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— 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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The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Il national electrotechnical committees (IEC National Committees). The object of IEC“is to promote
hternational co-operation on all questions concerning standardization in the electrical and, electronic fieldq. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

The formal decisions or agreements of IEC on technical matters exprésS, as nearly as possible, an internati

misinterpretation by any end user.
[
{
hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicatg
1

assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
gervices carried out by independent certification bodies.

mmembers of its technical,committees and IEC National Committees for any personal injury, property damag

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other

patent-rights. IEC shall not be held responsible for identifying any or all such patent rights.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV — Fluid-filled and extruded

FOREWORD

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere|
h the subject dealt with may participate in this preparatory work. International, governmental and

vith the International Organization for Standardization (ISO) in accordanee” with conditions determine
greement between the two organizations.

onsensus of opinion on the relevant subjects since each technical committee has representation fron
hterested IEC National Committees.

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

h order to promote international uniformity, IECNational Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible\in~their national and regional publications. Any divergs

he latter.

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor

\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
ther damage of any wmature whatsoever, whether direct or indirect, or for costs (including legal fees)

Publications.

\ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatior]
hdispensablefor the correct application of this publication.

\ttentioms_.drawn to the possibility that some of the elements of this IEC Publication may be the subje
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overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clgsely
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comprehensive content of the Standard.

IEC 62271-209:2019+AMD1:2022 EXV includes the content of the references made
IEC 62271-1:2017+AMD1:2021 CSV and IEC 62271-203:2011.

n a

to

Particular subclauses of IEC 62271-1:2017+AMD1:2021 CSV and IEC 62271-203:2011 are

dis

played in the content on a blue background.
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This consolidated version of the official IEC Standard and its amendment has been prepared
for user convenience.

IEC 62271-209 edition 2.1 contains the second edition (2019-02) [documents 17C/696/FDIS
and 17C/701/RVD] and its amendment 1 (2022-03) [documents 17C/833/FDIS and
17C/841/RVD].

International Standard IEC 62271-209 has been prepared by subcommittee 17C: Assemblies,
of IEC technical committee 17: High-voltage switchgear and controlgear.

This second edition constitutes a technical revision.

Thig edition includes the following significant technical changes with respect to the<previpus
edifion:
a) [New numbering in accordance with ISO/IEC directives, Part 2-:(2016) and| to
IEC 62271-1:2017;

b) [Clause 3: addition of a definition for plug-in cable termination,filling pressure and
minimum function pressure for insulation;

c) [Clause 7: An additional dielectric type test for plug-in cable termination was added; aldo a
pressure type test as well as a leak rate test on the insufator of a cable termination Was
implemented;

d) [Clause 12: New clause about safety practices;
e) [Clause 13: New clause about influence of the product on the environment;

f) New informative Annex A: Mechanical forces applied on the flange of the cable connec
enclosure.

on

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

Thig standard is to be read in conjunction with IEC 62271-1:2017, to which it refers and which
is gpplicable unless otherwise specified in this standard. In order to simplify the indicatiop of
corfesponding requirements, the.'same numbering of clauses and subclauses is used a$ in
IEQ 62271-1. Amendments tolthese clauses and subclauses are given under the sgme
refgrences whilst additional.subclauses are numbered from 101.

A list of all parts in.the IEC 62271 series, published under the general title High-voltage
swifchgear and controlgear, can be found on the IEC website.

Thg committee.has decided that the contents of the base publication and its amendment|will
remain unchanged until the stability date indicated on the IEC web site under webstore.ie¢.ch
in the data related to the specific publication. At this date, the publication will be

e Jrecanfirmed,

o |withdrawn

e replaced by a revised edition, or

e 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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INTRODUCTION TO Amendment 1

This amendment includes the following modifications:

a) In accordance with the decision taken at IEC Plenary Meeting October 2019 in Shanghai
(17C/Shanghai/Sec07) Subclause 6.103, Figure 1 and Figure 2 have been modified;

b) The CDV was modified in accordance with the above-mentioned documents and based on
the decision taken at the virtual IEC Plenary Meeting in October 2021 (17C/823/RM).

NOTE CIGRE has published TB 784 “Standard design of a common dry type plug -in mterface for GIS and power
cables—tp-te—H45-tv—deseribing-thebeasis—forfurtherstandardisationof-such-acommoenthterface—Fhe—meatierwi| be

dealt with during the next revision of IEC 62271-209.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV - Fluid-filled and extruded
insulation cables — Fluid-filled and dry-type cable terminations

1 rScope

This part of IEC 62271 covers the connection assembly of fluid-filled and extruded<cable$ to
gag-insulated metal enclosed switchgear (GIS), in single- or three-phase arrangements where
the|cable terminations are fluid-filled or dry-type and there is a separating insulating barrier
betiveen the cable insulation and the gas insulation of the switchgear.

Thg purpose of this document is to establish electrical and mechanical interchangeability
betiween cable terminations and the gas-insulated metal-enclosed switchgear and| to
determine the limits of supply. It complements and amends, if applicable, the relevant |EC
stapdards. For the purpose of this document the term "switchgear”is used for "gas-insulgted
mefal enclosed switchgear".

It does not cover directly immersed cable terminations, as described in CIGRE
broghure 89 [4]1.

2 |Normative references

Theg following documents are referred towin“the text in such a way that some or all of their
content constitutes requirements of this, document. For dated references, only the edition
citeld applies. For undated references,(dhe latest edition of the referenced document (including
anyl amendments) applies.

IEC 60038, IEC standard voltages

IECQ 60050-131:2002, [lnternational Electrotechnical Vocabulary (IEV) — Part 131: Circuit
thepry

IEQ 60050-151:2001, International Electrotechnical Vocabulary (IEV) — Part 151: Electnical
and magnetie_devices

IECQ 60050-192:2015, International Electrotechnical Vocabulary (IEV) - Part 192:
De;fendability

IEC 60050-351, International Electrotechnical Vocabulary (IEV) - Part 351: Control
technology

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 5651: Power electronics

1 Numbers in square brackets refer to the Bibliography.
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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,
transmission and distribution of electricity — General

IEC 60050-605, International Electrotechnical Vocabulary (IEV) — Chapter 605: Generation,
transmission and distribution of electricity — Substations

IEC 60050-614:2016, International Electrotechnical Vocabulary (IEV) — Part 614. Generation,
trangsmission and distribution of electricity — Operation

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

IEQ 60050-826:2004, International Electrotechnical Vocabulary (IEV) — Pant\826: Electnical
insfallations

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

IEQ 60068-2-1:2007, Environmental testing — Part 2-1: Tests < Test A: Cold
IEQ 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEQ 60068-2-17:1994, Basic environmental testingprocedures — Part 2-17:Tests — Tesl Q:
Segling

IEQ 60068-2-30:2005, Environmental testings+ Part 2-30: Tests — Test Db: Damp heat, cyclic
(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 60071-2:1996, Insulatien co-ordination — Part 2: Application guide
IEC 60085:2007, Electrical insulation — Thermal evaluation and designation
IEC 60141 (all parts), Tests on oil-filled and gas-pressure cables and their accessories

IEC 60255421-1:1988, Electrical relays — Part 21: Vibration, shock, bump and seismic testg on
mea@suring_relays and protection equipment — Section One: Vibration tests (sinusoidal)

IE 80270 Hiah valtagao tast tachni
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IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

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

IEC 60480, Guidelines for the checking and treatment of sulphur hexafluoride (SFg) taken
from electrical equipment and specification for its re-use

IEC 60507, Artificial pollution tests on high-voltage ceramic and glass insulators to be used
on a.c. systems
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IEC 60512-2-2, Connectors for electronic equipment — Tests and measurements — Part 2-2:
Electrical continuity and contact resistance tests — Test 2b: Contact resistance — Specified
test current method

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

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use
in polluted 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 inténded for use
in dolluted conditions — Part 3: Polymer insulators for a.c. systems

IEC 60840, Power cables with extruded insulation and their accessories for rated voltages
abgve 30 kV (U, = 36 kV) up to 150 kV (U, = 170 kV) — Test methods, and requirements

IEQ 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

IEQ 61000-4-11, Electromagnetic compatibility (EMC),— ‘Part 4-11: Testing and measurement
tecnniques — Voltage dips, short interruptions and veltage variations immunity tests

IEQ 61000-4-17:2009, Electromagnetic compatibility (EMC) — Part 4-17: Testing gand
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 — Damped oscillatory wavedmmunity 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

IEQ 61000-6-2, Eleetromagnetic compatibility (EMC) — Part 6-2: Generic standards -
Immunity for industrial environments

IEQ 61000-6<5;~" Electromagnetic compatibility (EMC) — Part 6-5: Generic standards -
Immunity for equipment used in power station and substation environment

IEQ 61180, High-voltage test techniques for low-voltage equipment — Definitions, test and

2 H - 4 £ HEWZ Y
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IEC 61810-7:2006, Electromechanical elementary relays — Part 7: Test and measurement
procedures

IEC 62067, Power cables with extruded insulation and their accessories for rated voltages
above 150 kV (U,, = 170 kV) up to 500 kV (U,, = 550 kV) — Test methods and requirements

IEC 62262:2002, Degrees of protection provided by enclosures for electrical equipment
against external mechanical impacts (IK code)

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1:Common specifications
for alternating current switchgear and controlgear
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IEC 62271-4, High-voltage switchgear and controlgear — Part 4: Handling procedures for
sulphur hexafluoride (SFg) and its mixtures

IEC 62271-203:2011, High-voltage switchgear and controlgear — Part 203:Gas-insulated
metal-enclosed switchgear for rated voltages above 52 kV

CISPR 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
equipment — Part 2: Methods of measurement and procedure for determining limits

3 |Terms and definitions

For| 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 stamdardization at the follow
addresses:

ng

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

e [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
switchgear and controlgear
gerleral term covering switching\_devices and their combination with associated confrol,
measuring, protective and regulating equipment, also assemblies of such devices and
eqyipment with associated\-interconnections, accessories, enclosures and supporfing
stryctures

[SQURCE: IEC 600505441:2000, 441-11-01]

3.1]2

extprnal insulation
dis:[ances in-atmospheric air and along the surfaces in contact with atmospheric air of splid
instilation*of the equipment which are subject to dielectric stresses and to the effectg 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]

3.1.3

degree of protection

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

[SOURCE: IEC 60529:1989, 3.3, modified — leave out “verified by standardized test methods”
and add “against mechanical impact” after "water and".]
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3.1.4

IP code

coding system to indicate the degrees of protection provided by an enclosure against access
to hazardous parts, ingress of solid foreign objects, ingress of water and to give additional
information in connection with such protection

[SOURCE: IEC 60529:1989, 3.4]

3.1.5
protection provided by an enclosure against access to hazardous parts
profection of persons against

— [contact with hazardous low-voltage live parts;
— [contact with hazardous mechanical parts;

— lapproach to hazardous high-voltage live parts below adequate clearance inside| an
enclosure

Notg 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.

[SQURCE: IEC 60529:1989, 3.6]

3.1]6

IK ¢ode
coding system to indicate the degree of protectiopyprovided by an enclosure against harmful
exteérnal mechanical impacts

[SQURCE: IEC 62262:2002, 3.3]

3.117

majntenance
combination of all technical and mianagement actions intended to retain an item in, or res{ore
it tq, a state in which it can perform as required

Notg 1 to entry: Management issassumed to include supervision activities.

[SQURCE: IEC 60050-192:2015, 192-06-01]

3.1]8
vispal inspection
visdgial investigation of the principal features of the switchgear and controlgear

Notg 1<to entry: This inspection is generally directed toward pressures and/or levels of fluids, tightness, posjtion
of rglays; pollution of insulating parts, but actions such as lubricating, cleaning, washing, etc. which can be cafried
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 to verify that
it performs its functions, by measuring one or more of these parameters

Note 1 to entry: The result from a diagnostic test can lead to the decision to carry out overhaul.
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3.1.10

overhaul

work performed with the objective of repairing or replacing parts which are found to be out of
tolerance by inspection, diagnostic test, examination or as required by manufacturer's
maintenance manual, in order to restore the component and/or the switchgear and controlgear
to an acceptable condition (within tolerance)

3.1.11
failure
loss 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 as 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

mayjor failure (of switchgear and controlgear)
failbre of switchgear and controlgear which causes the cessation of one or more off its
fungamental functions

Notg 1 to entry: A major failure may result in an immediate change in the system operating conditions| for
exarmple, the backup protective equipment will be required\te remove the fault or will result in mandatory rempval
froml service within 30 min for unscheduled maintenance?

3.1]13

minor failure (of switchgear and contralgear)
any| failure of a constructional elementwor 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
faillires of the item itself, or of another item under the specific service or environmental or
maintenance conditions, for a stated period of time

3.1{15

ambpient air temperature
tenmperature, determined under prescribed conditions, of the air surrounding the compjete
swifching/device or fuse

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

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

3.1.16

monitoring

observation of the operation of a system or part of a system to verify correct functioning by
detecting incorrect functioning, this being done by measuring one or more variables of the
system and comparing the measured values with the specified values

Note 1 to entry: Some definitions are given for this term in IEC 60050 (all parts). They are related to different
cases of application.
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3.1.17
supervision
activity, performed either manually or automatically, intended to observe the state of an item

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

3.1.18

site pollution severity class

SPS

classification of pollution severity at a site, from very light to very heavy, as a function of the
SPS (site pollution severity)

Notg 1 to entry: Adapted from: IEC TS 60815-1:2008, 3.1.15, modified — the term (site pollution severity) is
adde¢d.

3.1{19

internal insulation
intgrnal distances of the solid, liquid or gaseous parts of the insulation of equipment which [are
protected 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 resumption
of gower frequency current or, in the case of capacitive current interruption, does not resujt in
curfent in the main load circuit

3.2| Assemblies of switchgear and contrelgear

3.21
test object
eqyipment needed to represent the switchgear and controlgear for a particular type test

3.3 Parts of assemblies

3.31
trapsport unit
parf of switchgear andjcontrolgear intended for transportation without being dismantled

3.3]12

bugbar
lowtimpedance conductor to which several electric circuits can be connected at sepafate
points

Note Tto enfry: [n many cases, the busbar consists of a bar.

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

3.4 Switching devices

3.4.1

(mechanical) switch

mechanical switching device capable of making, carrying and breaking currents under normal
circuit conditions which may include specified operating overload conditions and also carrying
for a specified time currents under specified abnormal circuit conditions such as those of
short-circuit

Note 1 to entry: A switch may be capable of making but not breaking short-circuit currents.
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[SOURCE: IEC 60050-441:2000, 441-14-10]

3.4.2

disconnector

mechanical switching device which provides, in the open position, an isolating distance in
accordance with specified requirements

Note 1 to entry: A disconnector is capable of opening and closing a circuit when either negligible current is
broken or made, or when no significant change in the voltage across the terminals of each of the poles of the
disconnector occurs. It is also capable of carrying currents under normal circuit conditions and carrying currents for
a specified time under abnormal conditions such as those of short-circuit.

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

3.5| Parts of switchgear and controlgear

3.51
englosure
hoysing affording the type and 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 epclosure or formed by the enclgsed
equipment) suitable to prevent 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: IEC 60050-826:2004, 826-12-20, modified ~ the Note 1 to entry has been added]

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

[SQURCE: 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, dug¢ to
the|r relative motion during an operation, open or close a circuit or, in the case of hinged or
sliding contacts, maintain circuit continuity

[SQURCE: IEC 60050-441:2000, 441-15-05]

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 cirguit
otherthan the main circuit, the earthing circuit and the control circuits of the device

Note 1 to entry: Some auxiliary circuits fulfil supplementary functions such as signalling, interlocking, etc., and, as
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
control circuit (of a switching device)

all the conductive parts (other than the main circuit) of a switching device which are included
in a circuit used for the closing operation or opening operation, or both, of the device

[SOURCE: IEC 60050-441:2000, 441-15-03]
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3.5.6

auxiliary switch (of a mechanical switching device)

switch containing one or more control and/or auxiliary contacts mechanically operated by a
switching device

[SOURCE: IEC 60050-441:2000, 441-15-11]

3.5.7

control switch (for control and auxiliary circuits)
mechanical switching device which serves the purpose of controlling the operation of
swifchgear or controigear, Inciuding stgnaiting, efectricar INterfocking, etc.

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

[SQURCE: IEC 60050-441:2000, 441-14-46]

3.5(8
auxiliary contact
contact included in an auxiliary circuit and operated by the switching device

[SQURCE: IEC 60050-441:2000, 441-15-10, modified — delete "mechanically"]

3.5(9
control contact
contact included in a control circuit of a switching device and operated by this device

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

3.5/10

connection (bolted or the equivalent)
twol 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
parf of a mechanical switching device which indicates whether it is in the open, closed| or
where appropriate, earthed position

[SQURCE: IEC:60050-441:2000, 441-15-25]

3.5]12
mohitoring device
devlice 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.

[SOURCE: IEC 60050-441:2000, 441-14-48]

3.5.14
partition (of an assembly)
part of an assembly separating one compartment from other compartments

[SOURCE: IEC 60050-441:2000, 441-13-06]
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3.5.15
actuator
part of the actuating system to which an external actuating force is applied

Note 1 to entry: The actuator may take the form of a handle, knob, push-button, roller, plunger, etc.

[SOURCE: IEC 60050-441:2000, 441-15-22]

3.5.16

splice

conpecting—device—withbarrel{s}accommodating—selectrical condusctor{s)}—with—orwithout
additional provision to accommodate and secure the insulation

[SQURCE: IEC 60050-581:2008, 581-24-19, modified — addition of "electrical".]

3.5]17

terminal

point of interconnection of an electric circuit element, an electric circuit or a network ith
other electric circuit elements, electric circuits or networks

Notg 1 to entry: For an electric circuit element, the terminals are the points atwhich or between which the relpted
integral quantities are defined. At each terminal, there is only one electric current from outside into the element
Notg 2 to entry: The term “terminal” has a related meaning in IEC 60050:151.

[SQURCE: IEC 60050-131:2002, 131-11-11]

3.5]18

terminal block

assembly of terminals in a housing or body ef insulating material to facilitate interconnection

bet
[SC

3.5
cor
me
me
han

including operating-overload conditions

Notd
conf

[SC

iween multiple conductors
URCE: IEC 60050-581:2008, 58126-26]

19

tactor

chanical contactor

Chanical switching device having only one position of rest, operated otherwise than
d, capable of making, carrying and breaking currents under normal circuit conditi

1 to entry:( JContactors may be designated according to the method by which the force for closing the 1
Acts is provided.

URCE® IEC 60050-441:2000, 441-14-33]

by
pns

hain

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

cont

acts is provided.

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

3.5.21

vacuum interrupter
component being part of a switching device in which electrical contacts operate in a highly
evacuated, hermetically sealed environment
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3.5.22
operation counter
device indicating the number of operating cycles a mechanical switching device has

acc

omplished

3.5.23
coil

set

of series-connected turns, usually coaxial

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

3.5
aux
ent

3.5
suk
par
intg

24
iliary and control circuits
ty of

control and auxiliary circuits, mounted on or adjacent to the switchgear jor controlgg
including circuits in central control cubicles;

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

circuits connected to the secondary terminals of instrument tfransformers, that are parn
the switchgear or controlgear

25
assembly (of auxiliary and control circuits)

rface and normally placed in a separate enclosure

3.5

Su
co

Notg

3.5

de
opHg

[SC

3.6

3.6
deq

26

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

int’t]rchangeable subassembly (of an auxiliary and control circuits)

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

27

int\TrIocking device

ice which makes the oOperation of a switching device dependent upon the position
ration of one or mare.other pieces of equipment

URCE: IEC 60050-441:2000, 441-16-49]

Operational characteristics of switchgear and controlgear

1

of auxiliary and control circuits, with regard to function or position, having its ¢wn

and

or

endent power operation (of a mechanical switching device)

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

[SOURCE: IEC 60050-441:2000, 441-16-14]

3.6.2

sto

red energy operation (of a mechanical switching device)

operation by means of energy stored in the drive mechanism itself prior to the completion of

the

operation and sufficient to complete it under predetermined conditions

Note 1 to entry: This kind of operation may be subdivided according to:

the manner of storing the energy (spring, weight, etc.);
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— the origin of the energy (manual, electric, etc.);

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

[SOURCE: 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
such that the speed and force of the operation are independent of the rate of applied energy

Notg—++ " Tla 4 b dlo m -d ok ilo 4 L 1
(0] (O eTry™ rre-energy - Storecror- e operatommay-ortgmate-rrom e operator-(Mmantaror-a-power-sotrce.

3.6/4

positively driven operation
opgration which, in accordance with specified requirements, is designed tonensure that
auxiliary contacts of a mechanical switching device are in the respective positipns
corfesponding to the open 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 auxiliary contacts, this sensing element can be simply the fixed contact, directly connectdd to
the pecondary terminal. In the case where the function is achieved electronically,the sensing element can be a
static transducer (optical, magnetic, etc.) associated with a static switch, or’associated with an electronit or
elecfro-optic transmitting element.

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

3.6/5 Terms and definitions relative to pressure (or density)

3.6/5.1

filling pressure p,, for insulation and/or switching
filling 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 (ef‘density), which may be expressed in relative| or
abdolute terms, to which the assembly-is filled before being put into service, or automatically
replenished

3.6/5.2

filling pressure p,,, for operation
filling density p,,, for operation
pregsure (in Pa), for~operation, referred to the standard atmospheric air conditions of 2¢ °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 replenishe

L

3.6/5.3

alafm pressure p_, for insulation and/or switching
alarm’density p., for insulation and/or switching
preksure (in Pa) for insulation and/or for switching referred to the standard atmaspherid air
conditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or
absolute terms, at which a monitoring signal may be provided

3.6.5.4

alarm pressure p,,, for operation

alarm 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, at which a
monitoring signal from the energy storage device may be provided
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3.6

.5.5

minimum functional pressure p,,. for insulation and/or switching
minimum functional 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, at which and above which rated characteristics of switchgear and controlgear

are maintained

3.6.5.6

minimum functional pressure p,,,., for operation
minimum-functiomal-density o foroperation

pregsure (in Pa), for operation, referred to the standard atmospheric air conditions of-2( °C
and 101,3 kPa (or density), which may be expressed in relative or absolute terms,/at which
and above 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

voliime which is automatically replenished from an external compressed gas supply or intefnal
gag source

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

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

3.6]6.2

cloped pressure system for gas

volime which is replenished when needed by manual connection to an external gas source
Notg 1 to entry: Example of closed pressureisystems are SF; single-pressure circuit-breakers.

3.6/6.3

sedled pressure system

voliime for which no furtherJliquid, gas or vacuum processing is required during its expedgted
opdrating duration

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

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

Notg 3 to entry./ Expected operating duration starts when the device is sealed.

3.6/]64

absolute leakage rate

F

amount of gas escaped by time unit

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

3.6.6.5

per
F

D

missible leakage rate

maximum permissible absolute leakage rate of gas specified for a part, a component or a sub-
assembly, or by using the tightness coordination chart, for an arrangement of parts,
components or subassemblies connected together in one pressure system
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3.6.6.6

relative leakage rate

Frel

absolute leakage rate related to the total amount of gas in the system at filling pressure (or
density)

Note 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 replenishments performed manually when the pressure (dengity)
reaches the alarm level, to compensate 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

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

3.6(6.9

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

3.6/6.10
tigltness coordination chart

suryey document supplied by the manufagturer, used when testing parts, components or qub-
assemblies, to demonstrate the relationship between the tightness of a complete system and
that of the parts, components and/or sub-assemblies

3.6/6.11
shniffing
action of slowly moving a Ileak-meter sensing probe around an assembly to locate a gas legk

3.6/6.12

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

3.6{7 TFerms and definitions relating to liquid tightness

amount of liquid escaped by time unit

3 1

Note 1 to entry: The absolute leakage rate is usually expressed in cm® x s™'.
3.6.7.2

permissible leakage rate

Fn(lin\

maximum permissible leakage rate specified by the manufacturer for a liquid pressure system

3.6.7.3

number of replenishments per day

Niia

number of replenishments to compensate the leakage rate Fiiq
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3.6.7.4

pressure drop

ApPiia

drop in pressure in a given time caused by the leakage rate Fiiq without replenishment

3.7 Characteristic quantities

3.71
isolating distance (of a pole of a mechanical switching device)
clearance between open contacts meeting the withstand voltage requirements specified for

disconnectors

[SQURCE: IEC 60050-441:2000, 441-17-35, modified — "safety" replaced by “withstand
voltage".]

3.7|2

ratéd value

valyie of a quantity used for specification purposes, established for a spetified set of opera
conditions of a component, device, equipment or system

ng

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

3.713

highest voltage for equipment
U
greptest value of phase-to-phase voltage (RMS valie) for which the equipment is designed in
respect of its insulation as well as other characteristics which relate to this voltage in |the
relgvant equipment standards

Notg 1 to entry: Under normal service conditionssspecified by the relevant apparatus committee this voltage|can
be applied continuously to the equipment.

[SQURCE: IEC 60050-614: 2016, 614=03-01, modified — The note to entry was added]

3.7|4

supply voltage (of auxiliary;and control circuits)
RMIS value or, if applicables“the DC value, of the voltage existing at a given instant at a ppint
of qupply, measured over a given time interval

Notg 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 supplief or
reqyired by the manufacturer to be installed in series with it, but not including the conductors for the connectign to
the electrieity supply.

[SOURCE: IEC 60050-614: 2016, 614-01-03, modified — add Note 2 to entry.]

3.8 Index of definitions

A-B
Absolute [eakage rate........oouiiuiiiiii 3.6.6.4 and 3.6.7.1
] (U= (o PSP 3.5.15
Alarm pressure (or density) for insulation and/or switching ...........ccocooiiiiiiiiiiens 3.6.5.3
Alarm pressure (or density) for operation ............c.cooiiiiiiii e 3.6.5.4
Ambient air teMPErature ... ... e 3.1.15
Auxiliary and CONtrol CIFCUITS ... .uieie et 3.5.24

AUXITIAIY CIFCUIL .o ettt et et et e e et e e eaaaens 3.5.4
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F 0D =YY o7 0] 1 €= [ S PP 3.5.5
AUXITAIY SWITCR ..o ettt et et et e et et et et e e e e e e e e e e 3.5.7
1= o - ¥ P 3.3.2
C
Closed pressure SYyStem fOr GasS.......oiuiiii it 3.6.6.2
7 o | 3.5.23
Connection (bolted or the equivalent).............oooiiiiiii 3.5.10
1070 o1 - T PP 3.5.3
ComtrotTircut 315.5
(07011 o] o0} o ¢= T Y B 3]5.9
CoMrol SWItCH ..o e o 315.7
Controlled pressure system fOr gas........coouiiiiiiiiiiiii e (T 3.6(6.1
Cunnulative leakage measurement ..........co.oiiiiiiiiiiii e e e e 3.6.4.12
D
1Y = o1 PP S S 3.1.14
Degree of proteCtion.........cc.oviiiiiiieiiie el 3]1.3
Dependent power operation (of a mechanical switching device) ... oooooiiiiiiiiiiiiinn.. 316.1
DiaT;nostic teSt e 3]1.9
D 1 1= oo | 1= ] (0 PN N 0 3|4.2
E
ENGIOSUINE ..o e O Y e 3]5.1
EXtErnal inSUIation ... i ettt ettt e et e e 3{1.2
F
=T 0= 3.1.11
Filling pressure (or density) for insulation and/or switching ..............c.coooiinne, 3.6]5.1
Filling pressure (or density) for operation............cccoooiiiiiiiii e 3.6(5.2
H- 1|
HaZardoUs Part ... e 3]5.2
Highest voltage for eqUIRMENt ... ... e 3|7.3
ST Lo = T PPN 3]1.6
Independent unlatehled operation...... ... e 3/6.3
Intgrchangeable-subassembly (of auxiliary and control circuits) ............cocoeviiiiiiiinnnn.. 3.5.26
INtGrIOCKINGTBVICE ...ttt et e et e s et e eae e 3.5.27
INtgrnal IMSUIAtION. ... ... e 3.1.19
L D = PP 3{1.4
|so|3fing distance of a Ir\nln 3|7 1
M
= 10 1 L= =Yg o= P 3.1.7
Major failure (of switchgear and CONtrolgEar).........ovuiiiiiiiiiii e 3.1.12
(MechaniCal) CONTACTON ... ..ie e e e e et e et e e e e aaenas 3.5.19
(MechaniCal) SWICR. ... ... e e et et e et e e ans 3.4.1
Minimum functional pressure (or density) for insulation and/or switching....................... 3.6.5.5
Minimum functional pressure (or density) for operation..............ccooooiiiiiiiiiiiiiiiiince 3.6.5.6
Minor failure (of switchgear and controlgear)...........c.ooiiiiiiii e 3.1.13
/o o 1 (o 1 e 3.1.16

MONITOTING AEVICE ...ttt et et e e e e e e enns 3.5.12
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N-O

Non-sustained disruptive diSCharge .........co.oiiiiiiiii e 3.1.20
Number of replenishments per day ..........cocooiiiiiiiii e 3.6.6.8 and 3.6.7.3
(O] o1=T = N To] I eTo 1 U] o} (=T N PP 3.5.22
L@ 1= = T 3.1.10

P
Partition (Of @n @SSEMDBIY) .. ..o 3.5.14
Permissible leakage rate 3.6.65and 3.67.2
1 o LA o] o 318.13
Pogition indicating deVICe ..o e e fon b 3.5.11
Pogitively driven operation..........c.ovuiiiiii e LY 316.4
= ST U (=Yoo} o S 3.6.6-.97and 3.6|7.4
Protection provided by an enclosure against access to hazardous parts.........c..ltc..oooeee. 3]1.5

R
RaEd VAIUE .. .ol et 3{7.2
Relptive leakage rate ..o G 3.6/6.6

S
Sedled Pressure SYSTEM ... e 3.6{6.3
Sitg pollution SEVEritY ClaSS ....c.ovinii o T e 3.1.18
ST 011 110 T S I 3.6.4.11
1T ] | (o7 S S 3.9.16
S 2= | o L= I 2o 3.8.20
Stored energy operation (of a mechanical switching device) .............cccoociiiiiiiiiiiiiiiiin., 316.2
Subassembly (of auxiliary and control CIrCHItS) ......covuiieiie e 3.5.25
RS TU ]« =T Y =] o] o PP 3.1.17
Supply voltage (of auxiliary and control CIrCUITS) .......c.uvuiuiiiiiiiie e 3{7.4
Switchgear and CONtrOIgEaAr ....... 0 0 . . e e et e e aaanas 3]1.1

T-V

1= 11010 = 3.5.17
Terminal DIOCK ... e 3.5.18
B I= T (80 o) [ e e PPN 3|2.1
Tightness coordination Chart..... ... e 3.6.4.10
Tine betweeRrepleniShMENES . ... e 3.6{6.7
I = | ] oo A 1 S 313.1
A= L0 LE T o T L= o 0 o) (= P 3.9.21
RV F =Y T 1= oY= o3 4 o 1P 3]1.8
3.1

cable termination
equipment fitted to the end of a cable to ensure electrical connection with other parts of the
system and to maintain the insulation up to the point of connection

3.11

fluid-filled cable termination

cable termination which comprises a separating insulating barrier between the cable
insulation and the gas insulation of switchgear, including a fluid
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3.1.2

dry-type cable termination

cable termination which comprises an elastomeric electrical stress control component in direct
contact with a separating insulating barrier (insulator) between the cable insulation and the
gas insulation of the switchgear, not requiring any fluid

3.2

main circuit end terminal

part of the main circuit of a gas-insulated metal enclosed switchgear forming part of the
connection interface

3.3
callle connection enclosure
parf of the gas-insulated metal-enclosed switchgear which houses the cable termination and
the|main circuit end terminal

3.4
caljle connection assembly
combination of a cable termination, a cable connection enclosureq,and a main circuit gnd
terminal, which mechanically and electrically connects the cable to the gas-insulated mgtal
endlosed switchgear

3.5
plug-in cable termination
caie termination where cable/stress cone assembly ‘can be engaged into the insulator
assembly that is already installed into switchgear enClosure

3.6
degign pressure
prepsure used to determine the design ofthe enclosure and the components of the cgble
termination subjected to that pressure

—

Notg 1 to entry: It is at least equal to the_mtaximum pressure in the enclosure at the highest temperature tha{ the

gas used for insulation can reach under ‘specified maximum service conditions.

3.7
flui
liguid or gas for insulation-purposes

3.8
caljle system
cable with installed accessories

3.9

filling.pressure p,, for insulation
fiIIiEg—denﬂ-(-y—p—FeFmeu-la-t-l-e' = i fon
pressure (in Pa), for insulation, referred to the standard atmospheric air conditions of 20 °C

and 101,3 kPa, which may be expressed in relative or absolute terms (or density), to which
the assembly is filled before being put into service

3.10

minimum functional pressure p,,. for insulation

minimum functional density p . for insulation

pressure (in Pa), for insulation, referred to the standard atmospheric air conditions of 20 °C
and 101,3 kPa, which may be expressed in relative or absolute terms (or density), at which
and above which the characteristics of the switchgear-cable connection are maintained and at
which replenishment becomes necessary
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4

4.1

Normal and special service conditions

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 2

A.

If the actual service conditions differ from these normal service conditions, high-voltage

SWi
be

arrangements shall be made (refer to 2.2).

NOT
com

NOT
(ind

At any altitude the dielectric characteristics of the internal insulation‘are identical with th

me
con

Sor

deViices may be affected by altitude. The manufacturer’shall take appropriate measure

neg

4.2
4.2

a)

chgear and controtgear and associated operating devices and auxitiary equipment. s
Hesigned to comply with any special service conditions required by the user, or appropr

E 1 Appropriate action should also be taken to ensure proper operation under such conditions of g
ponents, such as relays.

E 2 Detailed information concerning classification of environmental conditions is.'given in IEC 60721
or) and IEC 60721-3-4 (outdoor).

psured at sea-level. For this internal insulation, therefore, no specific requiremg
cerning the altitude are applicable.

ne items of a GIS such as pressure relief devices and pressure and density monito

essary.

Normal service conditions
1 Indoor switchgear and controlgear

[The ambient air temperature does pot exceed 40 °C and its average value, measured ¢
a period of 24 h, does not exceed 35 °C.

[The influence of solar radiation may be neglected.
The altitude does not.exceed 1 000 m.

[The ambient air isvhot significantly polluted by dust, smoke, corrosive and/or flammg
gases, vapours-‘or salt. The manufacturer will assume that, in the absence of spe
requirements, frem the user, there are none.

[The condifions of humidity are as follows:

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

The preferred values of minimium ambient air temperature are -5 °C, —15 °C and -25 °C.

all
ate

ther

3-3

pse
nts

ing
s if

ver

7

ble
tific

not

—\the average value of the water vapour pressure, over a period of 24 h, does

not

exceed 2,2 kPa;

— the average value of the relative humidity, over a period of one month, does
exceed 90 %;

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

For these conditions, condensation may occasionally occur.

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

NOTE 2 To withstand the effects of high humidity and condensation, such as breakdown of insulatio
corrosion of metallic parts, switchgear designed for such conditions should be used.

not

not

high

n or
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NOTE 3 Condensation may be prevented by special design of the building or housing, by suitable ventilation
and heating of the station or by the use of dehumidifying equipment.

f) Vibrations due to causes external to the switchgear and controlgear or earth tremors are
insignificant relative to the normal operating duties of the equipment. The manufacturer
will assume that, in absence of specific requirements from the user, there are none.

NOTE 4 The interpretation of the term “insignificant” is the responsibility of the user or specifier of the
equipment. Either the user is not concerned with seismic events, or his analysis shows that the risk is
“insignificant”.

4.2 2—Outdoor-switchgear-and-controtgeat

a) [The ambient air temperature does not exceed 40 °C and its average value, measured qver
a period of 24 h, does not exceed 35 °C.

The preferred values of minimum ambient air temperature are —10 °C, -25 ¢€,”~30 °C and
40 °C.

Rapid temperature changes should be taken into account.
b) |Solar radiation up to a level of 1 000 W/m?2 (on a clear day at nogn) should be considergd.
NOTE 1 Under certain levels of solar radiation, appropriate measures, forexample roofing, forced ventilation,
test simulating solar gain, etc., may be necessary, or derating may(be used, in order not to exceed| the

Ispecified temperature rises and design pressure limits.

NOTE 2 Details of global solar radiation are given in IEC 60721-2=4.
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 pollution level | (medium) according to Table 1 of IEC 60815

e) [The ice coating shall be considered\in the range from 1 mm up to, but not exceed|ng,
20 mm.

f) |[The wind speed does not *exceed 34 m/s (corresponding to 700 Pa on cylindrjcal
surfaces).

NOTE 3 Characteristics of wind are described in IEC 60721-2-2.

g) [Consideration should be given to condensation or precipitations that may occur.

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

h) |Vibrations<due to causes external to the switchgear and controlgear or earth tremors |are
insignificant relative to the normal operating duties of the equipment. The manufactyrer
will @assume that, in the absence of specific requirements from the user, there are none.

\OTE 5  The interoretation—of-the-term—Sinsignificant’is—the-responsibilitv—of the user or -specifierofl the
g - g Y g

equipment. Either the user is not concerned with seismic events, or his analysis shows that the risk is
“insignificant”.

4.3 Special service conditions

When high-voltage switchgear and controlgear is used under conditions different from the
normal service conditions given in 4.2, the user's requirements should refer to standardized
steps as follows.

4.3.1 Altitude

For installations at an altitude higher than 1 000 m, the insulation withstand level of external
insulation at the service location shall be determined by multiplying the rated insulation levels
by a factor K, in accordance with Figure 1.
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NOTE 1 For internal insulation, the dielectric characteristics are identical at any altitude and no special
precautions need to be taken. For external and internal insulation, refer to IEC 6007 1-2.

NOTE 2 For low-voltage auxiliary and control equipment, no special precautions need to be taken if the altitude is
lower than 2 000 m. For higher altitudes, refer to IEC 60664-1.
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The altitude correction factor can be calculated from 4.2.2 of IEC 60071-2 with the following equation, which is
modified to reflect that no correction is required up to 1 000 m:

K. = o™ (H=1000)/8150
=

where

H is the altitude, in metres;

m is taken as a fixed value in each case for simplification as follows:
m =1 for power-frequency, lightning impulse and phase-to-phase switching impulse voltages;
m = 0,9 for longitudinal switching impulse voltage;
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m = 0,75 for phase-to-earth switching impulse voltage.
Figure 1 — Altitude correction factor
4.3.2 Pollution
For installation in polluted ambient air, pollution level IlII (heavy) or IV (very heavy) of

IEC 60815 should be specified for outdoor installation.

For

indoor installation, reference can be made to IEC 60932.

4.3

For

3 Temperature and humidity

installation in a place where the ambient temperature can be outside the normal’ser

ice

condition range stated in 2.1, the preferred ranges of minimum and maximum temperaturé¢ to
be gpecified should be

a) |50 °C and +40 °C for very cold climates;

b) |5 °C and +55 °C for very hot climates.

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

In tropical indoor conditions, the average value of relative humidity measured during a pefiod

4.3

4 h can be 98 %.

4 Vibrations, shock or tilting

Stapdard switchgear and controlgear is designed for mounting on substantially Igvel

stryctures, free from excessive vibration, .shock, or tilting. Where any of these abnormal
conditions exists, requirements for the particular application should be specified by the usefr.
For|installations where earthquakes.are likely to occur, the severity level in accordance With
IEQ 62271-300 or IEC 62271-2 should be specified by the user.

4.3(5 Wind speed

In Jome regions, for example in North America, a value for the wind speed is 40 m/s.

4.3(6 Other parameters

When special~environmental conditions prevail at the location where switchgear and
controlgear.is to be put in service, they should be specified by the user by reference to
IECQ 60721.

In the—eases—wh - e (>s—tsed—in—the—table—the—vattes—shalbe—spee Hthe

user as describe

din IEC 62271-1.

Table 1 — Reference table of service conditions relevant to GIS

Normal Special
Item
Indoor Outdoor Indoor Outdoor
Ambient air temperature:
Minimum (°C) -5 or -25 —25 or —40 -25 -50
Maximum (°C) +40 +40 +50 +50
Solar radiation (W/m?) Not applicable 1000 Not applicable >1 000
Altitude (m) 1 000 1 000 >1 000 >1 000
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Site pollution severity @ Not applicable c c,dore dore

Ice coating (mm) Not applicable 1, 10 or 20 Not applicable >20

Wind (m/s) Not applicable 34 Not applicable >34

Humidity (%) 95 100 98 100

Condensation or precipitation Occasional Yes Yes Yes

Vibration class Not applicable Not applicable | IEC 62271-207 | |IEC 62271-207
IEC/TR 62271- | IEC/TR 62271-

300 300

NOTE__The user’s specification may use any combination of normal or special service conditions above

a g

J

ite pollution severity c, d or e according to IEC/TS 60815-1:2008, 8.3.

5 |Ratings

5.1 General

WhEgn dimensioning the cable connection assembly, the following rated values shall apply:
a) |rated voltage of the equipment of the cable connection (U,,);

b) |rated insulation level (Up, Uq and Ug where applicable);

c) Jrated frequency (f;)

d) |rated continuous current (I,);

e) rated short-time withstand current (1,);

f) |rated peak withstand current (/,);

g) |rated duration of short circuit (z,).

5.2 Rated voltage of the equipment of the cable connection (U,,)

Thg rated voltage for the equipment of;the cable connection (U,,,) is equal to the lower of
vallles U, for the cable system and\U, for the gas-insulated metal-enclosed switchgear
shdll be selected from the followingystandard values:

72,5 kV — 100 kV — 123 kV, =145 kV — 170 kV — 245 kV — 300 kV — 362 kV — 420 kV — 550
NOTE 1 Values above U, =550 kV are not considered.

NOTE 2 U, =100 k\/is not defined in IEC 60840.

5.3| Rated insulation level (U, Up, Us)

Thq rated insulation level for the cable connection assembly shall be selected from the val

given in IEC 60038 as well as IEC 62271-203.

the
and

ues

54

Rated frequency (1)

The preferred values of the rated frequency are 16,7 Hz, 25 Hz, 50 Hz and 60 Hz.

5.5

Rated continuous current (/)

The connection interface of the main circuit shown in Figures 2 and 3 for fluid-filled cable
terminations and Figures 4 and 5 for dry-type cable terminations is applicable at rated

con

tinuous currents up to 3 150 A.

The connection interface shall be designed so that at a current equal to the cable rated
current corresponding to a maximum temperature of 90 °C, no heat transfer from the
switchgear main circuit end terminal to the cable termination will occur.



https://iecnorm.com/api/?name=bb417cfebcd81c48224ac7749e4f6884

-32 - IEC 62271-209:2019+AMD1:2022 EXV
© IEC 2022

NOTE As the maximum conductor temperature for cables is limited by the maximum operating temperature for the
insulation, there are certain cable dielectrics which cannot withstand the maximum temperature specified for gas-
insulated metal-enclosed switchgear if there is heat transfer across the connection interface to the cable
terminations.

For cases when the above design requirement of 90 °C at rated continuous current of the
cable system cannot be allowed because of cable design limitations, the manufacturer of the
switchgear should provide the necessary data on temperature rise of the main circuit end
terminal and of the insulating gas as a function of current.

5.6 Rated short-time withstand current (1)

Shart-time currents of short circuit shall refer to the levels provided by the cable system, [not
exceeding the values defined for the switchgear in line with IEC 62271-1.

5.7| Rated peak withstand current (/)

Peak withstand currents of short circuit shall refer to the levels provided by the cable syst
not|exceeding the values defined for the switchgear in line with IEC 62274J.

W
3

5.8 Rated duration of short circuit (7,)

Thg duration of short circuit shall refer to the levels provided by the cable system, |not
exgeeding the values given in IEC 62271-1.

6 |[Design and construction

6.1| Gas and vacuum tightness
6.1]1 General

Theg following specifications apply to all'switchgear and controlgear that use vacuum or dgas,
other than ambient air, as an insulating, switching, combined insulating and switching| or
opgrating medium.

Forl vacuum tightness no leakage rate F needs to be specified, instead the level of vacyum
and the expected operating-duration shall be given.

NOTE 1 IEC TR 62271-306.4] and Cigre Brochure 430 [28] give some information, examples and guidancg for
tightness.

Thg absolute leakage rate F shall not exceed the specified value of the permissible leakage
rate F, at stapdardized ambient temperature of 20 °C.

An |increased leakage rate at extreme temperatures is permissible, provided that this rate
resets/to a value not higher than the permissible value F,, at standardized amb|ent

ter-rnnrnhn-n of 20.°C __Thao incraacad tamnarary laoalkann rata chall nat avoenad tha ol es
154 toTrC— O — o T Tc—11ToT ST poT™ rortC—oToT— 1ot tHe—vat

eased—temperary—teakage exeeed
given in 7.8.1.

NOTE 2 The average leakage rate observed during service life can be higher than the specified leakage rate due
to the temporary increased leakage rate at temperatures above or below the standardized ambient temperature.

6.1.2 Controlled pressure systems for gas

The tightness of controlled pressure systems for gas is specified by the number of
replenishments per day (N) or by the pressure drop per day (Ap). SF5z gas and SF; mixtures
are not applicable for controlled pressure systems.

NOTE Most controlled pressure systems use air as the gas; however, other gases can be used.
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6.1.3 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.

Thd Tightness characieristic of a closed pressure system and the t(ime betwken
replenishments under normal service conditions shall be stated by the manufacturer~This
time shall be at least 10 years for maintenance planning purposes. Means shall be pfovided to
engble gas 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.

6.114 Sealed pressure systems

Theg tightness of sealed pressure systems is specified by their(expected operating duratjon.
Thg expected operating duration shall be specified by the manufacturer and shall be at Igast
20 years. Other preferred values are 30 years and 40 years.

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

NOTE 1 For some designs verification of an expectedyoperating duration greater than 20 years can be impractical
for g type or routine test.

NOTE 2 Sealed SF. switchgear and controlgear is considered to have insignificant SF. losses (less fhan
0,1 % per year) during their expected operating-duration.

For| conditions up to the maximum occurring gas operating pressure, the cable termination
shdll prevent insulating gas'from the switchgear diffusing into the interior of the cable
termpination and into the cable. The cable termination shall prevent insulating fluid from |the
cable termination enteging the switchgear. The insulator (part 4 in Figures 2 and 4) shall be
capable of withstanding the vacuum conditions when the cable connection enclosurg is
evdcuated, as part-of-the gas filling process.

In the case afla gas insulated cable or a gas insulated termination, the gas compartmenft of
the| cable (on "of the gas insulated termination shall be treated independently from [the
switchgear-with respect to tightness.

6.104 Limits—of supply

D
Ll il 4

6.101.1 General

The limits of supply of gas-insulated metal-enclosed switchgear and the cable termination
shall be in accordance with Figure 2 for fluid-filled cable terminations and Figure 4 for dry-
type cable terminations.

6.101.2 Over-voltage protection and earthing

It is necessary to have either a direct low resistance connection or an insulated section
bridged by non-linear resistors between part 6 and part 13 of Figure 2 for fluid-filled cable
terminations and Figure 4 for dry-type cable terminations. To enable suitable connections to
be made to the switchgear, for the purposes of this direct connection or installation of any
sheath voltage limiting device, the switchgear manufacturer shall provide four connection
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points per phase (evenly spaced around each phase) each comprising an M12 threaded hole
of minimum 21 mm length (for all voltage levels). The position of these 4 connection points is
different from the mechanical connection points used for fixing the cable termination insulator.
The number of connection points used shall be determined by the cable system designer.

Where applicable, the number and characteristics of the non-linear resistors shall be
determined by the cable system designer, and they shall be supplied by the cable termination
manufacturer, taking into consideration the requirements of the user and the switchgear
manufacturer. Reference is made to CIGRE TB 44, 1993 [5], as well as to IEEE 1300-2011,
Clause 11 [3].

In :deition, the installation design of the area around the cable termination shall take

acd
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ount the space required to install any non-linear resistors, including adequate clearan
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three phases in one enclosure arrangements special clarification between the
hufacturer, the cable termination manufacturer and the cable system.designer may
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overvoltage protection elements, i.e. connections between part6 and part1
ire 2 for fluid-filled cable terminations and Figure 4 for dry=type cable terminations
cribed above, are not meant to serve as the cable system grounding connection.
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:2011.

D2  Filling pressure of insulating gas in the cable connection enclosure
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Figure 1 — Operating pressure of the gas insulation
in the cable connection enclosure
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If a gas other than SFg or a gas mixture is used, the minimum functional pressure shall be
chosen to provide the same dielectric performance as in case of SFz. The minimum functional
pressure shall be below the maximum service pressure and design pressure of the enclosure
as per 6.103.

6.103 Pressure withstand requirements

The design pressure for the outside of the cable termination is determined by the particular
GIS design around the GIS/cable interface. Typical maximum gas pressures in service are up
to 1,1 MPa (absolute) for SF5 and up to 1,56 MPa (absolute) for other gases and gas mixtures.

Theg particular pressure withstand requirements coming from the specific gas and GIS!degign
shall be thoroughly coordinated between GIS and cable termination manufacturer as wel| as
theluser.

NOTE Due to the lower service current of a HV-cable connection than the rated current-of & GIS, the relpted
temperature and pressure rise within the cable compartment can be lower. The design pressure of the GIS cpuld
be hligher than the design pressure of the cable termination.

6.104 Mechanical forces on cable terminations

Thg manufacturer of the cable termination in a three-phase conngction shall take into accqunt
the| total dynamic forces generated during short circuit conditions. These forces consist of
thoge generated within the cable termination and those coming from the main circuit of [the
swifchgear. The maximum additional force applied from\the switchgear to the connection
intgrface (Figures 2 or 4) transversely and then being, transferred from the main circuit gnd
terminal shall not exceed 5 kN for a three phase arfangement. For single-phase connectigns,
the| maximum additional force applied from the/ switchgear to the connection interface
(Figures 2 or 4) transversely and then being transferred from the main circuit end termjnal
shdll not exceed 2 kN. It is the responsibility_ of the manufacturer of the switchgear to engure
that the specified forces are not exceeded-or“to agree with the cable termination manufactirer
that the cable termination shall withstand, the higher forces.

For| both single-phase and three-phase connections, additional forces and movements ffom
the|switchgear can be experienced due to temperature variations and vibrations in servjce.
Thgse forces can act on both'switchgear and cable termination and depend largely on |the
swifchgear layout, termination installation, cable design and the methods of mechanjcal
support. The design of.any support structure shall take into account these forces fand
moyements. It is particularly important that the support for the switchgear shall not be affixed
to fhe insulator collar and/or clamping flange, parts 9 and 11 of Figures 2 or 4. Furiher
infgrmation regarding mechanical forces on the flanges of the cable connection enclosure |are
given in Annex.A:

For| seismic-requirements, the switchgear manufacturer carries out a seismic calculation in
order to identify the location of mechanical reinforcements; reference is made to IEC 62271-
207 [2F.

6.105 Switchgear connection interface and cable termination connection interface

The normal current-carrying contact surfaces of the switchgear and cable termination
connection interface (refer to parts 2 and 3 of Figures 2 and 4) shall be silver coated or
copper coated or non-coated solid copper.
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Type tests

General

| 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 test 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
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ew and clean condition at the beginning of each type test or type test sequence.

onditioning during individual type tests or test sequence may be allowed, according to
vant |IEC product standard. The manufacturer shall provide a statement_{o the tes
pratory of those parts that may be renewed during the tests.

brances on test quantities are listed in Table E.1.
rmation regarding the extension of validity of type tests is given‘in. Annex J (informative]

2 Information for identification of test objects

manufacturer shall submit to the testing laboratory, ‘drawings and other data contairn
icient information to unambiguously identify by type the essential details and parts of
chgear and controlgear presented for test. A{Ssummary list of the drawings and d
dules shall be supplied by the manufacturer‘@nd shall be uniquely referenced and s
tain a statement that the manufacturer guarantees that the drawings or data sheets lis
the correct version and represent the switchgear and controlgear to be tested.

testing laboratory shall check that.drawings and data sheets adequately represent

hiled information.

ticular drawings or data reguired to be submitted by the manufacturer to the test labora
dentification of essential parts of test object are specified in Annex A (normative).

3 Information.to be included in type-test reports

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

icular, the following information shall be included:

the’manufacturer;

rmation shall be included so that the essential parts of the test object can be identified.
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the type designation and the serial number ot 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

(for example, drive mechanisms, interrupters, shunt impedances);

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 to differentiate them from restrikes;

— [records of the test quantities during each test or test duty, as specified in the relevant [EC
standard;

— [the location, laboratory name where the tests were conducted and date of test!

If SfFg is used, technical grade SFg in accordance with IEC 60376 or used SFg in accordance
with IEC 60480 shall be used.

7.2| Electrical type tests of cable terminations
7.211 General

The electric type tests of the cable termination shall be carried out according to the electnical
type tests defined in IEC 60141 (all parts) or IEC 60840 or IEC 62067 as relevant for |the
cable design. Where applicable the insulator shall be-te'sted to 7.2.4.

Thg cable termination shall be installed in an enclosure as per 7.2.2, filled with insulating gas
at the pressure not exceeding p,,+0,02 MPa with filling pressure specified in 6.102.

Thg design of the main circuit end terminal (part 1 in Figures 2 or 4 respectively) used in|the
tes{ as connection to part 3 of the .cable connection assembly shall comply with Figurgs 2
and 4 respectively of this document:

7.2|2 Electrical type test of:cable terminations in a single-phase enclosure

Thg cable termination is, surrounded by a metal cylinder connected to earth, the maximum
intgrnal diameter is equal to ds for the four standard sizes of cable connection enclosure (dj in
Figure 3 for fluid-filled ‘cable terminations and Figure 5 for dry-type cable terminations). The
minimum length _of_the metal cylinder shall be in accordance with the dimension /5 given in
Figures 3 and_5;

7.2{13 Electrical type test of cable termination in a three-phase enclosure

Thg ‘single-phase test arrangement using the single-phase cable connection enclosure ffom
the —Switchgear covers the test requirements of the cable termination In_a three-phase
enclosure as it imposes a more severe dielectric stress to the test object. It is therefore the
referenced type test arrangement.

7.2.4 Additional electrical type tests on the insulator to be installed by switchgear
manufacturer (plug in cable termination)

In some applications the termination insulator is installed in the switchgear enclosure by the
switchgear manufacturer and is consequently subject to routine and on site test procedures
applicable to the switchgear. In order to cover this application the following test shall be
carried out.

The insulator shall be installed as specified by the cable termination manufacturer in order to
cover later routine test at the switchgear manufacturer’s works and on site tests. Because the
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cable will not be fitted to the termination, any special devices required shall be fitted on the
cable side of the insulator. Such devices shall be provided by the cable termination supplier.
The test shall be done at ambient temperature (20 + 15) °C. Test voltages shall be applied as

specified in Table 1.

Table 1 — Test voltages for additional electrical type tests according to 7.2.4

Switching Lightning
Power-frequency impulse impulse
voltage tests withstand withstand
voltage voltage
Rafed voltage of Yd U U
thelequipment of kV (RMS value) ss Pf
cabje connection kV (peak value) | kV (pgakivalye)
Ui Phase-to-earth withstand PTSSt voltage fort
o (RMS value) voltage test measuremen Phase-to-earth Rhése-to-earth
(t =1 min) Upd-test IEC 62271- IEC 62271
(NOTE 1) (>1 min) 203:2011; 203:2011,
IEC 62271-203:2011 10.2.101.2,4 10.2.101.2.4
Cl. 7.1.101 IEC 62271-203:2011,
7.1.102 (NQTE 3) (NOTE 3)
(NOTE 2) (NOTE 2)
) (2) (3) (4) (3)
72,5 140 12U, - 260
100 185 1,20, - 360
123 230 1,2 U, - 440
145 275 12U, - 520
170 325 N2 U, - 600
245 460 1,20, - 840
300 460 1,2 U, 680 840
362 520 1,20, 760 940
420 650 1,20, 840 1140
550 710 1,2 U, 940 1240
NOTE 1 The rated voltage for équipment U, applies as per 5.2.
NOTE 2 The AC type test.voltages cover the switchgear routine test, which the insulator can be subjected to.
NOTE 3 The impulse voltage type tests cover the switchgear on site test, which the insulator can be subje¢ted
to.
For| further'details and test procedure regarding dielectric tests on the insulator, referenceg is
mage in~Table 1 to the applicable clauses of IEC 62271-203:2011.

7.1164+—Power-frecrency-voltage-tests-onthemain—ciretit

The power-frequency voltage test of GIS shall be performed according to the requirements in
6.2.6.1 or 6.2.7.1 to earth, between phases (if applicable) and across the open switching
devices. The voltage test across the open switching device may be carried out at one side of
the switching device. The withstand voltages for routine tests shall be those specified in
column (2) of Tables 2 and 3.

The tests shall be performed at the minimum functional pressure for insulation.

7.1.102 Partial discharge measurement

The measurement of partial discharges shall be performed to detect possible material and
manufacturing defects.
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Partial discharge tests shall be performed in accordance with 6.2.9.

— 39 —

The measurement of partial discharges shall be performed with dielectric tests after
mechanical routine tests.

The test shall be carried out on all components of a switchgear and controlgear. It may be
performed on the complete switchgear and controlgear, if applicable, or on transport units or
on individual components. Tests on simple components containing no solid insulation may be
excepted.

10.2.101.2.4 Test voltages
Considering that

— |transport units have normally been subjected to routine test,

— |the probability of disruptive discharges is higher for the complete instalfation than|for
individual functional units,

— |disruptive discharges in correctly installed equipment shall be avoided;

the[test voltage for dielectric tests on site shall be as shown in Table/7.

Table 7 — On site test voltages

On-site ( .
- On-site On-site
E?_t:duvio:;gni cs)l‘:vc;rrt:fdr:r?‘t;zr; switching impulse lightning impulse
quip P q y withstand voltage withstand voltage
withstand voltage
Ur Uds Uss Ups
kV| (r.m.s. value) kV (r.m.s. value) kV (peak value) kV (peak value)
(1) (2) (see Note 1) (3) (4)
72,5 120 - 260
100 165 - 360
123 200 - 440
145 235 - 520
170 270 - 600
245 380 - 840
300 380 680 840
362 425 760 940
420 515 840 1140
550 560 940 1240
800 760 1140 1680

NOTE 1 Values of column (2) are only applicable for SFg insulation or when SFg is a major part of the gas
mixture. For other insulation refer to Tables 1 and 2 of IEC 62271-1, applying a factor 0,8 on column (2).

NOTE 2 The on-site test voltages have been calculated as follows:

U

4s ( (column (2))

on-site test value) = Up x 0,45 x 0,8

Uy, (on-site test value) = U, x 0,8 (column (3))

U__ (on-site test value) = U, x 0,8 (column (4))

ps (
All values have been rounded up to the next higher modus 5 kV.
NOTE 3 If other insulation levels than the preferred values of Tables 2 and 3 (e.g. the lower insulation levels of

Tables 1 and 2 in IEC 62271-1) are specified, then the on-site test voltage should be calculated according to Note
2.
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In certain circumstances, for technical or practical reasons, dielectric tests on site may be
carried out with reduced voltage values. Details are given in C.3.

7.3 Pressure test on the insulator of a cable termination

The insulator shall be secured in exactly the same manner as in service. The test shall be
carried out at ambient temperature (20 + 15) °C. Hydraulic pressure shall be applied to the
switchgear side of the insulator with the cable side open to atmosphere. The pressure shall be
increased at a rate of not more than 0,4 MPa/min until it reaches three times the design

pressure (e.g. design pressure of 0,85 MPa absolute leads to a test pressure of
3x 075 MPa =225 MPa rplnfi\/n), which shall he held for 1 min

7.4 Leak rate type test on the insulator of a cable termination

Theg test shall be performed at ambient temperature (20 + 15) °C on an insulator'of a cgble
termination installed in a suitable chamber. The insulator shall be installed in-a.manner clpse
to [the service conditions. The test shall be carried out in caccordance \ith
IEQ 60068-2-17:1994, Clause 8 (the test method Qm is the preferred method to determine|the
reldtive leakage rate).

The measured leak rate shall not exceed 10-7 Pa x m3/s at minimdl functional pressure|for
insuilation p,. (see Figure 1).

NOTE The volume of the cable termination compartment is unknowncduring type test, therefore a leak rate|flux
instgad of leak rate percentage is given.

8 |Routine tests

8.1 General

Routine tests of a cable termination shall be carried out according to IEC 60141 (all parts) or
IEQ 60840 or IEC 62067 as applicable;In addition the tests in the following 8.2 and 8.3 shall
be tarried out.

If the cable termination insulator is pre-installed during switchgear manufacturing, this
instyilator will be subject to-routine tests and on site tests specified in IEC 62271-203 when
thege are carried out on.the switchgear. For these tests the insulator shall be installed and
special devices shall be, fitted if required for the test, as specified by the cable termination
manufacturer. Such @devices shall be provided by the cable termination supplier.

8.2 Pressure-test

Rodtine pressure tests of the insulator of a cable termination shall be carried out at 2 times
me
The

8.3 Visual inspection

The visual inspection shall be made of all surfaces and shall not show any signs of significant
defects. Critical machined dimensions shall be confirmed by measurements.

9 Standard dimensions

9.1 General

Standard dimensions are specified in order to ensure compatibility between switchgear and
cable terminations conforming to this document.
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9.2 Fluid-filled cable terminations

Standard dimensions for fluid-filled cable connection enclosures, main circuit end terminals
and cable terminations applied to single-phase enclosures are shown in Figure 3. Four
standard sizes cover the voltage range (U,) from 72,5 kV to 550 kV.

9.3 Dry-type cable terminations

Standard dimensions for dry-type cable-connection enclosures, main circuit end terminals and
cable terminations applied to single-phase enclosures are shown in Figure 5. Four standard
sizes cover the voltage range (U,) from 72.5 kV to 550 kV, Figure 4 shows the two types of
dryitype cable termination. Type A incorporates an elastomeric electrical stress cantrol
component inside the insulating barrier. Type B incorporates the insulating barrier inside the
elagtomeric electrical stress control component.

For| use of dry type cable terminations according to Figure 5 in enclosures for fluid-fijled
terminations according to Figure 3, suitable interface adaptor(s) shall be suppliéd by the cgble
termination manufacturer.

9.4] Three-phase cable connection enclosure

Thg minimum dimensions of the three-phase cable connection ‘€nclosure are defined by |the
mir]imum phase to phase distance arising out of d;y and ‘the minimum phase to gropnd
disance arising out of d5/2 in accordance with Figures 3 and'5 respectively.

10 [Information to be given with enquiries, tenders and orders

Refer to IEC 60840 or IEC 62067 or IEC 60141 (all parts), and IEC 62271-203. In addit|on,
theluser and the manufacturers shall consider the installation requirements of the equipment.
Manufacturers shall state the specific «fequirements for civil, electrical and installafion
clej/rances applicable to the switchgear, cable termination and cable. Information shall|l be

proyided in particular and if requireddn relation to switchgear/cable termination installajion

sequence as well as positioning andtemporary fixing of the relevant components.

At the time of ordering or manufacturing a switchgear, it is very often not known whether and
how the foreseen cable systems will be tested at site. In order to improve this situation, |the
user of the switchgear has to identify in his inquiry each cable feeder and which tesjing
method will be applied:t is assumed that generally an AC or DC test will be executed at dite.
Thg following main-test methods are defined:

a) |in case that.one end of the cable is installed outdoors, the outdoor located accessjble
cable endymay be used to apply the test voltage;

b) [in case. of a cable connection between two switchgears or between switchgear and
transformer, the cable connection enclosure in the switchgear may be used to apply [the
test’voltage.

It is the responsibility of the user to indicate in the enquiry for the switchgear which feeders of
the switchgear shall be foreseen for cable testing and which test method is required.

11 Rules for transport, storage, erection, service 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

Hded byvtho manufactiirar
pro
ey —tHe—tharoaGtotrer

11.2 Conditions during transport, storage and installation

A special agreement should be made between manufacturer and user if the service“conditipns
of {emperature and humidity defined in the order cannot be guaranteed during transport,
storage and installation. Special precautions may be essential for the protéection of insulation
dur|ng transport, storage and installation, and prior to energizing, (oo prevent moisfure
abdorption due, for instance, to rain, snow or condensation. Vibrations;during transport shquld
be tonsidered. 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.

11.8 Installation
11.8.1 General

For| each type of switchgear and controlgearithe instructions provided by the manufactdirer
shdll include at least the items listed below.

11.8.2 Unpacking and lifting

Eagh complete equipment shall -be provided with adequate lifting facilities and labelled
(externally) to show the correct,method of lifting. The equipment shall be labelled (externglly)
to indicate its maximum mass;' in kg, when fully equipped. Special lifting devices shalll 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
outfloors shall be removed at site).

Required information for unpacking should be given.

11.8.3 Assembly

WhEgn-sthe switchgear and controlgear is not fully assembled for transport, all transport upits
shduldvbe clearly marked. Drawings showing assembly of these parts should be provided yith
the switchgear and controlgear.

11.3.4 Mounting

Instructions for the mounting of switchgear and controlgear, operating device and auxiliary
equipment should include sufficient details of locations and foundations to enable site
preparation to be completed.

These instructions should also indicate:

— the total mass of the apparatus inclusive of extinguishing or insulating fluids;
— the mass of extinguishing or insulating fluids;
— the mass of each unit to be lifted separately.
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11.3.5 Connections

Instructions should include information on:

— connection of conductors, comprising the necessary advice to prevent overheating and
unnecessary strain on the switchgear and controlgear and to provide adequate clearance

distances;
— connection of auxiliary circuits;
— connection of liquid or gas systems, if any, including size and arrangement of piping;

— connection for earthing;

— Jauxiliary contacts 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
different gases and their associated tolerances shall be defined by the. manufacturer tal
intg account handling and uncertainty of measurement. Appropriate gas_filing procedures
deflned in IEC 62271-4.

During commissioning or maintenance, the maximum allowableXhumidity content within g
filleld switchgear and controlgear filled with gas at the filling pressure (density) for insula
shdll be checked by dew point measurement. Appropriate corfection factors shall be used
measurements performed at temperatures other than 20-C according to the manufactur
insfruction manual.

Thg maximum allowable humidity content for equipment filled or re-filled with new or used
shduld be such that the dew point inside the switchgear compartment is not higher than

— 10 °C for equipment with adsorber material;
— [-15 °C for equipment without adsorber material

durjng commissioning or after maintenance for a measurement at filling pressure (density
instilation and at 20 °C.

NOTE 1 These dew point values Jduring commissioning are expected to give a dew point value lower than -
during service life, for a measurement at 20 °C.

NOTE 2 The measurenient of the dew point is specified at a given temperature due to the possible exchang

watgr between gas and solid materials when the temperature changes, which could change the measured valud.

NOTE 3 An exampte of measurement and determination of the dew point is given in IEEE C37.122.5 [35].
11.8.7 Final installation inspection

Insfructions should be provided for inspection and tests which should be made after

the
ing
are

as-
on
for
br's

gas

for

b °C

e of

the

switchgear and controlgear has been installed and all connections have been completed
~J =4 L

These instructions should include:

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

— procedures for carrying out any adjustment that may be necessary to obtain correct

operation;

— recommendations for any relevant measurements that should be made and recorded to

help with future maintenance decisions;

— a procedure for qualitative gas tightness test at site (sniffing test) on all field assembled

connections for closed pressure systems, reference is made to 8.5.3;
— instructions for final inspection and putting into service.
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Guidance for electromagnetic compatibility site measurements is given in Annex H
(informative).

11.3.8 Basic input data by the user
These data should include:

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
iUbdi illbta“dtiull CITVW, Utb.),

c) Javailability 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-voltage 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;

2) in-service conditions or operating restrictions that apply;
3) 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) [site conditions regarding cleantiness and temperature for clean installation and
preparation area;

d) [humber and experience of local’personnel required for installation;

e) [fime and activity schedules-for installation and commissioning;

f) Jelectric power, lighting, water and other needs for installation and commissioning;
g) |proposed training-6fiinstallation and service personnel;

h) |lin case of extehsion 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.

11.4~Operating-instructions

The operating instructions given by the manufacturer shall contain the following information:

— 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 the
main principles involved;

— 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.
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11.5 Maintenance

11.5.1 General

The effectiveness of maintenance depends mainly on the way instructions are prepared by the
manufacturer and implemented by the user.

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

Where applicable, the following information shall be provided by the manufacturer:

)]
k)
11.
The

req
ma

The

type and required quantity and quality of gas to be used in switchgear and controlgear.
6.3 Recommendations for the manufacturer

manufacturer should be responsible for ensuring the continued availability-of spare p
ired for maintenance for a period of not less than 10 years from~the date of f
hufacture of the switchgear and controlgear.

manufacturer should inform the purchasers of a particular | type of switchgear

type and required quantity and quality of liquid to be used in switchgear and controlgear;

arts
nal

and

controlgear about corrective actions required by systematic defects and failures detected in

ser

The
bel

a)

Ice.

manufacturer’'s maintenance manual should include the following information lis
DW .

Extent and frequency of maintenance. For thi§ purpose the following factors should
considered:

1) switching operations (current and number);

2) total number of operations;

3) time in service (periodic intervals);

4) environmental conditions;

5) activity after a seismic event (if applicable);

6) measurements and(diagnostic tests, (if any).

Detailed descriptionzof the maintenance work:

1) recommended Jplace for the maintenance work (indoor, outdoor, in factory, on g
etc.);

2) procedures for inspection, diagnostic tests, examination, overhaul;
3) reference to drawings;
4), reference to part numbers;

ted

be

ite,

S)‘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.

c) Comprehensive drawings of the details of the switchgear and controlgear important for

maintenance, with clear identification (part number and description) of assembl
subassemblies and significant parts.

ies,

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;
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2) resistance and/or capacitance (of the main circuit);

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 62271-4 for SFg);
7) dew point inside gas-filled switchgear compartment according to 11.3.6;

8) permissible erosion of parts subject to wear;

9) torques:;

11.

If t
sho

The

10)important dimensions.

Specifications for auxiliary maintenance materials, including warning of knewn 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)
advice for storage.

Estimate of active scheduled maintenance time, carried out in accordance with
established time schedule.

How to proceed with the equipment atithe end of its operating life, taking
consideration environmental requirements.

.4 Recommendations for the user

uld be followed.

user should record thefollowing 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 oftall measurements and tests including diagnostic tests carried out during
life of thedswitchgear and controlgear;

dates.and extent of the maintenance work carried out;
the, history of service, periodical records of the operation counters and other indicati

on-

and

an

nto

ne user wishes to perform maintenance, the maintenance manual of the manufactirer

the

pns

(far’example short-circuit operations);

references to any failure report.

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;


https://iecnorm.com/api/?name=bb417cfebcd81c48224ac7749e4f6884

IEC 62271-209:2019+AMD1:2022 EXV —47 -
© IEC 2022

to provide data for the user statistics;
to provide a meaningful feedback to the manufacturer.

The following gives guidance on how to make a failure report.

A failure report should include the points listed below.

a)

f)

Identification of the switchgear which failed:

1) substation name;

2\ et
2—id f
3) switchgear technology (air blast, minimum oil, SFg, vacuum);

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/componént responsible for the primary failure/defect:
1) high-voltage stressed components;

2) electrical control and auxiliary,Cifcuits;

3) drive mechanism, if applicable;

4) other components.

Stresses presumed to contribute to the failure/defect:

1) operation mistaKe or misuse of the equipment;

1) environmental.conditions (temperature, wind, rain, snow, ice, pollution, lightning, et¢.).

Classificatiofof the failure/defect:
1) majorfailure;

2) minor failure;

3) defect.

Origin and cause of the failure/defect:
1) origin (mechanical, electrical, tightness if applicable);

2) cause (design, manufacture, inadequate instructions, incorrect mounting, incorr
maintenance, stresses beyond those specified, etc.)

3) operation mistake or misuse.

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.

ce,

ect
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A failure report may include the following information:

Thg cable termination manufacturer should ensure that during manufacture, handling, ster
and installation of the cable termination, provisions should be made to ensure that

req

connection. The cable termination manufacturer should supply the necessary informatioT to
engble these requirements to be satisfied, if the cable termination is to be installed’by others.

1.

Ifr
the

inceasing gas pressure within the given design limits of the cable lconnection enclosure. 7
appglies also if parts of the switchgear directly connected to(the cable connection asseni
cannot withstand the test voltage specified in |IEC 60141 (all parts) or IEC 6084
IEQ 62067 for the cable test at rated gas density. It al$o ‘applies if in the judgment of

swi
SWi

If required by the user, the switchgear manufacturer shall provide the location for a suite

tes
tot
tes
for

NOTE Increasing the gas pressure is not/a reliable method of improving the electrical strength at the surfag

an i

12

The following practices should be considered for handling electrical equipment in the field:

13

drawings, sketches;

photographs of defective components;
single-line station diagram;

operation and timing sequences;
records or plots;

references to maintenance or operating manuals.

022

Lirements given in 6.2 of IEC 62271-1:2017 can be satisfied after final assembly'of

P Tests after cable system installation

bquired by the user of the switchgear, the manufacturer shall make-special provisions
testing of the cable system, such as disconnecting facilities| | earthing facilities an

chgear manufacturer, it is not acceptable to apply the test voltage to the affeg
chgear components.

bushing and provide the user with all necessary information for mounting such a bush
he cable connection enclosure. If necessary to achieve adequate electrical clearances,
bushing shall include a suitable insulated connection and test terminal. The requiren
the test bushing shall be specified by‘the user in the enquiry.

sulator when tested with DC voltage.

Safety practices and“constraints during installation of cable connection to
switchgear

before comimencing any work on the equipment in the field, make sure that the cable,

the preparation of the cable, the installation of cable terminations and the connection

nge
the
the

for
d/or
[his
bly
D or
the
ted

ble
ing
the
ent

e of

the

switchgear and all adjacent electrical equipment are de-energized and properly grounded.

5 to

thevswitchgear are intended to be performed by qualified personnel and jointers that
trained and experienced in installing these or similar products in the field.

are

instructions and precautions depending on individual design and local regulations, such as

gas pressure reduction in the neighboring compartment, have to be considered.

Influence of the product on the environment

The manufacturer shall be prepared to provide on request, the following relevant information
about the environmental impact of the switchgear.

When fluids are used in switchgear and controlgear, as far as is practicable, instructions
should be provided in order to allow the user to

minimize the leakage rate;
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— control the handling of the new and used fluids.

The manufacturer shall give guidance on request, concerning disassembly and end-of-life
procedures for the different materials of the equipment and indicate the possibility to recycle.

Handling losses during installation, on-site tests and maintenance shall be recorded.

Each refilling shall be recorded with indication of additional SFg; mass filled in the
compartment.



https://iecnorm.com/api/?name=bb417cfebcd81c48224ac7749e4f6884

IEC 62271-209:2019+AMD1:2022 EXV

— 50 -

© IEC 2022

Ajddns jo yw
Jainjoejnuew UoneuIWwls) a|qe

(pepasuy|) 1T

(papad

U J1) ol

14

A X panquIsipinba sajoy papeait) Ul [LZxZLIN ¥ ON | BF
+ X |esg | LI
@ X i)y Bunensu| | 9t
(papaau §)) X uonoauuod olueAleb Jo siojsikal seaul-uoN | G
X seo | vl
X puelb ajqen | €1
X Juauodwod |013u0d sauis [eoujoelg | Zh
(popsau J|) X obuel4 | L1
(papaau §) X 1ovisep sjeipauaul | 0L
X Jojdepg Jejjoo sejnsu| | 6
X SInu ‘sigysem ‘smaog | B
X less | £
«\V X 81 "ON 0} Buipiodoe pasedaid ‘sje|d sjeipawusiul Jo ofjuey ainsojouy | 9
: b& wr X 2Insojous uolfosuuod s|Ige) | §
X jo)einsu; | ¥
D J8nj m.._l._mmmcoﬁ_z,w X 20E19)Ul UOIJOUUOD UoHEUILLS) 3qe) | €
X soepajul uopdsuupo Jeabyonmg | 2
X |eulws) pus 1noud uidu Jesbyoums |
uofjeulwla) s|qe) | Jeabyoimg uondiiosaq oN
Jainjoejnuepy
4
€
S :
.

IEC

Figure 2 — Fluid-filled cable connection assembly — Typical arrangement
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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.

A.2 Data

— [Manufacturer's name;

— [Type designation, ratings and serial number of apparatus;

— |Outline description of apparatus (including number of poles, interlockifig -system, bus
system, earthing system, and the arc extinguishing process);

— |Make, type, serial numbers, ratings of essential parts, where ,applicable (for exam
drive mechanisms, interrupters, shunt impedances, relays, fuse(inks, insulators);

— |Rated characteristics of fuse links and protective devices;
— |[Whether the apparatus is intended for operation in the vertical and horizontal plane.

A.3 Drawings
Drawings to be submitted Drawing content (as applicable)
Single-line diagram of main circuit Type designation of principal components

Genperal layout

NO|TE For an assembly it may be necessary.to
projide drawings of the complete assembly~and of
eadh switching device.

Qverall dimensions

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

Location of earthed metallic screens, shutters or partitions
in relation to live parts

Liquid insulation level

|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

IEC 62271-209:2019+AMD1:2022 EXV
© IEC 2022
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Drawings to be submitted

Drawing content (as applicable)

Det
ass

ailed drawings of parts of the main circuit and
ociated 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

coy

Defailed drawings of mechanisms (including

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

e of the AC component of the current is measured at these vertlcals

Thgse values are designated: Z, Z;... Z4g

where

7 4 x /42 and X is the peak value of AC component of current.

Theg equivalent RMS current during the time ¢ is given by:

I ¢ \/3—10[Z§ +4(Z12 +22+2% +22 +Z§)+2(Z§ +Z2+22 +Z§)+Z120]

Thg DC component of current represented by CC' is nat taken into account.

A e e
i

——

0 Qy1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9 1
IEC

Key
AA'

ENVEIOPES Of CUITENt wave
BB'
ccC' Displacement of current wave zero line from normal zero line at any instant
Zy--Zyo  RMS value of AC component of current at any instant measured from normal zero
Xy Peak value of AC component of current at instant of initiating short-circuit
BT Duration of short-circuit, 7

Figure B.1 — Determination of short-time current
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(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

tw

Th
uni
co

Wh
S€eC

Eaq

artificial precipitation shall be supplied by a sufficient number of nozzles to produc
orm spray over the surfaces under test. The various parts of the switchgear
trolgear may be tested separately, provided that a uniform spray is simultaneausly app!
to both of the following:

the top surfaces from nozzles located at a suitable height;

the floor outside the equipment for a distance of 1 m in front of the parts under test
the equipment located at the minimum height above the floor* level specified by
manufacturer.

ere the width of the equipment exceeds 3 m, the spray-may be applied to 3 m W
tions in turn. Pressurized enclosures need not be submitted to artificial precipitation.

h nozzle used for this test shall deliver a square=shaped spray pattern with uniform sp

disfribution and shall have a capacity of 30 I/min €/3"//min at a pressure of 460 kPa + 46

and
Yo)

is d
ap4g

The
The
ead
The
sur

NOT
accd

a spray angle of 60° to 80°. The centre lines.of the nozzles shall be inclined downwg
hat the top of the spray is horizontal as it is-directed towards the surfaces being teste
onvenient to arrange the nozzles on a-Vertical stand-pipe and to space them about

rt (refer to test arrangement in Figure C:1).

pressure in the feed pipe of the-hozzles shall be 460 kPa + 46 kPa under flow conditig
rate at which water is applied’to each surface under test shall be about 5 mm/min,
h surface so tested shall reeeive this rate of artificial precipitation for duration of 5 1

e a
and
ied

vith
the

ide

ray
Pa
rds
i, 1t
P m

ns.
and
nin.

spray nozzles shall beat’a distance between 2,5 m and 3 m from the nearest vertjical

ace under test.

E When a nozzle(in)accordance with Figure C.2 is used, the quantity of water is considered to b
rdance with this standard when the pressure is 460 kPa £10 %.

After the testrisscompleted, the equipment shall be inspected promptly to determine whetf

the

a)

followingrequirements have been met:

no water shall be visible on the insulation of the main and auxiliary circuits;

e in

her

b)

no-‘water shall be visible on any internal electrical components and drive mechanisms$

of

the 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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Enclosure s

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
27,8
Al
— i i
[ Y
. N~
N S = X E‘ o
s ﬁ g (O] S [S)
Y |
]
222 6 _
28
Body — o
Material: brass - 39 -

|
! 1
|
/ H
] 0.8
S -
16

Internal vannes
Material: brass

Assembly

Scale 1:1

0o

IEC

Figure C.2 — Nozzle for weatherproofing test
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References for auxiliary and control circuit components

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

I[EC/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 [4

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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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

Lo

v-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]

Nd
in

EC TR 62063 [70}

Pl4gs, socket-outlets, and Requirements for plugs, sockets-outlet, industrial IEC 60309-1 [61]
coyiplers cable couplers, appliance couplers
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]
TE For electronic gomponents used in auxiliary and control equipment additional information can be foynd
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(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

ry 4+
(CTST,
olerances on test conditions;

olerances concerning parameters of measurement devices to be applied.

A tolerance is defined as the range of the test value specified in the standard within which
measured test value shall lie for a test to be valid. In certain cases the testmay remain v
even if the measured value falls outside the range: this is the case when(itresults in a m

seV,

Any
ung

The

ere test condition.

deviation between the measured test value and the truentest value caused by
ertainty of the measurement are not taken into account in this(tbespect.

basic rules for application of tolerances on test quantities’during type tests are as follo

testing stations shall aim wherever possible for théest value specified;

stresses exceeding those tolerance areXpermitted only with the consent of
manufacturer;

where, for any test quantity, no toleranCe’is given within this standard, or the standar
be applied, the type test shall be not less severe than specified. The upper stress lir
are subject to the consent of the manufacturer.

the
alid
ore

the

WS:

the tolerances on test quantities specified shall’bé observed by the testing station. Higher

the

i to
nits
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Table E.1 — Tolerances on test quantities for type test
Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.2 up to Dielectric tests
7.2.12
7.2.7.2, Power-frequency | Test voltage (RMS value) Rated short-duration +1 % IEC 60060-
7.2.8.2, voltage tests power frequency 1:2010
7.2.12, 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 6(Q060-
7.2.8|4 voltage tests withstand voltage 1:201(d
Front time 1,2 us +30' %
Time to half-value 50 ps +20 %
7.2.813 Switching impulse | Peak value Rated switching +3 % IEC 6(Q060-
voltage tests impulse withstand 1:201d
voltage
Front time 250 ps +20 %
Time to half-value 2 500 ‘us +60 %
7.3 aphd Radio Test voltage +1 %
7.9.111 interference
voltage tests Tune frequency of Within +10 %
measurement circuit of
0,5 MHz or
between
0,5 MHz to 2
MHz
7.4.4 Measurement of DC test current, Iy = 50 A <]~ <
the resistance of rated
circuits continuous
current ,
or —20 %,
+0 % of
I, <50 A
7.5 Continudus Ambient air velocity - <0,5m/s
current\tests
Test current frequency Rated frequency -5 %, +2 %
Test current Rated continuous -0 %, +2 %
current A
These limits
shall be kept
only for the
asttwo
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

Peak current (in one of the

outer phases)

Rated peak withstand
current

-0 %, +5 %
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Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
Average of AC component Rated short-time See 7.6.3
of three-phase test current | withstand current tolerances
for It in
7.6.3
Ratio of AC component of 1 +10 %
test current in any phase
versus average of the three
Inhsmpe
Short-circuit current Rated short-circuit Maximum 5s | 7.6:3
duration duration
Value of 1%t Value /¢ -0 %, +10.%
Derived from rated
values short-time
withstand current and
duration.
7.9.2|3 Oscillatory wave Damped oscillatory wave Test frequency +30 % IEC 61000-
immunity test tests 100 kHz, 1 MHz 4-18
7.10.8.3 Auxiliary contact | Test current amplitude -0 %, +5 %
rated short-time
withstand current | Test current duration -0 %, +10 %
7.10.8.4 Auxiliary contact | Test voltage amplitude -0 %,+10 %
breaking -
capability Test current amplitude -0 %, +5 %
Circuit time constant -0 %, +20 %
7.10.4.2 Cold tests Minimum and maximum - +3 K IEC 6(Q068-
ambient air temperature 2-1: 2007
during tests
7.10.4.3 Dry heat test Minimum and maximum - +3 K IEC 6(Q068-
ambient air temperature 2-2: 2007
during tests
7.10.4.4 Cyclic humidity Minimunmitemperature of +3 K IEC 6(Q068-
test cycle 2-30: 2005
Maximum temperature of +2 K
cycle
7.10.4.5 Vibration IEC 6(Q255-
response apd 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
F.1 General
This_annex 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
Service condition Indoor or
outdoor
Ampient air temperature:
Mirfimum °C
Makimum °C
Solfr radiation W/m?2
Altifude m
Poljution Class
Exgessive dust or salt
Ice|coating mm
Wind m/s
Humidity %
Comdensation or precipitation
Vibfation Class
Indlced electromagnetic disturbance in kV
auXiliary amdsxcontrol circuits



https://iecnorm.com/api/?name=bb417cfebcd81c48224ac7749e4f6884

- 66 - IEC 62271-209:2019+AMD1:2022 EXV

© IEC 2022
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

(Ug

— 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 (1p) kA

Rafed duration of short-circuit (z,) s

Rafed supply voltage of closing and Vv

opgning devices and of auxiliary and

corjtrol circuits (U,)

Rafed supply frequency of closing and Hz DEyor,/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

Mdunting provisions

Type of gas-pressure or liquid-pressure

sygtem

Ovgrall dintensions of the installation

Description by name and category of the

various compdartments

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

Highest voltage of system kV

Number of phases

Type of system neutral earthing Effectively or non-
effectively

F.60 Documentation for enquiries and tenders

User requirements Supplier proposals

Scope of supply (training, technical and
layout studies and requirements for co-
operation with other parties)

Single-line diagram

General arrangement drawings of
substation layout

Provisions for transport and mounting to
be given by the user

Foundation loading Supplier information

Gas schematic diagrams Supplier information

List of type test reports Supplier information

List of recommended spare parts Supplier information
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Annex G
(informative)
List of symbols
Description Symbol Subclause
Absolute leakage rate 3.6.6.4
Absolute leakage rate liq 3.6.7.1
Alarm pressure (or density) for insulation and/or switching Lao—Las) 3.6.5.3
Algrm pressure for operation (or density) Py (Pl 3.6.5.4
Filling pressure D, 7.8.2
Filling pressure (or density) for insulation and/or switching Pre (Pre) 3.6¢5.1
Filling pressure (or density) for operation P ) 3.6:5.2
Ma]in circuit resistance measured before continuous current test R, 8.4
Mdasured pressure Pm 7.8.2
Mipimum functional pressure (or density) for insulation and/or switching e\Prme) 3.6.5.5
Mipimum functional pressure for operation (or density) i ) 3.6.5.6
Nupmber of replenishments per day N 3.6.6.8
Nupmber of replenishments per day Nqu 3.6.7.3
Paftial voltage with respect to earth U; 7.2.6.3 b)
Pefmissible leakage rate Fp 3.6.6.5
Pefmissible leakage rate Foia) 3.6.7.2
Pressure drop Ap 3.6.6.9
Pressure drop Apjiq 3.6.7.4
Protection against ingress of water coding IP 6.14.3
Protection of equipment against mechanicakimpact under normal service IK 6.14.4
conpditions coding
Radio interference voltage test RIV 7.3
Rafed continuous current I 5.5
Ra}ed duration of short-circuit t 5.8
Ra}ed frequency Jr 5.4
Raled lightning impulse withstand voltage Up 5.3
Ralted peak withstand current 1p 5.7
Rafted short<duration power-frequency withstand voltage Uy 5.3
Rafed short-time withstand current I 5.6
Raled supply voltage U, 592
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 Fol 3.6.6.6
Time between replenishments t 3.6.6.7
Total test voltage U, 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 E
severity class of the auxiliary and control circuits;

MC

Me
bet
inp
rec

Switching operations should be carried out at normal opetdting voltage, both in the ni

cirg
ar
ran

The
test
and

The
loa
att

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 circuits.
not 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
ween the auxiliary and control circuits and the surrounding network, for example, at
it terminals of control cubicles, without disconnection of the system. Instrumentation
prding induced voltages should be connected as outlined in IEETR 60816 [71].

uit and in the auxiliary and control circuits. Induced veltages will vary statistically and t
ppresentative number of both making and breaking operations should be chosen,
Hom operating instants.

switching operations in the main circuit @re to be made under no-load conditions.
s will thus include the switching of parts of, the substation but no switching of load currg
no fault currents.

making operations in the main \circuit should be performed with trapped charge on
| side corresponding to normal~operating voltage. This condition may be difficult to ob
psting, 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~voltage values at the making operation by 2, in order to simulate
case with trapped-charge 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
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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.
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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~ac¢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 of all rpted
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
J.1  General

An individual type test need not be repeated in some situations e.g.:

Par
oth
sho

typ

Mo
IEC

J.2

For
equ
con

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.8)or when lo
performances are requested).

ticular examples where extension of a type test may be used to yalidate design change
br similar equipment, without repeating type tests, are given in"thé following subclause

TR 62271-307 [72].

Dielectric tests

non-enclosed conductors, the dielectric tests performed cover other dispositions ha
al or higher clearances to surretindings (e.g. height above ground) and betw
ductors, if the insulating materialssand shapes of conductors and insulators are the sanm

Short-time withstand current tests

rt-time withstand curfent and peak withstand current tests performed at 50 Hz or 60

uld be noted that supporting evidence should be provided.te. validate such extensions
b tests.
e details may be given in the product standdrds and/or technical reports,

pes

not

for covering other values of ratings for the same switchgear and controlgéar; if these mew

wer

5 or
5. It
D

of

>
©

ing
ben
e.

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 Hz and cover both frequencies provided that the temperature-rise values recorded

during the tests at 50 Hz do not exceed 95 % of the maximum permissible values;
tests performed at 60 Hz cover both frequencies.
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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 original type test, provided that:

— [rutes fordesignand mstattation given i tEC 6 1000-6-5are folfowed;

— [type tests have been performed on the most complete subassembly applicable to-the type
of switchgear and controlgear;

— |manufacturer’s design rules are the same as for the type-tested subassembly.
J.6 Environmental tests on auxiliary and control circuits

EnvJironmental tests on auxiliary and control circuits need not be/tepeated if performance
requirements are validated during environmental tests on a whole switchgear and controlggar.

Pants, or pieces of equipment, of auxiliary and control\ circuits validated in a given
arrgngement are validated also when used in a different artangement of auxiliary and control
cirduits belonging to the same range of switchgear and centrolgear equipment.

Tedts performed with a given supply voltage for~auxiliary and control circuit cover sinjilar
auxiliary and control circuits designed for lower supply voltages.
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Annex K
(informative)
Exposure to pollution
K.1 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

con
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minimum creepage provides generally satisfactory service operation under these condition
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ditions (refer to Clause 4 of this document). This annex defines levels of pollution as

Pollution levels

purposes of standardization, the levels of pollution, very light, light\and medium,
litatively defined. The qualitative examples given in Table K.1» are approxim

arid areas. For these special conditions, reference is given’to IEC TS 60815-1:2(
TS 60815-2:2008 and IEC TS 60815-3:2008.

Minimum requirements for switchgear

minimum creepage distance expressed as @ specific creepage in mm/kV are for
mal service conditions of atmospheric contatnination and altitudes up to 1 000 m. T

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.
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ecommendations for the minimum specific creepage distance across external insulation).
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criptions of some typical corresponding environments. Other more extreme environmental
ditions may merit further consideration, e.g., snow and ice in Keavy pollution, heavy rain,
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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
> 10 km from man-made pollution sources °

Very light
Within a shorter distance than mentioned above of pollution sources, but:
+ prevailing wind not directly from these pollution sources
+ _and/or with reqular monthly rain washing
Example 2:
10 km to 50 km? from the sea, a desert, or open dry land

_ 5 km to 10 km from man-made pollution sources P

Hight 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 f
Within a shorter distance than mentioned abovie’of pollution sources, but:
+ prevailing wind not directly from thes¢ pollution sources

Mddium » and/or with regular monthly rain-washing

Example 4:
Further away from pollution sources than mentioned in example 3, but:

+ dense fog (or drizzle) ©ften occurs after a long (several weeks or months) dry
pollution accumulation' season

* and/or heavy, high conductivity rain occurs

+ and/or there.s'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 level‘at such a distance from the sea may reach a much higher level.

b | The presence of a major city’ will have an influence over a longer distance, i.e. the distance specified
sea, desert and dry land.

¢ | Depending on the tgpagraphy of the coastal area and the wind intensity.

for

Table K.2 — Minimum nominal specific creepage
distance by pollution level

SPS class Minimum recommended nominal unified specific creepage distancp
(Uscb) 2
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)
Mechanical forces applied on the flange
of the cable connection enclosure
A.1 General

The_switchgear manufacturer should coordinate with the cable manufacturer on the cable
sysfem design. For both single-phase and three-phase connections, additional forces, and
moyements from the switchgear and the cable system can be experienced due to temperafure
var|ations in service. These forces can act on both switchgear and cable system and.depgnd
lardely on the switchgear layout, termination installation, cable design and they method$ of
meg¢hanical support of the switchgear and cable system. The design of any support strucfure
shduld take into account these forces and movements.

A.4 Recommendation when connecting cable systems to,switchgear

Theg switchgear system should be considered as a system allowing limited moving tolerances
dur|ng all occurring operation conditions concerning its connéection to the cable system. The
cable system should be considered as a system allowing lilmited movement tolerances dufing
seryice concerning its connection to the switchgear. Thelswitchgear designer should spefcify
the|movement tolerances, forces and loads covering all operational conditions, and document
them in the relevant arrangement drawings. Theseata should be taken into account by |the
cable system designer.

Theg switchgear supplier should provide thg supporting structure for the cable connecfion
endlosure comprising a sliding point, to allew movement of the cable connection enclosurg, to
allow switchgear expansion or contractioh due to the temperature variations.

Thg supporting structure of a cable connection enclosure of the switchgear, should| be
designed where possible, in suchva way, that an adjacent cable centring fixation point can be
added to that structure and there will be no relative movement between the cable connecgion
endlosure and the centringfixation point.

A cpble connection eficlosure may need to be engineered as a fixed point. This occurs in|the
case of an installation’ of e.g. a high pressure oil cable system which due to its design is|not
abl¢ to absorb thermal displacement caused by the switchgear. In this case the switchgear
manpufacturer~has to absorb the thermal displacement by appropriate measures, €.g.
compensatings equipment. It is the responsibility of the user to inform the switchgear
manufactuker about the installation of such a cable system together with the inquiry.

It i also particularly important that the support for the switchgear housings should neithel be
affixed to the insulator collar and/or clamping flange (parts 9 and 11 of Figures 2 or 4), nor to
the flange of the cable connection enclosure (part 6 in Figures 2 or 4).

NOTE 1 The assembly of parts 6 and 11 in Figures 2 or 4 has the purpose of a tight gas connection and is
reserved for the loads originated by the cable termination and attached cable connection.

Preferably part6in Figure 2 and 4 should be reserved for the fixing of an anti-kink
construction (bending protection), if needed, having the task to avoid bending forces and axial
forces onto the sealing end, and fixing the position of the cable in relation to the cable
connection enclosure flange. Attention should be brought to the type of ground connection to
the cable sheath, in case of insulated screen the anti-kink centring should not short circuit this
insulation. Snaking of the cable may be performed to lower the conductor thrust on the
insulator. The supply of an anti-kink construction is the responsibility of the cable system
supplier.
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In addition to the load arising from maximum operating gas pressure specified in 6.103 the
flange of the cable connection enclosure (part 6 in Figures 2 or 4) attached to the cable
termination is subject to the following normal and exceptional forces during service:

forces originated from the transversal movement of the cable connection enclosure due to

temperature variations of the switchgear;

part of weight of the attached cable termination, the potential anti-kink construction and
part of the weight of the cable system in dependency of the rated voltage and cable

conductor type;
short circuit forces between the attached cables;

— |[seismic forces originating from the cable termination, cable connection and suppdrting
structures of the cable system or parts thereof, if applicable.
Forces during normal operation arising as described above have to be limited by, approprjate
measures to the values listed in Table A.1.
Forces originating from the expansion or contraction of the cable, dug'\to the temperafure
var|ation, which are transferred to the cable connection enclosure of the.,switchgear should be
minimized by the use of appropriate means like fixing and snaking”of ‘'the cables. Howeyver,
these forces result in the simultaneous application of:
— [a bending moment M;
— [a shearing force F;
— Ja tensile or compressive force F,
at the cable connection enclosure (part 6 of Figurés\2 or 4). The cable connection enclogure
flange should be capable of withstanding the values of M, F; and F, specified in Table A.1,
and it should be the responsibility of the cablée-system designer to ensure that these values
are|not exceeded.
In ¢ase of exceptional loads, such as~a short circuit or seismic, the total load should [not
exgeed a maximum of 200 % of the given normal loads in Table A.1.
NOTE 2 The requirement concerning-the ratio between normal and exceptional load is in accordance with| the
ratid of the service and cantilever testloads in IEC 60137:2017, Table 1 [1].
Table A.1 — Moment and forces applied on the flange of the cable connection enclosuire
attached to the cable termination during normal operation
Rated voltage U, Tensile or compressive Shearing force F, Bending moment M,
force F,
(k) (kN) (kN) (kNm)

>-52to 100 1,0 1,0 1,2

123 to 170 1,5 1,5 1,8

245 to 300 2,5 2,5 3,0

362 to 550 4,5 4,5 5,4

NOTE 1 F, acts in the axial direction of the cable, F, in transverse direction.

NOTE 3 Forces in Table A.1 are per cable and apply for single-phase and three-phase connections.

NOTE 2 M results from F, acting in a distance of 1,2 m from the lower flange of the cable connection
enclosure (part 6).

In order to ensure that the requirements mentioned above in relation to normal and
exceptional forces and loads are in no case exceeded, design coordination between the GIS
manufacturer and the cable system provider is required.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV - Fluid-filled and extruded

FOREWORD
1)

gll national electrotechnical committees (IEC National Committees). The object of IEC-is to prorote
international co-operation on all questions concerning standardization in the electrical and electronic field§. To
fhis end and in addition to other activities, IEC publishes International Standards, Téechnical Specificatipns,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as [IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interepted
the subject dealt with may participate in this preparatory work. International, governmental and pon-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clgsely
ith the International Organization for Standardization (ISO) in accordanee” with conditions determined by
agreement between the two organizations.

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

2) The formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an internatipnal
¢onsensus of opinion on the relevant subjects since each technical committee has representation from all

interested IEC National Committees.

3) IEC Publications have the form of recommendations for intethational use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are ‘made to ensure that the technical content of [IEC
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for|any

isinterpretation by any end user.

4) order to promote international uniformity, IECNational Committees undertake to apply IEC Publications
fransparently to the maximum extent possiblexin~their national and regional publications. Any diverggnce
between any IEC Publication and the corresponding national or regional publication shall be clearly indicatgd in

the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
gssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for|any
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 bor its directors, employees, servants or agents including individual experts{and
embers of its technical,committees and IEC National Committees for any personal injury, property damage or
ther damage of any mature whatsoever, whether direct or indirect, or for costs (including legal fees)|and

¢xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other |IEC
ublications

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is

indispensablé/for the correct application of this publication.

9) Attentiomis_drawn to the possibility that some of the elements of this IEC Publication may be the subje¢t of

patent-rights. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been

prepared for user convenience.

IEC 62271-209 edition 2.1 contains the second edition (2019-02) [documents
17C/696/FDIS and 17C/701/RVD] and its amendment 1 (2022-03) [documents
17C/833/FDIS and 17C/841/RVD].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 62271-209 has been prepared by subcommittee 17C: Assemblies,
of IEC technical committee 17: High-voltage switchgear and controlgear.

This second edition constitutes a technical revision.

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

a) New numbering in accordance with ISO/IEC directives, Part 2 (2016) and to
IEC 62271-1:2017;

b) |Clause 3: addition of a definition for plug-in cable termination, filling pressure\ gnd
minimum function pressure for insulation;

c) [Clause 7: An additional dielectric type test for plug-in cable termination was added; alqo a
pressure type test as well as a leak rate test on the insulator of a cable termination Was
implemented,;

d) [Clause 12: New clause about safety practices;

e) [Clause 13: New clause about influence of the product on the environment;
f) |New informative Annex A: Mechanical forces applied on the flange.of the cable conneciion
enclosure.

This document has been drafted in accordance with the ISO/EC Directives, Part 2.

Thig standard is to be read in conjunction with I[EC 6227131:2017, to which it refers and which
is gpplicable unless otherwise specified in this standarfd. In order to simplify the indication of
corfesponding requirements, the same numbering)of clauses and subclauses is used a$ in
IECQ 62271-1. Amendments to these clauses and subclauses are given under the sgme
refgrences whilst additional subclauses are numbered from 101.

A list of all parts in the IEC 62271 series, published under the general title High-voltage
swifchgear and controlgear, can be found on the IEC website.

Thg committee has decided that the contents of the base publication and its amendment |will
remain unchanged until the stability date indicated on the IEC web site under webstore.ieg.ch
in the data related to the specific publication. At this date, the publication will be

e Jreconfirmed,
e |withdrawn,
e [replaced by a rfevised edition, or

e [amended.

IMRORTANT - The 'colour inside’' logo on the cover page of this publication indicaies
thag \it contains colours which are considered to be useful for the corregct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION TO Amendment 1

This amendment includes the following modifications:

a) In accordance with the decision taken at IEC Plenary Meeting October 2019 in Shanghai
(17C/Shanghai/Sec07) Subclause 6.103, Figure 1 and Figure 2 have been modified;

b) The CDV was modified in accordance with the above-mentioned documents and based on
the decision taken at the virtual IEC Plenary Meeting in October 2021 (17C/823/RM).

NOTE CIGRE has published TB 784 “Standard design of a common, dry type plug-in interface for GIS and power
cablpetp e dese R Re B aste et e S te e et e e e S e e eI eT e R e e —Re—reHe— | he

dealf with during the next revision of IEC 62271-209.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV - Fluid-filled and extruded
insulation cables — Fluid-filled and dry-type cable terminations

rStope

5 part of IEC 62271 covers the connection assembly of fluid-filled and extruded<gable
-insulated metal enclosed switchgear (GIS), in single- or three-phase arrangements wh
cable terminations are fluid-filled or dry-type and there is a separating insulating bar
ween the cable insulation and the gas insulation of the switchgear.

purpose of this document is to establish electrical and mechanical interchangeab
ween cable terminations and the gas-insulated metal-enclosed switchgear and
ermine the limits of supply. It complements and amends, if applicable, the relevant
ndards. For the purpose of this document the term "switchgear¥is used for "gas-insulg
al enclosed switchgear".

does not cover directly immersed cable terminations, as described in CIG
chure 89 [4]1.

Normative references

following documents are referred towinthe text in such a way that some or all of t

d applies. For undated references,(the latest edition of the referenced document (inclug
amendments) applies.

60038, /EC standard voltages

60068-2-17:1994, Basic environmental testing procedures — Part 2-17:Tests — Test
ling

60141 (all parts), Tests on oil-filled and gas-pressure cables and their accessories

60376, Specification of technical grade sulphur hexafluoride (SFg) and complemen
es to be used in its mixtures for use in electrical equipment

5 to
ere
rier

ility

to
EC
ted

RE

heir
on
ing

ary

ken

IEC 60840, Power cables with extruded insulation and their accessories for rated voltages
above 30 kV (U,, = 36 kV) up to 150 kV (U,, = 170 kV) — Test methods and requirements

IEC 62067, Power cables with extruded insulation and their accessories for rated voltages
above 150 kV (U, = 170 kV) up to 500 kV (U, = 650 kV) — Test methods and requirements

1 Numbers in square brackets refer to the Bibliography.
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IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1:Common specifications
for alternating current switchgear and controlgear

IEC 62271-203:2011, High-voltage switchgear and controlgear — Part 203:Gas-insulated
metal-enclosed switchgear for rated voltages above 52 kV

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

ng

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

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

3.1
cahle termination
equlipment fitted to the end of a cable to ensure electrical connection with other parts of |the
sysfem and to maintain the insulation up to the point of connection

3.1
fluid-filled cable termination
cable termination which comprises a separating dnsulating barrier between the c3ble
insyilation and the gas insulation of switchgear, including a fluid

3.1J2
dry-type cable termination
cable termination which comprises an elastomeric electrical stress control component in direct
contact with a separating insulating bactier (insulator) between the cable insulation and [the
gad insulation of the switchgear, not réquiring any fluid

3.2
majn circuit end terminal
parf of the main circuit of a  gas-insulated metal enclosed switchgear forming part of [the
connection interface

3.3
caljle connection enclosure
parf of the gas=insulated metal-enclosed switchgear which houses the cable termination gnd
the|main circuit end terminal

3.4
callle.connection assembly
combination of a cable termination, a cable connection enclosure and a main circuit end
terminal, which mechanically and electrically connects the cable to the gas-insulated metal
enclosed switchgear

3.5

plug-in cable termination

cable termination where cable/stress cone assembly can be engaged into the insulator
assembly that is already installed into switchgear enclosure

3.6

design pressure

pressure used to determine the design of the enclosure and the components of the cable
termination subjected to that pressure
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Note 1 to entry:

gas

3.7
flui

used for insulation can reach under specified maximum service conditions.

d

liquid or gas for insulation purposes

3.8

cable system
cable with installed accessories

3.9
filli
filli
pre

and 101,3 kPa, which may be expressed in relative or absolute terms (or density), to wk

the

3.1

minimum functional pressure p,,. for insulation
minimum functional density p,. for insulation

pre

and 101,3 kPa, which may be expressed in relative or absolute terms (or density), at wh
and above which the characteristics of the switchgear-cable'Connection are maintained an

whi

4

4.1
Cla

4.2

Sufclause 2.1 of IEC 62271-203:2011 is applicable.

4.3

Sulyclause 2.2 of IEC 62271-203:2011 is applicable.

5.1
Wh
a)
b)
c)
d)
e)
f)
g)

It is at least equal to the maximum pressure in the enclosure at the highest temperature that the

g pressure p ., for insulation
g density p ., for insulation
ssure (in Pa), for insulation, referred to the standard atmospheric air conditions of 2(

assembly is filled before being put into service

D

ssure (in Pa), for insulation, referred to the standard atmosphéric air conditions of 2(

ch replenishment becomes necessary

Normal and special service conditions

General

use 2 of IEC 62271-203:2011 is applicable.

Normal service conditions

Special service conditions

Ratings

General

°C
ich

°C
ich
d at

=Ya) dimnneinning the cable connection neenmhly, the fnllnwing rated values shall nppl\/'

rated voltage of the equipment of the cable connection (U, ,);
rated insulation level (U,, Uy and Ug where applicable);

rated frequency (f,)

rated continuous current (/,);

rated short-time withstand current (7,);

rated peak withstand current (Ip);

rated duration of short circuit (7).
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Rated voltage of the equipment of the cable connection (U,;,)

The rated voltage for the equipment of the cable connection (U,,) is equal to the lower of the
values U, for the cable system and U, for the gas-insulated metal-enclosed switchgear and

sha

Il be selected from the following standard values:

72,5 kV - 100 kV — 123 kV — 145 kV — 170 kV — 245 kV - 300 kV — 362 kV — 420 kV — 550 kV

NOTE 1 Values above U, = 550 kV are not considered.

NOTE2 U, = 100 kV is not defined in IEC 60840.

5.3

The

Rated insulation level (U, Up, U,)

rated insulation level for the cable connection assembly shall be selected from)the val

given in IEC 60038 as well as IEC 62271-203.

5.4

The

5.5

The
tern

Rated frequency (f,)

preferred values of the rated frequency are 16,7 Hz, 25 Hz, 50 Hz'and 60 Hz.

Rated continuous current (1)

connection interface of the main circuit shown in Figures 2 and 3 for fluid-filled c3
ninations and Figures 4 and 5 for dry-type cable terminations is applicable at rg

continuous currents up to 3 150 A.

The
cur
swi

NOT
insu
insul
term

For|
cab
swi
tern

5.6

Shd
exc

5.7

connection interface shall be designed so_that at a current equal to the cable rg
ent corresponding to a maximum temperature of 90 °C, no heat transfer from
chgear main circuit end terminal to the cable termination will occur.

E As the maximum conductor temperature for cables is limited by the maximum operating temperature fo
ation, there are certain cable dielectrics which cannot withstand the maximum temperature specified for
ated metal-enclosed switchgear if there is heat transfer across the connection interface to the c
inations.

cases when the above design requirement of 90 °C at rated continuous current of
le system cannot be allowed because of cable design limitations, the manufacturer of
chgear should provide“the necessary data on temperature rise of the main circuit
ninal and of the insulating gas as a function of current.

Rated short-time withstand current (1)

rt-time currents of short circuit shall refer to the levels provided by the cable system,
eeding\the values defined for the switchgear in line with IEC 62271-1.

Rated peak withstand current (7

Les

ble
ted

ted
the

the
pas-
Able

the
the
bnd

not

o)

Peak withstand currents of short circuit shall refer to the levels provided by the cable system,

not

5.8

exceeding the values defined for the switchgear in line with IEC 62271-1.

Rated duration of short circuit (7,)

The duration of short circuit shall refer to the levels provided by the cable system, not

exc

eeding the values given in IEC 62271-1.
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6 Design and construction

6.1 Gas and vacuum tightness

Subclause 6.16 of IEC 62271-1:2017 is applicable with the following addition:

For conditions up to the maximum occurring gas operating pressure, the cable termination
shall prevent insulating gas from the switchgear diffusing into the interior of the cable
termination and into the cable. The cable termination shall prevent insulating fluid from the
cable termination entering the switchgear. The insulator (part 4 in Figures 2 and 4) shall be

cagmmﬂmmmmmmmm is
evdcuated, as part of the gas filling process.

In the case of a gas insulated cable or a gas insulated termination, the gas compartment of
the| cable or of the gas insulated termination shall be treated independently from |the
swiichgear with respect to tightness.

6.1p1  Limits of supply
6.101.1 General

Theg limits of supply of gas-insulated metal-enclosed switchgear and the cable termination
shdll be in accordance with Figure 2 for fluid-filled cable términations and Figure 4 for dry-
typg cable terminations.

6.1P1.2 Over-voltage protection and earthing

It i$ necessary to have either a direct low resistance connection or an insulated section
bridqged by non-linear resistors between part‘6“and part 13 of Figure 2 for fluid-filled cgble
terminations and Figure 4 for dry-type cablecterminations. To enable suitable connection$ to
be made to the switchgear, for the purposes of this direct connection or installation of pny
shelath voltage limiting device, the switchgear manufacturer shall provide four connection
points per phase (evenly spaced around each phase) each comprising an M12 threaded hole
of minimum 21 mm length (for all woltage levels). The position of these 4 connection pointp is
different from the mechanical conhection points used for fixing the cable termination insulator.
Thg number of connection points used shall be determined by the cable system designer.

Where applicable, the. number and characteristics of the non-linear resistors shall|be
determined by the cable system designer, and they shall be supplied by the cable termination
manufacturer, taking~into consideration the requirements of the user and the switchgear
manufacturer. Reference is made to CIGRE TB 44, 1993 [5], as well as to IEEE 1300-2(11,
Clause 11 [3k

accpunt the space required to install any non-linear resistors, including adequate clearances
to darth

In%ddition, the installation design of the area around the cable termination shall take [nto

For three phases in one enclosure arrangements special clarification between the GIS
manufacturer, the cable termination manufacturer and the cable system designer may be
necessary because of limited space between the three phases.

The overvoltage protection elements, i.e. connections between part6 and part 13 of
Figure 2 for fluid-filled cable terminations and Figure 4 for dry-type cable terminations as
described above, are not meant to serve as the cable system grounding connection.

Earthing of enclosures shall be in accordance with the relevant subclause of IEC 62271-
203:2011.
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6.102 Filling pressure of insulating gas in the cable connection enclosure

If SFg is used as the insulating gas, the minimum functional pressure for insulation p,, used
to determine the design of the cable termination insulation shall not exceed p,, = 0,35 MPa
(absolute) at 20 °C for maximum rated voltages up to 300 kV. For maximum rated voltages
exceeding 300 kV the minimum functional pressure for insulation p.,, used to determine the
design of the cable termination insulation shall not exceed p,,, = 0,4 MPa (absolute) at 20°C
(see Figure 1).

The filling pressure p,, of insulating gas is assigned by the switchgear manufacturer but shall
in no case be lower than Pme- The service pressure is in no case higher than the degign
pregsure as per 6.103.

A

0,85 Design pressure

Service pressure range

Pressure (MPa)

D
wb
&'I
<)
S
D

IEC

Design*pressure

Service pressure range

Pme

Pressure (MPa) (for values, see 6.103)

Y

IEC

Pme minimal functional pressure for insulation depending on rated voltage

Figure 1 — Operatlng pressure of the-SF4 gas insulation
inthecableconmnectionenclostre

If a gas other than SFg or a gas mixture is used, the minimum functional pressure shall be
chosen to provide the same dielectric performance as in case of SFg. The minimum functional
pressure shall be below the maximum service pressure and design pressure of the enclosure
as per 6.103.

6.103 Pressure withstand requirements

The design pressure for the outside of the cable termination is-0:85-MPa{abselute}at 20°C
independent-from-the GlS-desigh-pressure—applied determined by the particular GIS design

around the GIS/cable interface. Typical maximum gas pressures in service are up to 1,1 MPa
(absolute) for SF5 and up to 1,5 MPa (absolute) for other gases and gas mixtures.
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The particular pressure withstand requirements coming from the specific gas and GIS design
shall be thoroughly coordinated between GIS and cable termination manufacturer as well as
the user.

NOTE Due to the lower service current of a HV-cable connection than the rated current of a GIS, the related
temperature and pressure rise within the cable compartment can be lower. The design pressure of the GIS could
be higher than the design pressure of the cable termination.

6.104 Mechanical forces on cable terminations

The manufacturer of the cable termination in a three-phase connection shall take into account
the tUtd: dylldlllib fUIbUO Bcllcldtcd dulillu OhUIt bilbuit bUIId;t;UIIO. Thcec fUIbCO uuuaia Of
thoge generated within the cable termination and those coming from the main circuit-of |the
swifchgear. The maximum additional force applied from the switchgear to the conméection
intgrface (Figures 2 or 4) transversely and then being transferred from the main~circuit €nd
terrminal shall not exceed 5 kN for a three phase arrangement. For single-phase’ connectigns,
the| maximum additional force applied from the switchgear to the connection interfpce
(Figures 2 or 4) transversely and then being transferred from the main circuit end termjnal
shdll not exceed 2 kN. It is the responsibility of the manufacturer of the switchgear to engure
that the specified forces are not exceeded or to agree with the cable termihation manufactyrer
that the cable termination shall withstand the higher forces.

For| both single-phase and three-phase connections, additional ‘forces and movements ffom
the|switchgear can be experienced due to temperature variations and vibrations in servjce.
Thgse forces can act on both switchgear and cable termindtion and depend largely on [the
swifchgear layout, termination installation, cable desigh® and the methods of mechanjcal
supjport. The design of any support structure shall take into account these forces and
moyements. It is particularly important that the support for the switchgear shall not be affixed
to the insulator collar and/or clamping flangej parts 9 and 11 of Figures 2 or 4. Further
infgrmation regarding mechanical forces on the.flanges of the cable connection enclosure [are
given in Annex A.

For| seismic requirements, the switchgear manufacturer carries out a seismic calculation in
ordr to identify the location of mechanical reinforcements; reference is made to IEC 62271-
207 [2].

6.195 Switchgear connection interface and cable termination connection interface

Thgq normal current-carrying contact surfaces of the switchgear and cable termination
connection interface-(refer to parts 2 and 3 of Figures 2 and 4) shall be silver coated or
copper coated or non-coated solid copper.

7 |Type tests

7.1 Geheral

ForType tesis as per IEC 62Z7T1-T:2017, 7.T applies. IT SFg Is used, technical grade SFg in
accordance with IEC 60376 or used SFq in accordance with IEC 60480 shall be used.

7.2 Electrical type tests of cable terminations

7.2.1 General

The electric type tests of the cable termination shall be carried out according to the electrical
type tests defined in IEC 60141 (all parts) or IEC 60840 or IEC 62067 as relevant for the
cable design. Where applicable the insulator shall be tested to 7.2.4.

The cable termination shall be installed in an enclosure as per 7.2.2, filled with insulating gas
at the pressure not exceeding p,,,+0,02 MPa with filling pressure specified in 6.102.
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The design of the main circuit end terminal (part 1 in Figures 2 or 4 respectively) used in the
test as connection to part 3 of the cable connection assembly shall comply with Figures 2
and 4 respectively of this document.

2 Electrical type test of cable terminations in a single-phase enclosure

The cable termination is surrounded by a metal cylinder connected to earth, the maximum
internal diameter is equal to dy for the four standard sizes of cable connection enclosure (d5 in
Figure 3 for fluid-filled cable terminations and Figure 5 for dry-type cable terminations). The
minimum length of the metal cylinder shall be in accordance with the dimension /5 given in

Fig
7.2

The
the
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7.2
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cab
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3 Electrical type test of cable termination in a three-phase enclosure

single-phase test arrangement using the single-phase cable connection_enclosure fi
switchgear covers the test requirements of the cable termination in |a three-ph
losure as it imposes a more severe dielectric stress to the test object:1t is therefore
renced type test arrangement.

4 Additional electrical type tests on the insulator to be jnstalled by switchgear
manufacturer (plug in cable termination)

ome applications the termination insulator is installed in/the switchgear enclosure by
chgear manufacturer and is consequently subject to ‘routine and on site test procedy
licable to the switchgear. In order to cover this_ application the following test shall
ied out.

insulator shall be installed as specified by the cable termination manufacturer in orde
er later routine test at the switchgear manufacturer’s works and on site tests. Because
le will not be fitted to the termination,~any special devices required shall be fitted on
le side of the insulator. Such devices shall be provided by the cable termination supp
test shall be done at ambient temperature (20 + 15) °C. Test voltages shall be applied
cified in Table 1:
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Table 1 — Test voltages for additional electrical type tests according to 7.2.4

Switching Lightning
Power-frequency impulse impulse
voltage tests withstand withstand
voltage voltage
Rated voltage of Uq U U
the equipment of kV (RMS value) s pe
cable connection kV (peak value) | kV (peak value)
U Phase-to-earth withstand PTSSr:];lzétL?Feemfgr:t
KV (RMS value) voltage test U Phase-to-earth Phase-to-earth
(t =1 min) pd-test IEC 62271- IEC 62271
(NOTE 1) (>1 min) 203:2011, 203:20'M4,
IEC 62271-203:2011 10.2.101.2.4 10.27101.2.4
Cl. 7.1.101 IEC 62271-203:2011, (NOTE 3) (NOTE 3)
7.1.102
(NOTE 2) (NOTE 2)
M) (2) (3) (4) (5)
72,5 140 1,20, - 260
100 185 1,20, - 360
123 230 1,2 U, - 440
145 275 1,20, - 520
170 325 1,2 U, - 600
245 460 1,20, - 840
300 460 1,2 U; 680 840
362 520 1,200, 760 940
420 650 1,2 U, 840 1140
550 710 1,2 U, 940 1240

NOTE 1 The rated voltage for equipment U, applies as per 5.2.
NOTE 2 The AC type test voltages cover the switchgear routine test, which the insulator can be subjected to.

NOTE 3 The impulse voltage type tests*cover the switchgear on site test, which the insulator can be subje¢ted
to.

For| further details and\test procedure regarding dielectric tests on the insulator, reference is
magle in Table 1 tothe applicable clauses of IEC 62271-203:2011.

7.3 Pressuretest on the insulator of a cable termination

Theg insulator shall be secured in exactly the same manner as in service. The test shall be
carfied,'out at ambient temperature (20 + 15) °C. Hydraulic pressure shall be applied to [the
swifchdear side of the insulator with the cable side open to atmosphere. The pressure shall be
increased at a rate of not more than 0,4 MPa/min until it reaches three times the design
pressure (e.g. design pressure of 0,85 MPa absolute leads to a test pressure of
3 x 0,75 MPa = 2,25 MPa relative), which shall be held for 1 min.

7.4 Leak rate type test on the insulator of a cable termination

The test shall be performed at ambient temperature (20 = 15) °C on an insulator of a cable
termination installed in a suitable chamber. The insulator shall be installed in a manner close
to the service conditions. The test shall be carried out in accordance with
IEC 60068-2-17:1994, Clause 8 (the test method Qm is the preferred method to determine the
relative leakage rate).
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The measured leak rate shall not exceed 10-7 Pa x m3/s at minimal functional pressure for
insulation p,,, (see Figure 1).

NOTE The volume of the cable termination compartment is unknown during type test, therefore a leak rate flux
instead of leak rate percentage is given.

8 Routine tests

8.1 General

Rogiine tests of a cable termination shall be carried out according 1o all paris) or
IEQ 60840 or IEC 62067 as applicable. In addition the tests in the following 8.2 and 8(3-shall
be tarried out.

If mme cable termination insulator is pre-installed during switchgear manufacturing, this
insyilator will be subject to routine tests and on site tests specified in IEC 62271-203 when
thege are carried out on the switchgear. For these tests the insulator shall’be installed and
spelcial devices shall be fitted if required for the test, as specified by the cable termination
manufacturer. Such devices shall be provided by the cable termination'supplier.

8.2 Pressure test

Routine pressure tests of the insulator of a cable terminatioh shall be carried out at 2 times
desdlign pressure (relative) for one minute. The insulator shall be secured in exactly the sgme
manner as in service and the pressure shall be applied from the switchgear side. The
instilator shall not show any signs of overstress or leakage.

8.3| Visual inspection

Thgq visual inspection shall be made of all suffaces and shall not show any signs of signifidant
defects. Critical machined dimensions shaltbe confirmed by measurements.

9 |Standard dimensions

9.1 General

Stapdard dimensions are specified in order to ensure compatibility between switchgear and
cablle terminations cenforming to this document.

9.2 Fluid-filled cable terminations

Stanpdard dimensions for fluid-filled cable connection enclosures, main circuit end terminals
and cable~terminations applied to single-phase enclosures are shown in Figure 3. Hour
standard-sizes cover the voltage range (U,) from 72,5 kV to 550 kV.

9.3 Dry-type cable terminations

Standard dimensions for dry-type cable-connection enclosures, main circuit end terminals and
cable terminations applied to single-phase enclosures are shown in Figure 5. Four standard
sizes cover the voltage range (U,) from 72,5 kV to 550 kV. Figure 4 shows the two types of
dry-type cable termination. Type A incorporates an elastomeric electrical stress control
component inside the insulating barrier. Type B incorporates the insulating barrier inside the
elastomeric electrical stress control component.

For use of dry type cable terminations according to Figure 5 in enclosures for fluid-filled
terminations according to Figure 3, suitable interface adaptor(s) shall be supplied by the cable
termination manufacturer.
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9.4 Three-phase cable connection enclosure

The minimum dimensions of the three-phase cable connection enclosure are defined by the
minimum phase to phase distance arising out of dy and the minimum phase to ground
distance arising out of ds/2 in accordance with Figures 3 and 5 respectively.

10 Information to be given with enquiries, tenders and orders

Refer to IEC 60840 or IEC 62067 or IEC 60141 (aII parts) and IEC 62271-203. In add|t|on

Manufacturers shall state the specific requirements for civil, electrical and installai
clegrances applicable to the switchgear, cable termination and cable. Information, shall| be

uence as well as positioning and temporary fixing of the relevant components;

At fhe time of ordering or manufacturing a switchgear, it is very often not known whether and
how the foreseen cable systems will be tested at site. In order to improve)this situation, [the
user of the switchgear has to identify in his inquiry each cable feeder” and which testing
method will be applied. It is assumed that generally an AC or DC test will be executed at dite.
Thg following main test methods are defined:

a) |in case that one end of the cable is installed outdoors,(the outdoor located accessjble
cable end may be used to apply the test voltage;

b) |in case of a cable connection between two switchgears or between switchgear and
transformer, the cable connection enclosure in the switchgear may be used to apply |the
test voltage.

It if the responsibility of the user to indicate in the" enquiry for the switchgear which feederg of
the[switchgear shall be foreseen for cable testing and which test method is required.

11 [Rules for transport, storage, erection, service and maintenance

11.1 General

Refier to IEC 62271-1:2017,-Clause 11.

Thg cable termination.manufacturer should ensure that during manufacture, handling, storage
and installation of (the cable termination, provisions should be made to ensure that |the
requirements givenJin 6.2 of IEC 62271-1:2017 can be satisfied after final assembly of [the
connection. Thelecable termination manufacturer should supply the necessary information to
engble theselrequirements to be satisfied, if the cable termination is to be installed by othefs.

11.2 ,Tests after cable system installation

If r \.'U;IUCII by thU UotTl Uf thU OVV;tUthaI, thc IIIGIIUI‘GUtUIUI oha” IIIG}\C OpUb;G: pIUV;D;UIID for
the testing of the cable system, such as disconnecting facilities, earthing facilities and/or
increasing gas pressure within the given design limits of the cable connection enclosure. This
applies also if parts of the switchgear directly connected to the cable connection assembly
cannot withstand the test voltage specified in IEC 60141 (all parts) or IEC 60840 or
IEC 62067 for the cable test at rated gas density. It also applies if in the judgment of the
switchgear manufacturer, it is not acceptable to apply the test voltage to the affected
switchgear components.

If required by the user, the switchgear manufacturer shall provide the location for a suitable
test bushing and provide the user with all necessary information for mounting such a bushing
to the cable connection enclosure. If necessary to achieve adequate electrical clearances, the
test bushing shall include a suitable insulated connection and test terminal. The requirement
for the test bushing shall be specified by the user in the enquiry.
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NOTE |Increasing the gas pressure is not a reliable method of improving the electrical strength at the surface of
an insulator when tested with DC voltage.

12 Safety practices and constraints during installation of cable connection to
switchgear

The following practices should be considered for handling electrical equipment in the field:

e before commencing any work on the equipment in the field, make sure that the cable, the
switchgear and all adjacent electrical equipment are de-energized and properly grounded.

e [the preparation of the cable, the installation of cable terminations and the connection$ to
the switchgear are intended to be performed by qualified personnel and jointers_.that [are
trained and experienced in installing these or similar products in the field.

e [instructions and precautions depending on individual design and local regulations, such as
gas pressure reduction in the neighboring compartment, have to be considered.

13 [Influence of the product on the environment

Clause 12 of IEC 62271-203:2011 is applicable.
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Annex A
(informative)

Mechanical forces applied on the flange
of the cable connection enclosure

A.1 General

The
sysiem design. For both single-phase and three-phase connections, additional forces\ and
moyements from the switchgear and the cable system can be experienced due to temperafure
varfations in service. These forces can act on both switchgear and cable system and.depgend
lardely on the switchgear layout, termination installation, cable design and they methodg of
meg¢hanical support of the switchgear and cable system. The design of any suppb6rt strucfure
shquld take into account these forces and movements.

A.4 Recommendation when connecting cable systems to,switchgear

Thg switchgear system should be considered as a system allowing limited moving tolerances
dur|ng all occurring operation conditions concerning its connéction to the cable system. The
cablle system should be considered as a system allowing lilmited movement tolerances dufing
seryice concerning its connection to the switchgear. Thelswitchgear designer should spegify
the|[movement tolerances, forces and loads covering all operational conditions, and document
them in the relevant arrangement drawings. Thesedata should be taken into account by [the
cable system designer.

Thg switchgear supplier should provide the supporting structure for the cable connection
endlosure comprising a sliding point, to allew movement of the cable connection enclosure, to
allgw switchgear expansion or contractioh due to the temperature variations.

Thg supporting structure of a cable connection enclosure of the switchgear, should| be
desiigned where possible, in suchva way, that an adjacent cable centring fixation point can be
added to that structure and there will be no relative movement between the cable connection
endlosure and the centringfixation point.

A cphble connection eiclosure may need to be engineered as a fixed point. This occurs in|the
case of an installation of e.g. a high pressure oil cable system which due to its design is|not
able to absorb thermal displacement caused by the switchgear. In this case the switchgear
manufacturer~nhas to absorb the thermal displacement by appropriate measures, ¢€.g.
compensatings equipment. It is the responsibility of the user to inform the switchgear
manufacturer about the installation of such a cable system together with the inquiry.

It i also particularly important that the support for the switchgear housings should neithel be
affixed to the insulator collar and/or clamping flange (parts 9 and 11 of Figures 2 or 4), nor to
the flange of the cable connection enclosure (part 6 in Figures 2 or 4).

NOTE 1 The assembly of parts 6 and 11 in Figures 2 or 4 has the purpose of a tight gas connection and is
reserved for the loads originated by the cable termination and attached cable connection.

Preferably part 6 in Figure 2 and 4 should be reserved for the fixing of an anti-kink
construction (bending protection), if needed, having the task to avoid bending forces and axial
forces onto the sealing end, and fixing the position of the cable in relation to the cable
connection enclosure flange. Attention should be brought to the type of ground connection to
the cable sheath, in case of insulated screen the anti-kink centring should not short circuit this
insulation. Snaking of the cable may be performed to lower the conductor thrust on the
insulator. The supply of an anti-kink construction is the responsibility of the cable system
supplier.
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In addition to the load arising from maximum operating gas pressure specified in 6.103 the
flange of the cable connection enclosure (part 6 in Figures 2 or 4) attached to the cable
termination is subject to the following normal and exceptional forces during service:

forces originated from the transversal movement of the cable connection enclosure due to
temperature variations of the switchgear;

part of weight of the attached cable termination, the potential anti-kink construction and
part of the weight of the cable system in dependency of the rated voltage and cable
conductor type;

short circuit forces between the attached cables;

— Iseismic forces originating from the cable termination, cable connection and supporiing
structures of the cable system or parts thereof, if applicable.

Forces during normal operation arising as described above have to be limited by, appropr|ate
measures to the values listed in Table A.1.

Forces originating from the expansion or contraction of the cable, due\to”the temperafure
varfation, which are transferred to the cable connection enclosure of the.switchgear should be
miniimized by the use of appropriate means like fixing and snaking”of ‘the cables. Howeyer,
thege forces result in the simultaneous application of:

— |a bending moment M;

— [a shearing force Fy;

— [a tensile or compressive force F,
at the cable connection enclosure (part 6 of Figureés'\2 or 4). The cable connection enclogure
flarjge should be capable of withstanding the values of M, F; and F, specified in Table A.1,

and it should be the responsibility of the cable-system designer to ensure that these valpes
are[not exceeded.

In ¢ase of exceptional loads, such .as~a short circuit or seismic, the total load should |not
exceed a maximum of 200 % of the given normal loads in Table A.1.

NOTE 2 The requirement concerning-the ratio between normal and exceptional load is in accordance withl the
ratid of the service and cantilever testloads in IEC 60137:2017, Table 1 [1].

Table A.1 — Moment and forces applied on the flange of the cable connection encloslire
attached to the cable termination during normal operation

Rated voltage U Tensile or compressive Shearing force F, Bending moment M
force F,
((4%) (kN) (kN) (kNm)
>-52to 100 1,0 1,0 1,2
123 to 170 1,5 1,5 1,8
245 to 300 2,5 2,5 3,0
362 to 550 4,5 4,5 54

NOTE 1 F, acts in the axial direction of the cable, F, in transverse direction.

NOTE 2 Mg results from F, acting in a distance of 1,2 m from the lower flange of the cable connection
enclosure (part 6).

NOTE 3 Forces in Table A.1 are per cable and apply for single-phase and three-phase connections.

In order to ensure that the requirements mentioned above in relation to normal and
exceptional forces and loads are in no case exceeded, design coordination between the GIS
manufacturer and the cable system provider is required.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 209: Raccordement de cables pour appareillage sous enveloppe

métallique a isolation gazeuse de tension assignée supérieure a 52 kV
Cabi e dtan—fhuid sotati trodée—

Extrémité de cable de type sec ou remplie d'un fluide

AVANT-PROPOS

lla Commission Electrotechnique Internationale (IEC) est une organisation mondiale ,de normalisa
omposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux-de)I'lEC). L'IEC a

e l|'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités’— publie des Non
internationales, des Spécifications techniques, des Rapports techniques, des/Spécifications accessible
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a
omités d'études, aux travaux desquels tout Comité national intéressé par‘le Sujet traité peut participer.
rganisations internationales, gouvernementales et non gouvernementales,Jen liaison avec I'lEC, partici
¢galement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I
gelon des conditions fixées par accord entre les deux organisations.

lles décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la me|
u possible, un accord international sur les sujets étudiés, étant“donné que les Comités nationaux de |
intéressés sont représentés dans chaque comité d’études.

lles Publications de 'lEC se présentent sous la forme @e recommandations internationales et sont agre
omme telles par les Comités nationaux de I'lEC. Tous\les efforts raisonnables sont entrepris afin que |
g'assure de I'exactitude du contenu technique de ses.publications; I'lEC ne peut pas étre tenue responsabl
lléventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tou
hesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nation
¢t régionales. Toutes divergences entre ¢outes Publications de I'lEC et toutes publications nationaleg
égionales correspondantes doivent étre.indiquées en termes clairs dans ces dernieres.

'IEC elle-méme ne fournit aucunesattestation de conformité. Des organismes de certification indépend
urnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques
onformité de I'lEC. L’IEC n'est.responsable d'aucun des services effectués par les organismes de certificg
ihdépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité.\ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires|
andataires, y compris ses experts particuliers et les membres de ses comités d'études et des Con
ationaux de I'lECy_pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout 3
ommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les
e justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC o
ute autre Publication de I'l|EC, ou au crédit qui lui est accordé.

'atteptioh”est attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
éférencées est obligatoire pour une application correcte de la présente publication.
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‘atiéntion est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent

aire

I'objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

Cette version consolidée de la Norme IEC officielle et de son amendement a
préparée pour la commodité de l'utilisateur.

L’'IEC 62271-209 édition 2.1 contient la deuxiéme édition (2019-02) [docume
17C/696/FDIS et 17C/701/RVD] et son amendement 1 (2022-03) [documents 17C/833/FDIS
et 17C/841/RVD].

été

nts

Dans cette version Redline, une ligne verticale dans la marge indique ou le contenu
technique est modifié par I'amendement 1. Les ajouts sont en vert, les suppressions
sont en rouge, barrées. Une version Finale avec toutes les modifications acceptées est
disponible dans cette publication.
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La Norme internationale IEC 62271-209 a été établie par le sous-comité 17C: Ensembles,
comité d'études 17 de I'l[EC: Appareillage haute tension.

Cette deuxiéme édition constitue une révision technique.

Cette édition inclut les modifications majeures suivantes par rapport a I'édition précédente:

du

a) Nouvelle numérotation conformément aux directives ISO/IEC, Partie 2 (2016) et a

I'EC 62271-1:2017;

b) Article 3: ajout des définitions d'extrémité de cable embrochable, de pression

de

remplissage et de pression minimale de fonctionnement;

c) [Article 7: Un essai diélectrique de type complémentaire pour les extrémités decal
embrochables a été ajouté; un essai de pression de type ainsi qu'un essai de taux/de f
type pour l'isolateur des extrémités de cable ont également été appliqués;

d) [Article 12: Nouvel article relatif aux pratiques en matiére de sécurité;

e) |Article 13: Nouvel article relatif a I'influence du produit sur I’environnerhgnt;

f) |Nouvelle Annexe A informative: Forces mécaniques appliquées sumla bride de I'envelo
du raccordement de céble.

Ce [document a été rédigé selon les Directives ISO/IEC, Partie 2.

La |présente Norme doit étre lue conjointement a I'lEC 62271-1:2017, a laquelle elle
référence et qui est applicable, sauf indication contraire dans la présente Norme. B
faciliter le repérage des exigences correspondantes;{cette norme utilise une numérota
identique des articles et des paragraphes a celle del'IEC 62271-1. Les modifications de
artitles et de ces paragraphes ont des\références identiques; les paragrap

les
Lite

bpe

fait
our
ion
ces
hes

supplémentaires qui n'ont pas d'équivalent¢dans I'lEC 62271-1, sont numérotés a partir

de [101.

Ung¢ liste de toutes les parties dela’ série IEC 62271, publiées sous le titre gén
Appareillage a haute tension, peut étte consultée sur le site web de I'lEC.

Le fomité a décidé que le contenu de la publication de base et de son amendement ne s
pag modifié avant la date de &fabilité indiquée sur le site web de I'lEC sous webstore.ieq
darns les données relatives ayla publication recherchée. A cette date, la publication sera

e Jreconduite,
e |supprimée,
e [remplacée par.une édition révisée, ou

e lamendée:

Bral

era
.ch

IMRORTANT — Le logo "colour inside” qui se trouve sur la page de couverture de cef

te

publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,

imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION a ’'Amendement 1

Le présent amendement inclut les modifications suivantes:

a) conformément a la décision prise lors de la réunion pléniére de I'lEC qui s'est tenue en
octobre 2019 a Shanghai (17C/Shanghai/Sec07), le paragraphe 6.103, la Figure 1 et la
Figure 2 ont été modifiés;

b) le CDV a été modifié conformément aux documents mentionnés ci-dessus et d’aprés la
décision prise lors de la réunion pléniére virtuelle de I'l[EC en octobre 2021 (17C/823/RM).

NOTE—Le CIGRE & publie Ta TB 764 "Standard design or a comimaon, dary type plug-in miterface 1Tor GIs and power
ﬁ Ce

cables up to 145 kV", décrivant le fondement de la normalisation approfondie d’une telle interface com
sujef sera traité au cours de la prochaine révision de I'lEC 62271-209. Q/
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APPAREILLAGE A HAUTE TENSION -

Partie 209: Raccordement de cables pour appareillage sous enveloppe
métallique a isolation gazeuse de tension assignée supérieure a 52 kV —

Cables remplis d’un fluide ou a isolation extrudée —
Extrémité de cable de type sec ou remplie d'un fluide
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dispositifs.accessoires

s’aiplique. Pour les références ‘non datées, la derniere édition du document de référe

Domaine d’application

présente partie de I'lEC 62271 est applicable a I'assemblage de raccordement,de cal
plis d’'un fluide ou a isolation extrudée au poste sous enveloppe métallique (PSEM), d
disposition unipolaire ou tripolaire. Les extrémités de cable sont remplies’d’un fluide
type sec et une séparation isolante se trouve entre le fluide d'isOlation du cablg
lation gazeuse de l'appareillage.

but du présent document est d'établir une interchangeabilité électrique et mécanique e
extrémités de cable et I'appareillage sous enveloppe métallique a isolation gazeuse ef
erminer les limites de fourniture. Elle compléte et modifie) le cas échéant, les norn
iculieres de I'lEC. Dans le cadre du présent documentlésterme «appareillage» est uti
r «cappareillage sous enveloppe métallique a isolation-gazeuse».

e s’‘applique pas aux extrémités de cable du,\type directement immergées telles
rites dans la brochure 89 du CIGRE [14]1.

Références normatives

documents suivants cités dans lectexte constituent, pour tout ou partie de leur contg
exigences du présent document. Pour les références datées, seule [I'édition c

plique (y compris les éventuéls amendements).
60038, Tensions normales de la CEI

60068-2-17:1994, Essais fondamentaux climatiques et de robustesse mécaniqus
tie 2-17:Essais.— Essai Q:Etanchéité

60141 (toutes les parties), Essais de cébles a huile fluide, a pression de gaz et de le

les
ans
ou

ntre

de
nhes
lisé

jue

nu,
tée
nce

urs

IE

oY Vot 7o Q L ' g ) : g g ) ) £ ] (Q )\ g J
OUOT0, opeliitatiorr Ur teoririedar Yyrauc SUipriar TIicXdirtuuriuc (OI_6/ arra CUITTPICTITETI

ary

gases to be used in its mixtures for use in electrical equipment (disponible en anglais

seu

lement)

IEC 60480, Lignes directrices relatives au contrble et au traitement de [I'hexafluorure de
soufre (SFg) prelevé sur le matériel electrique et spécification en vue de sa réutilisation

IEC 60840, Cables d'énergie a isolation extrudée et leurs accessoires pour des tensions
assignées supérieures a 30 kV (U,, = 36 kV) et jusqu'a 150 kV (U,, = 170 kV) — Méthodes et
exigences d'essaj

1 Les chiffres entre crochets renvoient a la Bibliographie.
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IEC 62067, Cables d'énergie a isolation extrudée et leurs accessoires pour des tensions
assignees supérieures a 150 kV (U, = 170 kV) et jusqu'a 500 kV (U,, = 550 kV) — Méthodes
et exigences d'essai

IEC 62271-1:2017, Appareillage a haute tension — Partie 1: Spécifications communes pour
appareillage a courant alternatif

IEC 62271-203:2011, Appareillage a haute tension — Partie 203: Appareillage sous enveloppe
meétallique a isolation gazeuse de tensions assignées supérieures a 52 kV

3 |Termes et définitions
Podr les besoins du présent document, les termes et définitions suivants s'appliquént.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinéesla étre utilisges
en hormalisation, consultables aux adresses suivantes:

o |[IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

e [ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
extrémité de cable
éqyipement prévu au bout d'un cable pour assurer le raccordement électrique avec d'aufres
parfies du réseau et pour maintenir I'isolement jusqu'al point de raccordement

3.1
extrémité de cable remplie d’un fluide
extfémité de cable qui comprend un écran isolant de séparation entre le fluide d'isolation du
cablle et I'isolation gazeuse de I'appareillage; y compris un fluide

3.1)2
extrémité de cable de type sec
extrémité de cable n’exigeant gucun fluide comprenant un composant élastomére par effluve
élegtrique en contact direct avec un isolateur qui fait frontiére entre le cable et le PSEM

3.2
bonne d'extrémité du'circuit principal
partie du circuit prinecipal de l'appareillage sous enveloppe métallique a isolation gazepse
faislant partie dedl'interface de raccordement

3.3
enyeloppe du raccordement de cable
partie/de“l'appareillage sous enveloppe métallique a isolation gazeuse qui contient I'extrémité
de ¢able et la borne d'extrémité du circuit principal

3.4

assemblage de raccordement de cable

combinaison d'une extrémité de cable, d'une enveloppe du raccordement de cable et d'une
borne d'extrémité du circuit principal qui relie mécaniquement et électriquement le cable a
I'appareillage sous enveloppe métallique a isolation gazeuse

3.5

extrémité de cable embrochable

extrémité de cable ou l'assemblage cable/cbne déflecteur peut étre encliqueté dans
I'assemblage de l'isolateur déja installé dans I’enveloppe de I'appareillage
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3.6

pression de calcul
pression retenue pour la conception de I'enveloppe et des composants de I'extrémité de cable
sujette a cette pression

Note 1 a l'article: Elle est au moins égale a la pression maximale de I'enveloppe lorsque la température du
utilisé pour l'isolation a atteint son maximum sous les conditions de service maximales spécifiées.

3.7

fluide

liqu

ide ou gaz pour l'isolation

gaz

3.8

sygtéme de cable

cab

3.9
pre
ma
pre
de

abs

3.1
pre
ma
pre
de
abs
de

4.1

L’A

4.2

Le

4.3
Le

le avec ses accessoires installés

sion de remplissage p ., d’isolation

se volumique de remplissage p,, d’isolation

5sion (en Pa) d’isolation, rapportée aux conditions atmosphérigues normales de 20 °(
101,3 kPa, qui peuvent étre exprimées en termes (ou masse volumique) relatifs
olus, a laquelle le dispositif d’accumulation d’énergie est rempli“avant la mise en servic

D
sion minimale de fonctionnement p,,,, d'isolation

se volumique minimale de fonctionnement p . d'isolation

5sion (en Pa) d’isolation, rapportée aux conditigns atmosphériques normales de 20 °(
101,3 kPa, qui peuvent étre exprimées en. termes (ou masse volumique) relatifs
olus, auxquelles et au-dessus de laquellecles caractéristiques du raccordement de cé
‘appareillage sont conservées a laquelle le remplissage devient nécessaire

Conditions normales et spéciales de service
Généralités
rticle 2 de I'lEC 62271-203:2011 s’applique.

Conditions normales de service

P.1 de I'IEC 62271-203:2011 s’applique.

Conditions spéciales de service

P.2,deyPIEC 62271-203:2011 s’applique.

et
ou

142

et
ou
ble

5

5.1

Caractéristiques assignées

Généralités

Pour le dimensionnement de I'assemblage de raccordement de cable, les valeurs assignées
suivantes doivent s’appliquer:

a)
b)
c)
d)
e)

tension assignée de I'’équipement du raccordement de céable (U,,);
niveau d'isolement assigné (Up, Uy et Ug le cas échéant),
fréquence assignée (f;);

courant permanent assigné (/,);

courant de courte durée admissible assigné (/,);
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f) valeur de créte du courant admissible assignée (Ip);
g) durée de court-circuit assignée (7).

5.2 Tension assignée de I’équipement du raccordement de céble (U,,,)

La tension assignée pour I'équipement du raccordement de céble (U,,) est égale a la plus
faible des valeurs U, retenues pour le systéme de céble et U, pour l'appareillage sous
enveloppe métallique a isolation gazeuse et doit étre choisie parmi les valeurs normalisées
suivantes:

L 4 OO\ L 400 L\ 4 AL 1\ 420 1\ O At N/ aOA—tAL ano | AOOL\L O
72, RV = TUU RV = TZO0 RV = 140 RV = TTURKV = Z90 RV = OUU KRV = ODZ KV = FZU KV = 00U V

\@ |}

NOTE 1 Les valeurs supérieures a U, = 550 kV ne sont pas prises en compte.

NOTE 2 U, = 100 kV n’est pas définie dans I'lEC 60840.
5.3] Niveau d'isolement assigné (U, Uy Ug)

Le piveau d'isolement assigné pour I'assemblage de raccordement de cable doit étre chpisi
parmi les valeurs de I'l[EC 60038 ainsi que dans I'l[EC 62271-203.

5.4| Fréquence assignée (f,)

Leg valeurs préférentielles de la fréquence assignée sont 1647-Hz, 25 Hz, 50 Hz et 60 Hz.

5.5/ Courant permanent assigné (1)

L'interface de raccordement du circuit principal{indiquée aux Figures 2 et 3 pour [les
extrémités de cable remplies d’un fluide et aux Figures 4 et 5 pour les extrémités de cablg de
type sec est applicable a des courants permanents assignés jusqu’'a 3 150 A.

L'interface de raccordement doit étre congue afin qu’avec un courant égal au courant assigné
du [cable pour une température maximale de 90 °C, aucun transfert de chaleur de la bgrne
d'extrémité du circuit principal de I'appareillage vers I'extrémité de cable ne se produise.

NOTE La température maximale de~l'ame du cable étant limitée par la température maximale de fonctionnement
de I'jsolation, il existe certains iselants pour cable qui ne peuvent supporter les températures maximales spécifiées
poull l'appareillage métallique ‘sous isolation gazeuse a cause du transfert de chaleur par l'interface de
raccordement vers I'extrémité du cable.

Podr les cas ou I'exigence de conception ci-dessus de 90 °C au courant permanent assigné
ne peut étre admise a cause des limites de conception du cable, il convient que le fabrigant
de [l'appareillage: ‘'donne les données nécessaires concernant I'échauffement de la bdrne
d'extrémité ducircuit principal et du gaz isolant en fonction du courant.

5.6| ,Courant de courte durée admissible assigné (1)

Les courants de courie duree d un couri-circuil doivent Se reporter aux niveaux journis par le
systéme de cable, en ne dépassant pas les valeurs définies pour 'appareillage conformément
a 'lEC 62271-1.

5.7  Valeur de créte du courant admissible assignée (1)

Les valeurs de créte du courant admissible assignées d’un court-circuit doivent se reporter
aux niveaux fournis par le systeme de cable, en ne dépassant pas les valeurs définies pour
I'appareillage conformément a I'lEC 62271-1.

5.8 Durée de court-circuit assignée ()

Les durées de court-circuit doivent se reporter aux niveaux fournis par le systéme de céble,
en ne dépassant pas les valeurs définies dans I'l[EC 62271-1.
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6 Conception et construction

6.1  Etanchéité au gaz et au vide

Le 6.16 de I'lEC 62271-1:2017 s’applique avec I'ajout suivant:

Pour des conditions au niveau de la pression de service maximale du gaz, I'extrémité de
cable doit empécher la diffusion du gaz isolant de I'appareillage dans I’extrémité de cable et
dans le cable. L’'extrémité de cable doit empécher la pénétration du fluide isolant depuis
I'’extrémité de céble vers I'appareillage. L’isolateur (élément 4 des Figures 2 et 4) doit étre

cawmmmmmm est
mise sous vide lors du processus de remplissage de gaz.

Dans le cas d’un cable a isolation gazeuse ou d’une extrémité a isolation gazeuse, et enl ce
qui|concerne I'étanchéité, le compartiment a gaz du cable ou I'extrémité a isofation gazelse
doiyent étre traités indépendamment de I'appareillage.

6.1D1 Limites de fourniture
6.101.1 Généralités

Leg limites de fourniture de l'appareillage sous enveloppe métallique a isolation gazeuse¢ et
d'extrémité de cable doivent étre celles indiquées a la Figure 2 pour les extrémités de c3jble
remplies d’un fluide et a la Figure 4 pour les extrémités de.cable de type sec.

6.101.2 Protection contre la surtension et misé a la terre

Il est nécessaire d’avoir un raccordement direct a-faible résistance ou une portion isolée ayec
ded résistances non linéaires montées en pontientre I’élément 6 et I'élément 13 de la Figufe 2
pour les extrémités de cable remplies d’'un‘dluide, et de la Figure 4 pour les extrémités| de
cablle de type sec. Afin de permettre des raccordements appropriés aux appareillages, et pour
les |besoins de ce raccordement ou de-linstallation direct(e) de n’importe quel dispositiff de
limitation de tension de gaine, le fabricant de I'appareillage doit fournir quatre points| de
fixation par phase (répartis uniformément autour de chaque phase), chacun comprenantf un
troy taraudé M12 de longueur minimale de 21 mm (pour tous les niveaux de tension).| La
posfition de ces quatre points_de fixation differe de celle des points de fixation mécanijue
utilisés pour fixer l'isolatelryde I’extrémité de cable. Le nombre de points de fixation utilisé
doi{ étre déterminé par le concepteur du systéme de cable.

Le pas échéant, le nombre et les caractéristiques des résistances non linéaires doivent étre
déterminés par le_concepteur du systéme de cable, et doivent étre fournis par le fabrican{ de
I'exfrémité de)cable, en tenant compte des besoins de l'utilisateur et du fabricant|de
I'appareillage)ll est fait référence a la CIGRE TB 44, 1993 [5], ainsi qu’a 'l[EEE 1300-2(Q11,
Article 145[3].

en considération I'espace exigé pour l'installation de n’importe quelle résistance non linéaire,
y compris les distances d’isolement a la terre.

L’espace limité entre les trois phases d'un dispositif d’enveloppe peut nécessiter une
clarification particuliére entre le fabricant du PSEM, le fabricant de I'extrémité de cable et le
concepteur du systéme de céble.

Les éléments de protection contre les surtensions, c’est-a-dire les raccordements entre
I’élément 6 et I'’élément 13 de la Figure 2 pour les extrémités de cable remplies d’un fluide et
de la Figure 4 pour les extrémités de cable de type sec tel que décrit ci-dessus, ne sont pas
faits pour raccorder le systéme de céble a la terre.
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La mise a la terre des enveloppes doit se faire conformément au paragraphe applicable de
'EC 62271-203:2011.

6.102 Pression de remplissage du gaz isolant dans I’enveloppe du raccordement de
cable

Si le gaz isolant est du SFg, la pression minimale de fonctionnement pour l'isolation p,. a
retenir pour la conception de l'isolation de I’extrémité de cable ne doit pas étre supérieure a
Pme = 0,35 MPa (absolu) a 20 °C pour des tensions assignées maximales allant jusqu'a
300 kV. Pour des tensions assignées maximales supérieures a 300 kV, la pression minimale
de fonctionmement pourrisolaton p,,e a retenir pour ia conception de Ti1solalion de T exire ité
de ¢able ne doit pas dépasser 0,4 MPa (absolu) a 20 °C (voir Figure 1).

La |pression de remplissage p, du gaz d’isolation est déterminée par le ~fabricant|de
I'apjpareillage mais ne doit en aucun cas étre inférieure a p,.. La pression de,service n’esi en
audun cas supérieure a la pression de calcul conformément a 6.103.

= A
o
= 0,85 Pression de calcul
S
»
g Plage de pressions de service
o
0,35/0,40 ? Pme

IEC

Pression de calcul

Plage de pressions de service

Pme

-

Rression (MPa)’ (pour les valeurs, voir 6.103)

IEC

Pme pression minimale de fonctionnement pour I'isolation en fonction de la tension assignée

Figure 1 — Pression de service du gaz isolant-SFg dans I’enveloppe
du raccordement de cable

Si un gaz autre que SFg ou un mélange de gaz est utilisé, la pression minimale de
fonctionnement doit étre choisie afin de fournir la méme performance diélectrique qu’avec un
gaz SFg. La pression minimale de fonctionnement doit étre inférieure a la pression maximale
de fonctionnement et a la pression de calcul de I’enveloppe conformément a 6.103.
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6.103 Exigences pour la tenue a la pression

La pression de calcul pour l'extérieur de l'extrémité de cable est—de0;85-MPa—a-20°C

S sole—srnenis aleut-du—PSEM-—appliguée déterminée par la
conception du PSEM autour de l'interface PSEM/cable. Les pressions de gaz maximales
types en service peuvent atteindre 1,1 MPa (pression absolue) pour le SFg et 1,5 MPa
(pression absolue) pour les autres gaz et mélanges de gaz.

cHo> 0O e Sye S S

Les exigences particuliéres pour la tenue a la pression provenant de la conception spécifique
du gaz et du PSEM doivent faire 'objet d’une coordination approfondie entre le constructeur
du BSEM et de l'extrémité de cahle et 'utilisateur

NOTE En raison du courant de service plus faible d’'un raccordement de cable HT par rapport au couranfiassjgné
d’un| PSEM, I'échauffement et 'augmentation de pression associés a I'intérieur du compartiment de cable peujent
étre|plus faibles. La pression de calcul du PSEM pourrait étre supérieure a la pression de calcul de ['extrémitg de
cable.

6.1p4 Efforts mécaniques sur les extrémités de cable

s le cas d’'un raccordement tripolaire, le fabricant d'extrémité de cable doit tenir conipte
deg efforts électrodynamiques totaux produits par les courts-circuits/ Ces efforts comprennent
qui proviennent de I'extrémité de cable et ceux qui proviemment du circuit principall de
l'appareillage. L'effort complémentaire maximal appliqué)"” perpendiculairement |de
'appareillage a l'interface de raccordement (Figure 2 oul4) et provenant de la bdrne
d'extrémité du circuit principal ne doit pas dépasser 5 kN peur'un dispositif tripolaire. Pour|les
raccordements unipolaires, I'effort complémentaire maximal appliqué perpendiculairemen{ de
'appareillage a linterface de raccordement (Figure, 2" ou 4) et provenant de la bdrne
d'extrémité du circuit principal ne doit pas dépasser 2 kN. Il est de la responsabilité| du
fabricant de l'appareillage de vérifier que les efforis spécifiés ne sont pas dépassés, ou| de
convenir avec le fabricant de I'extrémité de cable que I'extrémité de cable doit supporter|les
effgrts les plus élevés.

Leg vibrations et les variations de tempgrature en conditions de service peuvent induire fdes
forges additionnelles a I'appareillage“et des mouvements sur les raccordements de cible
unipolaire ou tripolaire. Ces forces peuvent agir sur lI'appareillage et sur I'extrémité de cgble
épendent principalement dei}implantation de l'appareillage, du type de céable et fes
moyens de support. La conception de toutes les structures doit prendre en compte ces forgces
et |ces mouvements. Il est particulierement important de noter que les supports|de
l'appareillage ne doivent.pas étre fixés sur le collier de l'isolateur et/ou sur la bride, partids 9
et 11 de la Figure . 2\ou 4. Des informations complémentaires concernant les effprts
méganiques sur la bride de I'enveloppe du raccordement de cable sont données a ’Annexg A.

Podr les exigences sismiques, le fabricant de I'appareillage effectue un calcul sismique gfin
d’identifier ~la. ~localisation des renforcements mécaniques; il est fait référencel a
'EC 62274207 [2].

6.1P5 Interface de raccordement de I’appareillage et de I’extrémité de cable

Les surfaces de contact de 'appareillage conduisant le courant et I'interface de raccordement
de I'extrémité de cable (se référer aux parties 2 et 3 des Figures 2 et 4) doivent étre
recouvertes d’argent, de cuivre ou en cuivre non recouvert.

7 Essais de type

71 Généralités

Pour les essais de type de I'lEC 62271-1:2017, le 7.1 s’applique. Si du gaz SFg est utilisé, le
grade technique du SFq doit étre conforme a I'lEC 60376 ou, si du SFq réutilisé est employé,
alors le grade technique doit étre conforme a I'l[EC 60480.
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Essais électriques de type des extrémités de cable

.1 Généralités

Les essais électriques de type des extrémités de cable doivent étre réalisés conformément
aux essais électriques de type définis dans I'lEC 60141 (toutes les parties), I'|EC 60840 ou
I'IEC 62067 selon la conception du cable. Le cas échéant, l'isolateur doit étre soumis a I'essai
de 7.2.4.

L’extrémité de cable doit étre installée dans une enveloppe selon 7.2.2, remplie de gaz isolant

au

ne pression inférieure & p.. + 0.02 MPa avec une pression de remplissage com

me

spé
La

res
rac

7.2

L'e

intgrieur maximal est égal a dg respectivement pour les qudtre” tailles normalisées

I'en
rem
min
5.

7.2

L'e
I'ap
trip
I'es

7.2

Pou
ap
aux
réa

L’is
cou

esspis sunsite. Le cable n’étant pas assemblé a la sortie, n’importe quel dispositif tempor
ecessalre d0|t s adapter du cote cable de Ilsolateur Ces dlsposmfs d0|vent étre fou

et n

cifié en 6.102.

conception de la borne d'extrémité du circuit principal (élément 1 des Figures”2 ¢
bectivement) utilisée dans I’essai comme raccordement a I'élément 3 de 'assemblage
cordement de cable doit satisfaire respectivement aux Figures 2 et 4 du présent documg

trémité de cable est entourée d'un cylindre métallique mis aAa\terre, dont le diamg

veloppe du raccordement de cable (d; de la Figure 3 -pour les extrémités de c§
plies d’un fluide et de la Figure 5 pour les extrémités de cable de type sec). La longuy
imale du cylindre métallique doit étre conforme a la dimension /s donnée aux Figures

3 Essai électrique de type des extrémitésie cable dans une enveloppe tripolai

Esai monophasé utilisant une enveloppe.“unipolaire de raccordement de cable
pareillage couvre les exigences d’essai’ de l'extrémité de cable dans une envelo
blaire car il impose des contraintes dielectriques plus sévéres. L’essai unipolaire est d
sai de référence.

4 Essais électriques complémentaires sur I’isolateur en vue d’une installation
le fabricant de I’appareillage (extrémité de céble embrochable)

r certaines applications,A’isolateur de I’extrémité du cable est installé dans I'enveloppe
pareillage par le fabricant, et est par conséquent soumis aux essais individuels de séri
essais applicables” sur site. Afin de couvrir cette application, I’essai suivant doit ¢
isé.

plateur doit-étre installé comme spécifié par le fabricant de I’'extrémité de cable afin
vrir 'essai individuel de série réalisé ultérieurement par le fabricant de I'appareillage et

t 4
de
bnt.

2 Essai électrique de type des extrémités de cable dans une enveloppe unipolaire

ptre
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B et
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Tableau 1:

amb|ante de (20 + 15) °C Les tenS|ons d essai d0|vent s apphquer comme specme dans le


https://iecnorm.com/api/?name=bb417cfebcd81c48224ac7749e4f6884

IEC 62271-209:2019+AMD1:2022 CSV -41 -
© IEC 2022
Tableau 1 — Tensions d’essai des essais de type électriques
complémentaires conformément a 7.2.4
Tension de tenue|Tension de tenue
Essais de tension du choc de du choc de
a fréquence industrielle manceuvre foudre
Tension U U U

assignée de
I’équipement du

d

kV (valeur efficace)

ss

kV (valeur de

ps
kV (valeur de

raccordement de créte) créte)
cable . )
Tension d’essai pour
Essai-deo-tension-de-tenve—Ho-mesurage-des-docharges
Urm phase_terre partie”es Phase-terre Phase-tetrg
kV (valeur
) (t =1 min) Uy oo IEC 62271- IEC62271
efficace) dp-essai 203:2011, 2032011,
(NOTE 1) IEC %2;11-21031:2011 (>1 min) 10.2.101.2.4 1012.101.2.4
R IEC 62271-203:2011, (NOTE 3) (NOTE 3)
(NOTE 2) 7.1.102
(NOTE 2)
(1) (2) (3) (4) (3)
72,5 140 1,2 U, - 260
100 185 1,2 U, - 360
123 230 1,2 U, - 440
145 275 1,2 U, - 520
170 325 1,2 U, - 600
245 460 1,24, - 840
300 460 1,20, 680 840
362 520 1,2 U, 760 940
420 650 1,2 U, 840 1140
550 710 1,2 U, 940 1240
NOTE 1 La tension assignée de I'équipement U, s'applique conformément a 5.2.
NOTE 2 Les tensions d’essai de type en courant alternatif couvrent I’'essai individuel de série de I'appareillage,
auqpel l'isolateur peut également étre,;soumis.
NOTE 3 Les essais de type de-tension de choc couvrent I'appareillage pour I'essai sur site, auquel I'isolateur
peuf également étre soumis!
Podr des détails supplémentaires et pour la procédure d'essai concernant les esgais
diélectriques.de l'isolateur, il est fait référence au Tableau 1 des articles applicables| de
PELC 62274-203:2011.
7.3| “\‘Essai de pression pour I'isolateur d’une extrémité de cable
L’isolateur doit étre fixé exactement comme en conditions de service. L’essai doit étre

effectué a une température ambiante de (20 £ 15) °C. La pression hydraulique doit étre
appliquée du co6té appareillage de l'isolateur, et le c6té cable doit étre ouvert a I'atmosphére.
La pression doit étre augmentée a un taux ne dépassant pas 0,4 MPa/min jusqu’a ce qu’elle
atteigne trois fois la pression de calcul (par exemple, une pression de calcul de 0,85 MPa
absolue géneére une pression d’essai de 3 x 0,75 MPa = 2,25 MPa relative) qui doit étre
maintenue pendant 1 min.
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7.4 Essai de type de taux de fuite pour I'isolateur d’une extrémité de cable

L’'essai doit étre effectué a une température ambiante de (20 + 15) °C sur un isolateur d’une
extrémité de cable installé sur une chambre appropriée. L’isolateur doit étre installé en se
rapprochant le plus possible des conditions de service. L’essai doit étre effectué
conformément a I'lEC 60068-2-17:1994, Article 8 (la méthode d’essai Qm est la méthode
préférentielle pour déterminer le taux de fuite relatif).

Le taux de fuite mesuré ne doit pas dépasser 10-7 Pa x m3/s & une pression minimale de
fonctionnement d’isolation p,,, (voir Figure 1).

NOTE Le volume du compartiment de I’'extrémité de cable n’est pas connu lors de I’essai de type, par conségpent
il esf donné un flux de taux de fuite plutét qu'un pourcentage de taux de fuite.

8 |Essais individuels de série

8.1 Généralités

Leg essais individuels de série d’'une extrémité de cable doivent étre,effectués conformément
a IJEC 60141 (toutes les parties), I'IEC 60840 ou I'lEC 62067 selon le cas. De plus,|les
esslis des 8.2 et 8.3 suivants doivent étre réalisés.

Si l[isolateur de I'extrémité de cable est préinstallé a la cofisiruction de I'appareillage, il |est
soumis aux essais individuels de série et aux essais sur‘site spécifiés dans I'lEC 62271-R203
Ior%que ces essais sont réalisés sur l'appareillage,, Pour ces essais, l'isolateur doit ¢tre
insfallé et des dispositifs temporaires doivent étre adaptés si I'essai I'exige, comme spégifié
par|le fabricant de I’extrémité de cable. Ces dispadsitifs doivent étre fournis par le fournisseur
de |'extrémité de céable.

8.2| Essai de pression

L'isplateur d’une extrémité de cable doit étre soumis a des essais individuels de pression de
sérle de deux fois la pression de calcul (relative) pendant une minute. L’isolateur doit étre fixé
comme en conditions de service et’la pression doit étre appliquée depuis le cé6té appareillgge.
L’isplateur ne doit présenter aucun signe de surcharge ou de fuite.

8.3] Inspection visuelle

Uneg inspection visuelle doit étre effectuée sur toutes les surfaces qui ne doivent présenter
audun signe de défaut significatif. Les dimensions critiques d’'usinage doivent étre confirmges
par|mesurages,

9 |Dimensions normalisées

9.1 \Généralités

Les dimensions normalisées sont spécifiées afin d’assurer la compatibilité entre I'appareillage
et les extrémités de cable conformément au présent document.

9.2 Extrémités de cable remplies d’un fluide

Les dimensions normalisées pour les enveloppes de raccordement d’extrémité de cable
remplie d’un fluide, pour les bornes d'extrémité du circuit principal et pour les extrémités de
cable appliquées aux enveloppes unipolaires sont indiquées a la Figure 3. Quatre tailles
normalisées données couvrent la plage des tensions (U,) de 72,5 kV a 550 kV.
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9.3

Extrémités de cable de type sec

Les dimensions normalisées pour les enveloppes de raccordement d’extrémité de cable de
type sec, pour les bornes d'extrémité du circuit principal et pour les extrémités de céble
appliquées aux enveloppes unipolaires sont indiquées a la Figure 5. Quatre tai
normalisées données couvrent la plage des tensions (U,) de 72,5 kV & 550 kV. Les deux
types d’extrémités de cable de type sec sont représentés a la Figure 4. Dans le Type A, le
composant élastomére par effluve électrique est incorporé dans lisolateur. Le Type B
incorpore l'isolateur dans le composant élastomere par effluve électrique.

Pot

r Lutilisation des extrémités de cable de tvpne sec conformément 3 la Fiqure 5 dans
H =)

lles

les

env
des
cab

9.4

Les
par
terrn

10

Se
I'E

eloppes des extrémités de cable remplies d’un fluide conformément a la Figure 3,.un
adaptateurs d’interface appropriés doivent étre fournis par le fabricant de I'extrémité
le.

Enveloppe du raccordement de cable tripolaire

dimensions minimales d’'une enveloppe de raccordement de cable tripolaire sont défir
la distance minimale entre phases issue de d4q et par la distance minimale entre phas
e issue de dg/2 conformément aux Figures 3 et 5 respectivement;

Renseignements a donner dans les appels d’offres, les soumissions et les
commandes

reporter a I'lEC 60840 ou a I'lEC 62067 ou a‘<A'IEC 60141 (toutes les parties) €

exi

spécifiques au génie civil et les distances. . électriques applicables a l'appareillage,
I'extrémité de cable et du cable. Des informations doivent étre fournies en particulier ef
exi@gé, en relation avec la séquence de montage appareillage/extrémité de cable ainsi qu
posfitionnement et la fixation temporaire des éléments applicables.

Au
et ¢
pro

d’alimentation ainsi que la méthode d’essai correspondante. Un essai en courant continu

en
prin

a)

b)

C 62271-203. En outre, l'utilisateur et les fabricants doivent prendre en compte
ences d’installation de I’équipement. Les.fabricants doivent spécifier les exigen

moment de la commande ou de.la conception d’'un appareillage, il est difficile de prévo
omment les systémes de cable seront soumis a I'essai sur site. Afin de remédier
bléme, l'utilisateur de I'appareillage doit identifier dans son appel d’offres chaque c§

courant alternatif est par hypothése généralement réalisé sur site. Les méthodes d’eg
cipales suivantes sont définies:

dans le cas oli_une extrémité du cable est installée a I'extérieur et si elle est accessi
elle peut étre utilisée pour I'application de la tension d’essai;

dans lecas d’un raccordement de cable entre deux appareillages ou entre un appareill

utilisée pour I'application de la tension d’essai.

ou
de

ies
b et

t a
les
ces

rsi
ce
ble
ou
sai

ble,

hge

et un<transformateur, I'enveloppe du raccordement de cable de I'appareillage peut ¢tre

Il €
d’al

11

st—de—taTesponsabititedetutitisateur dimdiquer dans—som—appet—doffrestes <t
imentation qui doivent étre prévus pour les essais et les méthodes d’essai exigées.

Régles pour le transport, le stockage, I'installation, le service et la
maintenance

11.1 Généralités

Se

reporter a 'lEC 62271-1:2017, Article 11.

les

Il convient que le fabricant de I'extrémité de cable vérifie que, pendant la fabrication, le
transport et les manutentions, le stockage et l'installation des extrémités de céable, des
dispositions ont été données pour répondre aux exigences du 6.2 de I'lEC 62271-1:2017,
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aprés l'assemblage final du raccordement. Si I'extrémité de cable doit étre installée par une
autre personne que le fabricant de I'extrémité, il convient que ce dernier indique toutes
informations nécessaires pour satisfaire a ces exigences.

11.2 Essais aprés pose du systéme de cable

A la demande de [I'utilisateur,

les

le fabricant de I'appareillage doit prévoir des dispositions

spéciales pour l'essai du systéme de cable, comme des possibilités de sectionnement, des
possibilités de mise a la terre et/ou lI'augmentation de la pression du gaz dans l'enveloppe du
raccordement de cable dans les I|m|tes de conceptlon Cela est aussi appllcable si des parties

re
I'ap
I'ap

Il c
sur

13

plissage pour l'isolement. Cela s'applique également si, de l'avis du fabricant
pareillage, il n'est pas acceptable d'appliquer la tension d’essai aux composants
pareillage.

h demande de l'utilisateur, le fabricant de I'appareillage doit prévoirylemplacement p
traversée d'essai adaptée ou indiquer a l'utilisateur tous les renseignements nécessa
r le montage d'une telle traversée sur l'enveloppe du racCordement de cable.

connexion convenablement isolée et une borne d'essai.(lL'exigence d'une traver
bsai doit étre spécifiée par I'utilisateur dans son appel d'offres.

E L'augmentation de la pression de gaz n'est pas une méthode(fiable pour améliorer I'effort électrique s
hce d'un isolateur pendant un essai a la tension continue.

Pratiques en matiére de sécurité et contraintes a I’installation de
raccordement de cable a I'appareillage

pnvient d’étudier les pratiques suivantes'lors de la manutention de I'équipement électri
le site:

avant tout travail sur I'équipement sur site, vérifier que le cable, I'appareillage et tous
eéquipements électriques adjacents sont hors tension et correctement reliés a la terre.

les opérations de prépatation du céble, d’installation des extrémités de cable et
raccordements a l'appareillage doivent étre effectuées par du personnel qualifié et
jointoyeurs formés_et éxpérimentés a l'installation sur site de ces produits ou de prod
similaires.

les instructions” et précautions qui dépendent de la conception individuelle et
réglementations régionales, comme la réduction de la pression de gaz dans
compartimient limitrophe, doivent étre étudiées.

Influence du produit sur I’environnement

ent
141
de
de
de

our
res
Si

essaire a |'atteinte de distances d’isolement convenables, la travérsée d’essai doit inclure

sée

ir la

hue

es

des
des
uits

Hes
le

L’Article 12 de I'l[EC 62271-203:2011 s’applique.
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Annexe A
(informative)

Forces mécaniques appliquées sur la bride
de I’enveloppe du raccordement de cable

Généralités

en

Il canvient que le fabricant de l'appareillage et le fabricant des cAbles travaillent

coo
con
de
forg
de
ap
pre

A.2

Ilc
tolé
en
de
ser
de
tou
con

Il c
du
I'en
des

IIc
I'ap
ajo
rac

Il p
poi

rdination sur la conception du systéme de céble. Les variations de température
ditions de service peuvent induire des forces additionnelles a 'appareillage et au, systé
cable et des mouvements sur les raccordements de céble unipolaire ou tripolaire.
es peuvent agir sur 'appareillage et sur le systéeme de cable et dépendent principalem
I'implantation de I'appareillage, du type de cable et des moyens .de)"support
pareillage et du systéme de céble. Il convient que la conception de toutes’les structd
hne en compte ces forces et ces mouvements.

Recommandation lors du raccordement du systémerde cable a
I'appareillage

bnvient d’envisager le systéeme d’appareillage comme un'systéme qui permet de limiter
rances de déplacement lors de toutes les conditions de fonctionnement qui se produis
Ce qui concerne son raccordement au systeme de c¢able. Il convient d’envisager le syst§
cable comme un systéme qui permet de limiter Jes tolérances de déplacement lors
ice en ce qui concerne son raccordement a _['appareillage. Il convient que le concept
‘appareillage spécifie les tolérances, les forces et les charges de déplacement couvr

vient que ces données soient prises enwcompte par le concepteur du systéme de cable.

bnvient que le fournisseur de 'appareillage prévoie la structure de support de I'envelo
faccordement de cable. Elle comprend un point coulissant qui permet le déplacement
veloppe du raccordement de*céable, ce qui permet la dilatation ou le retrait causé(e)
variations de température;

bnvient de concevoir ta structure de support de I’enveloppe du raccordement de cable
pareillage de facon\'a ce qu’un point de fixation de cable centré adjacent puisse
Ité a la structure, et qu’il n'y ait pas de déplacement relatif entre I'enveloppe
cordement de cable et le point de fixation centré, lorsque cela est possible.

eut étre nécessaire de concevoir une enveloppe de raccordement de cable comme

es les conditions de fonctionnement, et les documente dans les plans appropriéq.

en
me
Ces
ent
de
res

les
ent
me

du
eur
ant
]

bpe
de
par

de
btre
du

un

t de fixation. C’est le cas lorsque par exemple une installation d’'un systeme de cabl

hui

e . _haute pression n’est pas capable, en raison de sa conception, d’absorber

e a
le

déglacement thermique causé par l'appareillage. Dans ce cas le fabricant de I'appareillage

doit prévoir des mesures appropriées, par exemple un equipement de compensation. 1T est de
la responsabilité de I'utilisateur d’informer le fabricant de I'appareillage de l'installation d’un
tel systéme de cable dans I'appel d’offres.

Il est aussi particulierement important de noter qu’il convient que les supports des enveloppes
de I'appareillage ne soient fixés ni sur le collier de l'isolateur et/ou sur la bride (parties 9 et 11
de la Figure 2 ou 4), ni sur la bride de I’enveloppe du raccordement de cable (élément 6 de la
Figure 2 ou 4).

NOTE 1

aux

charges issues de I'extrémité de cable et du raccordement de céble fixé.

L’assemblage des parties 6 et 11 des Figures 2 ou 4 sert de connexion étanche au gaz et est réservé
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Il convient de réserver de préférence I'élément 6 des Figures 2 et 4 a la fixation d'une
construction anti-déformation (protection contre la flexion), si nécessaire, dont la fonction est
d’empécher les forces de flexion et les forces axiales sur I’extrémité de joint, et de fixer la
position du cable par rapport a la bride de I’enveloppe du raccordement de cable. Il convient
de porter une attention particuliére au type de mise a la terre a la gaine du cable. Dans le cas
ou un écran d’isolation est présent, il convient que le centrage anti-déformation ne court-
circuite pas cette isolation. Le cable peut étre posé en serpentin afin de réduire la poussée du
conducteur sur lisolateur. La fourniture d’une construction anti-déformation est de la
responsabilité du fournisseur du systéme de cable.

fixée a I extremlte de cable est soumise aux forces normales et exceptionnelles suivantes |ors
du $ervice:

— |des forces issues du mouvement transversal de I'enveloppe du raccordement de c3ble
causé par les variations de température de I'appareillage;

— |une partie du poids de I'extrémité de cable fixé, la construction antirdéformation (le cas
échéant) et une partie du poids du systéme de céble en fonction de la'tension assigné¢ et
du type de conducteur de cable;

— |des forces de court-circuit entre les cables fixés;
— |des forces sismiques issues de I'extrémité de cable, du\raccordement de cable et des
structures de support du systéme de céble ou des parties\de celui-ci, le cas échéant.

Les| forces lors du fonctionnement normal qui se produisent comme décrit ci-dessus doiyent
étrg limitées par des mesures appropriées aux valeurs)énumérées dans le Tableau A.1.

Il cpnvient que les forces issues de la dilatation ou du retrait du cable causé(e) par pne
varfation de température transmises a I’envelgppe du raccordement de cable de I'appareillage
soig¢nt réduites le plus possible via des moyens appropriés, comme la fixation ou la pose fes
cablles en serpentins. Cependant, ces forces donnent lieu a I'application simultanée:
— |d’'un moment de flexion M;

— |d’un effort de cisaillement F};

— [d’'une force de traction ourdé compression F

a I'enveloppe du raccordement de cable (élément 6 de la Figure 2 ou 4). Il convient qu¢
bride de I'enveloppe-du-raccordement de céble supporte les valeurs de My, F; et F, spécifiges
darns le Tableau A:1~ Il convient que le concepteur du systéme de cable vérifie que fes
vale¢urs ne sont pas’dépassées.

En|cas de_charges exceptionnelles, comme des forces de court-circuit ou des forges
sismiques, il convient que les charges totales ne dépassent pas au maximum 200 % fes
chﬂrges normales données dans le Tableau A.1.

NOTE 2 L’exigence relative au rapport entre les charges normales et exceptionnelles est conforme aux charges
d’essai du rapport du service et de la console du Tableau 1 de I'l|EC 60137:2017 [1].
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Tableau A.1 — Forces et moments appliqués sur la bride de I’enveloppe du
raccordement de cable fixée a I'extrémité de cable en fonctionnement normal

Tension assignée U Force de traction ou de Effort de cisaillement F, Moment de flexion M
compression F,
(kV) (kN) (kN) (kNm)
>522a100 1,0 1,0 1,2
123 2170 1,5 1,5 1,8
245 a 300 2,5 2,5 3,0
362 a 550 75 Z,5 5.4

NOTE 1 F, agit en direction axiale du cable, F, en direction transverse.

NOTE 2 Mpdecoule de I'action de F, a une distance de 1,2 m de la bride la plus basse de_l'enveloppg du

racgordement de cable (élément 6).

NOTE 3 Les forces du Tableau A.1 s’entendent par cable et s’appliquent aux connexiohs unipolaireg et

tripglaires.

La [coordination de conception entre le fabricant du PSEM et leffodrnisseur du systéme| de
cable est exigée afin de vérifier que les exigences ci-dessus“ayant rapport aux forceg et
charges normales et exceptionnelles ne sont en aucun cas dépassées.
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(1]

(2]

(3]

[4]

(5]
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV - Fluid-filled and extruded

FOREWORD
1)

gll national electrotechnical committees (IEC National Committees). The object of IEC-is to prorote
international co-operation on all questions concerning standardization in the electrical and electronic field§. To
fhis end and in addition to other activities, IEC publishes International Standards, Technical Specificatipns,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as [IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interepted
the subject dealt with may participate in this preparatory work. International, governmental and pon-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clgsely
ith the International Organization for Standardization (ISO) in accordanee” with conditions determined by
agreement between the two organizations.

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

2) The formal decisions or agreements of IEC on technical matters expréss, as nearly as possible, an internatipnal
¢onsensus of opinion on the relevant subjects since each technical committee has representation from all

interested IEC National Committees.

3) IEC Publications have the form of recommendations for intethational use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are ‘made to ensure that the technical content of [IEC
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for|any

isinterpretation by any end user.

4) order to promote international uniformity, IECNational Committees undertake to apply IEC Publicatjions
fransparently to the maximum extent possiblexin~their national and regional publications. Any diverggnce
between any IEC Publication and the corresponding national or regional publication shall be clearly indicatgd in

the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
gssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for|any
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 br its directors, employees, servants or agents including individual experts{and
embers of its technical,committees and IEC National Committees for any personal injury, property damage or
ther damage of any mature whatsoever, whether direct or indirect, or for costs (including legal fees)|and

¢xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other |IEC
ublications

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is

indispensablé/for the correct application of this publication.

9) Attentiomis_drawn to the possibility that some of the elements of this IEC Publication may be the subje¢t of

patent-rights. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been

prepared for user convenience.

IEC 62271-209 edition 2.1 contains the second edition (2019-02) [documents
17C/696/FDIS and 17C/701/RVD] and its amendment 1 (2022-03) [documents
17C/833/FDIS and 17C/841/RVD].

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.
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International Standard IEC 62271-209 has been prepared by subcommittee 17C: Assemblies,
of IEC technical committee 17: High-voltage switchgear and controlgear.

This second edition constitutes a technical revision.

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

a) New numbering in accordance with ISO/IEC directives, Part 2 (2016) and to
IEC 62271-1:2017;

b) |Clause 3: addition of a definition for plug-in cable termination, filling pressure\ gnd
minimum function pressure for insulation;

c) [Clause 7: An additional dielectric type test for plug-in cable termination was added; aldo a
pressure type test as well as a leak rate test on the insulator of a cable termination Was
implemented,;

d) [Clause 12: New clause about safety practices;

e) [Clause 13: New clause about influence of the product on the environment;
f) |New informative Annex A: Mechanical forces applied on the flange.of the cable conneciion
enclosure.

This document has been drafted in accordance with the ISO/EC Directives, Part 2.

Thi$ standard is to be read in conjunction with IEC 6227131:2017, to which it refers and which
is gpplicable unless otherwise specified in this standatd. In order to simplify the indication of
corfesponding requirements, the same numbering)of clauses and subclauses is used a$ in
IECQ 62271-1. Amendments to these clauses and subclauses are given under the sgme
refgrences whilst additional subclauses are numbered from 101.

A list of all parts in the IEC 62271 series, published under the general title High-voltage
swifchgear and controlgear, can be found on the IEC website.

Thg committee has decided that the contents of the base publication and its amendment |will
remain unchanged until the stability date indicated on the IEC web site under webstore.ieg.ch
in the data related to the specific publication. At this date, the publication will be

e Jreconfirmed,
e |withdrawn,
e [replaced by a rfevised edition, or

e [amended.
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INTRODUCTION TO Amendment 1

This amendment includes the following modifications:

a) In accordance with the decision taken at IEC Plenary Meeting October 2019 in Shanghai
(17C/Shanghai/Sec07) Subclause 6.103, Figure 1 and Figure 2 have been modified;

b) The CDV was modified in accordance with the above-mentioned documents and based on
the decision taken at the virtual IEC Plenary Meeting in October 2021 (17C/823/RM).

NOTE CIGRE has published TB 784 * Standard design of a common, dry type plug-in |nterface for GIS and power

b 4 AAEI\IA HI Fy ™y I~ £ £ o i &l = H £ Tk 14 Ib
cables—tpte—H4otiidesertbing-the-basisforfurtherstanderdisatorof-sueh-aeommoninterface—Thematterwil be

dealf with during the next revision of IEC 62271-209.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 209: Cable connections for gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV - Fluid-filled and extruded
insulation cables — Fluid-filled and dry-type cable terminations

rStope

5 part of IEC 62271 covers the connection assembly of fluid-filled and extruded<gable
-insulated metal enclosed switchgear (GIS), in single- or three-phase arrangements wh
cable terminations are fluid-filled or dry-type and there is a separating insulating bar
ween the cable insulation and the gas insulation of the switchgear.

purpose of this document is to establish electrical and mechanical interchangeab
ween cable terminations and the gas-insulated metal-enclosed switchgear and
ermine the limits of supply. It complements and amends, if applicable, the relevant
ndards. For the purpose of this document the term "switchgear¥is used for "gas-insulg
al enclosed switchgear".

does not cover directly immersed cable terminations, as described in CIG
chure 89 [4]1.

Normative references

following documents are referred towinthe text in such a way that some or all of t

d applies. For undated references,(the latest edition of the referenced document (inclug
amendments) applies.

60038, /EC standard voltages

60068-2-17:1994, Basic environmental testing procedures — Part 2-17:Tests — Test
ling

60141 (all parts), Tests on oil-filled and gas-pressure cables and their accessories

60376, Specification of technical grade sulphur hexafluoride (SFg) and complemen
es to be used in its mixtures for use in electrical equipment

5 to
ere
rier

ility

to
EC
ted

RE

heir
on
ing

ary

ken

IEC 60840, Power cables with extruded insulation and their accessories for rated voltages
above 30 kV (U,, = 36 kV) up to 150 kV (U,, = 170 kV) — Test methods and requirements

IEC 62067, Power cables with extruded insulation and their accessories for rated voltages
above 150 kV (U, = 170 kV) up to 500 kV (U, = 650 kV) — Test methods and requirements

1 Numbers in square brackets refer to the Bibliography.
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IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1:Common specifications
for alternating current switchgear and controlgear

IEC 62271-203:2011, High-voltage switchgear and controlgear — Part 203:Gas-insulated
metal-enclosed switchgear for rated voltages above 52 kV

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

ng

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

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

3.1
cahle termination
equlipment fitted to the end of a cable to ensure electrical connection with other parts of |the
sysfem and to maintain the insulation up to the point of connection

3.1
fluid-filled cable termination
cable termination which comprises a separating dnsulating barrier between the c3ble
insyilation and the gas insulation of switchgear, including a fluid

3.1J2
dry-type cable termination
cable termination which comprises an elastomeric electrical stress control component in direct
contact with a separating insulating bactier (insulator) between the cable insulation and [the
gad insulation of the switchgear, not réquiring any fluid

3.2
majn circuit end terminal
parf of the main circuit of a  gas-insulated metal enclosed switchgear forming part of [the
connection interface

3.3
caljle connection enclosure
parf of the gas=insulated metal-enclosed switchgear which houses the cable termination gnd
the|main circuit end terminal

3.4
callle.connection assembly
combination of a cable termination, a cable connection enclosure and a main circuit end
terminal, which mechanically and electrically connects the cable to the gas-insulated metal
enclosed switchgear

3.5

plug-in cable termination

cable termination where cable/stress cone assembly can be engaged into the insulator
assembly that is already installed into switchgear enclosure

3.6

design pressure

pressure used to determine the design of the enclosure and the components of the cable
termination subjected to that pressure
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Note 1 to entry:

gas

3.7
flui

used for insulation can reach under specified maximum service conditions.

d

liquid or gas for insulation purposes

3.8

cable system
cable with installed accessories

3.9
filli
filli
pre

and 101,3 kPa, which may be expressed in relative or absolute terms (or density), to wk

the

3.1

minimum functional pressure p,,. for insulation
minimum functional density p,. for insulation

pre

and 101,3 kPa, which may be expressed in relative or absolute terms (or density), at wh
and above which the characteristics of the switchgear-cable'Connection are maintained an

whi

4

4.1
Cla

4.2

Sufclause 2.1 of IEC 62271-203:2011 is applicable.

4.3

Sulyclause 2.2 of IEC 62271-203:2011 is applicable.

5.1
Wh
a)
b)
c)
d)
e)
f)
g)

It is at least equal to the maximum pressure in the enclosure at the highest temperature that the

g pressure p ., for insulation
g density p ., for insulation
ssure (in Pa), for insulation, referred to the standard atmospheric air conditions of 2(

assembly is filled before being put into service

D

ssure (in Pa), for insulation, referred to the standard atmosphéric air conditions of 2(

ch replenishment becomes necessary

Normal and special service conditions

General

use 2 of IEC 62271-203:2011 is applicable.

Normal service conditions

Special service conditions

Ratings

General

°C
ich

°C
ich
d at

=Ya) dimnneinning the cable connection neenmhly, the fnllnwing rated values shall nppl\/'

rated voltage of the equipment of the cable connection (U, ,);
rated insulation level (U,, Uy and Ug where applicable);

rated frequency (f,)

rated continuous current (/,);

rated short-time withstand current (7,);

rated peak withstand current (Ip);

rated duration of short circuit (7).
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Rated voltage of the equipment of the cable connection (U,;,)

The rated voltage for the equipment of the cable connection (U,,) is equal to the lower of the
values U, for the cable system and U, for the gas-insulated metal-enclosed switchgear and

sha

Il be selected from the following standard values:

72,5 kV - 100 kV — 123 kV — 145 kV — 170 kV — 245 kV - 300 kV — 362 kV — 420 kV — 550 kV

NOTE 1 Values above U, = 550 kV are not considered.

NOTE2 U, = 100 kV is not defined in IEC 60840.

5.3

The

Rated insulation level (U, Up, U,)

rated insulation level for the cable connection assembly shall be selected from)the val

given in IEC 60038 as well as IEC 62271-203.

5.4

The

5.5

The
tern

Rated frequency (f,)

preferred values of the rated frequency are 16,7 Hz, 25 Hz, 50 Hz'and 60 Hz.

Rated continuous current (1)

connection interface of the main circuit shown in Figures 2 and 3 for fluid-filled c3
ninations and Figures 4 and 5 for dry-type cable terminations is applicable at rg

continuous currents up to 3 150 A.

The
cur
swi

NOT
insu
insul
term

For|
cab
swi
tern

5.6

Shd
exc

5.7

connection interface shall be designed so_that at a current equal to the cable rg
ent corresponding to a maximum temperature of 90 °C, no heat transfer from
chgear main circuit end terminal to the cable termination will occur.

E As the maximum conductor temperature for cables is limited by the maximum operating temperature fo
ation, there are certain cable dielectrics which cannot withstand the maximum temperature specified for
ated metal-enclosed switchgear if there is heat transfer across the connection interface to the c
inations.

cases when the above design requirement of 90 °C at rated continuous current of
le system cannot be allowed because of cable design limitations, the manufacturer of
chgear should provide“the necessary data on temperature rise of the main circuit
ninal and of the insulating gas as a function of current.

Rated short-time withstand current (1)

rt-time currents of short circuit shall refer to the levels provided by the cable system,
eeding\the values defined for the switchgear in line with IEC 62271-1.

Rated peak withstand current (7

Les

ble
ted

ted
the

the
pas-
Able

the
the
bnd

not

o)

Peak withstand currents of short circuit shall refer to the levels provided by the cable system,

not

5.8

exceeding the values defined for the switchgear in line with IEC 62271-1.

Rated duration of short circuit (7,)

The duration of short circuit shall refer to the levels provided by the cable system, not

exc

eeding the values given in IEC 62271-1.
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6 Design and construction

6.1 Gas and vacuum tightness

Subclause 6.16 of IEC 62271-1:2017 is applicable with the following addition:

For conditions up to the maximum occurring gas operating pressure, the cable termination
shall prevent insulating gas from the switchgear diffusing into the interior of the cable
termination and into the cable. The cable termination shall prevent insulating fluid from the
cable termination entering the switchgear. The insulator (part 4 in Figures 2 and 4) shall be

cagmwmmmmmmmmm is
evdcuated, as part of the gas filling process.

In the case of a gas insulated cable or a gas insulated termination, the gas compartmentt of
the| cable or of the gas insulated termination shall be treated independently from |the
swiichgear with respect to tightness.

6.101 Limits of supply
6.101.1 General

Theg limits of supply of gas-insulated metal-enclosed switchgear and the cable termination
shdll be in accordance with Figure 2 for fluid-filled cable términations and Figure 4 for dry-
typg cable terminations.

6.1P1.2 Over-voltage protection and earthing

It i$ necessary to have either a direct low resistance connection or an insulated section
bridqged by non-linear resistors between part‘6“and part 13 of Figure 2 for fluid-filled cgble
terminations and Figure 4 for dry-type cablecterminations. To enable suitable connection$ to
be made to the switchgear, for the purposes of this direct connection or installation of pny
shelath voltage limiting device, the switchgear manufacturer shall provide four connection
points per phase (evenly spaced around each phase) each comprising an M12 threaded hole
of minimum 21 mm length (for all woltage levels). The position of these 4 connection pointp is
different from the mechanical connection points used for fixing the cable termination insulajtor.
Thg number of connection points used shall be determined by the cable system designer.

Where applicable, the. number and characteristics of the non-linear resistors shall|be
determined by the cable system designer, and they shall be supplied by the cable termination
manufacturer, taking~into consideration the requirements of the user and the switchgear
manufacturer. Reference is made to CIGRE TB 44, 1993 [5], as well as to IEEE 1300-2(11,
Clause 11 [3k

accpunt the space required to install any non-linear resistors, including adequate clearances
to darth

In%ddition, the installation design of the area around the cable termination shall take [nto

For three phases in one enclosure arrangements special clarification between the GIS
manufacturer, the cable termination manufacturer and the cable system designer may be
necessary because of limited space between the three phases.

The overvoltage protection elements, i.e. connections between part6 and part 13 of
Figure 2 for fluid-filled cable terminations and Figure 4 for dry-type cable terminations as
described above, are not meant to serve as the cable system grounding connection.

Earthing of enclosures shall be in accordance with the relevant subclause of IEC 62271-
203:2011.
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6.102 Filling pressure of insulating gas in the cable connection enclosure

If SFg is used as the insulating gas, the minimum functional pressure for insulation p,, used
to determine the design of the cable termination insulation shall not exceed p,, = 0,35 MPa
(absolute) at 20 °C for maximum rated voltages up to 300 kV. For maximum rated voltages
exceeding 300 kV the minimum functional pressure for insulation p.,, used to determine the
design of the cable termination insulation shall not exceed p,,, = 0,4 MPa (absolute) at 20°C
(see Figure 1).

The filling pressure p,, of insulating gas is assigned by the switchgear manufacturer but shall
in no case be lower than Pme- The service pressure is in no case higher than the degign

pregsure as per 6.103.

A

g

Design pressure

Service pressure range

Pme

Pressure (MPa) (for values, see 6.103)

\J

IEC

Pme minimal functional pressure for insulation depending’/on rated voltage

Figure 1 — Operating.pressure of the gas insulation
in the cable connection enclosure

If af gas other than SFg or a gas mixture is used, the minimum functional pressure shall be
chgsen to provide the same diglectric performance as in case of SFg. The minimum functignal
pregsure shall be below the:maximum service pressure and design pressure of the enclodure
as per 6.103.

6.103 Pressure withstand requirements

Theg design pressure for the outside of the cable termination is determined by the particular
Glg design around the GIS/cable interface. Typical maximum gas pressures in service arg up
to 1,1 MPa((absolute) for SF5 and up to 1,5 MPa (absolute) for other gases and gas mixtures.

Theg particular pressure withstand requirements coming from the specific gas and GIS degign
shall be thorough i A - orminati anufacturer as well as
the user.

NOTE Due to the lower service current of a HV-cable connection than the rated current of a GIS, the related
temperature and pressure rise within the cable compartment can be lower. The design pressure of the GIS could
be higher than the design pressure of the cable termination.

6.104 Mechanical forces on cable terminations

The manufacturer of the cable termination in a three-phase connection shall take into account
the total dynamic forces generated during short circuit conditions. These forces consist of
those generated within the cable termination and those coming from the main circuit of the
switchgear. The maximum additional force applied from the switchgear to the connection
interface (Figures 2 or 4) transversely and then being transferred from the main circuit end
terminal shall not exceed 5 kN for a three phase arrangement. For single-phase connections,
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the maximum additional force applied from the switchgear to the connection interface
(Figures 2 or 4) transversely and then being transferred from the main circuit end terminal
shall not exceed 2 kN. It is the responsibility of the manufacturer of the switchgear to ensure
that the specified forces are not exceeded or to agree with the cable termination manufacturer
that the cable termination shall withstand the higher forces.

For both single-phase and three-phase connections, additional forces and movements from
the switchgear can be experienced due to temperature variations and vibrations in service.
These forces can act on both switchgear and cable termination and depend largely on the
switchgear layout, termination installation, cable design and the methods of mechanical

: design—ef—an S e—shall—take—inic o S and
moyements. It is particularly important that the support for the switchgear shall not be affixed
to the insulator collar and/or clamping flange, parts 9 and 11 of Figures 2 or 4. Further
infgrmation regarding mechanical forces on the flanges of the cable connection enclosure [are
given in Annex A.

For| seismic requirements, the switchgear manufacturer carries out a seismic calculation in
ordr to identify the location of mechanical reinforcements; reference is'made to IEC 62271-
207 [2].

6.195 Switchgear connection interface and cable termination.connection interface

Thg normal current-carrying contact surfaces of the switehgear and cable termination
connection interface (refer to parts 2 and 3 of Figures(2*and 4) shall be silver coated or
copper coated or non-coated solid copper.

7 |Type tests

7.1 General

4
S.

For| type tests as per IEC 62271-1:201%, 7.1 applies. If SFg is used, technical grade SFj
accordance with IEC 60376 or used SE§ in accordance with IEC 60480 shall be used.
7.2| Electrical type tests of.cable terminations

7.2{1 General

The electric type tests:af the cable termination shall be carried out according to the electrjcal
typg¢ tests defined-in IEC 60141 (all parts) or IEC 60840 or IEC 62067 as relevant for |the
cable design. Where applicable the insulator shall be tested to 7.2.4.

Thg cable termination shall be installed in an enclosure as per 7.2.2, filled with insulating gas
at the pressure not exceeding p,,,+0,02 MPa with filling pressure specified in 6.102.

Tha_design of the main circuit end terminal (part 1 in Figures 2 or 4 respectively) used inlthe
test as connection to part 3 of the cable connection assembly shall comply with Figures 2
and 4 respectively of this document.

7.2.2 Electrical type test of cable terminations in a single-phase enclosure

The cable termination is surrounded by a metal cylinder connected to earth, the maximum
internal diameter is equal to dy for the four standard sizes of cable connection enclosure (d5 in
Figure 3 for fluid-filled cable terminations and Figure 5 for dry-type cable terminations). The
minimum length of the metal cylinder shall be in accordance with the dimension /5 given in
Figures 3 and 5.
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