIL, between the GIL and their
surfoundingsy 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.

Thq_relative _movements or forces between the parts and/or their surroundings can] be
determined either by measurement or calculations based on the maximum temperature
difference of the parts relative to the temperature during construction. Where compensation is
necessary, the following methods shall be used:

a) compensation between current-carrying parts and enclosure shall be achieved by sliding
contacts or similar means;

b) compensation between the enclosure and its surroundings (fixed supporting structure,
surrounding soil) shall be achieved by appropriate means.

Reference should be made to appropriate standards or methods for calculations of resulting
forces and relative movements between environment and enclosure, and for 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.
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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.

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 rnmqining dynnmir‘ stress level shall he used as a basis for the mechanical dimnnqinr‘ing
by means of combining the loads resulting thereof with other mechanical loads acting .on |the
GIY 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 brifge
and its surrounding. These movements can cause additional mechanical loads-which would be
negessary to consider when determining the total stress levels during the mechanijical
dimensioning.

6.1p8 Supporting structures for non-buried GIL
6.108.1 General

Theg supporting structures for GIL have an influence on thesmechanical features of the GIL. The
construction of the supporting structure 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 requiremgnts
of the supporting structure functions.

6.108.2 Conditions of the design
The following forces and loads shouldbe 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;

— lice lead, when applicable;

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

gas/air bushing line pull.

When the supporting structure does not form part of the earthing system, means shall be
provided to avoid eddy currents in the supporting structure and to allow corrosion protection.

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.


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

- 58 - IEC 62271-204:2022 EXV © IEC 2022

7 Type tests

71 General

7.1.1 Basics

The type tests are for the purpose of proving the ratings and characteristics of switchgear and

controlgear, their operating devices and their auxiliary equipment. Each individual type tes

t or

type test sequence shall be made on test objects as defined in 3.2.1, in the condition as required
for service (filled with the specified types and quantities of liquid or gas), with their operating

devi
clean condition at the beginning of each type test or type test sequence.

Regonditioning during individual type tests or test sequence may be allowed, according to
relgvant IEC product standard. The manufacturer shall provide a statement_to the tes
labgratory of those parts that may be renewed during the tests.

Tolerances on test quantities are listed in Table E.1.
Infgrmation regarding the extension of validity of type tests is givenfin. Annex J (informative

7.1|2 Information for identification of test objects

Theg manufacturer shall submit to the testing laboratory, ‘drawings and other data contain
sufficient information to unambiguously identify by type the essential details and parts of
swifchgear and controlgear presented for test. A{summary list of the drawings and d
schiedules shall be supplied by the manufacturer‘@nd shall be uniquely referenced and s
contain a statement that the manufacturer guarantees that the drawings or data sheets lis
are|the correct version and represent the switchgear and controlgear to be tested.

Theg testing laboratory shall check that.drawings and data sheets adequately represent
esslential details and parts of the test;object but is not responsible for the accuracy of
detgiled information.

Parnticular drawings or data required to be submitted by the manufacturer to the test labora
for jdentification of essential parts of test object are specified in Annex A (normative).

7113 Information.to be included in type-test reports

The results of all type-tests shall be recorded in type-test reports containing sufficient dat
proye compliarice with the ratings and the test clauses of the relevant standards and suffic

infgrmation shall be included so that the essential parts of the test object can be identified.

particular, the following information shall be included:

— [the’zmanufacturer;

and
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— the type designation and the serial number of the test object;
— the rated characteristics of the test object as specified in the relevant IEC standard;
— the general description of the test object, including number of poles;

— the manufacturer, type, serial numbers and ratings of essential parts, where applicable
example, drive mechanisms, interrupters, shunt impedances);

(for

— the general details of the supporting structure of the switching device or enclosed switchgear

of which the switching device forms an integral part;

— the details of the operating-mechanism and devices employed during tests, where

applicable;
— photographs to illustrate the condition of the test object before and after test;

— sufficient outline drawings and data schedules to represent the test object;
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the reference numbers of all drawings including revision number submitted to identify the

essential parts of the test object;
a statement that the test object complies with the drawings submitted;
details of the testing arrangements (including diagram of test circuit);

statements of the behaviour of the test object during tests, its condition after tests and any

parts renewed or reconditioned during the tests;

in case of breaking operations with some specific technologies, NSDDs may occur during
the recovery voltage period. Their number is of no significance to interpreting the
performance of the device under test. They shall be reported in the test report only in order

The

Bed
all
sub
with
oth
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to differentiate them from restrikes;

standard;

prwise specified in the relevant subclause.

shall be included in the test reports.

records of the test quantities during each test or test duty, as specified in the relevant

the location, laboratory name where the tests were conducted and date of test.
type tests shall be made on representative assemblies or subassemblijes:

ause of the variety of possible combinations of components, it is\impracticable to sub
possible arrangements to type tests. The performance of any patticular arrangement car
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 rdted filling pressure, except w

results of all type tests shall be recorded in type4est reports containing sufficient dat
ve compliance with this specification, and sufficiént information so that the essential par
equipment tested can be identified. General infotmation concerning the supporting struct
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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

Thg following mandatory type tests shall be carried out:

Subclause

a) [Tests to verify thedinsulation level of the equipment including partial 7.2
discharge tests and“dielectric tests on auxiliary circuits

b) |Tests to prove.the continuous current of any part of the equipmentand 7.4 and 7.5
measurement-of the resistance of the main circuit

c) |Tests toprove the ability of the main 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
ofvauxiliary circuits

e) Tests to prove the strength of enclosures 7.101

f) Test to prove the strength of partitions 7.102

g) Gas tightness tests 7.8

7.1.102 Special type tests

This subject applies to agreement between manufacturer and user.

a) Anti-corrosion tests (if applicable) 7.103

b) Mechanical tests on sliding contacts 7.104
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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 arcing due to an internal fault 7.105
Long term behaviour test for buried installation Annex C

E Some of the type tests can impair the suitability of the tested parts for subsequent use in service.
Dielectric tests

1 General

Nof

7.2

Nof

7.2

Nof

7.2
Die
spe
be

7.2

applicable.

2 Ambient air conditions during tests

applicable.

3 Wet test procedure

applicable.

4 Arrangement of the equipment

ectric tests shall be performed at minimum functional“pressure of the insulating gas

noted and recorded in the test report.

5 Criteria to pass the test
Short-duration power-frequency withstand voltage tests

If during a wet test a disruptive discharge (as defined in IEC 60060-1:2010) on external S
restoring insulation occurs, this-test shall be repeated in the same test condition with
intermediate cleaning and the test object shall be considered to have passed this
successfully if no further disruptive discharge occurs.

Impulse tests

The test procedure B of IEC 60060-1:2010, adapted for test objects that have self-resto
and non-self-restofing insulation, is the preferred test procedure. The test object has pas
the impulse tests.if the following conditions are fulfilled:

— each series'has at least 15 tests;
— the number of disruptive discharges does not exceed two for each complete series;

— noudisruptive discharge on non-self-restoring insulation occurs. This is confirmed
5.consecutive impulse withstands following the last disruptive discharge.

as

cified by the manufacturer. The temperature and pressure of the gas during the tests shall

The test object shall be considered to have passed the test if no disruptive discharge occurs.
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Procedure C of IEC 60060-1:2010 may be used when all three poles are tested, refer

to 7.2.6.2.

General comment

When testing switchgear and controlgear, the part of equipment through which the test
voltage is applied may be subjected to numerous test sequences to check the insulating
properties of other downstream parts of equipment (circuit-breakers, disconnectors,
other bays). It is recommended that parts be tested in sequence, starting with the first
connected part. When this part has passed the test according to the above-mentioned
criteria, its qualification is not impaired by possible disruptive discharges which could
occur in it during further tests on other parts.

These discharges can have been generated by accumulation of discharge probability
with the increased number of voltage applications or by reflected voltage after a
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disruptive discharge at a remote location within the equipment. To reduce the probability
of occurrence of these discharges in gas-filled equipment, the pressure of compartments
which are not subject of the test can be increased. Compartments at increased pressure
should be clearly identified in the test report(s).

— A disruptive discharge to the auxiliary and control circuits shall be considered as a
failure.

7.2.6 Application of test voltage and test conditions

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 conducterp of
the[main circuit and the auxiliary circuits shall be connected to the earthing conductat_or |the
frame and to the earth terminal of the test supply.

Whgn each phase is individually encased in a metallic enclosure, only tests to _earth, and no
tes{ between phases, are carried out.

7.2]7  Test of switchgear and controlgear of U, < 245 kV

7.2{7.1 General

The tests shall be performed with the test values equal to the rated withstand voltages selegted
fromh Table 1 or Table 2.

Thg rated withstand voltages shall be those specified.ia Table 2.

7.2{7.2 Power-frequency voltage tests

Thg main circuit of the GIL shall be subjected,to short duration power-frequency voltage tgsts
in @ccordance 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|7.3 Lightning impulse voltage tests

Duning the tests, the earthed terminal of the impulse generator shall be connected to [the
endlosure of the GIL.

Consideration shall betgiven to the length of the tested object, in order to avoid overvoltage
dud to travelling waves.

7.2{8 Test.of switchgear and controlgear of U, > 245 kV

7.2/8.1 General

In the.closed position, the tests shall be performed in conditions 1, 2 and 3 of Table 10. Injthe
open position, the tests shall be performed as stated below (but refer to 7.2.4). In addition,
phase-to-phase switching impulse voltage tests shall be performed as stated below. The tests
shall be performed with the test values equal to the rated withstand voltages.

The rated withstand voltages shall be those specified in Table 3.

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.
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7.2.8.3 Lightning and switching impulse voltage tests

The test object shall be subjected to switching impulse voltage tests. The tests shall be
performed with voltages of both polarities using the standardized switching impulse
250/2 500 us according to IEC 60060-1:2010. Wet tests shall be performed for outdoor
switchgear and controlgear with external insulation only.

The isolating distance shall be tested with the preferred method a) of 7.2.6.3.

The insulation between poles shall be tested in dry conditions only according to Table 13 with
a tgstvottageas per cotumm 5 of Tabte 3amdfor Tabte 4, by the preferredmethod=a)of 7.276.3
in which the main part shall be equal to or higher than 90 % of the value given in column:\4 of
Tafle 3 and Table 4. This value shall not exceed 100 % of the value indicated in column 4 of
Tahle 3 and Table 4 without the consent of the manufacturer. The complementary part’shal| be
apdlied to the adjacent phase in phase opposition in order that the sum of both Moltages (main
parf and complementary part) is equal to the value indicated in column 5 of Table 3 and Tabl¢ 4.

Theg actual voltage share shall be as balanced as possible. Any unbalanced share of the tptal
tes{ voltage is more severe. When voltage components are different in,shape and/or amplityde,
the[test shall be repeated reversing the connections.

Duning 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 testéd object, in order to avoid overvoltage
dug to travelling waves.

7.2(9 Artificial pollution tests for outdoorinsulators

Nof applicable.

7.2]10 Partial discharge tests

Unless otherwise specified by the“relevant product standard, partial discharge tests are [not
required. When tests are required, the measurements shall be made according to IEC 60270.

7.2{10.1 General

Parntial discharge tests shall be performed and the measurement made in accordance With
IEQ 60270.

Theg test canybe carried out on assemblies or sub-assemblies of the equipment used foy all
dielectricstype tests.

NOTE\ Power-frequency voltage tests and partial discharge tests can be performed at the same time.

7.2.10.2 Test procedure

The applied power-frequency voltage is raised to a pre-stress value which is identical to the
power-frequency withstand voltage test and maintained at that value for 1 min. Partial
discharges occurring during this period shall be disregarded. Then, the voltage is decreased to
a specific value defined in Table 6 depending on the configuration of equipment and system
neutral.

The extinction voltage shall be recorded.


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

IEC

62271-204:2022 EXV © |IEC 2022 - 63 -

Table 10 — Test voltage for measuring PD intensity

System with effectively System without effectively
earthed neutral earthed neutral
Pre-stress voltage Test voltage for Pre-stress voltage Test voltage for
PD measurement PD measurement
Upre-stress Upd-test Upre-stress Upd-test
(1 min) (>1 min) (1 min) (>1 min)
Single-phase U, .. =U _ U .. =U U =120
e pre-stress d Upd-test =1,2 Ur / \/5 pre-stress d pd-test r
(phase-to-earth
voltage)
Thrg e-phase . Upre—stress = Ud Upd—test, ph-ea = Upre-stress = Ud Upd—test, ph-ea ~ 1‘2 Ur
enclosures design
12 U3
Upd—test, ph-ph =12 Ur
U, rated voltage for equipment.
Uyt power-frequency withstand test voltage as per Table 2 and Table 3.
Upre_stress: pre-stress voltage.
Upd test: test voltage for PD measurement.
Upd test, ph-ea’ test voltage for PD measurement, phase-to-earth.
Upd test, ph-ph- test voltage for PD measurement, phase-to-phase.

In gddition, all components shall be tested in accordance with their relevant standards.

7.2{10.3 Maximum permissible partial discharge intensity

Thg maximum permissible partial discharge level shall not exceed 5 pC at the test voltage
specified in Table 6.

Theg values stated above apply’ to individual components as well as to the sub-assemblieg in
which they are contained. ‘However, some equipment, such as voltage transformers insuldted
with liquid, immersed orsolid, have an acceptable level of partial discharge in accordance with
the|r relevant standard. ‘greater than 5 pC. Any sub-assembly containing components with a
permitted partial discharge intensity greater than 5 pC shall be considered acceptable if [the
dis¢harge level does not exceed 10 pC. Components for which higher levels are accepted shall
be fested individually and are not integrated to the sub-assembly during test.

7.2]11 ~Dielectric tests on auxiliary and control circuits

Thea_dig€lectric test on auxiliary and control circuits are covered under 7.10.5.

7.2.12 Voltage test as condition check

Not applicable.

7.3 Radio interference voltage (RIV) test

Not applicable.

7.4 Measurement of the resistance of circuits

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.
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7.4.1 Measurement of the resistance of auxiliary contacts class 1 and class 2

One sample of each type of class 1 and class 2 auxiliary contacts shall be inserted into a
resistive load circuit through which flows a current of (10 £ 2) mA when energized by a source

having an open circuit voltage of 6 V DC with a relative tolerance of ?5 % and the resistance

measured according to IEC 60512-2-2.

The resistance of the closed class 1 and class 2 auxiliary contacts shall not exceed 50 Q under
these measuring conditions.

NOTE On contact materials, oxidation which decreases the effective current-carrying capabilities can occur: [This
results in an increased contact resistance or even no conduction at very low voltage while no problems are obsefved
at hlgher voltage. This test is intended to verify the contact performance under these low-voltage cenditions.|The
assgssment criterion takes into account the non-linearity of the resistance. The 50 Q value results\from statistical
congiderations and has already been taken into account by users.

7.4{2 Measurement of the resistance of auxiliary contacts class 3

Oné¢ sample of class 3 auxiliary contacts shall be inserted into a resistive load circuit through
which flows a current <10 mA when energized by a source having‘\an open circuit voltage
<30 mV DC and the resistance measured according to 4.12 of IEC 61810-7:2006.

The resistance of the closed class 3 auxiliary contacts shall‘aot exceed 1 Q.

7.4{3 Electrical continuity of earthed metallic parts test

Generally visual inspection is sufficient to assess compliance with requirements in 6.3.

However, as an alternative, the metallic compenents and enclosures that may be touched dufing
normal operating conditions and are intended to be earthed may be tested at 30 A (DC) to|the
earfhing point provided. The voltage drop,shall be lower than 3 V.

NOTE It may be necessary to locally remove coating at measuring points.

7.414 Resistance measurement of contacts and connections in the main circuit as p
condition check

7.414.1 Resistancetmeasurement test procedure

WhEn resistance measurements are called for as a condition check after a specific test, |the
follpwing procedurée shall be applied.

The resistance across the contacts or connections being checked shall be measured before|the
tes{. The measuring test points shall be the nearest accessible points to and on either sid¢ of
the|centacts or connections in question. An average value of the resistance shall be calculdted
based.on three measurements. |f the test object comprises switching devices, one no-load open
and close operation cycle shall be made on each device between each of the measurements.
If the test object comprises removable elements, one remove / replace cycle shall be made
between each of the measurements.

The measurements shall be made with DC at full rated continuous current (-20 % to 0 %) if less
than or equal to 50 A or any convenient value of current between (and including) 50 A and the
rated continuous current if it is higher than 50 A.

NOTE In some designs it may be only practical that several connections and/or contacts are measured in series in
the main circuit or even the complete poles of a device are measured during type testing.

After the completion of the test, the resistance shall be measured again using the identical
procedure to that used for the resistance measurements made prior to the tests. Before this
resistance measurement, some conditioning of the contacts is acceptable based on the
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manufacturer’s recommendations such as no-load operation cycles or the application of rated
continuous current for some time.

The resistance measurements before and after shall be performed at ambient temperature with
a maximum difference of 10 K between the measurements. The resistance increase is
calculated by the difference between the average value of the measurements before and after
the test.

7.4.4.2 Making and breaking tests

Fol |||a'r\i||y dlluI L)lcd;\;lly tcbtb Uf dlly bvv;tbil;llg dUV;bU, tilc ch;btdllbc bUIIUIitEUII bilcb;\ Uf the
tes{ sample after completion of the test is considered to be satisfactory if the resistance increpse
for pach phase determined in 7.4.4.1 is not greater than 100 %.

NOTE The acceptance criterion of 100 % increase in resistance as a condition check after makingsand breaking
test s a default value for this document. The criterion may not be appropriate for all switchgear désigns, e.g. desfigns
with|parallel arcing and main contacts. In such cases, the relevant product standards provide.their own methods or
critegria for a condition check.

7.414.3 Other tests

Forltests other than making and breaking tests, the resistance condition check of the test object
aftgr completion of the test is considered to be satisfactory if the‘resistance increase for epch
phgse determined in 7.4.4.1 is not greater than 20 %. If the resistance increase exceeds 20 %
thep a continuous current test (7.5) is applicable to determine if the test object can carry its
ratgd continuous current.

NOTE The acceptance criterion of 20 % increase in resistance as a condition check after test is a default valug for
this [document. The criterion may not be appropriate for all.switchgear designs, in which case, the relevant profduct
standards provide their own methods or criteria for a condition check.

7.5 Continuous current test
7.5|1 Condition of the test object

Theg continuous current test of the-main circuits shall be made on a test object, if applicaple,
with clean contacts and filled-\with the appropriate liquid or gas at the minimum functignal
pregsure (or density) for insulation prior to the test.

7.5]2 Arrangement.of the equipment

Theg test shall be made indoors in an environment substantially free from air currents, exgept
thoge generated.by heat from the test object. In practice, this condition is reached when thqg air
city does\not exceed 0,5 m/s.

For| continuous current tests of parts other than auxiliary equipment, the test object and their
ssories shall be mounted in all significant respects as in service, including all normal coyers
of j i ' i ; ver
surrounding a busbar extension), and shall be protected against undue external heating or
cooling.

When the test object, according to the manufacturer's instructions, may be installed in different
positions, the continuous current tests shall be made in the most unfavourable position.

These tests shall be made in principle on three-pole switchgear and controlgear but may be
made on a single pole or on a single unit provided the influence of the other poles or units is
negligible. This is the general case for non-enclosed switchgear above 52 kV. For three-pole
switchgear and controlgear with a rated continuous current not exceeding 1 250 A, the tests
may be made with all poles connected in series.
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For particularly large test objects for which the insulation to earth has no significant influence
on temperature rises, this insulation may be appreciably reduced.

For three-pole test objects, the test shall be made in a three-phase circuit with the exceptions
mentioned above.

Where temporary connections to the main circuit are used, they shall be such that there is no
significant difference in heat conducted away from, or conveyed to, the test object compared to
the connections intended to be used for service (see 7.5.4.2).

NOTE To make the continuous current test more reproducible, the type and/or sizes of the temporary connections
can pe specified in relevant standards.

7.5(3 Test current and duration
7.5(3.1 Test on main circuit

Thg test shall be made at the rated continuous current (/;) of the switchgear and controlgear.
Thg supply current shall be practically sinusoidal.

This requirement is fulfilled when the RMS value of the harmonics does not exceed 5 % of|the
vallie of the fundamental current. By agreement of the manufacturer harmonic content higher
thaph 5 % may be accepted.

Tedt object shall be tested at rated frequency with a tolerance of +§ %. The test frequency shall

be fecorded in the test report.

For| switchgear and controlgear rated for both frequencies at 50 Hz and 60 Hz and having no
ferromagnetic components adjacent to the Current-carrying parts, the test can be performed at
50 Hz and covers both frequencies provided that the temperature-rise values recorded dufing
the|tests at 50 Hz do not exceed 95 %(¢of the maximum permissible values. Tests performed at
60 Hz cover both frequencies.

The test shall be made over a period of time sufficient for the temperature rise to reach a stgble
vallie. This condition is deemed to be obtained when the variation of temperature rise does|not
exceed 1 Kin 1 h. This criterion will normally be met after test duration of five times the thermal
tim¢ constant of the test\object.

1%

Theg time for the.whole test may be shortened by preheating the circuit with a higher valu¢ of
curfent, provided that sufficient test data is recorded to enable calculation of thermal tjme
constant.

7.5|3.2 Test of the auxiliary and control equipment

TheTestis made with the specitied supply voltage (AC or DC), and for AC at its rated frequency

(tolerance +§ %).

The auxiliary equipment shall be tested at its rated supply voltage (U,) or at its rated continuous
current. The AC supply voltage shall be practically sinusoidal.

Coils rated for continuous duty shall be tested over a period of time sufficient for the
temperature rise to reach a constant value. This condition is usually obtained when the variation
does not exceed 1 Kin 1 h.

For circuits energized only during operations, the tests shall be made under the following
conditions.
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a) When the operating device has an automatic breaking device for interruption of the auxiliary
circuit at the end of the operation, the circuit shall be energized 10 times, for either 1 s or
until the automatic breaking device operates, the interval between the instant of each

energizing being 10 s or, if the construction of the operating device does not permit t
the lowest interval possible.

his,

b) When the operating device has no automatic breaking device for interruption of the auxiliary
circuit at the end of the operation, the test shall be made by energizing the circuit once for

duration of 15 s.

7.5.4 Temperature measurement during test

7.5|4.1 Ambient air temperature

Thg ambient air temperature is the average temperature of the air surrounding the test ob
(forfenclosed switchgear and controlgear, it is the air outside the enclosure). It shallbe recor

ect
Hed

dur|ng the tests by means of at least three thermometers, thermocouples or othéritemperatire-

measuring devices equally distributed around the test object at about the average height o
curfent-carrying parts and at a distance of about 1 m from the test object. The thermometer
thefmocouples shall be protected against air currents and undue influence.of heat.

In qrder to avoid indication errors because of rapid temperature changes, the thermometer
thefmocouples may be put into small bottles containing about 0,51 6f oil.

During the last quarter of the test period, the change of ambient air temperature shall not exc
1 K]in 1 h. If this is not possible because of unfavourable*temperature conditions of the

fits
5 or

bed
est

room, the temperature of an identical switchgear and‘controlgear under the same conditigns,
butjwithout current, may be taken as a substitute for-the' ambient air temperature. This additignal

swifchgear and controlgear shall not be subjected te an undue amount of heat.

Theg ambient air temperature during tests shall be more than 10 °C but shall not exceed 4(Q °C

without the consent of the manufacturer. No correction of the temperature-rise values shal
mage for ambient air temperatures withifi*this range and above.

7.5/4.2 Temperature of test object

Prejcautions shall be taken to.reduce the variations and the errors due to the time lag betw
the|temperature of the test object and the variations in the ambient air temperature.

be

For|coils, the method-efmeasuring the temperature rise by variation of resistance shall normilly
be Lsed. Other methods are permitted only if it is impracticable to use the resistance methgd.

Theg temperature of the various parts other than coils for which limits are specified shall

be

measured-«with thermometers or thermocouples, or other sensitive devices of any suitable type,

plaged at the hottest accessible point.

Tht Dulfdbc tUIIIIJUIdtUIU Uf d bUIIIpUIIUIIt ;IIIIIIUIbUd ;II [=} UIiUiUbtlib iIL.{UIUI b:la“ IL)G IIIUGDUIUL: Unly
by thermocouples attached to the surface of this component. The temperature of the liquid

dielectric itself shall be measured in the upper layer of the dielectric.

For measurement with thermometers or thermocouples, the following precautions shall be ta

ken:

a) the bulbs of the thermometers or thermocouples shall be protected against cooling from
outside (dry clean wool, etc.). The protected area shall, however, be negligible compared

with the cooling area of the apparatus under test;

b) good heat conductivity between the thermometer or thermocouple and the surface of
part under test shall be ensured,;

the

c) when bulb thermometers are employed in places where there is any varying magnetic field,

it is recommended to use alcohol thermometers in preference to mercury thermometers
the latter are more liable to be influenced under these conditions.

, ds
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Sufficient temperature measurements shall be made during the test, at time intervals not
exceeding 30 min, in order to calculate the thermal time constant, and shall be recorded in the
test document.

The temperatures at the terminals of the main circuit and at the temporary connections at a
distance of 1 m from the terminals shall be measured. The difference in temperature rise shall

not

exceed 5 K.

However, if the temperature rise of the temporary connections at the distance of 1 m from the
terminal of the main circuit exceeds by more than 5 K the temperature rise of the terminal, the

tes
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5 Resistance of the main circuit

easurement of the resistance of the main circuit shall be made before the continuous cur
, with the test object at the ambient air temperature according to the,measuren
cedure as defined in 7.4.4.

resistance value measured before the continuous current testsqissmade for compari
veen the switchgear and controlgear type tested for contindous current and all of
chgear and controlgear of the same type subjected to routine/tests (see Clause 8).

6 Criteria to pass test
6.1 General

test object has passed the test if the temperature rise of the parts of the test object
ch limits are specified, has not exceeded the values specified in Table 14.

ne insulation of a coil is made of several different insulating materials, the permiss
perature rise of the coil shall be taken\as that for the insulating material with the lowest |
bmperature rise.

he test object is fitted with Various equipment complying with particular standards
mple, rectifiers, motors, low=voltage switches, etc.), the temperature rise of such equipmnj
Il not exceed the limits specified in the relevant standards.

ent
ent
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Table 11 — Limits of temperature and temperature rise for various parts, materials
and dielectrics of high-voltage switchgear and controlgear

Nature of the part, of the material and of the dielectric Maximum value
(Refer to points 1, 2 and 3 in 7.5.6.2) (Refer to NOTE 1) Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(NOTE 2)
°C K
1 Contacts (refer to point 4)
Bare-copper or bare-copper alloy
+ in OG (refer to point 5) 75 35
4+ in NOG (refer to point 5) 115 75
4+ inoil 80 40
Bilver-coated or nickel-coated (refer to point 6)
4+ in OG (refer to point 5) 115 75
4+ in NOG (refer to point 5) 115 75
+ in oil 90 50
Tin-coated (refer to point 6)
4+ in OG (refer to point 5) 90 50
4+ in NOG (refer to point 5) 90 50
+ in oil 90 50
2 Connection, bolted or the equivalent (refer to point 4)
Bare-copper, bare-copper alloy or bare-aluminium alloy.
4+ in OG (refer to point 5) 100 60
4+ in NOG (refer to point 5) 115 75
+ in oil 100 60
bilver-coated or nickel-coated (refer to peint 6)
+ in OG (refer to point 5) 115 75
4+ in NOG (refer to point 5) 115 75
4+ inoil 100 60
Tin-coated
4+ in OG (refer to point'5) 105 65
4+ in NOG (refetto point 5) 105 65
+ in oil 100 60
3 All other.contacts or connections made of bare metals
r codted with other materials (Refer to point 7) (Refer to point 7)
4 Terminals for the connectio_n to external conductors by
SCTEWS OT DOILS (reter 1O pPolnts o diid T4)
— bare 100 60
— silver or nickel coated 115 75
— tin-coated 105 65
— other coatings (Refer to point 7) (Refer to point 7)
5 Oil for oil switching devices (refer to points 9 and 10) 90 50
6 Metal parts acting as springs (Refer to point 11) (Refer to point 11)



https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

—-70 -

IEC 62271-204:2022 EXV © IEC 2022

Nature of the part, of the material and of the dielectric
(Refer to points 1, 2 and 3 in 7.5.6.2) (Refer to NOTE 1)

Maximum value

Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(NOTE 2)
°C K
7 Materials used as insulation and metal parts in contact
with insulation of the following classes (refer to
point 12)
- Y 90 50
+ A 105 65
+ E 120 80
4+ B 130 90
+ F 155 145
+ Enamel: oil base 100 60
synthetic 120 80
+ H 180 140

+ C other insulating material

(Refer to point 13)

(Refer to point 13)

8 Any part of metal or of insulating material in contact with
il, except contacts

100

60

9 Accessible surfaces

burfaces of manual control components to be touched in
ormal operation:

Uncoated metal
Coated metal
Non metal

Dther surfaces to be touched in normal operation-but
ot to be held continuously in the hand:

Uncoated metal

Coated metal

Non metal

burfaces not to be touched in_.normal operation:
Uncoated metal

Coated metal

Non metal

(Refercto'point 15)

55
55
65

65
70
80

80
80
90

(Refer to point 15)

15
15
25

25
30
40

40
40
50

NO[TE 1 The_peints referred to in this table are those in 7.5.6.2.

NO
fror
acdordingly.

TE 2 _For'switchgear and controlgear with special service conditions including a maximum temperature diffefent
h 40 ©C) the maximum values of temperature applies and the maximum values of temperature rise are calcul

Ted

7.5.6.2 Particular points of Table 14

The following points are referred to in Table 14 and complete it.

Point 1
in Table 14.

According to its function, the same part may belong to several categories as listed

In this case the permissible maximum values of temperature and temperature rise
to be considered are the lowest among the relevant categories.
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Point 2

Point 3

Point 4

For vacuum switching devices, the values of temperature and temperature-rise
limits do not apply to parts in vacuum. The remaining parts shall not exceed the
values of temperature and temperature rise given in Table 14.

Care shall be taken to ensure that no damage is caused to the surrounding
insulating materials.

When engaging parts have different coatings or one part is of bare material, the
permissible temperatures and temperature rises shall be:

Point 5

Nk + 4 4l il £ + CE) : 4l 1 4 1 e ‘B
o) TOT COTTIAacCtsS, (MoST U1 UTE SUTTacCe TMITateTTdal Imavirmg UTe TOWEST valut PETITITEY n

item 1 of Table 14;

b) for connections, those of the surface material having the highest value‘permitted
in item 2 of Table 14.

NOG (Not Oxidizing Gases), for the purposes of this document, ‘are non-reactive
gases that are considered as not accelerating ageing of contacts by corrosion or
oxidation, due to their chemical characteristics and demoénstrated operatignal
records.

Recognized NOG are SFg, Ny, CO,, CF,. They can be-used pure or as a mixturg of
various NOG.

OG (Oxidizing Gases), for the purposes of this*document, are reactive gases that
can accelerate ageing of contacts eitheriby corrosion phenomena (presence of
humidity) or by oxidation phenomena~(mostly due to ambient air medium [ike
oxygen). Gases classified as OG are . ambient air, “dry” air, any gas not classified
as NOG and any mixture including¢part of OG.

NOTE Some gases considered as @G in the classification above could be re-classified as NOG, in
future revision of this document.

For description of these corrosion and oxidation phenomena, refer| to
IEC TR 60943 [2].

Due to the absenge of corrosion and oxidation in NOG, a harmonization of the limits
of temperature~for different contact and connection parts in the case of gas
insulated switchgear appears appropriate.

The permissible temperature limits for bare copper and bare copper alloy parts [are
equal'to the values for silver-coated or nickel-coated parts in the case of NOG
atmospheres.

In the particular case of tin-coated parts, due to fretting corrosion effects,| an
increase of the permissible temperatures is not applicable, even under the corrogion

Point 6

and oxidation free conditions of NOG. ' heretore, the values for tin-coated parts are
lower.

The quality of the coated contacts shall be such that a continuous layer of coating
material remains in the contact area:

a) after the making and breaking test (if any);

b) after the short-time withstand current test;

c) after the mechanical endurance test.

according to the relevant standard for each equipment. Otherwise, the contacts
shall be regarded as "bare".
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nt 7 When materials other than those given in Table 14 are used, their properties shall
be considered, notably in order to determine the maximum permissible temperature

rises.

nt 8 The values of temperature and temperature rise are valid even if the conductor

connected to the terminals is bare.

nt 9 The temperature is to be measured at the upper part of the oil.

nt 10 Special consideration should be given when low flash-point oil is used in regard to

Poi

Poi

Poi

Poi

Poi
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vaporization and oxidation.

nt 11 The temperature shall not reach a value where the elasticity of the materia
impaired.

nht 12 Classes of insulating materials are those given in IEC 60085.

surrounding parts.

nt 14 These values do not take into account any influence on insulation of cable or ca
termination.

nt 15 For further details regarding temperature lifnits for hot surfaces to be touched, r
to IEC Guide 117 [3].

culations can be performed based uponc¢type test results to determine the maxin
missible current in other specified service conditions. For these calculations, refe

assembly or subassembly shall inelude normal enclosure with corrosion preventive coat
pplicable, and shall be protected against undue external heating or cooling.

ere the design provides alternative components or arrangements, the test shall be perforn
those components or arrangements for which the most severe conditions are obtained

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

en a single-phase test is permitted and carried out, the current in the enclosure s
resent ,the most severe condition.

ex A and [6]. Any complementary test:should be agreed between manufacturer and user.

nt 13 The temperature is limited only by the requirement not toncause any damage to
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—
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When testing individual subassemblies, the neighbouring subassemblies should carry
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

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.

NOTE 1

carry out calculations according to Annex A.

The data on power losses and electrical resistance of the current-carrying parts of the GIL will be used to
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NOTE 2 The time constant of the GIL during the test will serve as a basis to evaluate the temporary overload
capability of the GIL.

For open air, tunnel and shaft installations, the maximum temperature of the enclosure shall
not exceed 80 °C. Parts normally touched during operation shall not exceed 70 °C. Reference
is made to Clause 12.

For direct buried installation, the maximum temperature of the enclosure shall be limited to
minimise soil drying. A temperature in the 50 °C to 60 °C range is generally considered as
applicable limit. Higher temperatures can be accepted below the thermal stabilizing backfill only.
A project related thermal rating calculation shall be done.

7.6/ Short-time withstand current and peak withstand current tests
7.6{1 General

Thg tests apply to the main circuits and where applicable, to the earthing circuits of the fest
object to demonstrate their ability to carry their rated peak withstand current and their rgted
shdrt-time withstand current for their rated duration of short-circuit.

Theg test shall be made with a power supply of any suitable voltage‘and at the rated frequency
with a tolerance of +10 % except as provided in 7.6.3.

Forlrated frequencies of 50 Hz and 60 Hz, tests may be performed at either frequency provifled
that the rated peak withstand current is demonstrated.

Theg test may be performed at any convenient ambient'temperature.

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

7.6]2 Arrangements of the GIL and of the test circuit

Theg 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
endlosure, dependent on the grounding system:

a) [if the enclosure carries the full return current in service, the GIL shall be tested single phgse,
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 tedted
three-phase. The tests shall be made at the minimum distance between phases indicdted
by the manufactuarer.

7.6.3 Test current and duration

The AC component of the test current shall be equal to the AC component of the rated short-
time withstand current (Z,) of the switchgear and controlgear with the tolerances and
alternatives given below. The peak current (for a three-phase circuit, the highest value in one
of the outer phases) shall be not less than the rated peak withstand current (Ip) and shall not
exceed it by more than 5 % without the consent of the manufacturer.

For three-phase tests, the AC component of the test current in any phase shall not vary from
the average of the currents in the three phases by more than 10 %. The average of the RMS
values of the AC component of the test currents shall be not less than the rated value.
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Either of two methods may be used:

Method 1: the test current 7; shall be applied for a time # equal to the rated duration ¢, of short-

circuit with a tolerance of the AC component of 25 %.

Method 2: the value of the Joule integral [/2ds of the AC component along the test shall be not

less than the value of 1k2 Xtk calculated from the rated short-time current (/) and
the rated duration of short-circuit (z,), and shall not exceed this value by more than
10 % without the consent of the manufacturer, refer to Annex B (informative).

Theg following deviations are permitted:

a) |if the decrement of the short-circuit of the test laboratory is such that the spécified RMS
value cannot be obtained for the rated duration without applying initially an excessively high
current, the RMS value of the test current may be permitted to fall below the|specified vglue
during the test and the duration of the test may be increased appropriately, provided that
the value of the peak current is not less than that specified and the time’is not extended to
more than 5 s;

b) |if, in order to obtain the required peak current, the RMS value,'of, the current is increaged
above the specified value, the duration of the test may be reducéd accordingly;

c) [separation of the peak withstand current test and the short-time withstand current tedt is
permissible:

— for the peak withstand current test, the time during which the short-circuit current is
applied shall be not less than 0,3 s;

— for the short-time withstand current test, theltime during which the short-circuit curfent
is applied shall be equal to the rated duration. However, deviation in time according to
item a) is permitted.

for switching devices the test object shall be kept in closed position between the tests;

d) when the characteristics of the testdaboratory are such that the frequency of the test curfent
cannot be kept within its specified, tolerance for the specified duration, the frequency at|the
beginning of the test shall be.within the specified tolerance and a decrease down to 80 %
of the specified frequency islallowed.

7.6|4 Conditions of the GIL after test

After the test, there(shall be no deformation or damage to conductors or contact joints within
thelenclosure which)can impair good service.

Aftgr the test{the resistance of the main circuits shall be measured according to 7.4. If|the
res|stancerhas increased by more than 20 % and if it is not possible to confirm the conditipns
of the contacts by visual inspection, it will be necessary to perform an additional temperatire-
risq test.

7.7 Verification of the protection
7.71 Verification of the IP coding

In accordance with the requirements specified in Clauses 11, 12, 13 and 15 of IEC 60529:1989,
IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013, tests shall be performed, to
demonstrate performances as required in 6.14, on the enclosures of switchgear and controlgear
fully assembled as under service conditions. As real cable connections entering the enclosures
are not normally installed for type tests, corresponding filler pieces shall be used. Transport
units of switchgear shall be closed for the tests by covers providing identical protection qualities
as for the joints.
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The tests shall, however, be made only if there are doubts regarding the compliance with these
requirements, they shall be performed in each position of the relevant parts as deemed
necessary.

When the supplementary letter W is used, test method given in Annex C (normative) shall be
applied.

7.7.2  Verification of the IK coding

The requirements specified in 6.14.4 shall be demonstrated according to IEC 62262:2002; tests
shgttbeperformedomtheenctosures of switchgearand—controtgear fulty assembted—=s—under

seryice conditions.

After the test, the enclosure shall show no breaks and the deformation of the enclosure shall
not|affect the normal function of the equipment, reduce the insulating and/or creepage distances
or feduce the specified degree of protection against access to hazardous.'parts below |the
permitted values. Superficial damage, such as removal of paint, breakingef’cooling ribs of of
simjilar parts, or depression of small dimension can be ignored.

Thg tests shall, however, be made only if there are doubts regarding the compliance with these
requirements, they shall be performed in each position of the releyant parts deemed necessary.

Auyiliary equipment such as meters, relays etc., which may form part of the enclosurg is
exegmpted from receiving impacts in this test.

If the second characteristic numeral is specified, the/tests shall be performed in accordapce
with  the requirements in Clause 11 and Clause 14 of [EC 60529:1989 &and
IEC 60529:1989/AMD2:2013 for the appropriate_ numeral.

7.8| Tightness tests
7.8/1 General

Thg purpose of tightness tests is:to demonstrate that the absolute leakage rate F does |not
exceed the specified value (of the permissible leakage rate Fy, at standardized amb|ent

temperature of 20 °C. Acceptable test condition is an ambient temperature in a range of 1§ °C
up fo 30 °C.

If tightness tests at_the temperature limits of the service condition are required in the releyant
profduct standards, an increased leakage rate is permissible. The increased temporary leakfage
rate shall not\éxceed the values given in Table 15.

Tightness test shall be performed with the same fluid and under the same pressure (dengity)
as Psed in service. If the fluid itself is not traceable additional traceable fluids may be added,
for exampie nelium. The leakage test method shalt have sufficient sensitivity; reference is made
to IEC TR 62271-306 [4].

Where possible, the tests should be performed on a complete system. If this is not practical,
the tests may be performed on parts, components or subassemblies. In such cases, the leakage
rate of the total system shall be determined by summation of the component leakage rates using
the tightness coordination chart (refer to IEC TR 62271-306 [4]). The possible leakages
between subassemblies of different pressures shall also be taken into account.

The tightness test of switchgear and controlgear containing a mechanical switching device shall
be performed both in the closed and open position of the device, unless the leakage rate is
independent of the position of the main contacts.
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Cumulative leakage measurement, which takes into account all the leaks from a given assembly
to determine the leakage rate, shall be used in the calculation of leakage rates.

The type test report should include such information as:

description of the object under test, including its internal volume and the nature of the filling
gas or liquid;

whether the object under test is in the closed or open position (if applicable);

the pressures and temperatures recorded at the beginning and end of the test and the
umber of replenishments (if any needed);

In
IEC

7.8

the value of the ambient temperature during the test.

the cut-in and cut-off pressure settings of the pressure (or density) control or monito
device;

ng

an indication of the calibration of the meters used to detect leakage rates;
the results of the measurements;
the test gas and if applicable the conversion factor to assess the results.

general, for the application of an adequate test method,| reference is made| to
60068-2-17:1994 [31].

Table 12 — Permissible leakage rates fof.gas systems

Temperature Permissible leakage rate
°C

Maximum service temperature (= 40 °C) 3Fp
Standardized ambient temperature (20 °C) Fp
Minimum service temperature (any valu€ down to and 3F
. ) o P
including -40 °C)

Minimum service temperature (any value below -40 °C) 6Fp

2 Controlled pressure systems for gas

Preferred method for ehecking the relative leakage rate F g is by measuring the pressure drop

Ap pver a time pefiod’s that is of sufficient duration to permit a determination of the presdgure
drop (within the.filing and replenishing pressure range). A correction shall be made to take |nto
account the variation of ambient air temperature during the course of the test. During this pefiod
the|replenishment device shall be inoperative.
Fre) =—x==x100(% per day)
Pt
N: Ap Xﬁ
Pr— Pm ¢

where

t
Pr
Pm

is the test duration (h);
is the filling pressure (Pa);

is the measured pressure after time ¢ (Pa);
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Ap is the pressure drop between p, and p,, after time ¢ (Pa);
N is the number of replenishments per day.

NOTE The linearity of the formula is considered to be maintained provided that Ap is of the same order of magnitude
asp.—py-

7.8.3 Closed pressure systems for gas

The test O,,, (Test method 1: cumulative test) described in IEC 60068-2-17:1994 is the preferred
method to determine the relative leakage rate F, in gas systems and calculate the time
betfveen replenishments 7. Detailed information about test procedure, sensitivity| of

megasurement and example of calculation are also given in IEC TR 62271-306 [4].

Altgrnative methods of leak detection are also given in IEC TR 62271-306 [4] that may be used
to measure the leakage rate, which allows in combination with the tightness coordination chart,
the|calculation of:

— [the relative leakage rate;
— [the time between replenishments (without considering extreme’ temperature condition$ of
number of operations).

Theg tightness test is considered to be successful when theimeasured leakage rate does|not
exceed the permissible leakage rate stated in Table 15 “within the limits of +10 %. This
inagcuracy of the measurement shall be taken into account when calculating the period of tjme
betiween replenishments.

7.8/4 Sealed pressure systems
Tightness tests on sealed pressure systems.shall be as follows

a) [Switchgear using gas
[The tests shall be performed according to the preferred method of 7.8.3.
b) |Switchgear using vacuum interrupters

No specific tightness tests’are required for vacuum interrupters since their tightness$ is
verified during manufacturing process and because they are considered to have a Zero
leakage rate duringtheir life. Nevertheless, instead of a tightness test, the vacuum intedrity
needs to be verified:where specific standards ask for a tightness test as condition check ((for
example mechanieal test, low and high temperature tests, etc.).

The integrity\of the vacuum may be verified by the dielectric condition check test, refer
to 7.2.12.

7.815 Liquid tightness tests

Tha pufpose of tightness tests is to demonstrate that the total system leakage rate F,, dpes
not exceed the specified value Fy(

liq):

The object under test shall be as in service conditions with all its accessories and its normal
fluid, mounted as close as possible as in service.

An increased leakage rate at extreme temperatures (if such tests are required in the relevant
standards) and/or during operations is acceptable, provided that this rate resets to the initial
value after the temperature is returned to normal ambient air temperature and/or after the
operations are performed. The increased temporary leakage rate shall not impair the safe
operation of the switchgear and controlgear.
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The switchgear shall be observed over a period sufficient to determine a possible leak or the
pressure drop Ap;q. In this case, the calculations given in 7.8.2 are valid.

As an alternative, using liquids different from those in service or gas for the test is possible but
requires justification by the manufacturer.

The test report shall include such information as:

a general description of the object under test;

7.9

Not
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71
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the number of nlnnra’rinnc Innrfnrmnri;

the nature and pressure(s) of the liquid;
the ambient air temperature during test;

Electromagnetic compatibility tests (EMC)
applicable.
D Additional test on auxiliary and control circuits
applicable.
I X-radiation test procedure for vacuum interrupters
applicable.
D1 Proof tests for enclosures

D1.1  General
of tests are made when the strength-of the enclosure or parts thereof is not calculated. T

performed on individual enclesures before the internal parts are added with tes
ditions based on the design pressure stresses.

of tests can consist of either a bursting pressure test or a non-destructive pressure test
ropriate to the material employed.

D1.2 Destructive pressure tests

pressure(rise shall not be greater than 400 kPa/min.

pressure test requirements shall be at least as follows:

the results with the switchgear device in closed and in open position (where applicable)

hey
ing

as

Cast aluminium and composite aluminium enclosures
L

— type test pressure =[3,5/0,7] x design pressure

NOTE The value 0,7 has been included to cover the possible variability of production castings. This factor can be
increased to 1,0 if it can be justified by special material tests.

Welded aluminium and welded steel enclosures
— type test pressure = [(2,3/ v) x (o / 0,)] % design pressure

where

v is the welding coefficient (1 for ultrasonic or radiography inspection of 10 % of welded

section and 0,75 for visual inspection);

o; is the permissible design stress at test temperature;
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o, is the permissible design stress at design temperature.
These factors are based on the minimum certified properties of the material used.
Additional factors can be used taking into account the methods of construction.

Any enclosure remaining intact after these pressures have been reached shall not be used for
normal operation.

7.101.3 Non-destructive pressure test

In the case of a non-destructive pressure test using a strain indication technique, the follow
propedure shall be applied:

ng

Befpre the test, strain gauges capable of indicating strains to 5 x 10~ mm/mm-shall be affixed
to the surface of the enclosure. The number of gauges, their position and thegir direction shall
be thosen so that principal strains and stresses can be determined at allpoints of importanpce
to the integrity of the enclosure.

Hydrostatic pressure shall be applied gradually in steps of approximately 10 % until the rougine
tes{ pressure for the expected design pressure (see 8.101) is reached or significant yielding of
any| part of the enclosure occurs.

WhEn either of these points is reached, the pressure shallnot be increased further.

Strain readings shall be taken during the increasé/of pressure and repeated during presqure
dedrease.

Ind|cation of localized permanent set can{be disregarded provided there is no evidence of
gerferal distortion of the enclosure.

If the curve of the strain/pressure.relationship show a nonlinearity, the pressure can be|re-
apdlied not more than five times until the loading and unloading curves corresponding to ftwo
successive cycles substantially goincide. If coincidence is not attained, the design pressure and
the|test pressure shall be taken from the pressure range corresponding to the linear portion of
the|curve obtained during the final unloading.

If the routine test pressure is reached within the linear portion of the strain/pressure relationghip,
the|expected design pressure shall be considered to be confirmed.

If the final(test pressure or the pressure range corresponding to the linear portion of |the
strgin/pressure relationship (see above) is less than the routine test pressure, the degign
pregsure-shall be calculated from the following equation:

_ ] Ta
P\ ™Y

where
p is the design pressure;

Py is the pressure at which significant yielding occurs or the pressure range corresponding

to the linear portion of the strain/pressure relationship of the most highly strained part of
the enclosure during final unloading (see above);

k is the routine test pressure factor (see 8.101);

oy is the permissible design stress at test temperature;
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o, Iisthe permissible design stress at design temperature.

7.102 Pressure test on partitions

The purpose of this test is to demonstrate the safety margin of the partition submitted to
pressure in service condition. For further information, see EN 50089 [19].

The partitions shall be installed as for the maintenance condition. The pressure shall rise at a
rate of not more than 400 kPa/min.

Theg type test pressure shall be three times the design pressure.

7.1p3 Passive corrosion protection tests for buried installation
7.103.1 Passive corrosion protection

Thg passive corrosion protection system is basically a synthetic coating of\the metal enclogure
to protect the metal from humidity. The synthetic coating is usually built,up from one or nore
layers of synthetic material.

The following three tests shall be performed.

7.103.2 Electrical testing

To prove the quality of the synthetic coating, a high-voltage test shall be applied. An electrjcal
conductive layer is applied over the synthetic coating./A test voltage according to the dielegtric
strgngth of the synthetic coating is then applied between the metal enclosure and the electrjcal
conductive layer.

Thg 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
conftract, the corrosion protection layer shall be subjected to the electrical test specified in
Clapse 3 of IEC 60229:2007.

Theg length of the test sample shall be sufficient to provide the synthetic coating with a realistic
resplt. Therefore, the minimdm length recommended is 5 D, where D is the outer diametef of
the|metal enclosure.

7.103.3 Mechanical testing

Mechanical type tests shall be carried out at ambient temperature in accordance With
IEQ 6006841.) The mechanical type test shall prove the resistance of the coating to conditipns
on pite during and after laying. Resistance to two mechanical stresses shall be proven:

— |pbending 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.
The forces and the procedure for carrying out testing should be mutually agreed between user
and manufacturer.

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.
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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.

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.

Theg 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.

Thg test conditions shall indicate

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

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

— [the worst conditions are met, consideringymaximum 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 @eneral purpose of GIL.

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

Thg following inspections and'tests are performed before and after the test:

— |visual check;
— |dimensional check’and contact pressure;
— [contact resistance.

The test will bé considered satisfactory if

— [the visual check shows that initial surface coating is still present everywhere,

— thewearis such that contact nressure is still within allowed tolerance and
Ll L)

— 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.
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The values of the short-circuit current should correspond to the rated short-time withstand
current.

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 manufactiirer
and user.

Tedts on a particular arrangement can also be used to predict the performance of ofher
arrgngements with the same design, either by calculation, or inference, or a\combination of
both.

To pxtend the test results to other enclosures of similar design but of different size and shape
and/or to other test parameters, calculation methods should be agreed between manufactdirer
and user.

7.106 Weatherproofing test

Whgn agreed between manufacturer and user, a weatherproofing test shall be made on GIU for
outfoor use. A recommended method is given in Annex C of IEC 62271-1:2017.

If ah examination of the design shows the test to.be unnecessary, it can be omitted.

8 |Routine tests

8.1 General

The routine tests are for the purpose of revealing faults in material or construction. They do|not
impair the properties and reliability of a test object. The routine tests shall be made whergver
reaponably practicable at(the manufacturer's works on each apparatus manufactured.| By
agreement, any routine _test may be made on site.

Thg routine tests given in this document comprise:

a) |dielectric test on the main circuit in accordance with 8.2;
b) |tests on_auxiliary and control circuits in accordance with 8.3;

c) [medsurement of the resistance of the main circuit in accordance with 8.4;

d) tightness test in accordance with 8.5;

e) design and visual checks in accordance with 8.6.

Additional routine tests may be necessary and are, when needed, specified in the relevant IEC
standards.

When switchgear and controlgear is not completely assembled before transport, separate tests
shall be made on all transport units. In this event, the manufacturer shall demonstrate the
validity of this test (for example, leakage rate, test voltage, resistance of part of the main circuit).

Test reports of the routine tests are not required unless otherwise agreed upon between the
manufacturer and the user.
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Dielectric routine tests will preferably be performed on complete subassemblies. However,
because of the existence of very long parts which can be shipped dismantled, the manufacturer
can exclude the enclosure and conductor pipes including contacts from the routine test. 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,

Illmn (2 af Tahla 2 aor Toahla 2
colyma{2)-of Fable-2-orFable-3-

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

8.2 Dielectric test on the main circuit

A dry, short-duration power-frequency voltage test shall be applied. The test ‘procedure shall
be Bccording to IEC 60060-1:2010 and to 7.2, except that each pole or transport unit shal| be
tes{ed. For sealed pressure systems, the test shall be made at the filling‘pressure for insulat|on.

The test voltage shall be the rated short-duration power-frequencywithstand voltage specified

in golumn 2 of Tables 1 through 4.

WhEn the insulation of switchgear and controlgear is provided only by solid-core insulators and
air [at ambient pressure, the power-frequency voltagé withstand test may be omitted if |the
dimensions between the conductive parts — between )phases, across open switching devices
and between conductive parts and the frame — are*Checked by dimensional measurements

Bages for the checking of dimensions are the>dimensional (outline) drawings, which are part of
the| type test report (or are referred to in.it) of the particular switchgear and controlg¢ar.
Thegrefore, in these drawings all information necessary for dimensional checking including |the
permissible tolerances shall be given.

8.3| Tests on auxiliary and.control circuits

8.3|1 Inspection of auxiliary and control circuits, and verification of conformity to fthe
circuit diagrams and wiring diagrams

Theg nature of the materials, the quality of assembly, the finish and, if necessary, the protective
codtings against corrosion shall be checked. A visual inspection is also necessary to check|the
satisfactory installation of the thermal insulation, if any.

A v|sual inspection of actuators, interlocks, locks, etc., shall be made.

Components for auxiliary and control circuits inside enclosures shall be checked for prgper
mounting. The location of the means provided for connecting external wiring shall be checked
to ensure that there is sufficient wiring space for spreading of the cores of multi-core cables
and for the proper connection of the conductors.

The conductors and cables shall be checked for proper routing. Special attention shall be given
to ensure that no mechanical damage can occur to conductors and cables due to the proximity
of sharp edges or heating elements, or to the movement of moving parts.

Furthermore, the identification of components and terminals and, if applicable, the identification
of cables and wiring shall be verified. In addition, the conformity of auxiliary and control circuits
to the circuit diagrams and wiring diagrams shall be checked.
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8.3.2 Functional tests

Functional tests are specified, where relevant, in the relevant IEC product standards. When
specified, they shall be made on all auxiliary and control circuits to verify the proper functioning
of auxiliary and control circuits in conjunction with the other parts of the switchgear and
controlgear. The test procedures depend on the nature and the complexity of the auxiliary and
control circuits of the device.

Operation tests on auxiliary and control circuits, subassemblies and components may be

omitted if they have been fully tested during a test applied to the whole switchgear and
confrnlgnar

8.3{3 Verification of protection against electrical shock

Protection against direct contact with the main circuit and safe accessibility to the auxiliary and
control equipment parts liable to be touched during normal operation shall be.checked. [The
preferred method is by visual inspection.

Where visual inspection cannot provide confirmation of the electrical ‘continuity of earthed
mefallic parts, the alternative procedure defined in 7.4.3 shall be applied.

8.314 Dielectric tests

Only power frequency tests shall be performed. This test'shall be made under the sgme
conditions as those detailed in 7.10.5.

The test voltage shall be 1 kV with duration of 1 s.

8.4] Measurement of the resistance of the main circuit

For|the routine test, the DC voltage drop.or-resistance of each pole of the main circuit shal| be
megasured under conditions as nearly as possible similar, with regard to ambient air temperafure
and points of measurement, to those\under which the corresponding measurement before |the
continuous current test was made{ The test current shall be within the range stated in 7.4.4.

Thg measured resistanceshall not exceed 1,2 x R,, where R, is equal to the resistance
megsured before the contintous current test.

In the case of assemblies it may be necessary to calculate the expected resistance based on
relgvant type tests;

Ovgrall megasurements are made on transport units in the factory. The overall resistance
measurgd_;shall not exceed 1,2 R,, where R, is the sum of the corresponding resistances

measared during the type test.

8.5 Tightness test
8.5.1 General

Routine tests shall be performed to demonstrate the tightness criteria according to 6.16 at
ambient temperature with the switchgear parts, components or subassemblies at or above the
minimum functional pressure (or density) for insulation.

8.5.2 Controlled pressure systems for gas

The test procedure corresponds to 7.8.2.
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3 Closed pressure systems for gas

The test may be performed at different stages of the manufacturing process or of assembling
on site, on parts, components and subassemblies.

For

parts or subassemblies tested in factory, the cumulative test is the preferred method.

For gas-filled systems tested in factory, the probing test using a sniffing device may be used. If
any leak is detected, the test shall be considered to be failed or the leak shall be quantified by
using a cumulative method.

For

The

8.5

Depending on the insulation medium two situations are considered:

a)

8.5

Ro
as
this

The

Atteéntion shall be paid to the fact that external coating of the enclosure (if any) can hide a lg

The

NOT
8.6

The
spe

The preferred test procedure corresponds to 7.8.4, item a),

An alternative test procedure corresponds to the sealing tracer gas test with m
spectrometer, refer to IEC 60068-2-17:1994 [31].

routine tests at site, the probing test using a sniffing device is the preferred method.
sensitivity of the sniffing device shall be at least 10-8 Pa x m3/s.

4 Sealed pressure systems

Switchgear using gas

Switchgear using vacuum interrupters

The vacuum tightness shall be demonstrated by)a-dielectric test according to 7.2.12 cary

out after the mechanical routine test specified. in the relevant product standards.
5 Liquid tightness tests

tine tests shall be performed at narmal ambient air temperature with the comple

mbled switchgear and controlgeardevice. Testing of subassemblies is also permissiblg.

case, a final check shall be performed at site.

test methods correspond to'those of the type tests (refer to 7.8.5).

tightness test procedure shall be adapted accordingly.

E This test applies for factory made enclosures; for site welded enclosures, refer to 11.4.104.
Designtand visual checks

switchgear and controlgear shall be checked to verify its compliance with the purch
cification, if any.
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8.101 Partial discharge measurement

Partial discharge measurements (PD) shall be applied to critical parts such as insulators. Refer
to 7.2.10 for the voltage levels 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

Subclause 8.101 of IEC 62271-203:2022 is applicable.
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9 Guide to the selection of GIL (informative)

9.1 General

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

The rated values should be chosen, as suggested in this document, with regard to the
characteristics of the system as well as its expected future development.

conlsideration can be given to the fact that the maximum fault current in a circuit reduces as|the
disfance from the substation increases. These fault conditions should be determiined| by
calgulating the fault currents at the place where the transmission line is to be located in|the
sysfem.

In ’]electing a rated short-time withstand current for an installation, or part of an installat|on,

When applicable, temporary overload and ambient temperature should. b€ agreed betwgen
manufacturer and user. It is recommended to develop a temperature ,study on the project
specific installation to confirm that temperature limits will not be exceéded.

9.2| Selection of rated values

Theg rated values should be chosen in accordance with thisidocument having regard for |the
chiracteristics of the system as well as its anticipated future development. A list of ratingp is
given in Clause 5.

Forl most of the rated voltages, several rated insulation levels exist to allow for applicatiop of
different performance criteria or overvoltage patterns. The choice should be made considefing
the|degree of exposure to fast-front and slow-front overvoltage, the type of neutral earthing of
the| system and the type of overvoltagel timiting devices (see IEC 60071-2:1996). Other
parameters, such as local atmospheri¢, and climatic conditions and the use at altitupges
exceeding 1 000 m, should also be cofisidered.

Thg duty imposed by fault conditions should be determined by calculating the fault current
the|place where the switchgear and controlgear is to be located in the system. Referenc
mage to IEC 60909-0 [33] and IEC TR 60909-1 [34] in this regard.

WU’
(2]

9.3| Cable-interface.considerations

Forlconnection to cables, the maximum temperature at the terminals at full continuous current
shduld be belew:the temperature limits of the cable insulation and cable termination.

9.4 Continuous or temporary overload due to changed service conditions

Equipmeéent could be required to carry a load current above its rated continuous current dufing
a short period of time or when ambient temperatures are favourable to do it provided the
temperature does not exceed the maximum temperature value specified in Table 14; reference
is made to IEC TR 62271-306 [4].

NOTE For certain devices (e.g. load break switches) the temporary overload could result in a load current that
exceeds the switching capability of the switchgear.

9.5 Environmental aspects
9.5.1 Service conditions

Selected switchgear and controlgear and its associated operating devices and auxiliary
equipment should be designed and validated to comply with at least the specific service
conditions required by the user or appropriate arrangements should be made.
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9.5.2 Clearances affected by service conditions

Where clearances may be compromised by environmental related changes in the service
access level (for example accumulation of snow, sand, etc.) the use of increased clearances
should be considered.

9.5.3 High humidity

For the normal service conditions present in 4.1.2 €), condensation may occasionally occur on,

ori

To

n, indoor switchgear and controlgear.

ithstand the effects of high humidity and condensation, such as breakdown of insulatio

corfosion of metallic parts, switchgear designed for such conditions should be used.

Condensation may be prevented by special design of the building or housing,, by suit3
ventilation and heating of the station or by the use of dehumidifying equipment. - Other opti
include heaters with thermostats/humidistat inside the switchgear.

High humidity may also be due to ground level rainwater or for cable-gonnected application
underground network applications from incoming cable raceways connected to switchgear.

9.5

4 Solar radiation

Under certain levels of solar radiation, appropriate measures, for example roofing, for
venitilation etc., may be necessary, or derating may be used, in order not to exceed the speci
temperature and pressure rise limits. Tests with/simulated solar gain may be used
demonstrate if measures or derating are needed.

9.1

D1 Short time overload capability

Theg conditions of temporary overload should be agreed between manufacturer and user un
conlsideration of the special circumstang¢es (overload factor and duration, ambient temperat

initi
At

al conditions, increase in temperature limits for overload condition, laying conditions e
pical overload figure is for example 20 % above the rated current for 30 min taking

account the particular load and.temperatures at the beginning of the overload period.

9.1

D2 Forced cooling

Dimensioning of the~forced cooling should take into account the total thermal losses in

tun

hel. Thermal lossés should be those at rated current for the GIL at maximum amb

temperature andithermal losses from other heat sources.

NOTE Access fo the tunnel for service can be restricted under the following conditions:

10

in case,of temporary overload;

in.case of loss of ventilation;

n or

ble
ons

ced
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c.).
nto

the
ent

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)

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.
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10.101.2 Particulars of the system

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

10.101.3 Environmental conditions

Det

a)

ails of environmental conditions should be given such as the following:

location inside electrical plant with restricted accessibility or outside, accessible to
public;

the

10.

installation in trenches, tunnels, or in open air with structures to be provided;

geological section and, in the case of a buried installation, geological and physical‘struct
of soil;

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

seismic requirements.

101.4 Service conditions

Minimum and maximum ambient air or soil temperature; any sohdition deviating from the nor|

ser
uny
the
del

10.

ice conditions or affecting the satisfactory operation of the equipment. For exam
sual exposure to vapour, moisture, fluids, fumes, explosive gases, excessive dust or {
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

Defails of the particulars of the installation should be given, such as the following:

a)
b)
c)
d)
e)
f)

system length and geographical routing;

number of phases (single-phase enclosed or three-phase enclosed);
number of lines located-inithe same trench or tunnel;

rated voltage;

rated insulation level;

rated frequency.(f,);

rated normal current;

rated shoert-time withstand current;

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

mal
Dle,
alt,

be

atad nasgk withetand currant:
ot WSt -Gt et

m)

oTpPT 3

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

crossing other utilities and or heat sources.

10.101.6 Particulars of the auxiliary devices

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

a)

b)
c)

requirements of auxiliary devices and monitoring system (e.g. interlocking, gas supervision,

signals etc.);
rated auxiliary voltage (if any);

rated auxiliary frequency (if any).
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10.101.7 Specific conditions

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

Information 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.

10.102.2 Rated values and characteristics

Parnticulars of the installation are enumerated in 10.101.5.

10.102.3 Further particulars of the transmission line and its‘¢omponents
Deftails of the line should be given, such as the following:

a) [design pressure of enclosures;

b) |design temperature of enclosures;

c) [type and filling pressure of gas for insulation;

d) |minimum functional pressure;

e) mass of gas for the different compartments;

f) [length of the compartments;

g) [limit values of moisture content and“gas leakage;

h) |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.

10.102.5 Particulars of the auxiliary devices

Theg tenders and-contract documentation should provide at least, but not limited to, the follow
infgrmation(

ng

a) [typesjand rated values as enumerated in 10.101.6;

b) urfent or input power for operation

10.102.6 List of recommended essential spare parts

Spare parts should be procured by the user.

11 Transport, storage, installation, operating instructions and maintenance

11.1 General

It is essential that the transport, storage and installation of switchgear and controlgear, as well
as their operation and maintenance in service, is performed in accordance with instructions
given by the manufacturer.
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Consequently, the manufacturer shall provide the appropriate version of the instruction manual
for the transport, storage, installation, operation and maintenance of switchgear and controlgear.
The instructions for the transport and storage should be given at a convenient time before
delivery, and the instructions for the installation, operation and maintenance should be given
by the time of delivery at the latest. It is preferable that the operation manual be a separate
document from the installation and maintenance manual.

It is impossible, here, to cover in detail the complete rules for the installation, operation and
maintenance of each one of the different types of apparatus manufactured, but the following
information is given relative to the most important points to be considered for the instructions

adad byvitha manufactiirar
pro
e ey —tHe—tharoiattatrer

11.2 Conditions during transport, storage and installation

A special agreement should be made between manufacturer and user if the service’conditipns
of temperature and humidity defined in the order cannot be guaranteed during transport, storage
and installation. Special precautions may be essential for the protection ofiinsulation dufing
transport, storage and installation, and prior to energizing, to prevent mojsture absorption que,
for nstance, to rain, snow or condensation. Vibrations during transport _should be considered.
Appropriate instructions should be given by the manufacturer.

Special packaging should be proposed by the manufacturer for long term storage of parts| for
maintenance needs according to customer specifications.

Intgrnal cleanliness influences the function of the GIL; cleanliness therefore shall be assured
by suitable precautions as required by the manufacturer.

Thg following precautions can be included:
— Jconnecting GIL units under clean conditions (e.g. closed assembly tents with dry [air,
temperature regulation and with slight gauge pressure);

— Jopenings should be covered by dust-protector or coverplates during installation;
— |if necessary, the complete GlLcshould be cleaned inside after assembly;

— Jadditional to precautions onvsite, transportation under condition of transport regulation yith
a prefill of dry and cleap'gas at an overpressure can be helpful to keep internal parts of|the
GIL in good condition,

Thg assembly unit should be as large as possible in order to reduce the assembly on site and
thelrisk of pollution:

Connecting dreas 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 mgtal
par fctes ot pu“utilly sSoke clliclillg theGH=

The installation procedure should be covered by the quality assurance system.

11.3 Installation
11.3.1 General

For each type of switchgear and controlgear the instructions provided by the manufacturer shall
include at least the items listed below.

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.
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11.3.2 Unpacking and lifting

Each complete equipment shall be provided with adequate lifting facilities and labelled
(externally) to show the correct method of lifting. The equipment shall be labelled (externally)
to indicate its maximum mass, in kg, when fully equipped. Special lifting devices shall be
capable of lifting the mass of each transport unit and special precautions shall be detailed in
the installation manual (for example lifting brackets/bolts that are not intended to be left
outdoors shall be removed at site).

Required information for unpacking should be given.

11.8.3 Assembly

WhEgn the switchgear and controlgear is not fully assembled for transport, all transport upits
shduld be clearly marked. Drawings showing assembly of these parts should be provided with
the|switchgear and controlgear.

11.8.4 Mounting

Insfructions for the mounting of switchgear and controlgear, operdting device and auxillary
eqyipment should include sufficient details of locations and_dfounhdations to enable Ekite
preparation to be completed.

Thegse instructions should also indicate:

— [the total mass of the apparatus inclusive of exting@ishing or insulating fluids;
— [the mass of extinguishing or insulating fluids;
— [the mass of each unit to be lifted separately.

11.8.5 Connections
Ins{ructions should include information<on:

— Jconnection of conductors, cemprising the necessary advice to prevent overheating and
unnecessary strain on the-switchgear and controlgear and to provide adequate clearapce
distances;

— |connection of auxiliary circuits;

— [connection of liquidior gas systems, if any, including size and arrangement of piping;
— |connection for'earthing;

— lauxiliary eontacts available to the user.

11.8.6 ~Information about gas and gas mixtures for controlled and closed pressure
systems

For controlled and closed pressure systems filled with gas mixture, the percentage of the
different gases and their associated tolerances shall be defined by the manufacturer taking into
account handling and uncertainty of measurement. Appropriate gas filling procedures are
defined in IEC 62271-4.

During commissioning or maintenance, the maximum allowable humidity content within gas-
filled switchgear and controlgear filled with gas at the filling pressure (density) for insulation
shall be checked by dew point measurement. Appropriate correction factors shall be used for
measurements performed at temperatures other than 20 °C according to the manufacturer’s
instruction manual.

The maximum allowable humidity content for equipment filled or re-filled with new or used gas
should be such that the dew point inside the switchgear compartment is not higher than


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

-92 - IEC 62271-204:2022 EXV © IEC 2022

— =10 °C for equipment with adsorber material;
— =15 °C for equipment without adsorber material

during commissioning or after maintenance for a measurement at filling pressure (density) for
insulation and at 20 °C.

NOTE 1 These dew point values during commissioning are expected to give a dew point value lower than -5 °C
during service life, for a measurement at 20 °C.

NOTE 2 The measurement of the dew point is specified at a given temperature due to the possible exchange of
water between gas and solid materials when the temperature changes, which could change the measured value.

NOTE 3 An example of measurement and determination of the dew point is given in IEEE C37.122.5 [35].

11.8.7 Final installation inspection

After installation, before putting into service, the GIL shall be tested to chieck 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 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

To |ensure minimum disturbance, and to reduce the risk of moisture and dust entefing
endlosures, which secures~correct operation of the GIL, no obligatory periodic inspection$ or
prepsure tests are specified“or recommended when the GIL is in service.

Ins{ructions should-be' provided for inspection and tests which should be made after the GIL
hag been installed“and all connections have been completed.

Thg instructions should include the following:

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

— Irecommendations 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 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

These data should include:
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a) access limitations to the local site;

b) local working conditions and any restrictions that may apply (for example, safety equipment,
normal working hours, union requirements for supervisor, manufacturer's and local
installation crew, etc.);

c) availability and capacity of lifting and handling equipment;
d) availability, number and experience of local personnel;

e) specific pressure vessel rules and procedures that may apply during installation and
commissioning tests;

f) interface requirements for high-valtage cables and transformers;
g) [in the case of extensions to existing switchgear and controlgear:
1) provisions for the extension available within existing primary and secondary equipment;
1) in-service conditions or operating restrictions that apply;
2) safety regulations that locally apply.

11.8.9 Basic input data by the manufacturer

Thgse data should include:

a) [space necessary for installation and assembly;
b) |size and weight of components and testing equipment;

c) Isite conditions regarding cleanliness and temperature for clean installation and preparation

area;
d) [humber and experience of local personnel required for installation;

e) [time and activity schedules for installation and commissioning;

f) lelectric power, lighting, water and other-needs for installation and commissioning;
g) |proposed training of installation and service personnel;

h) |in case of extension to existing switchgear and controlgear:

1) out-of-service requirements_of existing components related to the installation schedule;
2) safety precautions.

i) |gas filling procedure (mixed gases) and dew point verification, if necessary.

11.8.101 Constructional features

Theg tenders and‘eontract documentation should provide at least, but not limited to, the follow
infgrmation:

ng

a) mass-ofithe heaviest transport unit;
b) loverall dimensions of the transmission line;

c) arrangement of the external connections,

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

e) provisions for installation and laying required by the manufacturer;
f) location of the attachment points to the supports;

g) maximum forces to each attachment point;

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

11.4 Operating instructions

The operating instructions given by the manufacturer shall contain the following information:
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charging.current or because of their effect on voltage limitation, such as
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a general description of the equipment with particular attention to the technical description

of its characteristics and operation so that the user has an adequate understanding of
main principles involved;

the

a description of the safety features of the equipment and the operation of the interlocks and

padlocking facilities;

as relevant, a description of the action to be taken to manipulate the equipment for operation

isolation, earthing, maintenance, and testing;
as relevant, measures against corrosion should be given.

dielectric strength shall be checked in order to eliminate causes which might give risg
nternal fault in service.

site voltage tests are supplementary to the dielectric routine tests with'the aim of chech
dielectric integrity of the completed installation and of detecting irregtlarities as mentio
ve. Normally, the dielectric test shall be made after the GIL has\been fully erected
-filled at the filling pressure, preferably at the end of all site.tests, when newly instal
h a dielectric test is recommended to be performed also‘-after major dismantling

progressive voltage increase, performed in order to achieve a kind of electrical condition
he equipment before commissioning.

execution of such site tests is not always practicable and deviations from the standd
be accepted. The aim of these tests being.a final check before energizing, it is v
ortant that the chosen test procedure does“nhat jeopardize sound parts of the GIL.

he interest of practicability and economy, for example the electrical power requirements
dimensions and weight of the test'equipment can also apply.

etailed test programme for\the dielectric tests on site should be agreed between m4
urer and user.

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

the test~the GIL can be disconnected from other equipment, either because of their h

high-voltage cables, overhead lines, and GIS,

ing
ned
and
ed.
for
om

ing

rds
ery

hoosing an appropriate test method for 'each individual case, a special agreement can apply

and

nu-

gh

power transformers and most voltage transformers, and
surge arresters and protective spark gaps.

Due to the possible length of a GIL it can be applicable for the site dielectric test to be carried
out in sections. Due to this fact, provisions shall be made within the design of the GIL to
incorporate positions where test equipment can be mounted without having to dismantle the GIL.

The 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
the reconnection introduces faults after the tests are finished

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

Every 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 and
earthed during the dielectric test, unless special measures are taken to prevent disruptive
discharges in the extension affecting the energized part of the existing GIL.

The test voltage can be applicable after repair or maintenance of major parts or after erection
of gxtensions. The test voltage can then have to be applied to existing parts in order to test all
sedions involved. In those cases, the same procedure should be followed as for newly instajled
GIL.

For| the choice of an appropriate voltage waveform, IEC 60060-1 should.\be" taken [nto
consideration; however, 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
volfage. Conventional partial discharge measurement in accordance with JEC 60270 is possjbly
not|appropriate. Other methods, such as UHF method should be ceonsidered. At the predent
time, no level has been required.

A vpltage level equal to 80 % of the AC voltage applied during the routine test is recommended.
Forllong 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 Igwer voltage because of the capacity of the testingfacility.

Imgulse test voltage can be additionally performed (lightning impulse wave shape, possjbly
osdillating, with an extended front time canfbe used). The voltage level should be agrged
betiveen manufacturer and user.

11.4.102 Measurement of gas conditions

Thg humidity content of the insulating gas shall be determined. This humidity content shal| be
in gccordance with 11.101.7<efIEC 62271-203:2022.

Thg measurement shallthe performed on all compartments of the GIL, assembled and filled Wwith
gaqg at the filling pressure.

If the GIL is filledswith 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
manpufacturer.

11.11.103 Measurement of the resistance of the main circuit

The 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 possible
on transport units.

Nevertheless, the measurement method and the adequate length for the assembled sections
shall be chosen considering the following requirements:

— the measurement shall be done in such a way as to verify the integrity of the main circuit,
including joints;
— the 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 during
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.).
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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

The welding of the enclosure on site shall be made in accordance with established standards
for pressurized enclosures of gas-filled, high-voltage switchgear and controlgear with inert, non-
corfosive, low pressurized gases.

Imgerfection assessment on a basis of welding procedure and welders qualificationishall be
mag@e in agreement between manufacturer and user. For further information;) consult [the
Bibliography and Annex D.

11.4.104.3 Pressure test

Sitg-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 quch case, additional precautions such as increased weld inspéctions should be made.

Where the factor £ is limited to 1,1, testing of the weld in @accordance with 11.4.104.1 shal| be
performed over 100 % of the weld length.

Provision shall be taken during the test to make §ure that the pressure relief device will [not
opdgrate. If a pneumatic test is not in compliance with local regulations, an alternative method
shduld 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

— lenclosures are filled with’a non-corrosive gas, dried, stable and inert, or
— lanti-corrosion external coating is monitored.

11.4.106 Checks and verifications
Thg following(shall be verified:

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

b) |s€aling of all pipe junctions, and tightness of bolts and connections;

c) conformity of the wiring with the diagrams;
d) proper functioning of the monitoring and regulating equipment including heating and lighting;
e) check of the correct connection of the bonding system.

If, for whatever reason, one or more routine tests are not performed at the manufacturer's works,
they should be carried out on site combined with the tests after erection.

11.4.107 Tests on corrosion protection for directly buried GIL
11.4.107 .1 Passive corrosion protection

The voltage level and duration specified in Clause 5 of IEC 60229:2007 shall be applied
between the metallic enclosure and the ground.
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For the test to be effective, it is necessary that the ground makes good contact with all of the
outer surface of the oversheath. A conductive layer on the oversheath can assist in this respect.

11.4.107.2 Active corrosion protection

The active corrosion protection system is laid out in accordance with the environmental
conditions along the GIL. The protection current and protection potentials are calculated from
data on soil electrical resistivity and acidity.

These values shall be measured after the GIL goes into service.

11.
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b Maintenance
b.1 General

effectiveness of maintenance depends mainly on the way instructions arefprepared by
hufacturer and implemented by the user.

.p.2 Information about fluids and gas to be included in maintenance manual

ere applicable, the following information shall be provided by the, manufacturer:

type and required quantity and quality of liquid to be used in’switchgear and controlgea
type and required quantity and quality of gas to be uséd in switchgear and controlgear.

6.3 Recommendations for the manufacturer

manufacturer should be responsible for ensuring the continued availability of spare p

hufacture of the switchgear and controlgear.

manufacturer should inform the>,purchasers of a particular type of switchgear

the

=

arts

lired for maintenance for a period of net' less than 10 years from the date of fjnal

and

controlgear about corrective actionsirequired by systematic defects and failures detected in

ser

The

a)

ice.

manufacturer’s maintenance manual should include the following information listed bel
Extent and frequency of maintenance. For this purpose the following factors should
considered:

1) switching.operations (current and number);

2) total nUmber of operations;

3) timedin service (periodic intervals);

4), environmental conditions;

5) Qf"‘i\lif\ll aftar 2 cgismic gugnt (if anpliﬁahln)-
SHHBYaHea } H—H-= 5

be

b)

7 T v Prroeaot

6) measurements and diagnostic tests, (if any).

Detailed description of the maintenance work:

1) recommended place for the maintenance work (indoor, outdoor, in factory, on site, etc.);

2) procedures for inspection, diagnostic tests, examination, overhaul;
3) reference to drawings;

4) reference to part numbers;

5) use of special equipment or tools;

6) precautions to be observed (for example cleanliness and possible effects of harmful

arcing by-products);
7) lubrication procedures.


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

- 98 - IEC 62271-204:2022 EXV © IEC 2022

c) Comprehensive drawings of the details of the switchgear and controlgear important for
maintenance, with clear identification (part number and description) of assemblies,

subassemblies and significant parts.

NOTE Expanded detail drawings which indicate the relative position of components in assemblies and
subassemblies are a common illustration method.

d)

Limits of values, which can be measured during operation or routine maintenance and

tolerances which, when exceeded, make corrective action necessary, for example:
1) pressures, density levels, gas mixtures tolerance;
2) resistance and/or capacitance (of the main circuit);

1.

If tH
be

3) operating times;

4) resistance of the main circuits;

5) insulating liquid or gas characteristics;

6) quantities and quality of liquid or gas (see IEC 60480 and IEC 62271-4for' SFg);

7) dew point inside gas-filled switchgear compartment according to 11.3°6;
8) permissible erosion of parts subject to wear;

9) torques;

10)important dimensions.

Specifications for auxiliary maintenance materials, including warning of known n
compatibility of materials:

1) grease;

2) oil;

3) fluid;

4) cleaning and degreasing agents.

List of special tools, lifting and access equipment.
Tests after the maintenance work,

List of the recommended spare-parts (description, reference number, quantities) and ad
for storage.

Estimate of active scheddled maintenance time, carried out in accordance with
established time schedule.

How to proceed with'the equipment at the end of its operating life, taking into considera
environmental requirements.

6.4 Recommendations for the user

e user'wishes to perform maintenance, the maintenance manual of the manufacturer shg
ollowed.

on-

ice

an

ion

uld

The user should record the following information:

the serial number and the type of the switchgear and controlgear;
the date when the switchgear and controlgear is put in service;

the results of all measurements and tests including diagnostic tests carried out during
life of the switchgear and controlgear;

dates and extent of the maintenance work carried out;

the history of service, periodical records of the operation counters and other indications
example short-circuit operations);

references to any failure report.

the

(for
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In case of failure and defects, the user should make a failure report and should inform the
manufacturer by stating the special circumstances and measures taken. Depending upon the
nature of the failure, an analysis of the failure should be made in collaboration with the
manufacturer.

11.5.5 Failure report

The purpose of the failure report is to standardize the recording of the switchgear and

con

trolgear failures with the following objectives:

to describe the failure using a common terminology:;

The

A fg

to provide data for the user statistics;
to provide a meaningful feedback to the manufacturer.

following gives guidance on how to make a failure report.

ilure report should include the points listed below.

Identification of the switchgear which failed:

1) substation name;

2) identification of the switchgear (manufacturer, type, serial number, ratings);
3) switchgear technology (air blast, minimum oil, SFg, vatuum);

4) location (indoor, outdoor);

5) enclosure;

6) drive mechanism, if applicable (hydraulic,;pneumatic, spring, motor, manual).
History of the switchgear:

1) date of commissioning of the equipment;

2) date of failure/defect;

3) total number of operating cycles, if applicable;

4) date of last maintenance;

5) details of any changes.made to the equipment since manufacture;

6) total number of operating cycles since last maintenance;

7) condition of -the switchgear when the failure/defect was discovered (in serv
maintenance,-€etc.).

Identification\of the subassembly/component responsible for the primary failure/defect:
1) high-~voltage stressed components;

2) electrical control and auxiliary circuits;

3){drive mechanism, if applicable;

d)

e)

f)

4) other components.
Stresses presumed to contribute to the failure/defect:
1) operation mistake or misuse of the equipment;

ce,

2) environmental conditions (temperature, wind, rain, snow, ice, pollution, lightning, etc.).

Classification of the failure/defect:

1) major failure;

2) minor failure;

3) defect.

Origin and cause of the failure/defect:

1) origin (mechanical, electrical, tightness if applicable);
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2) cause (design, manufacture, inadequate instructions, incorrect mounting, incorrect
maintenance, stresses beyond those specified, etc.)

3) operation mistake or misuse.
g) Consequences of the failure or defect:
1) switchgear down-time, which is time interval during which an item is in a down state;
2) time consumption for repair;
3) labour cost;
4) cost of spare parts.

A failure report may include the following information:

— |drawings, sketches;

— |photographs of defective components;

— Isingle-line station diagram;

— |operation and timing sequences;

— Jrecords or plots;

— Jreferences to maintenance or operating manuals.

11.5.101 Maintenance of GIL

Thg effectiveness of maintenance depends mainly on the'way instructions are prepared by|the
mapufacturer and implemented.

It i§ important to think through the requirements.of a possible post-fault or other repair gnd
make provisions for gas handling and storage,*access for replacement section, in-situ weld|ng,
fume extraction and weld inspection, and consider how a high-voltage test can be performed
posgt-repair.

11.5.102 Gas handling

Thg following applies to GIL filled with gases which might have an environmental impac} or
might impose a hazard to the.operating personnel.

Forl GIL using SFg gas, SFg mixtures or other gas mixtures included in IEC 62271-4, |the
requirements therein shall be applied in addition to the recommendations below.

In deneral, insutlating gas shall be handled in such a way as not to cause harmful effects to|the
enVironment-or persons. If the gas, or its decomposition products, which might be generdted
under certain service conditions (e.g. due to internal arcing), impose a hazard to personpel,
apgropriate precautions shall be taken in order to ensure safe handling, including
dedontamination after accidental release of hazardous products.

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

If the gas used has an environmental impact, it shall not under normal conditions (e.g.
maintenance, repair) be released into the atmosphere. This means reclaiming by means of a
gas handling unit with a storing capacity corresponding to the largest gas volume of the
installation. Abnormal leaks shall be rectified. Contaminated gas shall either be reclaimed by
means of the gas handling unit and reused, or, if not possible, be sent to a company specialized


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

IEC 62271-204:2022 EXV © |[EC 2022 - 101 -

in decontamination/reprocessing of waste. If the waste is considered to be hazardous, relevant
rules for safety during handling and transportation shall be observed (see IEC 62271-4).

12 Safety

12.1 General

High-voltage switchgear and controlgear, complying with the applicable IEC standards, can be
conS|dered safe when installed in accordance with the relevant mstallatlon rules mcludmg

ns.
igted

High-voltage switchgear and controlgear in accordance with IEC offers @ high level of safety
with regard to external effects that might harm personnel, mainly because‘the high-voltage parts
may be surrounded by an enclosure. Nevertheless, high power equipment, can comprise sgme
potential risks, some examples are:

— [the enclosures, if any, may be pressurized with gas;

— |pressure-relief devices may open due to exceptional conditions, e.g. resulting from| an
internal arc. In extreme circumstances, the arc can burn through the enclosures. Both repult
in the sudden release of hot gas;

— [sudden events, which are in themselves with |ow risk to humans, may alarm personnel and
lead to accidents (for example, a fall);

— |commissioning, maintenance and extensipn activities may require special attention du¢ to
the complexity of the equipment and its‘internal parts which are mostly not visible.

Experience has shown that human error’is a factor that shall be considered (for example, cloging
an earthing switch on an energized conductor).

High-voltage, GIL can be safeonly when installed in accordance with the relevant installajion
rulgs, and used and maintained in accordance with the manufacturer’s instructions. It shal| be
opgrated and maintained-by qualified personnel.

Dug to the fact that-itiis completely impossible to touch any live part, a GIL provides a maximum
dedree of safetys However, it is normally only accessible by instructed or authorized persons.

When it islinstalled in an area accessible to the public, additional safety features shalll be
required-"Two types of installation shall be considered.

— |InntHe 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 be
clearly visible installed along the route.

— In the case of above ground installations, fences or equivalent means shall be located along
the GIL in such a way that no unintentional contact with the GIL or its accessories is
possible.

The specifications in 12.2 to 12.103 are particularly important in order to ensure personal safety.

12.2 Precautions by manufacturers

The following list provides examples of precautions usually implemented by manufacturers.
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design and test pressurized enclosures, pressure relief devices and relevant switchg
elements to international established standards;

ear

provide adequate and easy means to check interlocking systems (the most reasonable way

to avoid human error);

explain safe operation of the switchgear and controlgear clearly in instruction manuals.
Explain precautions to prevent improper operation and the consequences of improper

operation;

provide the user and/or contractor with appropriate information related to design of

the

surrounding area, possibly ventilation and gas detection information, to minimize personnel

12.
The

lekoe in cocn A falllira Anoiro:
TSt oo e e-60uTSy

provide safe procedures for dismantling and disposal.

B Precautions by users
following list provides examples of precautions that may be taken by users;

limit access to the installation to people who are trained and authorized;

keep operators and other personnel instructed regarding risks7and safety requireme
including local regulations;

keep switchgear and controlgear maintained and up to date.in‘terms of technical standa
especially interlocking and protection devices;

use remote control and have the interlocking system working as intended;

select equipment that minimizes the risk to personnel from improper operation (for exani
earthing switches with short-circuit making capacity on lines, motor actuators to al
remote operation);

coordinate the protection system with product properties (for example, do not reclose
internal faults);

prepare earthing procedures considering the difficulty of referring to and understanding
complex arrangement and operation,of the switchgear and controlgear;

ecially during maintenance; repair or extension work:
ensure that maintenance, repair and extension work is carried out only by qualified
trained personnel;

prepare a safety\and protection plan for the work. Indicate who is responsible for plann
implementing and enforcing safety and protection measures;

check inteflocking and protection devices before starting;

pay speegial attention to manual operations, especially when the switchgear and controlg
is energized;

nts

ds,

ple

low

on

the

label equipment clearly for easy, identification of individual devices and gas compartments.

and

ng,

ear

the

inform personnel who may be near the switchgear and controlgear before operating

equipment (for example, a horn or tlashing light);
mark emergency exits and keep passages clear of obstructions;

instruct the people involved how to work safely in a switchgear and controlgear environment

and what to do in an emergency.

12.101 Mechanical aspects

Mechanical stress due to the action of the external environment, or interaction between GIL

and the environment:

¢ 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)
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12,

12.

13

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

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

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

maintenance operation is necessary, conditions shall be carefully defined and take

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

Operations performed by maintenance personnel shall be strictly limited. When a

nto

account the design of the GIL (gas volumes of the compartments, presence of\presqure

Dog¢umentation shall include the following relevant information about,the environmental impact

of t

Als

he switchgear:

to allow the user to:
1) minimize the leakage rate as far as is practicable;

2) control the handling of the new and used fluids. IEC 62271-4 is referred to for SFg
its mixtures refer to IEC 62271-4.

of the equipment and indicate the possibility to recycle.

b refer to 11.5.102.

When fluids are used in switchgear and controlgear, instructions shall be provided in ofder

and

Instructions concerning disassembly and end-of-life procedures for the different materials
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Annex A

(normative)

Identification of test objects

A.1 General

For identification of a test object, the following topics shall be covered.

IEC 62271-204:2022 EXV © IEC 2022

A.2 Data

Manufacturer's name;

Type designation, ratings and serial number of apparatus;

Outline description of apparatus (including number of poles, interlocking ‘system, bus
system, earthing system, and the arc extinguishing process);

Make, type, serial numbers, ratings of essential parts, where applicable (for example, d
mechanisms, interrupters, shunt impedances, relays, fuse links,(insulators);

Rated characteristics of fuse links and protective devices;
\Whether the apparatus is intended for operation in the vertical and horizontal plane.

bar

rive

A.3 Drawings
Drawings to be submitted Drawing content (as applicable)
Single-line diagram of main circuit Type designation of principal components
Genperal layout Qverall dimensions

NO|TE For an assembly it may be necessary.to
projide drawings of the complete assembly~and of
eadh switching device.

Supporting structure and mounting points
Enclosure(s)

Pressure-relief devices

Conducting parts of main circuit

Earthing conductors and earthing connections
Electrical clearances:

— to earth, between open contacts;

— between poles.

Location and dimensions of barriers between poles

in relation to live parts

Liquid insulation level

Location of earthed metallic screens, shutters or partitions

|l ocation and type designation of insulators

Location and type designation of instrument transformers

Detailed drawings of insulators

Material

Dimensions (including profile and creepage distances)

Arrangement drawings of cable boxes

Electrical clearances
Principal dimensions
Terminals

Level or quantity and specifications of insulant in filled
boxes

Cable termination details



https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

IEC 62271-204:2022 EXV © |[EC 2022

- 105 -

Drawings to be submitted

Drawing content (as applicable)

Detailed drawings of parts of the main circuit and
associated components

Dimensions and material of principal parts

Cross-sectional view through the axis of main and arcing
contacts

Travel of moving contacts
Electrical clearance between open contacts

Distance between point of contact separation and end of
travel

Assembly of fixed and moving contacts

Details of terminals (dimensions, materials)
Identity of springs

Material and creepage distances of insulating parts

Defailed drawings of mechanisms (including

coy

pling and drive mechanisms)

Arrangement and identity of main components‘of the
kinematic chains to:

— main contacts;

— auxiliary switches;

— pilot switches;

— position indication.
Latching device

Assembly of drive mechanism
Interlocking devices

Identity of\springs

Control and auxiliary devices

Ele
(if 4

ctrical diagram of auxiliary and control circuits
pplicable)

Type-designation of all components
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Annex B
(informative)

Determination of the equivalent RMS value of a short-time
current during a short-circuit of a given duration

The method illustrated in Figure B.1 could be used to determine the short-time current, if no
digital equipment provides the proper computation (refer to 7.6.3).

MS
vallie of the AC component of the current is measured at these verticals.

Thgse values are designated: Z, Z,... Z4g

where
Z 4 x /42 and X is the peak value of AC component of current.

Theg equivalent RMS current during the time ¢ is given by:

1 [ 2 (2 2 . 52, 52 2) (2 2 . 2 2) 2]
1 ::\/%Zo+4z1 +Z3+Zg+Z5 +Zg |+ 225 +Z) +Z5 + Zg |+ 2],

Thg DC component of current represented by CC' is not taken into account.

Af
N
cl
1 I T Z10
c
B AiinE t t >
' ’ Normal zero 1
RN AR
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
IEC]
Ker{
AA
Envelopes of current wave
BB'
CC' Displacement of current wave zero line from normal zero line at any instant
Zy---Zy,  RMS value of AC component of current at any instant measured from normal zero
X, Peak value of AC component of current at instant of initiating short-circuit
BT Duration of short-circuit, ¢,

Figure B.1 — Determination of short-time current
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Annex C
(normative)

Method for the weatherproofing test for outdoor
switchgear and controlgear

The switchgear and controlgear to be tested shall be fully equipped and complete with all covers,
screens, bushings, etc., and placed in the area to be subjected to with artificial precipitation.
For switchgear and controlgear comprising several functional units a minimum of two units shall

be icad ta tact tha inintc batwaaon tham
proSa—t0teStTHeJo M tS P eTw e e e

The artificial precipitation shall be supplied by a sufficient number of nozzles to produce a
uniform spray over the surfaces under test. The various parts of the switchgear and controlgear
may be tested separately, provided that a uniform spray is simultaneously applied|also to foth
of the following:

a) [the top surfaces from nozzles located at a suitable height;

b) [the floor outside the equipment for a distance of 1 m in front of the, parts under test with|the
equipment located at the minimum height above the floor) level specified by [the
manufacturer.

Where the width of the equipment exceeds 3 m, the spray maybe applied to 3 m wide sectipns
in turn. Pressurized enclosures need not be submitted to artificial precipitation.

Eagh nozzle used for this test shall deliver a square=shaped spray pattern with uniform sgray
disfribution and shall have a capacity of 30 I/min €/3"//min at a pressure of 460 kPa + 46 kPa
and a spray angle of 60° to 80°. The centre lines of the nozzles shall be inclined downwardg so
thaf the top of the spray is horizontal as it is directed towards the surfaces being tested. |t is
convenient to arrange the nozzles on a vertical stand-pipe and to space them about 2 m apart
(refler to test arrangement in Figure C.1).

Theg pressure in the feed pipe of the-nozzles shall be 460 kPa + 46 kPa under flow conditigns.
Theg rate at which water is applied’to each surface under test shall be about 5 mm/min, gnd
eadh surface so tested shall receive this rate of artificial precipitation for duration of 5 min. The
spray nozzles shall be at a-distance between 2,5 m and 3 m from the nearest vertical surface
under test.

NOTE When a nozzle in accordance with Figure C.2 is used, the quantity of water is considered to be in accordance
with|this standard wheh the pressure is 460 kPa +10 %.

After the testis completed, the equipment shall be inspected promptly to determine whether|the
follpwing requirements have been met:

a) [no water shall be visible on the insulation of the main and auxiliary circuits;

b) lnowater shall be visible on any internal electrical components and drive mechanisms ofithe
equipment;

c) no significant accumulation of water shall be retained by the structure or other non-insulating
parts (to minimize corrosion).
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Nozzles

Enclosure 7 5

IEC

About 2\m

1m

25mto3m

Sla|w |~

Minimum height above floor

Figure C.1 — Arrangement for weatherproofing test
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Dimensions in millimetres
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Figure C.2 — Nozzle for weatherproofing test
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Annex D
(informative)

References for auxiliary and control circuit components

IEC 62271-204:2022 EXV © IEC 2022

Table D.1 is provided as a quick reference to many of the component standards. The latest
editions should be used.

Device

IEC standard

Caples and wiring

Insulation of PVC wiring

IEC 60227 (all
parts) [36]

Size and area of conductors

IEC,60228 [37]

Insulation of rubber cable

IEC 60245 (all
parts)[38]

Identification

IEC 60445 [39]

Terminal blocks for round wire

IEC 60947-7-1 [4(

Tefminals Protective terminal blocks for round wire IEC 60947-7-2 [41]
Identification IEC 60445 [39]
All-or-nothing relays IEC 61810 (all

parts) [42]

Rejays Voltage ratings and operating range of all-or-nothing IEC 61810-1 [43]
relays
Performance of relay eontacts IEC 61810-2 [44]
Electromechanical*contactors for closing and opening IEC 60947-4-1 [45]
electrical circuit
Electromechanical contactors combined with relay for IEC 60947-2 [46]
short-circuit protection

Contactors and motor starters

Motor-starters (AC)

IEC 60947-4-1 [49

A€ semiconductor motor controllers

IEC 60947-4-2 [47

Motor protective overload relays

IEC 60947-4-1 [49

Lo

v-voltage switches

Low-voltage switches for motor circuits and
distribution circuits

IEC 60947-3 [48]

Manual control switches and push-buttons

IEC 60947-5-1 [44

Pilot switches: pressure, temperature switches etc.

IEC 60947-5-1 [49

Household humidity sensing controls

IEC 60730-2-13 [§

0]

Household switches

IEC 60669-1 [51]

Household thermastats

IEC 60730-2-9 [52

Lever (toggle) switch

IEC 61020-1 [53]

Graphical symbols for manual switches

IEC 60417 [26]

Colours of lights for manual switches

IEC 60073 [25]
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Table D.1 (2 of 2)

Device

IEC standard

Low-voltage circuit-breakers
and low-voltage circuit-
breakers with residual current
protection

Requirements

IEC 60947-2 [46]

Low-voltage fuses

General requirements

IEC 60269-1 [54]

Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial

application) — Fxamples of standardized systems of

IEC 60269-2 [55]

fuses A to K

Loy-voltage disconnectors

Requirements

IEC 60947-3 48]

Mdtors

Requirements

IEC 60034-1 [56]

Mdters

Analogue meters

IEC(60051-1 [57]

Ammeters and voltmeters

IEC'60051-2 [58]

Frequency meters

IEC 60051-4 [59]

Phase-angle and power-factor meters

IEC 60051-5 [60]

Lamp used as an indicator

Requirements

IEC 60947-5-1 [49]

Graphical symbols

IEC 60417 [26]

Colour lights

IEC 60073 [25]

Plygs, socket-outlets, and
coyiplers

Requirements for plugs, sockets-gutlet, industrial
cable couplers, appliance couplers

IEC 60309-1 [61]

Dimensional and interchangeability

IEC 60309-2 [62]

Household plugs, socket=outlets and couplers

IEC TR 60083 [63]

Other couplers and-plugs

IEC 60130 (all
parts) [64]

Printed circuit-boards

Requirements

IEC 62326-1 [65]

Refistors Potentiometers IEC 60393-1 [66]
Resistors 1 W to 1 000 W IEC 60115-4 (all
parts) [67]
lllymination NIumination fluorescents IEC 60081 [68]

Tungsten filament lamps

IEC 60064 [69]

NQTE For electronic components used in auxiliary and control equipment additional information can be found

IEC TR 62063 [70].

in
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Annex E
(normative)

Tolerances on test quantities during tests

During type tests, the following types of tolerances may normally be distinguished:

tolerances on test quantities which directly determine the stress of the test object;

tolerances concerning features or the behaviour of the test object before and after the test;

olerances on test conditions;

olerances concerning parameters of measurement devices to be applied.

A tglerance is defined as the range of the test value specified in the standard withinwhich|the
meagsured test value shall lie for a test to be valid. In certain cases the test may remain vglid
even if the measured value falls outside the range: this is the case when it.results in a more

severe test condition.
Any deviation between the measured test value and the true test value caused by [the
ungertainty of the measurement are not taken into account in this respect.
The basic rules for application of tolerances on test quantities 'during type tests are as follows:
a) [testing stations shall aim wherever possible for the test'value specified;
b) |the tolerances on test quantities specified shall be‘observed by the testing station. Higlher
stresses exceeding those tolerance are permitted only with the consent of the manufactufer;
c) where, for any test quantity, no tolerance is given within this standard, or the standard tq be
applied, the type test shall be not less severe than specified. The upper stress limits [are
subject to the consent of the manufactufer.
Table E.1 — Tolerances on test quantities for type test
Subtlause Description of Test quantity Specified test value Test Refergnce
the test tolerances / tq
limits of test
values
7.2 up to Dielectric tests
7.2.1p
7.2.712, Power-frequency | Test voltage (RMS value) Rated short-duration +1 % IEC 6Q060-
7.2.8}2, voltage, tests power frequency 1:201(
7.2.1R, withstand voltage
7.10.p
Frequency - 45 Hz to 65
Hz
Wave shape Peak value / RMS value | +5 %
=2
7.2.7.3 and | Lightning impulse | Peak value Rated lightning impulse | +3 % IEC 60060-
7.2.8.4 voltage tests withstand voltage 1:2010
Front time 1,2 us +30 %
Time to half-value 50 ps +20 %
7.2.8.3 Switching impulse | Peak value Rated switching +3 % IEC 60060-
voltage tests impulse withstand 1:2010
voltage
Front time 250 ps +20 %
Time to half-value 2 500 pus +60 %
Test voltage +1 %



https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

IEC 62271-204:2022 EXV © |IEC 2022 - 113 -
Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.3 and Radio Tune frequency of Within +10 %
7.9.1.1 interference measurement circuit of
voltage tests
0,5 MHz or
between
0,5 MHz to 2
MHz
7.4.4 ?v‘:caaullclllcllt Uf D\.l tcat bullcllt, IDC - YU A IDC -
the r:_eystance of rated
circuits continuous
current ,
or —20 %,
+0 % of,
I, < 50°A
7.5 Continuous Ambient air velocity - <05 m/s
current tests
Test current frequency Rated frequency -5 %, +2 %
Test current Rated continuous -0 %, +2 %
current o
These limits
shall be kept
only for the
last two
hours of
testing
period
Ambient air temperature T,, ‘|\-- 10°C<T, =
40 °C
7.6 Short-time Test frequency Rated frequency +10 % at the
withstand current beginning
and peak of the test,
withstand current =20 %,
tests +10 % at the
end
Peaklcurrent (in one of the | Rated peak withstand -0 %, +5 %
quter phases) current
Average of AC component Rated short-time See 7.6.3
of three-phase test current | withstand current tolerances
for I2¢ in
7.6.3
Ratio of AC component of 1 +10 %
test current in any phase
versus average of the three
phases
Short-circuit current Rated short-circuit Maximum 5s | 7.6.3
duration duration
Value of /2t Value /¢ -0 %, +10 %
Derived from rated
values short-time
withstand current and
duration.
79.2.3 Oscillatory wave Damped oscillatory wave Test frequency +30 % IEC 61000-
immunity test tests 100 kHz, 1 MHz 4-18
7.10.3.3 Auxiliary contact | Test current amplitude -0 %, +5 %
rated short-time -
withstand current | Test current duration -0 %, +10 %
7.10.3.4 Auxiliary contact | Test voltage amplitude -0 %,+10 %

breaking
capability

Test current amplitude

-0 %, +5 %

Circuit time constant

-0 %, +20 %
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Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.10.4.2 Cold tests Minimum and maximum +3 K IEC 60068-
ambient air temperature 2-1: 2007
during tests
7.10.4.3 Dry heat test Minimum and maximum +3 K IEC 60068-
ambient air temperature 2-2: 2007
during tests
7.10.4.4 Cyclic humidity Minimum temperature of +3 K IEC 60068-
test cycle 2-30; 2005
Maximum temperature of +2 K
cycle
7.10.4.5 Vibration IEC 6(Q255-
response and 21-1: 1988
seismic tests
711.1.3 Radiation Accuracy measurement of +25)%
instrument radiation
Energy response | Accuracy measurement of 15 %

energy
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Annex F
(informative)

Information and technical requirements to be given

with enquiries, tenders and orders

General

Thisannex provides a list of useful technical information items in a tabular form to be considered

for possible exchange between user and supplier during contracting stage.

WhEn in the table "supplier information" is mentioned, this means that only the supplier negds
to deliver this information.
Attg¢ntion should be paid to the fact that such table should be complemented: with information
and characteristics relevant for the type of switchgear and controlgear considered; see product
standards.

F.2 Normal and special service conditions (refer to Clause 4)

User requirements Supplier proposals
Setvice condition Indoor or
outdoor

Ampient air temperature:

Minimum °C

Makimum °C

Solpr radiation W/m?

Altifude m

Poljution Class

Exdessive dust or salt

Ice|coating mm

Wind m/s

Humidity %

Comndensation or precipitation

Vibfation Class

Indlced electromagnetic disturbance in kV

auXiliary amdcontrol circuits
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F.3 Ratings (refer to Clause 5)

User requirements Supplier proposals
Rated voltage for equipment (U,) kV
Rated insulation levels phase to earth and
between phases
Rated short-duration power-frequency
withstand voltage (U,) kV
Rated switching impulse withstand voltage kV
(U
— phase to earth kV
— petween phases kV
Rafed lightning impulse withstand voltage
(U kV
Rafed frequency (f,) Hz
Rafed continuous current (7,) A According single line
Rafed short-time withstand current (7, ) kA
Rafed peak withstand current (Ip) kA
Rafed duration of short-circuit (z,) s
Rafed supply voltage of closing and \%
opgning devices and of auxiliary and
corftrol circuits (U,)
Rafed supply frequency of closing and Hz DC or 50 or 60
opgning devices and of auxiliary circuits

F.4 Design and construction (refer-to Clause 6)

To pe complemented with information provided by relevant product standards.

User requirements Supplier proposals

Number of phases Three- or
single-phase
encapsulation

Mgss of the heaviest transport unit

Mqunting provisions

Type of gas-pressure or liquid-pressure
system

Ovgrall dimensions of the installation

Defeription by name and category of the

: " +
varrougs—comparmments

Rated filling level and minimum functional
level

Low- and high-pressure interlocking and
monitoring devices

Interlocking devices

Degrees of protection

Arrangement of the external connections

Accessible sides

Volume of liquid or mass of gas or liquid
for the different compartments

Facilities for transport and mounting
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User requirements

Supplier proposals

Instructions for operation and
maintenance

Specification of gas or liquid condition

F.5 System information

User information

Nominal voltage of system

kV

H

ghest voltage of system

KV

Number of phases

Type of system neutral earthing

Effectively or non-effectively

F.66 Documentation for enquiries and tenders

User requirements

Supplier proposals

Scqgpe of supply (training, technical and layout
stuflies and requirements for co-operation with
othpr parties)

S

ngle-line diagram

Geperal arrangement drawings of substation
layput

Prgvisions for transport and mounting to be given

by the user

Foyndation loading

Supplierinformation

Gag schematic diagrams

Supplief information

Lis{ of type test reports

Supplier information

Lis{ of recommended spare parts

Supplier information
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Annex G
(informative)

List of symbols

Description Symbol Subclause
Absolute leakage rate F 3.6.6.4
Absolute leakage rate liq 3.6.7.1
Alarm pressure (or density) for insulation and/or switching Pe (pae) 36583
Algrm pressure for operation (or density) Pam (Pam) 3.6.5.4
Filling pressure ) 7.8.2
Filling pressure (or density) for insulation and/or switching Pre (Pre) 316.5°1
Filling pressure (or density) for operation Prm (Prm) 3.6.5.2
Mgin circuit resistance measured before continuous current test R, 8.4
Mgasured pressure "2 7.8.2
Mipimum functional pressure (or density) for insulation and/or switching Bl %) 3.6.5.5
Mipimum functional pressure for operation (or density) Bl (%) 3.6.5.6
Nupmber of replenishments per day N 3.6.6.8
Nupmber of replenishments per day Niq 3.6.7.3
Paftial voltage with respect to earth Us 7.2.6.3 b)
Pefmissible leakage rate Fp 3.6.6.5
Pefmissible leakage rate Fp(”q) 3.6.7.2
Pressure drop Ap 3.6.6.9
Préssure drop Apjiq 3.6.7.4
Protection against ingress of water eoding IP 6.14.3
Protection of equipment against mechanical impact under normal service IK 6.14.4
conditions coding
Raldio interference voltage.test RIV 7.3
Rafed continuous cufrent I 5.5
Rafed duration.of‘'short-circuit f 5.8
Rafted frequency Jr 5.4
Rafted/lightning impulse withstand voltage Up 5.3
Rated-peal—withstanrd-eurrent + 5+

p

Rated short-duration power-frequency withstand voltage Uy 5.3
Rated short-time withstand current I 5.6
Rated supply voltage U, 5.9.2
Rated supply voltage of closing and opening devices and of auxiliary and U, 5.9
control circuits
Rated switching impulse withstand voltage Ug 5.3
Rated voltage U, 5.2
Relative leakage rate rel 3.6.6.6
Time between replenishments t 3.6.6.7
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Description

Symbol

Subclause

Total test voltage

7.2.6.3 b)
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Annex H
(informative)

Electromagnetic compatibility on site

EMC site measurements are not type tests but may be performed in special situations:

where it is deemed necessary to verify that actual stresses are covered by the EMC severity

class of the auxiliary and control circuits;

Me
bet
tern
ind

Switching operations should be carried out at normal operating voltage, both in the main cir
in the auxiliary and control circuits. Induced voltages will vary statistically and thujs a

ang
rep
ope

The
will

no

The

side corresponding to normal operating voltage. This condition may be difficult to obtair

test

The

auxjiliary voltage.

NOT
subg

H <l 4 l 4 +lo l 4 F + 4
(1T UTUTT tTU ©TVvVaiuadlc uic UICULIUIIIGyIIClIU CITVITUTITITCTITTL,
in order to apply proper mitigation methods, if necessary;

to record the electromagnetically induced voltages in auxiliary and control circuits; dué
switching operations both in the main circuit and in the auxiliary and control cirguits. It is
considered necessary to test all auxiliary and control circuits in a substation un
consideration. A typical configuration should be chosen.

hsurement of the induced voltages should be made at representative,ports in the interfi
veen the auxiliary and control circuits and the surrounding network) for example, at the in
ninals of control cubicles, without disconnection of the system. la'strumentation for recorg
iced voltages should be connected as outlined in IEC TR 608%16/{71].

resentative number of both making and breaking operations should be chosen, with rang
rating instants.

switching operations in the main circuit areto'be made under no-load conditions. The tq
thus include the switching of parts of thersubstation but no switching of load currents
ault currents.

making operations in the main cireuit should be performed with trapped charge on the |

ing, and, as an alternative,.the-test procedure may be as follows:

discharge the load side hefore the making operation, to assure that the trapped charg
zero;

multiply recorded-veltage values at the making operation by 2, in order to simulate the ¢
with trapped chiarge on the load side.

switching-device in the primary system shall preferably be operated at rated pressure

E ¥ \The most severe cases, with regard to induced voltages, will normally occur when only a small part
tation is switched.

e to
not
der

ace
put
ing
cuit
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and

bad
at

W
C7)-

ase

and

of a

NOTE 2 The most severe electromagnetic disturbances are expected to occur at disconnector switching, especially
for GIS installations.

The recorded or calculated peak value of induced common-mode voltage, due to switching in
the main circuit, should not exceed 1,6 kV for interfaces of the auxiliary and control circuits.


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

IEC 62271-204:2022 EXV © |[EC 2022 -121 -

Annex |
(informative)

List of notes concerning certain countries

With reference to Annex SC of IEC/ISO Directives Supplement — Procedures specific to IEC,
(2016), an IEC National Committee may provide a statement to be included in an International
Standard, informing the user of the standard of particular conditions existing in its country.

_Clause Text
6.14.1 NOTE In addition to IEC 60529 enclosures are to be designed to prevent unauthorized~acg¢ess
by provided provisions for locking or requiring a special tool to open doors. Doors_ hinges|and
access panels are not externally removable (US).
6.14.2 NOTE The minimum default code is IP2XB (US)
7.2.12 NOTE The required test voltage for disconnectors and switch disconnectors af-all rated voltages

is 100 % of the tabulated voltage in columns (3) of Tables 1 or 2 and 3 or 4¢(Canada).
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Annex J
(informative)

Extension of validity of type tests

General

individual type test need not be repeated in some situations e.g.:

Par
oth
sho

typ

Mo
307

J.2

For
equ
if th

J.3

Shd

for a change of construction detail, if the manufacturer can establish that this change\d
not influence the result of that individual type test;

for a change in the installation instructions, provided that the test conditions.vare
invalidated by the new instructions (e.g. see J.2);

ratings are covered by the tests already performed (e.g. see J.3 or when lower performan
are requested).

ticular examples where extension of a type test may be used to yalidate design change

uld be noted that supporting evidence should be provided.te validate such extension
b tests.

e details may be given in the product standards and/orfechnical reports, e.g. IEC TR 622
[72].

Dielectric tests

non-enclosed conductors, the dielectric tests performed cover other dispositions ha
al or higher clearances to surroundings (e.g. height above ground) and between conduct
e insulating materials and shapes of conductors and insulators are the same.

Short-time withstand current tests

rt-time withstand curfent and peak withstand current tests performed at 50 Hz or 60

br similar equipment, without repeating type tests, are given in"thé following subclauses.

pes

not

for covering other values of ratings for the same switchgear and controlgéar; if these new

ces

b Or

5 of

71-

ing
Dr'S,

Hz,

using a peak factor ofs2,6, cover both frequencies for networks having a DC time constanft of

45

Shd

using a pedk factor of 2,7, cover both frequencies for any DC time constants.

J.4

ms or smaller.

rt-time withstand current and peak withstand current tests performed at 50 Hz or 60

Continuous current test

Hz

A test performed on a single pole, or on a single unit, covers larger arrangements (i.e. three
pole or multiple units) provided that the influence with other poles or other units is negligible,
as it is generally the case for non-enclosed switchgear and controlgear; this provision is
applicable, for instance, to some outdoor transmission devices.

As stated in 7.5.3.1:

for switchgear and controlgear rated for both frequencies at 50 Hz and 60 Hz and having no

ferrous components adjacent to the current-carrying parts, test can be performed at 50
and cover both frequencies provided that the temperature-rise values recorded during
tests at 50 Hz do not exceed 95 % of the maximum permissible values;

tests performed at 60 Hz cover both frequencies.

Hz
the
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J.5

Electromagnetic immunity test on auxiliary and control circuits

Subassemblies may be positioned in different places within the auxiliary and control circuits,
without invalidating the type test of the complete system, provided that the overall wiring length
and the number of individual wires connecting the subassembly to the auxiliary and control
circuits is not greater than in the tested system.

Interchangeable subassemblies may be replaced by similar subassemblies, without invalidating

the

J.6

Env
req

Par
are
bel

Tes

auxiliary and control circuits designed for lower supply voltages.

original type test, provided that:

rutes for design and mstattation given im tEC 6 1T000-6-5 are foftowed;

type tests have been performed on the most complete subassembly applicable to-the't
of switchgear and controlgear;

manufacturer’s design rules are the same as for the type-tested subassembly.
Environmental tests on auxiliary and control circuits

ironmental tests on auxiliary and control circuits need not be/tepeated if performa
irements are validated during environmental tests on a whole switchgear and controlgg

ts, or pieces of equipment, of auxiliary and control circuits validated in a given arrangenm
validated also when used in a different arrangement<ef auxiliary and control circ
bnging to the same range of switchgear and controlgear equipment.

ts performed with a given supply voltage for~auxiliary and control circuit cover sinf

ype

nce
ar.

ent
Lits

ilar
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Annex K
(informative)

Exposure to pollution

General

The quality of ambient air with respect to pollution by dust, smoke, corrosive and/or flammable
gases, vapours, or salt is a consideration under normal and special service conditions (refer to

Clapse 4 of this document). This annex defines levels of pollution as well as recommendati

for

K.2

For
qudg
of s
ma
are
2:2

K.3

The
ser
cre

For
non
Tah

NOT
IEC

the minimum specific creepage distance across external insulation.

Pollution levels

purposes of standardization, the levels of pollution, very light, lightyand medium,
litatively defined. The qualitative examples given in Table K.1 are approximate descripti
ome typical corresponding environments. Other more extreme .environmental conditi
merit further consideration, e.g., snow and ice in heavy pollution, heavy rain, and
Bs. For these special conditions, reference is given to IEC TS 60815-1:2008, IEC TS 608§
DO8 and IEC TS 60815-3:2008.

Minimum requirements for switchgear

minimum creepage distance expressed as a specific creepage in mm/kV are for the nor
Vice conditions of atmospheric contaminationvand altitudes up to 1 000 m. This minini
bpage provides generally satisfactory service’operation under these conditions.

each level of pollution described in Jable K.1, the corresponding minimum recommen
ninal unified specific creepage distance (USCD) in mm/kV across the insulator is give
le K.2.

E The information in Table K,1/istadapted from IEC TS 60815-1:2008; the values in Table K.2 are taken
TS 60815-2:2008.

pns

are
ons
ons
arid
15-

mal
um

Hed
N in

rom



https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

IEC 62271-204:2022 EXV © |[EC 2022 - 125 -

Table K.1 — Environmental examples by site pollution severity (SPS) class

SPS Class Example of typical environments

Example 1:
> 50 km?@ from any sea, desert, or open dry land

Very light > 10 km from man-made pollution sources °
Within a shorter distance than mentioned above of pollution sources, but:
» prevailing wind not directly from these pollution sources
.+ and/or with regular monthly rain washing
Example 2:
10 km to 50 km? from the sea, a desert, or open dry land

Lidnt 5 km to 10 km from man-made pollution sources °
Within a shorter distance than example 1 from pollution sources, but;
» prevailing wind not directly from these pollution sources
» and/or with regular monthly rain washing
Example 3:
3 km to 10 km® from the sea, a desert, or open dry‘land
1 km to 5 km from man-made pollution sources.®
Within a shorter distance than mentioned above of pollution sources, but:
+ prevailing wind not directly from these pollution sources

Mddium » and/or with regular monthly rain‘washing

Example 4:
Further away from pollution seurces than mentioned in example 3, but:

» dense fog (or drizzle) often occurs after a long (several weeks or months) dry
pollution accumulation season

+ and/or heavyhigh conductivity rain occurs
+ and/or there is a high non-soluble deposit level (refer to IEC TS 60815-1:2008)

Hefavy and Very heavy

Refer to IEC TS 60815-1:2008.

2 | During a storm, the ESDD lévet at such a distance from the sea may reach a much higher level.

desert and dry land,

The presence of a major, city will have an influence over a longer distance, i.e. the distance specified for s

¢ | Depending on thé topography of the coastal area and the wind intensity.

Table K.2 — Minimum nominal specific creepage

distance by pollution level

SPS class Minimum recommended nominal unified specific creepage distance
(USCD) @
mm/kV
Very light 22
Light 27,8
Medium 34,7
Heavy and Refer to IEC TS 60815-1:2008, IEC TS 60815-2:2008, and IEC TS 60815-
3:2008

Very heavy

2  The unified specific creepage distance (USCD) is the creepage distance of an insulator divided by the RMS
value of the highest operating voltage across the insulator.

[SOURCE: IEC TS 60815-2:2008, 3.2]
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Annex A
(informative)

Estimation of continuous current

General

The a|m of Annex A is to define the continuous current of the GIL smgle phase when operating

de 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|the
estimation of continuous current, and refers to IEC 60287-1-1.

In qontrast to the referred standards, the estimation of the continuous current'can be based on
mofe than one calculation, but be deduced from reference values to be optained from type fest
resplts. The given standards can be used for calculation. If other ,apptopriate calculation
methods are used, these can be mentioned. The calculation is allowed if the temperature fise
of the conductor is not more than 15 K with respect to the performeditype test.

NOTE Although the scope of IEC 60287-1-1 refers to cables, the given calculations are also valid for GIL, unfless
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

Ab, average temperature rise of the conductor (K)

AGf. maximum temperature rise-of the conductor (K)

A6, average temperature\rise of the enclosure (K)

A6} maximum temperature rise of the enclosure (K)

AG}, average temperature difference between conductor and enclosure  (K)

I 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)

g temperature coefficient of electrical rnqicfi\/ify faor enclosure (1 /K)

A.3 Reference values

A.3.

1 General

The following reference values 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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e)

A.3

thermal coefficients.

.2 General type test values

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

I rated current (kA)

Ao average temperature rise of the conductor (K)

Abnco Maximum temperature rise of the conductor (K)

R4ds BEresistanceof conductoratambienttemperature e

Ieo enclosure current (kA)

Abo average temperature rise of the enclosure (K)

Abheo Maximum temperature rise of the enclosure (K)

Rydo DC resistance of enclosure at ambient temperature (uQ)

Afjeo average temperature difference between conductor and enclosure (K)

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

A.3.3 AC resistances

Thg AC resistance of the conductor at average conductor temperature R., can either
dedquced from the measured DC resistance Ry.,-‘and IEC 60287-3-1 or by appropr
calg¢ulation.

Thg AC resistance of the enclosure at the average enclosure temperature R, can either
dedquced from the measured DC resistance Ry,, and |IEC 60287-3-1 or by appropr
calgulation.

Contact resistance should also betaken into account.

Sud
con

Pro
app

A.3
The

h resistance value of the.GIL should be defined in relation to the length of the GIL un
sideration.

ximity effect should be considered; reference can be made to IEC 60287-1-1 or
ropriate literatare:

.4 Dissipation

dissipation in the conductor P, at average conductor temperature can be determined

be
ate

be
ate

der

the

PCO = ]r2 x RCO

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

cas

e of known amplitude by:

Peo = le02 X Reg

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 Petween conductor and enclosure is given by:

Teoo = A6,

ceo ceo /P

co

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

Fog = 055 HIm P55l
A.3.6 Thermal coefficient
Thg thermal resistance T is given in IEC 60287-3-1 (thermal resistance in air (gaseous medium))

as:

T=1/[nxDxKx 0025

where

K |is the thermal coefficient;
D |is the diameter;

6 |is the temperature difference.

Thg thermal coefficients K, and K, for respectively T and T are therefore given by:
Kge = 1/ [Togg m % Dy X Abggq :25]

Ko =171 [Too X m X Dg % Ay, 0-29]

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

T=1/[nxDxK 6%

A.4 Estimation of current rating

A.4|.1 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 = (I/11)2% * (AOmeo — Abgo)

Therefore, the maximum temperature rise A6y of the conductor is given by:
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Ao = MO + 86,

The maximum temperature rise Ag,, of the enclosure is found in exactly the same way.

A.4
A.4

3 Heat input

3.1 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

The

The

NOT
diffe

A.43.3 External heat input

adj

A.

The
acc

A.4.4.2 External thermal resistance

The

fred
of

Other external heat sources should be taken inte account such as solar radiation, influenc

A.j.4 Thermal resistances

internal dissipation of the conductor for the required situation is given by:

P = (I/1)% % Poy [1 + ag X (AGy — Aby)]

dissipation of the enclosure for the required situation is given by

Po = (Ig/1)2 % Poo [1 + ag X (AGy — A04,)]

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 acCordingly.

cent phases, etc. In the following, their.effect is designated by the symbol Pg.

4.1 Internal thermal resistance

internal thermal resistanee 7., between conductor and enclosure can be calculg

ording to the formula given in A.4.5. The calculated thermal coefficient can be used.

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 influe
ind, ete:y’is neglected.

tor

e of

ted

N in
nce

The

external thermal resistance 7, 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 % Py + Py + Pg)
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The maximum temperature rise of the enclosure is then given by:
AOpe = Ay + 8010
and the maximum temperature rise of the conductor is given by the following:
AOpe = AOg + 80 + T,

x P

eo Cc

A.46 Permissible temperature rises

Thg temperature rise of any point of the GIL (conductor, enclosure, tunnel, etc.) can be¢ in
acgordance with the allowed temperature rise of the relevant IEC standard.

A.4.7 Estimated continuous current

Thg estimated continuous current is defined by the simultaneous solutiof) of the relations and
premises given in Annex A.

A.4.8 Informal documents

Forlmore information, see [7].
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B.1

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
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Attention is drawn to further limits on potential rise (step and touch voltages, induced voltag
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B.4 Earth electrodes
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Safe limits on potential rise

design of the earthing system should take into account potential rises due to.fault curre
n-frequency currents associated with transient enclosure voltage and, for'some typeg
ding, 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

can be imposed by local regulations.

Enclosures

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

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

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

earth electrodecross-sectional area should be chosen to accommodate the maxim
Lind fault current’and duration at that position in the system within an acceptable temperat

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

Theg conductor design should take into account the mechanical stresses that can occur du
fault conditions.

ng

B.§q Earth continuity

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

Where it is not possible to use the enclosures to provide adequate earth continuity, a sepagate
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 voltagep in
neighbouring communications circuits, pipelines, etc., possibly belonging to other authoritigs.

B.§ Transient enclosure voltage

Evgnts such as switching (particularly disconnector operation), fault conditions, lightning
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
strdcture, or at gas_te\air bushings) will allow high-frequency currents to couple out and
propagate on the.outside of the enclosures giving rise to transient enclosure voltages.
Prejcautions are, taken in the design of the earthing system to limit the effects of trans|ent
endlosure voltages.

B.9 Non-linear resistors

To protectagaimsttheeffects of transientenctosure voitages, protective devices (ron=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.

Thgemnciosure may eed t0 be earthed atadditiomatpositions atong the Toute to Teduce|the
earfh 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(entlosure [will
normally provide adequate earth continuity between the two ends of the route land a sepafate
earth continuity conductor will be unnecessary.

Thg 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 instlated 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
connected at the ends of elementary sections where the enclosures are insulated from earth.

B.10.2 Cross-bonding

In d cross-bonded system, the enclosures are-connected in series at the end of each elementary
sedfion in phase rotation, so that the e.m:f{induced along the enclosures tend to sum to Zero
aftgr three elementary sections. The enclosure voltage is therefore controlled and circulafing
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 line.

Theg enclosures can be solidly,;;)bonded and earthed at the ends of a transmission line and
continuously cross-bonded throughout its length (continuous cross-bonding) or solidly bongled
and earthed at the ends of a number of major sections, each consisting of three cross-bonfed
minfor sections (sectionalized cross-bonding).

To protect against the effects of transient voltages, protective devices (non-linear resistors)|are
connected at the'ends of elementary sections where the enclosures are insulated from earth.

Where the“earth resistance at solidly bonded positions is high, a separate earth continuity
conducter 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).
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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

design of the earthing system should be coordinated with~the insulation level of
rosion protection coating.

ection as stated under 7.103.

design of the earthing system and the active capresion protection should be coordinateq
no damage results to the active corrosion system from currents flowing from the enclosJ
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2 Informal documents

more 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

c11 General

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

— [he thermomechanical performance of the assembly, and
— [the corrosion protection of the enclosures.

C.12 Thermomechanical performance

Thgrmomechanical forces, unless properly accounted for, can result in mechanical damageg to
the|GIL and possible rupture of the enclosure. Therefore, whichever'device is employed| for
COL#‘nteracting the effects of thermal expansion and contraction, especially for the enclosufes,
it shhall be evaluated under buried condition. The length of the test.installation shall be sufficlent
to gnsure that any thermomechanical movement is representative of what might occur in seryice.

NOTE Evaluation of the soil over the complete GIL installation could®prove difficult unless a backfill material jwith
known properties is used. It is assumed that normal ground materials\will have a dried-out thermal resistivity vplue
at altemperature 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
groynd temperatures and hence system rating can be calculated allowing for dried out values where applicable.

C.13 Corrosion protection of the enclosures

It i$ important that the enclosure protective coating is not penetrated during service. The
performance of the coating can be evalilated by either long-term water immersion tests or by
long-term burial test in a wet soil condition. During this time, the GIL should undergo heat cy¢les
to gee 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

Deyelopment tests”shall be completed by the manufacturer before long-term tests [are
undertaken. Thepurpose of these tests is to identify the long-term performance of the compl|ete
GlY systemr-and 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 consist of
betweeh 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
systemnTshoutd—betested—and thetestarrangement shoutd-be Tepresentative of am imstattation
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

and dll the auxiiiary equipment.
e [backfill 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

General

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

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

pro

D.2

All
sta
inte

D.3

For

Process and personal qualifications

welding processes shall be checked and documented in accordance with)internatig
ndards. Welding and subsequent testing personnel shall be certified in aecordance

rnational standards.

Definition of the welding procedures (WPS)
Welding process qualification (WPQR)
Qualification of welders and operators

Non-destructive test (NDT) personnel

Non-destructive tests of welding

according to ISOA5609 (all parts)
according to ISO15614 (all parts)

nal
vith

according~to~ISO 9606 (all parts) and

ISO 14732
according to 1ISO 9712

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 62271-203-2022 sections; welding factor v = 1 11.3.7 and 11.4.104

For

imperfections defined and classified according to ISO 6520 (all parts), refer to Table D
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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 ')')R')R’ 1SQ 23279

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

a8 |UT 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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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

FOREWORD
1

all 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)”). T
reparation 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 liai
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 organizatior

2) The formal decisions or agreements of IEC on technical matters express, a§mnearly as possible, an internati
¢onsensus of opinion on the relevant subjects since each technical commitiee has representation fron

interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees 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.

4) order to promote international uniformity, IEC National Committees undertake to apply IEC Publicaf

fransparently to the maximum extent possible in their pational and regional publications. Any divergence betw

5) I[EC itself does not provide any attestation of cénformity. Independent certification bodies provide confon
gssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
gervices carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.
7) No 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 Wwhatsoever, 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
8) Attention is drawn to_the\Normative references cited in this publication. Use of the referenced publicatior]
indispensable for thelcarrect application of this publication.
9) Attention is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of pa
ights. IEC shallnot be held responsible for identifying any or all such patent rights.
IEC

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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Thl SEetont ‘ii‘ canterS—ant—TeEePraCesS
constitutes a technical revision.

ftion

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
ordance 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 IEG'62271-203:2022
ch it refers and which are applicable unless otherwise specified. ln-order 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 numbe
n 101.

5t of all parts of the IEC 62271 series can be found{_under the general title High-volt
fchgear 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 documenbwill 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

Scope

Thi

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

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

the
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 ¢oyver the application

of GIL (see Note 3).

At pach end of the HV gas-insulated transmission line, a specificvelement 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, voltage

tranjsformers or GIS, covered by their own specification.

Unless otherwise specified, the HV gas-insulated transndission 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.

NOTE 3 Examples of GIL applications:

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

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

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

2 |Normative references

Thg following doguments 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|l undated)references, the latest edition of the referenced document (including pny

amendments) applies.

IEAL60060-1:2010, 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
conditions — 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

IEC
me

IEQ

sulphur hexafluoride (SFg) and its mixtures

I1SG

I1SG

ISG

meg¢hanized and automatic welding of metallic materials

I1SG

ISC
ma

For|
the

IS
add

3.1
are

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

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

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

14732, Welding personnel — Qualification testing of welding’operators and weld setters

ted

for

for

15609 (all parts), Specification and qualificatioh of welding procedures for metallic

erials — Welding procedure specification

15614 (all parts), Specification and qualification of welding procedures for metallic

erials — Welding procedure test

Terms and definitions

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

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

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

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

D1
p.accessible to public

and

ng

gonncoilhla it 14 v-r\nt

T

areb o o
O oCUCTooToTC Wit Tout roco

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
majn circuit
all fhe conductive parts of GIL included in a circuit which is intended to transmit electrigal engrgy

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

3.107

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 tunpels

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

3.1p8
degign temperature of the enclosure
maximum temperature which can be reached’on a GIL enclosure under service conditions

3.1p9
degign pressure of the enclosure
relgtive pressure used to determine,the design of the enclosure

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

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

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

3.1111
disconnecting 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

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

Thg normal service conditions which apply to a GIL depending ‘on the installation conditionsjare
givénin 4.101, 4.102 and 4.103. When more than one of thesé installation conditions apply,|the
relgvant subclause shall apply to each section of the GIL;

4.112 Indoor switchgear and controlgear

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

4113 Outdoor switchgear and controlgear

Sufyclause 4.1.3 of IEC 62271-1:2017.48 applicable.

4.2 Special service conditions

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

4.101 Installation jnjopen 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
adgpted-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

f 1 [ Y H il : o |
(0] tJIIIICI, oSlfall Ul SliTitar Tmrostainativris.

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

5 |Ratings

5.1 General

Sulyclause 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) |rated voltage (U,);

b) [rated insulation level (Uy, U, Us);

c) Jrated frequency (f,);

d) |rated continuous current (1,);

e) [rated short-time withstand current (i), (for main and earthing circuits);
f) Jrated peak withstand current (Ip) (for main and earthing circuits);

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

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

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

5.2 Rated voltage (U,)

Sufyclause 5.2,0f*IEC 62271-1:2017 is applicable.

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

Suljclatse 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

5.6

Sul

5.7

Sulyclause 5.7 of IEC 62271-1:2017 is applicable.

5.8

Sufyclause 5.8 of IEC 62271-1:2017 is applicable.

5.9

Sulyclause 5.9 of IEC 62271-1:2017 is applicable;

5.1

Sulyclause 5.10 of IEC 62271-1:2017-i§ applicable.

5.1

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

6

Clapuse 6 of IEC-82271-1:2017 is applicable, except as follows.

Any GIL equipment which requires routine preventive maintenance or diagnostic testing shd

be

wable continuous current can differ 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 (1

o)

Rated duration of short-circuit (z)

Rated supply voltage of auxiliary and control circuits (U,)

D Rated supply frequency of auxiliary*and control circuits

| Rated pressure of compressed gas supply for controlled pressure systems

Design and construction

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, the
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.

6.3
To
req

the
the

Earn

a)

b)

c)

Eaq

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 durati
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.

Consideration should be given to the ability~of the first operated earthing device to dissipate

ma

Wh

imum level of trapped charge on thelisolated 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).

The

earthing circuit can be-degraded after being subjected to the rated short-circuit curr

Aftgr such event, earthing circuit can be replaced if applicable.

6.3

The
ear
the
acc

102 Earthing-of the enclosure

enclosures-shall be capable of being connected to earth. All metal parts intended tog
hed, which 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

Liired or provided shall be capable of being earthed. In addition, it shall be(possible, a’i:ter
0

5 IS

of

ere

ing
cuit

the

ser

be
For

ally
hall

be

all

hivvan in Ardar that A nranar aAlactricnal ~nantant 1o NrAaviAAA If nat tha machaninal inint o
gHv-e o gt prope—ere et Co Rt t S provre e a— o eheeareatomtTS

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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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

Su

6.7

Sul

6.8

Suk

6.9

Suk

6.1
Suk

6.1
Suk

6.1

For
pro

Ac
ser

clause 8 6 of IEC 62271-1:2017 is not npplir‘nhln

Independent manual or power operation (independent unlatched operation)

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

Manually operated actuators

clause 6.8 of IEC 62271-1:2017 is not applicable.

Operation of releases

Df.

ice is needed. These nameplates shall contain the following information:

manufacturef's.name or trademark
type desigfation and serial number

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

D Pressure/level indication

clause 6.10 of IEC 62271-1:2017 is applicable«

| Nameplates

clause 6.11 of IEC 62271-1:2017 is noteapplicable and is replaced as follows:

1.1 General

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

rated«oltage U,
rated 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

ion

bmplete nameplate shall be provided at each end of the installation, and at each point whlere
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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

en

dis

Markings shall be durable and clearly legible and shall contain the following information:

6.12 Locking devices

Sufyclause 6.12 of IEC 62271-1:2017 is applicable.

6.18 Position indication

Subclause 6.13 of IEC 62271-1:2017 is applicabte.

6.14 Degree of protection provided by enclosures
6.14.1 General

Subclause 6.14.1 of IEC 6227141:2017 is applicable with the following additions.

No gpecification applies to the main circuit and parts directly connected thereto, because of

ga

Degrees of protection according to IEC 60529 shall be specified for all enclosures

ap

Thg degrees of protection apply to the service conditions of the equipment.

6.14.2 Protection of persons against access to hazardous parts and protection of th

iosure for equipment identification, or on the coating of the enclosure, if any. The maxim
ance between two identification markings should be agreed between manufacturerand u

manufacturer's name or trademark;
type designation;
rated voltage;

type of gas and filling pressure for insulation.

sl tightness of the enélosure.

gropriate low=-voltage control and/or auxiliary circuits.

the
um
ser.

the

of

e

equipment against ingress of solid foreign objects (IP coding)

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

Protection means are applicable only for control and/or auxiliary circuits. The first characteristic

nu

meral 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

Sgeonmd chraractertstic | Briefdescription Defimition
numeral
7 Protected against the effects of Ingress of water causing harmful effects{shall n¢t
temporary immersion in water be possible when the enclosure is temporarily
immersed in water under standardized ‘conditions
of pressure and time

Fo
be

more severe situations than those corresponding to the second characteristic numeral 7, the protection sho
agreed between manufacturer and user.

j =y

d

6.1

Sul

6.1
Sul

6.1
6.1
Sul

6.1
Sul

6.1
Sul

The
und

1.4 Protection against mechanical impact under normal service conditions
(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.

6.2 Controlled pressuresystems 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
er’normal service condition shall be stated by the manufacturer and shall be consistent {

ent
vith

a

inimum maintenance and inspection philosophy

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.
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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
Sufyclause 6.17 of IEC 62271-1:2017 is not applicable.

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

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

6.20 X-ray emission

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

6.2 Corrosion

Subclause 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 external coating and any active protection system, shall tpke
intdg account special considerations such as: the location, the soil/backfill material and
conlditions, the enclosure material and the type of earthing adopted.

In deneral, the corrosioh.protection for GIL is similar to the protection means of normal pipeline
or power cables. Theyenclosure is coated with rubber or plastic in one or more layers. The
codting acts as a passive corrosion protection system by keeping humidity or water away ffom
the|metal enclasure of the electrical equipment.

Pagsive cerrosion protection is required and any active corrosion system, if requested and
insfalled by mutual agreement between operator and supplier, shall be laid out in accordapce
with envifonmental 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,

— |high-speed arc short-circuiting devices,

— linterlocking of switching devices,

— Jremote 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 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
effgct of internal arc faults, this test should be in ac€ordance with 7.105 of IEC 62271-203:2022.

Tedts 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

Adgquate installation precautions shall be taken in order to reduce the hazards to a tolergble
riskl. 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| fragmentatign:

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

Manufacturer and user can agree upon a time during which an arc due to an internal fault up to
a glven’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
orroct onaration aof tha inctallatinn  HAawavar oineca tha anclaciirac wwill nat ha cirihiaes to
orrect-operation—ofthe-installatieor—Heowever—sirce—the—enclosures—willret-be—subie
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 influehce of climptic
conditions (see Clause 4).

For| buried installation, environment conditions shall be taken into agcotnt. Concerning [the
preyention of external corrosion, see 6.21.

6.192.2 Design of enclosures

Thg 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:
— [0,1 s for short-circuit currents of 40 kA and abovg;

— 0,2 s for lower short-circuit currents.

In grder to minimize the risk of burn-throughy; 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:ifithis document.

WhEgn 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
adjacentcompartments 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
physical properties which are based on calculations and/or proof tests. The manufacturer shall
be [Fesponsible for the Sefection 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.

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
(see 6.101).

Thg manner in which the GIL is divided into compartments influefices the following:

— [|installation;
— [site testing;
— |maintenance and repair;

— Jgas handling.

Thg 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 fan
apgly; they shall, however, provide mechanical safety against the differential gas pressure With
theladjacent compartments.

A pprtition separating a compartmient filled with insulating gas from an adjacent compartnent
filleld with liquid, shall not show-any abnormal leakage through the separation affecting [the
dielectric properties of the twarmedia.

Consideration should.be given to the partitioning of the GIL-system in order to meet [the
requirement of operation, limitation of the fault affected GIL part and convenience| of
maintenance or repairs.

6.104 Sections of a GIL system

Theg 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 and

ma maren  lanath £y tnctin~ motallatinn ArAnraca fAr lanas nrAiante Ay ~AnAratianal 1nd
o e g OT tC oty — ot ot OT—PTrogrecso—To1 TOmTg—pPT o CCto—O—OpCiotOTiar—1ad

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, presJure
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 pressure,
short-circuit current and duration, not exceed the routine test pressure of the enclosure, in slich
a case, a pressure relief device is not mandatory.

If pfessure relief devices are used in confined space accessible to pepsonnel, precautions shall
be faken 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
shduld 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
unintentional 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 temperafure
difference of the parts relative to the temperature during construction. Where compensatioh is
negessary, the following 'methods shall be used:

a) [compensation ‘between current-carrying parts and enclosure shall be achieved by sliding
contacts orssimilar means;

b) |compensation between the enclosure and its surroundings (fixed supporting structirre,
surrounding soil) shall be achieved by appropriate means.

Reflerence should be made to appropriate standards or methods for calculations of resulfing
forces and relative movemenis between environment and enclosure, and for 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.

case of a bridge, special attention shall be paid to relative movements between the bridge
. - i L - A be
cal

dimensioning.

6.108 Supporting structures for non-buried GIL
6.198.1 General

Theg supporting structures for GIL have an influence on the mechanical featGres of the GIL. The
coqfstruction of the supporting structure can vary in accordance with its function, [the

iguration 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
Thgq 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 applicable;

— |wind load, when applicable;

— [force due to short-circuit current;

— |ice load, when applicable;

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

— [gas/air bushingline pull.

When the supporting structure does not form part of the earthing system, means shall| be
proyided{osavoid 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

ade
hen

results of all type tests shall be recorded in type test reports containing suffiCient data to
ve compliance with this specification, and sufficient information so that the essential paft of
equipment tested can be identified. General information concerning the Supporting strucfure

The type tests and verifications comprise the tests listed in 7.1.10dyand 7.1.102.

7.1]101 Mandatory type tests

Thg 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 auxiliary circuits

b) [Tests to prove the continuous current ef\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 main 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 {ests 7.8

7.1]102 _Special type tests

This.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.

7.2
Sul

7.2
Sul
Die

spe
be

7.2
Sul

7.2
Sul

The
of t
the
fran

Wh
test

7.2

7.2
Sul

7.2

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 theJgas 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 7.2°8 shall be applied connecting each phase condu

he 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
ne and to the earth terminal of ¢he test supply.

bn 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

ntained for 1 min. The test shall be performed in dry conditions only.

7.2.7.3 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
testshall he performed in dry conditions nnly

7.218.3 Lightning and switching impulse voltage tests
Sufyclause 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.

Consideration shall be given to the length of the tested object, in ©rder to avoid overvoltage
dug to travelling waves.

7.29 Artificial pollution tests for outdoor insulators

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

7.2/10 Partial discharge tests
Subclause 7.2.10 of IEC 62271-203:2022 is applicable.

7.2{11 Dielectric tests on auxiliary and control circuits

Subclause 7.2.11 of IEC 62271-1:2047 is applicable.

7.2]12 Voltage test as condition check

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

7.3| Radio interference voltage (RIV) test

Subclause 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

ass

embly 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.

Wh
cur
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air
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NOT
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is made to Clause 12.

For|

minimise soil drying. A temperature\ifr the 50 °C to 60 °C range is generally considered

apg
Ap

7.6
7.6
Sul

Wh
per
con

en testing individual subassemblies, the neighbouring subassemblies should carry
ents which produce the power loss corresponding to the rated conditions. Eguiva
ditions are allowed to be simulated, by means of heaters or heat insulation, if the téstcan
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 thelrelevant standa

temperature of the enclosure shall not exceed the maximum allowable temperature of
-corrosion coating if applicable.

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

E 2 The time constant of the GIL during the test will serveras~a basis to evaluate the temporary over
bility of the GIL.

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

direct buried installation, the maximium temperature of the enclosure shall be limited

licable limit. Higher temperatures can be accepted below the thermal stabilizing backfill g
Foject related thermal rating calculation shall be done.

Short-time withstand current and peak withstand current tests
1 General

clause 7.6.1.0fEC 62271-1:2017 is applicable with the following addition:

bre the( design provides alternative components or arrangements, the tests shall
formed-with those representative components or arrangements for which the most sey
ditions are obtained.
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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
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.

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:

After the test, there shall be no deformation or damage to conductors or contact joints-within
thelenclosure which can impair good service.

Aftgr the test, the resistance of the main circuits shall be measured according-to 7.4. If the
res|stance has increased by more than 20 % and if it is not possible to confirm the conditipns
of the contacts by visual inspection, it will be necessary to perform an additional temperatyre-
risg test.

7.7| Verification of the protection

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

If the second characteristic numeral is specified, the tests shall be performed in accordapce
with the requirements in Clause 11 and ~Clause 14 of IEC 60529:1989 &and
IEQ 60529:1989/AMD2:2013 for the appropriate ndmeral.

7.8| Tightness tests
Subclause 7.8 of IEC 62271-1:2017 is applicable.

7.9 Electromagnetic compatibility tests (EMC)
Subclause 7.9 of IEC 62271-1:2017 is not applicable.

7.10 Additional test on auxiliary and control circuits

Subclause 7.10 of IEC62271-1:2017 is not applicable.

7.11 X-radiation test procedure for vacuum interrupters

Subclause 7. 11 of IEC 62271-1:2017 is not applicable.

7.101Proof 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
conditions 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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P31 Passive corrosion protection

layérs of synthetic material.
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con
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following three tests shall be performed.

D3.2 Electrical testing

passive corrosion protection system is basically a synthetic coating of the metal en¢logure
rotect the metal from humidity. The synthetic coating is usually built up from onelor more

brove the quality of the synthetic coating, a high-voltage test shall’'be applied. An electrjcal

ngth of the synthetic coating is then applied between the metal enclosure and the electr
ductive layer.

voltage level is dependent on the type of synthetic coating and shall be defined
bement between manufacturer and user. In ¢ase the test is required by the partic

ductive layer is applied over the synthetic coating. A test voltage according to the dieleqgtric

cal

by
ilar

contract, the corrosion protection layer shall be\subjected to the electrical test specified in

Cla

The
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7.1
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IEC
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use 3 of IEC 60229:2007.

length of the test sample shall be sufficient to provide the synthetic coating with a reali

metal enclosure.

D3.3 Mechanical testing

and

stic

LIt. Therefore, the minimum length recommended is 5 D, where D is the outer diametef of

chanical type tests shall be carried out at ambient temperature in accordance With
60068-1. The mechanical type test shall prove the resistance of the coating to conditipns
site during and afterlaying. Resistance to two mechanical stresses shall be proven:
bending of the coating;
impact on{thé coating of metal objects or rocks.

mechanical stresses are highly dependent on the laying methods and the system layout.
forces and the procedure for carrying out testing should be mutually agreed between yser
manufacturer.

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

— [the lubrication (if any) as indicated in the instruction manual.
Thg test conditions shall indicate

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

A motorized test rig can be used to simulate the expected_relative movement of the |ive
conlductor. 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 valuein‘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 arjd/or
an ipcreased frequency of operation can be agreed*between manufacturer and user.

The following inspections and tests aré€’performed before and after the test:

— |visual check;
— [dimensional check and contact pressure;

— |contact resistance.
Thgq 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 %.

7.195 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.
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ngements with the same design, either by calculation, or inference, or a combinatio
.

bxtend the test results to other enclosures of similar design but of different-sizé and sh

user.

D6 Weatherproofing test

en 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.

h examination of the design shows the test to be unnecessary, 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 subject to a factory routine test and be tested in a dieleg

conffiguration identical to the service condition. The dielectric test on the fully assembled sec

will

The
per
apq

then be made at site*(see 11.4.101).

short-duration~power-frequency voltage tests on the main circuit of the GIL shall
formed accotding to the requirements of 7.2.6 phase to earth and between phaseg
licable) The test voltages for routine tests shall be chosen from IEC 62271-203:20

colémn (2)-of Table 2 or Table 3.

The

ts on a particular arrangement can also be used to predict the performance of olher

of

bpe

/or to other test parameters, calculation methods should be agreed between manufactirer

for

er,

ause of the existence of very long parts which can be shipped dismantled, the manufactdirer

All
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22,

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

8.2

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.
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Tightness test

ntion shall be paid to the fact that external coating of the enclosure (if any) can hide'a Ig
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

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\is*applicable.

Guide to the selection of GIL (informative)

Clause 9 of IEC 62271-1:201%"is applicable.

9.1
Sul

For|
und

The

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 normal load conditions and in case of fault conditions.

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

cha

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

ak.

tial discharge measurements (PD) shall be applied to critical parts such as insulators. Re¢fer
71.2.10 for the voltage levels and the partial discharge ac¢ceptance value.

red

the

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
specific 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
tunpel. Thermal losses should be those at rated current for the GIL at maximum amib|ent
temperature and thermal losses from other heat sources.

NOTE Access to the tunnel for service can be restricted under the following conditions:
— |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.
10 [Information to be given with enquiries, tenders and ‘orders (informative)
Clause 10 of IEC 62271-1:2017 is not applicable.

10.101 Information with enquiries and orders

10.101.1  General

O

Whgn enquiring for, or ordering the installation of a GIL, the information listed in 10.101.2 to
10.1101.7 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
Defails of environmental conditions should be given such as the following:

a) [location insideelectrical plant with restricted accessibility or outside, accessible to |the
public;
b) |buried.or non-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

Det
a)
b)
c)
d)
e)

ails of the particulars of the installation should be given, such as the following:

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.

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

Deftirils of the particulars of the auxiliary devices should be given, such as the following:

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

b) |rated auxiliary voltage (if any);

c) [rated auxiliary frequency (if any).

10.101.7 Specific conditions

In addition to the items listed in(10.101.2 to 10.101.6, the enquirer should indicate every

condition which might influence.the tender or the order, such as, for example, transport facilifies

and/or restrictions, specialsmounting or erection conditions, the locating of the external

high-voltage connections or_the rules for pressure vessels.

Infgrmation should biesupplied if special type tests are required.

10.102 Information with tenders and contract documentation

10.102.1_-~'General

Thg dnformation listed in 10.102.2 to 10.102.6, if applicable, should be given by [the

manufacturer with written dpqr‘rilnfinnq and drnwinge

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.
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.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

I 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:

suitable precautions as required by the manufacturer.

following precautions can be included:

connecting Gl 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;

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

additional to precautions on site, transportation under condition of transport regulation

ng

rnal cleanliness influences.the function of the GIL; cleanliness therefore shall be assured

air,

vith

prefill 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.
Suk
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1.
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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.

8.5 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 62271-1:201%"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 tests'on 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 rate.

NOTE The impact of a flanged connection at the beginning and/or end is negligible in case of a welded GJIL.
11.8.8 Basic input data by the user
Sufyclause 11.3.8 of IEC 62271-1:2017 is applicable.

11.8.9 Basic input data by the manufacturer

Sufyclause 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) [arrangement of the external connections;

d) [provisions for transport to be taken by the user;

e) [provisions 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) Jmaximum deflection of the enclosure at each attachment point.
11.4 Operating instructions

Sulyclause 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.
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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

Theg 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 h
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
— Isurge arresters and protective spark gaps.

Dug to the possible length of a GIL it can be applicable for thé site dielectric test to be carfied
out|in sections. Due to this fact, provisions shall be made within the design of the GIlU to
incorporate positions where test equipment can be modaated without having to dismantle the GIL.

Thg conductors of the GIL section not under testishall be grounded.

NOTE 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 aré 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 older to isolate two parts of the GIL from'each other. This type of separation is preferable rather than dismantfing.

Evary 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 and
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.

Thg test voltage'can be applicable after repair or maintenance of major parts or after erecgion
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 installed
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
gasrat the fi“illg pressure:

If the GIL is filled with sulphur hexafluoride, refer to IEC 60376 and IEC 60480 for chéeking|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 fransport units.

Nevertheless, the measurement method and the adequate.l€ngth for the assembled sectipns
shdll be chosen considering the following requirements:

— [the measurement shall be done in such a way as™o verify the integrity of the main cirquit,
including joints;
— [the accuracy of the measurement shall allow'\the detection of all possible bad joints.

— [The resistance measured shall not exce€d 120 % of the maximum values measured dufing
type tests (before temperature rise test); taking into account the differences of the two fest
arrangements (number of devices, cdntacts 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

Thg welding.of-the enclosure on site shall be made in accordance with established standgrds
for pressurized enclosures of gas-filled, high-voltage switchgear and controlgear with inert, non-
corfosive,Nlow pressurized gases.

Imperfectiomassessment om a basis of wetding procedureand-—wetders quatificatiomr—statt 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

1.
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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 thetests after erection.

1.107 Tests on corrosion protection for directly buried GIL
1.107.1 Passive corrosion protection

voltage level and duration specified 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
b on soil electrical resistivity and acidity.

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

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
ma

It ig
ma
fum

effectiveness of maintenance denends mainlv on the wav instructions are nrepared by
Ll J J L L PA

hufacturer and implemented.

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

posft-repair.
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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,
Llirements 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 generg
er certain service conditions (e.g. due to,internal arcing), impose a hazard to person
ropriate precautions shall be takenh(“ih 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 ug
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,locations with restricted space close to the installation. In the ¢

of nitrogen and other gases wWhich can be inhaled without risk, similar precautions shall be ta

ing
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rder to prevent suffocation.

he gas used. has an environmental impact, it shall not under normal conditions (
ntenance,fepair) be released into the atmosphere. This means reclaiming by means
handling,‘unit with a storing capacity corresponding to the largest gas volume of
allation:sAbnormal leaks shall be rectified. Contaminated gas shall either be reclaimed
ns of the gas handling unit and reused, or, if not possible, be sent to a company speciali
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econtamination/reprocessing of waste. If the waste is considered to be hazardous, reley

C 6227147

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

ope

rated 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

be

The

12.
Sul

12.
Sul

12.

Innrly visible installed nlnng the route

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 external environment, or interaction between
and the environment:

e movement of foundation, earthquakes{ssoil 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 protectiony(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)
Operations performed by maintenance personnel shall be strictly limited. When

bNng
A

pty.

GIL

a
nto

maintenance operation is necessary, conditions shall be carefully defined and take

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

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
& ght

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 basis for
estimation of continuous current, and refers to IEC 60287-1-1.

In g
mo
res

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

ontrast to the referred standards, the estimation of the continuous current can be based
e than one calculation, but be deduced from reference values to be obtained from type
ilts. The given standards can be used for calculation. If other ,appropriate calcula

GIL
the

on
est
on
rise

less

methods are used, these can be mentioned. The calculation is allowéd if the temperature
of the conductor is not more than 15 K with respect to the performeditype test.

NOTE 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

Ay average temperature rise of the conductor (K)

A6}, maximum temperature rise-of the conductor (K)

A6 average temperature\rise 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 temperature coefficient of electrical resistivity for enclosure (K)

A.3 Reference values

A.3

| General

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

a)
b)
c)

general type test values;
AC resistances;
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@”LO maximum. fnmpnrghlrn rise of the conductor (l()

Rydo DC resistance of conductor at ambient temperature (nQ)

Ieo enclosure current (kA)

Abo average temperature rise of the enclosure Ky

Abteo Maximum temperature rise of the enclosure (K)

Ry4do DC resistance of enclosure at ambient temperature Q)

Afleo average temperature difference between conductor and englosure (K)

NOTE 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 resistancesRy,, 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 effeet should be considered; reference can be made to IEC 60287-1-1 or

apgropriate.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).


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

—-42 - IEC 62271-204:2022 © IEC 2022

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:

Feo = LA“geo i oo T Peo]
A.3.6 Thermal coefficient
Theg thermal resistance T is given in IEC 60287-3-1 (thermal resistance in air (gaseous mediyim))

as:

T=1/[nxDxKx 0025

where

K |is the thermal coefficient;
D |is the diameter;

6 |is the temperature difference.

Thg thermal coefficients K., and K, for respectively-T;e and T, are therefore given by:

Kee = 11T, 0.25]

xmx Dy X% A6

€0 ceo

Ko =217 [Ty % m % Dg % Aby, 0:25]

NOTE According to IEC TR 60943, the relationship between current and temperature rise is:
11,67 =K’ A6.
Thefefore, 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.4|.1 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
A.4

.3 Heat input

.3.1 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

The

The

NOT
diffe

A.4.3.3 External heat input

adj

A.

The
acc

A.4.4.2 External thermal resistance

The

fred
of v

Otrler external heat sources should be taken inte account such as solar radiation, influenc

A.j4 Thermal resistances

internal dissipation of the conductor for the required situation is given by:

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 Poo [1 + g % (AGy — A0,)]

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.

cent phases, etc. In the following, theireffect is designated by the symbol Pg.

4.1 Internal thermal resistance

internal thermal resistanee 7., between conductor and enclosure can be calculg

ording to the formula given in A.4.5. The calculated thermal coefficient can be used.

external thermal resistance T, of the enclosure to the environment, for an installatio

air, thefermula is given in A.4.5, including the thermal coefficient. In this case, the influe
ind, efe:y’is neglected.

The

tor

14

b of

ted
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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:
AOpe = Ay + 8050
and the maximum temperature rise of the conductor is given by the following:
AOpe = AOg + 80c + T,

x P

eo Cc

A.4© Permissible temperature rises

Thg temperature rise of any point of the GIL (conductor, enclosure, tunnel, etc.) can be¢ in
accprdance with the allowed temperature rise of the relevant IEC standard.

A.4.7 Estimated continuous current

Theg estimated continuous current is defined by the simultaneous solutiof of the relations and
premises given in Annex A.

A.4.8 Informal documents

Forlmore information, see [7].
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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
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Attention is drawn to further limits on potential rise (step and touchyvoltages, induced voltad

tha

B.3

A G

B.4 Earth electrodes
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n-frequency currents associated with transient enclosure voltage and, for'some typeg

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
persons should be determined with reference to IEC TS 6047941 and IEC TS 6047

can be imposed by local regulations.

Enclosures

IL is contained within a conducting enclosure.nominally 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
htion at that position in the system and the soil resistivity so that hazardous poter
brences do not occur.

earth electrode~cross-sectional area should be chosen to accommodate the maxin
Lind fault current’and duration at that position in the system within an acceptable temperat

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

nts,
of
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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.

Theg 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 du
fault conditions.

ng

B.q Earth continuity

Elegtrical continuity between the earthing systems at either end of the 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 sepafate
earth continuity conductor will be necessary.

B.7 Induced voltages

Thg earthing system should be designed to¢awvoid large ground currents (which is not |the
endlosure current during normal operation) flowing as these can induce hazardous voltagep in
neighbouring communications circuits, pipelines, etc., possibly belonging to other authoritigs.

B.§ Transient enclosure voltage

Evants such as switching (particularly disconnector operation), fault conditions, lightrjing
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
strcture, or at gas_te\air bushings) will allow high-frequency currents to couple out and
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 trans|ent
endlosure voltages.

B.9 Non-linear resistors

To protectagainsttheeffects of transientenciosure vottages; protective devices(norn=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.

Thgenciosure may need 10 be earthed at additiomal positions atong the Toute to Teducg|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(Cenclosure |will
normally provide adequate earth continuity between the two ends of the route and a sepaiate
earth continuity conductor will be unnecessary.

Thg enclosures can be bonded and earthed at one end and insulated from earth at the other
(enf point bonding) or bonded and earthed at the mid-point and instlated from earth at the fwo
ends (mid-point bonding). The transmission line can consist of a number of elementary sectigns,
eadgh single-point bonded.

To protect against the effects of transient voltages, protective devices (non-linear resistors)|are
connected 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
secftion in phase rotation, so that the e.m:f{induced along the enclosures tend to sum to Zero
aftgr three elementary sections. The enclosure 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 linje.

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

To protect against the effects of transient voltages, protective devices (non-linear resistors)|are
connected 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
conldutter 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).
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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“\testing of the passive corrogion
profection as stated under 7.103.

Theg design of the earthing system and the active conroesion protection should be coordinated so
that no damage results to the active corrosion system from currents flowing from the enclosyres
to garth.

B.12 Informal documents

Forlmore 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

Theg 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.12 Thermomechanical performance

Thgrmomechanical forces, unless properly accounted for, can result in mechanical damag¢ 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 enclosutes,
it s]all be evaluated under buried condition. The length of the test.installation shall be sufficlent
to dnsure that any thermomechanical movement is representative of what might occur in seryice.

NOTE Evaluation of the soil over the complete GIL installation could®prove difficult unless a backfill material jwith
known properties is used. It is assumed that normal ground materials\will have a dried-out thermal resistivity vialue
at ajtemperature between 50 °C and 60 °C and a non-dried out value if the temperature is below this. These fighres
are psed in the rating calculations detailed in Annex A. Provided that the thermal resistivity values are known| the
groynd 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 evaliiated by either long-term water immersion tests off 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. Thepurpose of these tests is to identify the long-term performance of the comp|ete
GlY systemrand 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 consist of
betweefi 50 m and 100 m of GIL including auxiliary equipment (gas monitoring, partial dischdrge
detection and pressure relief devices). At least one type of each component to be used injthe
systemnstoutdbetestedandthetestarrangementshoutdbe Tepresentative of amimstattation
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;


https://iecnorm.com/api/?name=5698175927dd2b944038eb2ea06bbfbc

- 50 - IEC 62271-204:2022 © IEC 2022

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
and-atthe auxittary equipment.

e |backfill performance;

This shall be carried out if the performance of the backfill is not known orycannot| 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

production of a GIL. welding seams are made in the factories and on site.
D.2 Process and personal qualifications
All lwelding processes shall be checked and documented in accordance with)internatignal
stapdards. Welding and subsequent testing personnel shall be certified in_‘aecordance \ith
intgrnational standards.
— |Definition of the welding procedures (WPS) according to 1ISOA5609 (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
Forlnon-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 %, 10Q % of cross min. 10 % to 100 %
7 1b3 of IEC 62271-204-2052 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 DJ2.
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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

1SQ 22825 _1SQ 23279

1ISO 10893-8, 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 standards or equivalent
manufacturer specifications. For more information, see [10] and [11].
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(1]

(2]

(3]
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Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

néférencées-€st obligatoire pour une application correcte de la présente publication.

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 compgsée
e l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC‘a pour objet de
voriser la coopération internationale pour toutes les questions de normalisation dans,\les domaineg de

électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des Normes internationales,

es Spécifications techniques, des Rapports techniques, des Spécifications accessibles-aut public (PAS) ef]
uides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée ades’/comités d'études,

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 techfiques 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.

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
éventuelle 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
esure possible, a appliquer de fagon transparente_Ies Publications de I'lEC dans leurs publications nation

égionales correspondantes doivent étre indiquées en termes clairs dans ces derniéeres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend

onformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certificg

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandata
compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I’
our tout préjudice causé\en cas de dommages corporels et matériels, ou de tout autre dommage de que|
ature 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’
u au crédit qui lui‘est accordé.

'attention est) attirée sur les références normatives citées dans cette publication. L'utilisation de publicat

‘attentiomest attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire I'd
e droits*de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droit
revéts.

des
aux

avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisafjons
internationales, gouvernementales et non gouvernementales, en liaison avec I'fEC," participent également
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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.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.
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sou
par

Le
203
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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;
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:2022. Les modifications a ces articles et paragraphes sont indiquées sous la mé
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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
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Le
pas

Ac
utili
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par
gaz

La ligne de transport a isolation gazeuse HT est,ssauf spécification contraire, congue pour ¢

utili

NOT

"LIG".

NOT
NOT
- |
- |

q

2

Les

brésente partie de 'lEC 62271 est applicable aux lignes de transport rigides haute_teng
plation gazeuse (LIG) dont I'isolation est réalisée, au moins partiellement, par un gaz'iso
in mélange gazeux autre que I'air a la pression atmosphérique, pour un courant alterr
ension assignée supérieure a 52 kV, pour des fréquences de service inférieures ou éga
D) Hz.

brésent document est applicable lorsque les dispositions de I'lEC 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 matér
que les traversées, les transformateurs ou bobines d’inductance, les boites a cables,
hfoudres sous enveloppe métallique, les transformateurs de tension ou les postes a isola
euse, auxquels s’applique leur propre spécification

sée dans les conditions normales de service.

E 1 Dans le présent document, les "lignes de transport HT a isolation gazeuse" sont désignées par I'abrévia

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.dé transport a isolation gazeuse HT est directement enterrée;

pbrsque la ligne de transport a/isolation gazeuse HT est située, entierement ou partiellement, dans une 2
ccessible au public;

prsque la ligne de transport a isolation gazeuse HT est longue (généralement plus de 500 m) et que la long
ype du compartimént“gazeux dépasse la valeur courante associée a la technologie des postes a isold
azeuse.

Références normatives

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p3g
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leur contenu des nyignn(‘pc du préqpn’r document. Pour les références datées se

ule

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
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62271-1:2017, Appareillage a haute tension — Partie 1. Spécifications communes p
areillage a courant alternatif

62271-203:2022, Appareillage a haute tension — Partie 203: Appareillage' sous envelo
allique a isolation gazeuse de tensions assignées supérieures a 52 kV,

62271-4:2013, Appareillage a haute tension — Partie 4: Utilisation et manipulation
xafluorure de soufre (SFg) et des mélanges contenant du SFg

9606 (toutes les parties), Epreuve de qualification des solideurs — Soudage par fusion
9712, Essais non destructifs — Qualification et certification du personnel END

14732, Personnel en soudage — Epreuve de Gualification des opérateurs soudeurs et
eurs en soudage pour le soudage mécanise-et le soudage automatique des matéri
alliques

our

bpe

de

fes
QUX

15609 (toutes les parties), Descriptif'et'qualification d'un mode opératoire de soudage gour

matériaux métalliques — Descriptif @jun mode opératoire de soudage

15614 (toutes les parties), Déscriptif et qualification d'un mode opératoire de soudage gdour

matériaux métalliques — Epréuve de qualification d'un mode de soudage

Termes et définitions

r les besoins du-présent document, les termes et les définitions de I'lEC 62271-1:2017 ajnsi

les suivants-s'appliquent.

O et IHEC tiennent a jour des bases de données terminologiques destinées a étre utilisp

hormalisation, consultables aux adresses suivantes:

IEC Eleclropedia: disponible a I'adresse ntip.//www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.101
zone accessible au public

Zon

Note 1 a l'article:

e accessible a toute personne sans restriction

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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