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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 203: AC gas-insulated metal-enclosed switchgear
for rated voltages above 52 kV

FOREWORD

[he International Electrotechnical Commission (IEC) is a worldwide organization for standardization Compri
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promateinternati
Co-operation on all questions concerning standardization in the electrical and electronic fields.\To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC. Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee interested.in the subject dealt
may participate in this preparatory work. International, governmental and non-governmertal organizations liai
vith the IEC also participate in this preparation. IEC collaborates closely with thé International Organizatior

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

EC Publications have the form of recommendations for internatignal use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are madeé 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
misinterpretation by any end user.

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

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

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

No liability shall attach to IEC or itscdirectors, employees, servants or agents including individual experts
members of its technical committeés and IEC National Committees for any personal injury, property damag
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
Expenses arising out of th€ publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn to the\Normative references cited in this publication. Use of the referenced publication
ndispensable for the carrect application of this publication.

A\ttention is drawn to-the possibility that some of the elements of this IEC Publication may be the subject of pa
ights. IEC shall.niot be held responsible for identifying any or all such patent rights.

s commented version (CMV) of the official standard IEC 62271-203:2022 edition

Btandardization (ISO) in accordance with conditions determined by agreement(etween the two organizations.
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Tws the'user to identify the changes made to the previous IEC 62271-203:2011 edit

he'most relevant changes, or to clarify any part of the content.

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

co

mment.

This publication contains the CMV and the official standard. The full list of comments is

av

ailable at the end of the CMV.
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IEC 62271-203 has been prepared by subcommittee 17C: Assemblies, of IEC technical

committee 17: High-voltage switchgear and controlgear. It is an International Standard.

This third edition cancels and replaces the second edition published in 2011. This edition

constitutes a technical revision.

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

edition: 2

a) the document has been aligned with IEC 62271-1:2017;

b) |beside SFg also alternative gases have been implemented where needed:;

c) |the terms and definitions have been updated and terms not used have been removed;
d) |Subclause 6.16 “Gas and vacuum tightness” has been updated,;

e) |Subclause 6.16.3 “Closed pressure systems”: Two classes of gas has beenintroduced:
1) GWP <1000

2) GWP > 1000

and the tightness requirements for type tests for gasses with GWP, > 1 000 has been redu
from 0,5 % to 0,1 % per year per gas compartment;

f) [Subclause 6.108 “Interfaces”. Typical maximum presstres in service for interfa
connected to GIS have been defined;

g) |Subclauses 7.2 through 7.8 have been restructured;
h) [Subclause 7.107 “Corrosion test on earthing connéections” has been updated,;

i) |Subclause 7.108 “Corrosion tests on sealing systems of enclosures and auxili
equipment” has been updated;

j) |Annex F ‘Service Continuity’ has been modified and aligned with the recommendations
CIGRE WG B3.51.

The text of this International Standardlds based on the following documents:

Draft Report on voting

17C/835/FDIS 17C/844/RVD

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

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

This decument was drafted in accordance with ISO/IEC Directives, Part 2, and developed i

ced

Ces

ary

of

1 in

acqardance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availg



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
The here listed topics are the major technical changes in this revision of IEC 62271-203.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

|
II\:IPORTANT — The "colour inside" logo on the cover page of this document indicates that'i
cgntains colours which are considered to be useful for the correct understanding of(its
codntents. Users should therefore print this document using a colour printer.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 203: AC gas-insulated metal-enclosed switchgear
for rated voltages above 52 kV |3

1+—General

1 | Scope

This part of IEC 62271 specifies requirements for gas-insulated metal-enclosed!switchgear in
which the insulation is obtained, at least partly, by an insulating gas or gasmiixture ' 4 other
than air at atmospheric pressure, for alternating current of rated voltages-above 52 kV, |for
indpor and outdoor installation, and for service frequencies up to and including 60 Hz.

Fof the purpose of this document, the terms “GIS” and “switchgear”@are used for “gas-insulated
mefal-enclosed switchgear”.

The¢ gas-insulated metal-enclosed switchgear covered by this,document consists of individual
components intended to be directly connected together and able to operate only in this manner.

This document completes and amends, if-recessarfapplicable, the various relevant standards
applying to the individual components constituting GIS.

2 | Normative references 5

The following documents are referred.to)in the text in such a way that some or all of their conl]ent
cornstitutes requirements of this document. For dated references, only the edition cited applies.
Fo undated references, the latest edition of the referenced document (including any
amendments) applies.

HEQ

HEQ

IECG 60068-24110—Basic—environmentaltesting—procedures Environmental testing — Part 2411:
Tes$ts — TeSt Ka: Salt mist

IEG 80068-2-17, Basic environmental testing procedures — Part 2-17: Tests — Test Q: Sealing

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

IEC 60099-4:2014, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60137:20082017,tasulating Insulated bushings for alternating voltages above 1 000 V

IEC 60141-1, Tests on oil-filled and gas-pressure cables and their accessories — Part 1:
Oil-filled, paper or polypropylene paper laminate insulated, metal-sheathed cables and
accessories for alternating voltages up to and including-460 500 kV

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



To be in line with IEC 62271-1 and other IEC 62271-series standards the word “AC” (alternating current) has been added to the title of the standard.

Beside SF6 also alternative gases and gas mixtures are now mentioned wherever needed.
Most of these changes are editorial changes, as the old version of the standard did not explicit distinguish between gases and gas mixture. Often SF6 was mentioned, but the requirements were meant to be applicable for all gases and gas mixtures.

The references have been updated and not used references have been removed.

https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91
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IEC 60376, Specification of technical grade sulphur hexafluoride (SFg) and complementary

ga

ses to be used in its mixtures for use in electrical equipment

IEC 60480,-Guidelinesfor-the—checking-and-treatment-of-sulfur-hexafluoride{SF g)-takenfrom
electrical-equipment-and-specificationfor-its—re-use Specifications for the re-use of sulphur

hexafluoride (SFg) and its mixtures in electrical equipment

IEC 60840, Power cables with extruded insulation and their accessories for rated voltages

ab

ove 30 kV (U, = 36 kV) up to 150 kV (U, = 170 kV) — Test methods and requirements

E
1=

ent¢losed switchgear for rated voltages of 72,5 k\V/-and above
IEG 61869-1, Instrument transformers — Part 1: General requirements
IEG 61869-2, Instrument transformers — Part 2: Additional requirements for'cfrent transform

IEQ

tra

IEG 62067, Power cables with extruded insulation and their-accessories for rated volta

ab

IECG 62271-1:20042017, High-voltage switchgear{ and controlgear — Part 1: Comn
spécifications for alternating current switchgear and controlgear

IEG 62271-4, High-voltage switchgear andgpgontrolgear — Part 4: Handling procedures
sulphur hexafluoride (SFg) and its mixtures

IEG 62271-100:20082021, High-voltage switchgear and controlgear — Part 100: Alternat
cunrent circuit-breakers

IEG 62271-102:20642018,~-High-voltage switchgear and controlgear — Part 102: Alterna
current disconnectors and‘earthing switches

IECG 62271-209:200%2019, High-voltage switchgear and controlgear — Part 209: C4
connections for_gas-insulated metal-enclosed switchgear for rated voltages above 52 k
Fluid-filled and-extruded insulation cables — Fluid-filled and dry-type cable-terminations

IEG 622715211:2014, High-voltage switchgear and controlgear — Part 211: Direct connecli
1ween power transformers and gas-insulated metal-enclosed switchgear for rated volta

be
ab

l(m)

/TR 81639-109048
O TO9I1TII0

owar transformers o
T OWeT— >4 Cro o

hsformers

ove 150 kV (U, = 170 kV) up to 500 kV (U, = 550 kV) < Test methods and requirements|

wel52 kV

Y

ers

61869-3, Instrument transformers — Part 3: Additional requirepients for inductive voltage

hes

non

for

ing

ing

ISO 22479, Corrosion of metals and alloys — Sulfur dioxide test in a humid atmosphere (fixed

ga

s method)
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3 Terms and definitions 6

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |SO Online browsing platform: available at https://www.iso.org/obp

switchgear and controlgear assemblies with an external metal enclosure intended t6 be earthied,
and complete except for external connections

[SQURCE: IEC 60050-441:1984, 441-12-04, modified — The note was deleted.]

3.102

gas-insulated metal-enclosed switchgear
mefal-enclosed switchgear in which the insulation is obtained, at.least partly, by an insulafing
gag or gas mixture other than air at atmospheric pressure

Not¢ 1 to entry: This term generally applies to high-voltage switchgear‘and controlgear.

Notg¢ 2 to entry: Three-phase enclosed gas-insulated switchigear applies to switchgear with the three phdses
enclosed in a common enclosure.

Noté 3 to entry: Single-phase enclosed gas-insulated switchgear applies to switchgear with each phase enclgsed
in a|single independent enclosure.

[SQURCE: IEC 60050-441:1984, 441-12-05, modified — "or gas mixture” has been added in [the
defjnition, and Note 2 and 3 to entry-h@ve been added.]

3.103

gas-insulated switchgear enclosure
pant of gas-insulated metal-enclosed switchgear retaining the insulating gas under the
prelscribed conditions necessary to maintain safely the highest insulation level, protecting [the
equipment against external influences and providing a high degree of protection to personngel

Note 1 to entry: The enclosure can be single-phase or three-phase.

3.104

isollating \ink [7
paft of the-conductor which can easily be opened or removed in order to isolate two parts of the
GI$ ftgm each other

Note 1 to entry: The open gap is designed to withstand the test voltages across isolating distance according Table 2
and Table 3.

Note 2 to entry: The purpose of an isolating link is to ensure electrical isolation between sections of a GIS e.g.
during maintenance and repair work.

3.105

removable link '8

part of the conductor which can easily be opened or removed in order to-iselate separate two
parts of the GIS from each other

Note 1 to entry: The open gap is designed to withstand the phase-to-earth test voltages according to Table 2 and
Table 3.



The terms and definitions have been updated and not used terms and definitions have been removed.

A definition of “isolating link” has been added.
Isolating links are often used in GIS during maintenance and repair work in order to minimize the section of the GIS, which needs to be switched off during this work.
Isolating links are needed where the other side of the open link can be in service during maintenance and repair work inside the GIS. The open isolating link shall therefore be capable of withstanding the test voltages of an isolating distance according to Table 2 and Table 3.

The definition of “removable link” has been modified to be in accordance with the above new definition of “isolating link”.
The purpose of a removable link is to ensure electrical separation between sections of a GIS, where the other side of the open link is earthed.
This is for instance often the case during high voltage testing of GIS, where voltage transformers, surge arresters, cable connections and transformer connections often must be separated from the GIS during the test.
The open link shall therefore be capable of withstanding the phase-to-earth test voltages according to Table 2 and Table 3.

https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

-10 - IEC 62271-203:2022 CMV © IEC 2022

Note 2 to entry: The purpose of a removable link is to ensure electrical separation between sections of a GIS, where
the equipment is separated from the rest of the GIS, e.g. in front of voltage transformers, surge arresters, cable
connections and transformer connections during high voltage testing of GIS or testing of the components.

3.106

compartment

part of gas-insulated metal-enclosed switchgear,—totally—enclosed—except—for—openings
neecessary-forinterconnectionand-control which is gastight and enclosed

Note 1 to entry: A compartment-may can be designated by the main component contained therein, e.g. circuit-
breaker compartment, busbar compartment.

esgdential part of the main or earthing circuits of gas-insulated metal-enclosed switchgear wHich
serves a specific function (for example circuit-breaker, disconnector, switch, fuse,linstrument

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

[SOURCE: IEC 60050-471:2007, 471-02-01, modified — “an enclosure” inserted after “ppss
thrpugh” and “a partition such as*a“wall or a tank” deleted. Notes 1 and 2 were deleted.]

3.1111
majin circuit

all the conductive partsiof gas-insulated metal-enclosed switchgear included in a circuit wHich
is ihtended to transmit electrical energy

[SQURCE: |BEC-60050-441:1984, 441-13-02, modified - “gas-insulated metal-enclo$ed
switchgear{ inserted after “parts of” and “an assembly” deleted]

3.112

auxiliary circuit

all the conductive parts of gas-insulated metal-enclosed switchgear included in a circuit-{ether

than-the-main-eiredity intended to control, measure, signal and regulate

Note 1 to entry: The auxiliary circuits of gas-insulated metal-enclosed switchgear include the control and auxiliary
circuits of the switching devices.

3.113

enclosure design temperature-of-enclosures

maximum temperature that the enclosures can reach under specified maximum service
conditions


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91
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3.114
enclosure design pressure-of-enclosures
relative pressure used to determine the design of the enclosure

Note 1 to entry: It is at least equal to the maximum pressure in the enclosure at the highest temperature that the
gas used for insulation can reach under specified maximum service conditions.

Note 2 to entry: The transient pressure occurring during and after a breaking operation (e.g. circuit-breaker) is not
to-be considered in the determination of the design pressure.

3.115
pa

reIItive pressure across the partition used to determine the design of the partition

Not
mai

e 1 to entry: It is at least equal to the maximum-relative differential pressure across the partition du
htenance activities.

ring

Notg 2 to entry: The transient pressure occurring during and after a breaking operation (e.g. circuit-breaker) is| not
to-bp considered in the determination of the design pressure.
3.1116
operating pressure
<pressure relief device> relative pressure chosen for the openingroperation of pressure relief
devices
3.117
rodtine test pressure
<enclosures and partitions> relative pressure to which all enclosures and partitions pre
subjected after manufacturing
3.1118
type test pressure
<enclosures and partitions> relative pressure to which enclosures and partitions are subjected
forltype test
3.1119
fragmentation
damage to enclosure due to.préssure rise with projection of solid material
O . o) e ¢ _
O : it dovice. if their ejoction is.di ;
L il ol I " L I £ o ilo o onf bl L (o}
SH Ty PAl HUlCo afto i3 TCIC Tt o g it ISas] it agtt T Ci T T ot T
3.120

disruptive discharge

phenomena associated with the failure of insulation under electric stress, in which the discharge
completely bridges the insulation under test, reducing the voltage between the electrodes to
zero or almost zero



This section has been moved to subclause 6.103.2 “External effects of the arc” in order to improve the readability of the standard.

https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91
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21

transport unit
part of gas-insulated metal-enclosed switchgear suitable for shipment without being dismantled

3.1

22

functional unit 10
part of metal-enclosed switchgear and controlgear comprising all the components of the main
circuits and auxiliary circuits that contribute to the fulfilment of a single function

Note 1 to entry:

exa
disdg

[SQ
ins
exd

onnector, earthing switch, voltage transformer, current transformer, operating mechanism, enclosure, etc.

URCE: IEC 60050-441:1984, 441-13-04, modified — In the definition, “metaldentlos

hanged with examples relevant for GIS.]

Normal and special service conditions

Functional units can be distinguished according to the function for which they are intended,

for
ker,

ed”

brted after “part of” and “an assembly of” deleted. In the note the examples)have bgen

4.1

Su
pre

4.2

Su
pre

Normal service conditions

bclause 4.1 of IEC 62271-1:2017 ist@applicable, taking into account the recommended val
sented in Table 1 of this document.

Special service conditions

pclause 4.2 of IEC 62271-1:2017 is applicable, taking into account the recommended val
sented in Table 1 ef\this document.

In the cases where-higher than (>) is used in Table 1, the values shall be specified by the u

as

Hescribed iIEC 62271-1:2017.

yes

es

ser



The term “functional unit” is used in subclause 7.1.1 to define the test objects for type tests.
In the past this term has often caused discussions between manufacturer and users, whether the type tests have been performed on the correct test objects. A major reason for this confusion was the term in IEC 60050-441:1984, 441-13-04, which is not directly applicable for GIS.
The term has therefore been adapted to GIS and examples relevant for GIS have been added, in order to clarify most of the discussed issues.

This section has been moved to new subclause 4.101 “General” below Table 1 due to alignment with IEC 62271-1.
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4.1

01 General

Table 1 — Reference table of service conditions relevant to GIS

- 13 -

Normal Special
Item
Indoor Outdoor Indoor Outdoor
Ambient air temperature:
Minimum (°C) -5-0r—25 250,40 -25 -50
Maximum (°C) +40 +40 +50 +50
Solar radiation (W/m?) Not applicable 1000 Not applicable >1 000
Altjtude (m) 1 000 1 000 >1 000 >18000
Sitp pollution severity 2 Not applicable c c,dore dore
Icg coating (mm) Not applicable 4+—40-o¢ 20 Not applicable. >20
Wipd (m/s) Not applicable 34 Not applicable >34
Average humidity over 24 h (%) 95 100 98 100
Cohdensation or precipitation Occasional Yes Yes Yes
EC/TR 62274~ | {ECAR 62244~

—oo e
Abpormal vibrations, shock or tilting Not applicable | Not applicable Applicable Applicablg
NQTE The user’s specification-may can use any combination of normal or special service conditions above.
@ | Site pollution severity c, d or e according to IEC TS 60815+%,2008, 8.3 [5]1
At pny altitude the dielectric characteristigshof the internal insulation are identical with thpse
mepsured at sea-level. For this internal, insulation no specific requirements concerning the
altifude are applicable.
Sofne items of a GIS such as, pressure relief devices and pressure and density monitoiring
deyices can be affected by @Jtitude. The manufacturer shall take appropriate measuresg if
neg¢essary. 12
5 [ Ratings
51 General
Subclause.541 of IEC 62271-1:2017 is applicable with the following modifications:
e) |rated short-time withstand current (/) (for main and earthing circuits);
f) rated peak withstand current (Ip) (for main and earthing circuits);

and with the following addition:

k) rated values of the components forming part of gas-insulated metal-enclosed switchgear,

5.2

including their operating devices and auxiliary equipment.

Rated voltage (U,)

Subclause 5.2 of IEC 62271-1:2017 is applicable with the following addition:

1

Numbers in square brackets refer to the Bibliography.



This section has been moved to here from clause 4 “Normal and special service conditions” due to alignment with IEC 62271-1.
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NoFE—Components forming part of the GIS-may can have individual values of rated-veltage for
equipment in accordance with the relevant standards.

5.3 Rated insulation level (Uy, Up, Uy)

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

Tables 1, 2, 3 and 4 in Subclause 5.3 of IEC 62271-1:2017 are replaced with Table 2 and
Table 3 below.

meretedeliecne slbone D00 0L son Sone s

NOTE 1 The higher values for GIS in IEC 62271-203 compared to the values in IEC 62271-1 were intreduced
revipion 1 in 2003. They have now been established as standard values.

The GIS comprises components having a definite insulation level. Although internal faults ¢an
Iarxely be avoided by the choice of a suitable insulation level, measurés)to limit external
ovgrvoltages (e.g. surge arresters,) should be considered.

e
. L _ _ . . ) .

insufation-is-U /U = 0;45-and-U /U -=0,75-The-values-U shown-inTable-3-aredaletlated with-these factors: 1
NOTE 2 Regarding the external parts of bushings (if any), see to IEC 6013772017.

NOTE 3 The waveforms are standardized lightning impulse and switching impulse shapes, pending the resulfs of
studies on the ability of this equipment to withstand other types ofdimpulses.

be
due

NOTE 4 The choice between alternative insulation levels foréa/pdrticular rated voltage for equipment-should ca
basgd on insulation coordination studies, taking into acceunt'also the self-generated transient overvoltages
to spitching.

Table 2 — Rated insulation levels for rated voltages
for equipment of range | (245 kV and below)

Rated short-duration power-frequency Rated lightning impulse
withstand voltage withstand voltage
Uy U,
Rated voltage for
equipment kV (RMS value) kV (peak value)
U
r Phase-to-earth, Phase-to-earth,
HV (RMS value) across open Across across open Across
switching device the isolating switching device the isolating
and between distance and between distance
phases phases
(1) (2) (3) (4) (5)
72,5 140 160 325 375
100 185 210 450 520
123 230 265 550 630
145 275 315 650 750
170 325 375 750 860
245 460 530 1050 1200

NOTE Values in column (2) are applicable:

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

Values in columns (3), (4) and (5) are applicable for type tests only.

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



The old Note 1 was only applicable for SF6 because the CIGRE studies mentioned were performed for SF6 and may not be applicable for alternative gases.
However even if the natural ratio between the withstand voltages may be different for different gases, it would not be practical to define different withstand test voltages for different gases.
The higher values for GIS in IEC 62271-203 were introduced in edition 1.0 in 2003 and are now established as standard values for GIS, independent on the type of gas used.
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Table 3 — Rated insulation levels for rated voltages for equipment of range Il
(above 245 kV)

Rated short-duration e s Rated lightning
Rated switching impulse .
power-frequency withstand voltage impulse
withstand voltage U withstand voltage
Uy s Up
Rated KV K val
voltage for kV (RMS value) (peak value) kV (peak value)
equipment
U Phase-to- Across Phase-to- Between Across Phase-to- | Across open
f earth and open earth and phases isolating earth and switching
\/ (RMS between switching across (Notes 3 distance between device
value) phases device open and 4) (Notes 1, 2 phases and/or
(Notes 3 and/or switching and 3) (Note 5) isolating
and 5) isolating device distance
distance (Note 5) (Notes 2
(Note 3) and 3)
1 (2) (3) (4) (5) (6) (7) (8)
300 460 595 850 1275 700 (+245) 1.050 1 050 (+170)
362 520 675 950 1425 800 (+295) 1,175 1175 (+205)
420 650 815 1050 1575 900 (+345) 1425 1425 (+240)
550 710 925 1175 1760 900 (+450) 1 550 1 550 (+315)
800 960 1270 1425 2420 1 100 (+650) 2100 2 100 (+495)
1100 1550 2635 12850 +(900) 2 250 2 250 + (630)
100 14 1100 1100
+(635) 1800 2 880 1675 +(900) 2 400 2 400 + (630)
1200 1800 2970 2 400 2 400 + (6%5)
1200 1200 1200 1675 +(980)
+(695) 1950 3120 2 550 2 550 + (6%5)

NQTE 1 Column (6) is also applicable to some circuit-breakers, see IEC 62271-100:2021.

NQTE 2 In column (6), values in brackets are‘the peak values of the power-frequency voltage U, \/E/\/g appljed
to the opposite terminal (combined voltage).

—_

In folumn (8), values in brackets\are’ the peak values of the power-frequency voltage 0,7 U, \/E/\/g applied to

thg opposite terminal (combined_voltage).

NQTE 3 Values in column.(2) are applicable:

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

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

Values in columns (3), (4), (5), (6), (7) and (8) are applicable for type tests only.

NQTE 4 These values are derived using the multiplying factors stated in Table 3 of IEC 60071-1:20062019 [4].

NJTE5 For earthing switches only phase-to-earth tests according column (2). (4) and (7) are applicable.

5.4 Rated frequency (f,)

Subclause 5.4 of IEC 62271-1:2017 is applicable.
4.4  Rated normal current and temperature rise
5.5 Rated-nermal continuous current (1)

Subclause 5.5 of IEC 62271-1:2017 is applicable with the following addition:



The rated test voltages for 1 100 kV and 1 200 kV equipment have been moved to here from Annex G “Insulation levels for GIS with rated voltages higher than 800 kV”.
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Some main circuits of GIS (e.g. busbars, feeder circuits, etc.)-may can have different values of
rated-nermal continuous current. However, these values should also be selected from R10
series.

5.6

Su

5.7

Su

NOT

,
D
5
5
D
D
D
D
D
D
D
D O
D
D
5
o
D
o)
O
5

Rated short-time withstand current (1})

bclause 5.6 of IEC 62271-1:2017 is applicable.

Rated peak withstand current (Ip)

bclause 5.7 of IEC 62271-1:2017 is applicable-with-thefelloWwing-addition.

eakwithstand current of amain—cHlcyt
ea—WHRStaha— et rento+ra—mMath—cHcH

E  Inprincinle—the rated-short-time-withstand-current and-the rated
E—H—pHhRcHpte,thefatead—Sshoft-tHRe-wWhhstaha—-ecurrehrt ahatpefatea

5.8

Su

5.9

Su

5.1

Su

5.1
Su

Rated duration of short-circuit ()

bclause 5.8 of IEC 62271-1:2017 is applicable.

Rated supply voltage-ef closing-and-epening-devices-and of auxiliary and contr

circuits (U,)

bclause 5.9 of IEC 62271-1:2017 is applicable.

0 Rated supply frequency-of-closing-and-opening-devices-and of auxiliary and

control circuits

pbclause 5.10 ofHEC 62271-1:2017 is applicable.

1 Rated)pressure of compressed gas supply for controlled pressure systems

pbclause 5.11 of IEC 62271-1:2017 is applicable.

1 11 Rated fillinal Is for | Tati T T

6

Design and construction

ol
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Requirements for liquids in switchgear and controlgear

bclause 6.1 of IEC 62271-1:2017 is-ret applicable.

Requirements for gases in switchgear and controlgear

bclause 6.2 of IEC 62271-1:2017 is applicable-with-thefolowingaddition.

T

4

6.3
Su

6.3

To
req

Fui
ear
an

wit

Earthing of switchgear and controlgear

pbclause 6.3 of IEC 62271-1:2017 is applicable.

101 Earthing of the main circuit

uired or provided shall be capable of being earthed.

thing-may can be made by:

earthing switches with a making capacity equal to the rated peak withstand current, if th
is still a possibility that the circuit‘connected is-tive energised,;

thing devices for_the duration of the work on a circuit element previously earthed
earthing switch.\_JThe removable earthing device shall have the relevant short-cir
hstand capabhility/and/or induced current withstand capability.

Th

After such-event, earthing circuit-may can need to be replaced.

6.3.1102 Earthing of the enclosure

-«

ensure safety during maintenance work, all.parts of the main circuit to which acces$ is

ere

earthing switches without a making capacity or with a making capacity lower than the rated
peak withstand current, if.there is certainty that the circuit connected is not-live energisgd.

thermore, it shall _be possible, after opening the enclosure, to connect removgble

via
Cuit

earthing circuit-may can be degraded after being subjected to therated short-circuit current.

The enclosures shall be connected to earth. All metal parts which do not belong to a main or
an auxiliary circuit shall be earthed. For the interconnection of enclosures, frames, etc.,
fastening (e.g. bolting or welding) is acceptable for providing electrical continuity.

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

If using single-phase enclosed switchgear, a looping circuit, i.e. an interconnection between the
enclosures of the three phases, should be installed for the induced current. Each of these
looping circuits should be linked as directly as possible to the general earthing grid by a
conductor capable to carry the short-circuit current.



This section has been moved to clause 6.101 “General requirements for GIS” due to alignment with IEC 62271-1.
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NOTE The looping circuits are intended to avoid induced currents in the enclosures from flowing in the earthing
circuits and earthing grid. They are usually dimensioned for the rated continuous current and located at the
appropriate location according to the layout of the GIS installation.

6.4 Auxiliary and control equipment and circuits

Subclause 6.4 of IEC 62271-1:2017 and IEC 62271-1:2017/AMD1:2021 is applicable.

6.5 Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 is applicable.

6.6( Stored energy operation

Subclause 6.6 of IEC 62271-1:2017 is applicable.

6.7] Ilndependen e ion-(independent- unlatched-ope ion

Independent unlatched operation (independent manual or poweroperation)

Subclause 6.7 of IEC 62271-1:2017 is applicable.

6.8) Manually operated actuators

Subclause 6.8 of IEC 62271-1:2017 is applicable.

6.9 Operation of releases

Subclause 6.9 of IEC 62271-1:2017 is applicable.

6.10 1 ! hial interlocki I itori lovi

Pressure/level indication

Subclause 6.10 of IEC 62271-1:2017_is,applicable with the following addition:
The¢ performance of the GIS is depending on the gas density of the pure gas or the gas mixtures.
Forl GIS it is not suffiejent to monitor the gas pressure without temperature compensation.

The gas density~or temperature compensated gas pressure in each compartment shall|be
continuouslyémenitored. The monitoring device shall provide at least two-sets—of alarm levels
for| pressure) or density (alarm and minimum functional pressure or density). The correct
funfctioning of gas monitoring devices shall be-capable—of-being able to be checked with fthe
high-veltage equipment in service.

NOTE 1 When the-rated filling density differs between adjacent compartments, an additional alarm indicating over
pressure or density-may can be used, if it is applicable for the GIS design.

NOTE 2 Tolerances of the monitoring device, as well as possible differences in temperature (e.g. inside/outside of
a building) between the monitoring device and the volume of gas being monitored,-sheuld can be considered.

NOTE 3 Checking of gas monitoring—may can initiate wrong alarms which-may can initiate or inhibit switching
operations.

NOTE 4 Itis preferable for gas monitoring devices to be placed as close as possible to the gas compartment which
is being monitored to ensure measuring accuracy and minimum leakage, however consideration-should can be given
to safety and accessibility when choosing the location.

NOTE 5 The preferred solution for checking the gas monitoring device is to isolate the density monitor from the gas
compartment without mechanically removing it from the GIS, in order to minimize gas losses.
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6.1

1 Nameplates

Subclause 6.11 of IEC 62271-1:2017 is applicable with the following addition:

A common nameplate shall be provided to identify the GIS. It shall, as a minimum, detail the
ratings listed in Clause 5 of this document. The common nameplate shall be clearly readable
from the position of local operation side.

For each individual device a nameplate according to its relevant standard is required where

rati

ngs are not detailed on the common nameplate.

Thl nameplates shall be durable and clearly legible for the lifetime of the GIS.

The manufacturer shall give information of the-tetal-ameunt-ef-SE, type, volume-apd masg

the
ins
infd
6.1
Su

The following provisions are mandatory for apparatus installed in main circuits which are u

as

gas contained in each gas compartment as well as the total mass for'the entire
allation either on the nameplate or on a label placed in a visible location,lfrequired, m
rmation—regarding-the-SE -ameunt shall be provided in the instruction.fianual.

2 Interlocking Locking devices

pclause 6.12 of IEC 62271-1:2017 is applicable with the following addition:

solating distance and earthing:

apparatus installed in main circuits, which are used for ensuring isolating distances du
maintenance work, shall be provided with visible locking devices to prevent closing (
padlock);

earthing switches shall be provided~With locking devices to avoid opening dur
maintenance work.

of
51S

sed

ing
.g.

ing

a
2AVHAG V/ a

alking nAa o tha | o a a o

G Pa S the—H —etHreht—a S
intdrlocked with the ascoeiated circuit-breaker to nrevent onenina-or-closina - of the switeH or
HeHoCKeG—WHA—HEeaS§otate G CcHEUh-Dreakertoprevet—opengor—cosSiRg- o te-SWHCH-Of
dicskonneector tunlacc=the accpnecigted circuit-hreaker ic onen Howevaer on-load bhuc-trangfar
SO e Cto—uUeStRC—aSSOCIA e G—CHCUH-DreaKker15—0O0p e—T1OWe Ve —OR—10aG—/oUuS-tHah3ieH

hing [Pa%a m inle_b h on h he no ible- 1
g e s P O pe—Ppo

3 Position-indication

pclause6.13 of IEC 62271-1:2017 is applicable with the following addition:

In case of disconnector switch and earthing switch 6.104.3.2 of IEC 62271-102:2018 is
applicable.

6.1

4 Degrees of protection provided by enclosures

Subclause 6.14 of IEC 62271-1:2017 is applicable.

6.1

5 Creepage distances for outdoor insulators

Subclause 6.15 of IEC 62271-1:2017 is applicable with the following addition:



This section has been moved to subclause 6.109 “Interlocking”.
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This applies to bushings only.

6.16 Gas and vacuum tightness 17
6.16.1 General

Subclause 6.16.1 of IEC 62271-1:2017 is applicable with the following addition:

This applies only to insulating and switching medium, not to operating medium of switchgear
and controlgear.

G

$ shall be a closed pressure system or a sealed pressure system.

Lelkage losses and handling-lesses releases shall be considered separately. The bbjective is
to minimize the release of gas in the atmosphere due to leakage and handling (see/IEC 622[71-
4).

The¢ cause of any leakage shall be investigated carefully, and corrective actions shall|be
corjsidered, especially if it is above the limits specified in this document:

6.16.2 Controlled pressure systems for gas

Subclause 6.16.2 of IEC 62271-1:2017 is-net applicable.

6.16.3 Closed pressure systems for gas

Subclause 6.16.3 of IEC 62271-1:2041 ;s applicable with the following addition:

The¢ relative leakage rate from any single compartment of GIS to atmosphere and betwgen
corppartments shall not exceed 0,5 % per year for the-servicelifetime expected operafion
duration of the equipment,

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

Th¢ maximum relative leakage rate F,,, for type tests is specified as:

rel

o [<0,1 %peryear for SF5, SFg mixtures and for other gas mixtures with GWP > 1 000;

e [<0,6% per year for other gas mixtures with GWP < 1 000.

NOTEN2/ The global warming potential (GWP) of gases in GIS is the major reason for requiring low permisgible
leakage rates. Solutions with alternative gases with GWP Tower than T 000 exist. GWP (100 years) of SFgis 23 500

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

For small gas compartments containing less than 1 kg gas the permissible relative leakage rate
F,q for type tests is specified as:

e <0,2 % per year for SFg, SF5 mixtures and for other gas mixtures with GWP > 1 000. 18

6.16.4 Sealed pressure systems

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


Subclause 6.16 “Gas and vacuum tightness” has been updated to be applicable for alternative gases and gas mixtures also.

For “Closed pressure systems for gas” two classes of gases and corresponding requirement for maximum leakage rates have been introduced.
As criteria for the classification the GWP according to IPCC – AR5 has been selected:
- SF6, SF6 mixtures and other gas mixtures with a GWP > 1 000 shall be type tested for maximum leakage rate ≤ 0,1 % per year,
- other gas mixtures with a GWP ≤ 1 000 shall be type tested for maximum leakage rate ≤ 0,5 % per year.
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6.16.101 Leakage

In accordance with standardized procedure defined in-Anrex-E-of tEC62271-1 Clause 10 of
IEC TR 62271-306:2012 and IEC TR 62271-306:2012/AMD1:2018 [12], the manufacturer shall
demonstrate that the relative leakage rate from any compartment of GIS or between
compartments complies with 6.16.3 or 6.16.4.

6.16.102 Gas handling

The GIS shall be designed to minimize life cycle gas-handling losses—during—service—life
(in i i iviti i i ce
procedures for minimizing gas-handling-tesses releases and shall identify the gas-less releages
asdociated with each procedure.

The manufacturer shall recommend procedures for-SF4 gas handling accordingto4EC-60480
andHEC/TR62271-303 IEC 62271-4.

6.1[7 Liquid-tighthess Tightness for liquid systems
Subclause 6.17 of IEC 62271-1:2017 is-net applicable.

6.18 Fire hazard (flammability)

Subclause 6.18 of IEC 62271-1:2017 is applicable.

6.19 Electromagnetic compatibility (EMC)

Subclause 6.19 of IEC 62271-1:2017 is applicable.

6.20 X-Ray emission

Subclause 6.20 of IEC 62271-1:2017 is-applicable with the following addition:
This applies only to-eireuit-breakeks-with GIS components which use vacuum interrupters.

6.2[1 Corrosion

Subclause 6.21 of IEC'62271-1:2017 is applicable with the following addition:

bolled-and-screwed-assemblies:

Th¢ corresion of bolted and screwed assemblies shall be taken into account when ensuring [the
continuity of the earthing circuits

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 is applicable.

6.101 General requirements for GIS

GIS shall be designed so that normal service, inspection and maintenance operations, earthing
of connected cables, locating of cable faults, voltage tests on connected cables or other
apparatus and the elimination of dangerous electrostatic charges, can be carried out safely,
including the checking of phase sequence after installation and extension.

The design of the equipment shall be such that the agreed permitted movement of foundations
and mechanical or thermal effects do not impair the assigned performance of the equipment.
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All components of the same type (rating, design and construction, etc.) which can be replaced
shall be interchangeable.

The various components contained within the enclosure are subject to their relevant standards
except where modified by this document. 19

6.102 Pressure coordination

The pressure inside a GIS—may can vary from the-rated filling pressure—lﬁwcemlpre due to different
serwce condltlons Pre W

In $ervice conditions, the mechanical stresses are associated with the internal pressure which
depends on the gas temperature. Consequently, the—desigh maximum pressure in seryice
corresponds to the-rated filling pressure at the maximum temperature the gas.can reach dug¢ to
continuous current and service conditions (e.g. temperature, sun radiation):

Figure 1 shows the various pressure levels and their relationship.



This section has been moved to here from clause 6 “Design and construction” due to alignment with IEC 62271-1.
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Highest pressure
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i Margin for pressure rise due to temperature (1()/
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Margin for pressure loss due to gas leakage ,\'\’

Alarm pressure
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i Minimum functional
pressure pme/ pmm
Lowest pressure \Q

S\& IEC 1883/11
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@0 . Routine test pressure

Q‘ Design pressure
(>Q~ i Maximum pressure in service may

reach the design pressure

Maximum pressure
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J of gas caused by service conditions

Filling pressure po

1 Margin for pressure loss due to gas leakage

Alarm pressure p

$ Margin for pressure loss to allow for action

Minimum functional
pressure ppe

Lowest pressure
IEC

Figure 1 — Pressure coordination
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The manufacturer is responsible for choosing the minimum functional pressure for insulation
Pme and-eperation—p,,, filling pressure p .—TFhe-alarmpressures—p, | p,,arerelatedto-the
il A byt ifiod leal . I hi -

Ins

gag monitoring device shall be taken into consideration.

The time between the alarm pressure p,, and the minimum functional pressure p,,. allg
co
w During this time period the tolerances of the gas monitoii

de

6.1
6.1

Af
0c(

GI{
fau
tak

Thee very low probability of such an event shall be considered Arrangements shall be madg

minji
cor

of &
prelssure p,, shall be as close as possible, considering the tolerances of the density sensc
in grder to aware the user as soon as possible of gas losses. 20

ny gas Ieak For GIS using gas with a GWP > 1 000, the filling pressure p., and thelala

fallation conditions (indoor, outdoor, direct solar radiations, ...), design and-telerances of

ices shall be taken into consideration.

03 Internal arc fault
03.1 General

hult leading to arcing within GIS built to this«document has a very low order of probability

It within GIS. All possible measures to keep a very low probability of occurrence shall
en such as:

insulation co-ordination;

gas leakage limitation and control;
control of gas guality;

high quality of work on-site;

interlocking of switching device.

the

WS

ective actions to be undertaken by the user and is dependent|upon the gas leakage rate.

ing

of

urrence. This results from the application-of an insulating gas other than air at atmosphégric
preissure which will not be altered by pollution, humidity or vermin.

b shall be designed, manufacturediand operated in order to prevent the occurrence of intennal
be

compartments

After such an event, an intervention-should will be necessary in order to isolate the faulty
compartment. The general partitioning of GIS design shall permit the restoration of the part of
GIS which is not affected in order to satisfy the service-eperation continuity requirements when
defined (see Annex F).

6.1

03.2 External effects of the arc

The effects of an internal arc are:

pressure increase of gas (see Annex D);


The wording has been improved for better understanding.
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e possible burn-through of enclosure.

The external effects of the arc shall be limited by a suitable protective system to the appearance
of a hole or a tear in the enclosure without any fragmentation. The duration of the arc is related
to the performance of the protective system determined by the first stage (main protection) and
second stage (back-up protection).

Table 4 gives the performance criteria for the duration of the arc according to the performance
of the protective system.

Iable 4 — FPerrormance criteria

Rated Protection Duration of short- Performance criteria
short-circuit current stage circuit current
No external effect other than the operation
1 <0,2 s A . .
of suitable pressure relief'devices
<40 kA RMS - -
2 <05s No fragmentation (burn-through is
acceptable)
No external effect other than the operation
1 <0,1s A . .
of suitable(pressure relief devices
240 kA RMS - -
9 <03s No fragmentation (burn-through is

acceptable)

The¢ term “no fragmentation of the enclosure” is interpreted as follows:

e |no explosion of the compartment;

e [no solid parts flying off from the compartmenq}:
Exg¢eptions are:

e |parts of the pressure relief device Ot parts installed in these, if their ejection is directed,;

e |glowing particles and molten material resulting from burn-through of the enclosure. 21

Addglitionally, manufacturer and-user-may can define a time during which an arc due to an intefnal
fault up to a given value of short-circuit current will cause no external effects. The definition of
thig time shall be based on test results or an acknowledged calculation procedure. See Equafion
(D.1).

The duration of eurrent without burn-through for different values of the short-circuit current-rhay
car be estimated from an acknowledged calculation procedure like CIGRE Technical Brochure
602 [24], CIGRE Session 1998 — WG 21/23/33-03 [28] and RGE: 04/82 [29].

6.103:3-Internal fault location

The manufacturer of the GIS should propose appropriate methods for the determination of the
location of a fault, if required by the user.

6.104 Enclosures
6.104.1 General

The enclosure shall be capable of withstanding the normal and transient pressures to which it
is subjected in service.



This term has been moved to here from subclause 3.119 “Terms and definitions – Fragmentation” in order to improve the readability of the standard.
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6.104.2 Design of enclosures

The design of the enclosure shall be made in accordance with established standards for
pressurized enclosures of gas-filled high-voltage switchgear and controlgear with inert, non-
corrosive, low pressurized gases. For further information, see EN 50052 [15], EN 50064 [16],
EN 50068 [17], EN 50069 [18].

Methods for the calculation of the thickness and the construction of enclosures either by welding
or casting shall be based on the design pressure (see definition in 3.114).

NOFE—VVNen aesigning an enciosure, acCoUuUNt-sAetta snall alsO be takemn of the TolIOWINg:

a) |the possible recovery or evacuation of gas or air in the enclosure as part of the normal filling
process;

b) [the full differential pressure possible across the enclosure walls or partitions;

c) |the resulting pressure in the event of an accidental leak between the compartments in fthe
case of adjacent compartments having different service pressures if(overpressure is jnot
monitored;

d) |the possibility of the occurrence of an internal fault (see 6.103);

e) [the corrosive impact on enclosures shall be considered by appropriate measures (e.g. fifter
material to adsorb humidity and decomposition products).

In gdetermining the design pressure, the gas temperature shall be taken as the mean of the
upper limits of the enclosure temperature and the main, citéuit conductor temperature with rated
noffmal continuous current flowing unless the design pressure can be established from exisiing

tenpperature-rise continuous current test records.

Fon enclosures and parts thereof, the strength” of which has not been fully determined|by
caltulation, proof tests (see 7.103) shall-be performed to demonstrate that they fulfil the
requirements.

Materials used in the construction-~of enclosures shall be of known and certified minimum
physical properties on which caledlations and/or proof tests are based. The manufacturer shall
be [responsible for the selection of the materials and the maintenance of these minimum
prdperties, based on certification of the material supplier, or tests conducted by [the
mahufacturer, or both.

6.105 Partitions
6.105.1 Design.of partitions

Pafptitions shall be used to separate compartments of the GIS and shall be gas tight such that
contamirration between adjacent compartments cannot occur. Partitions shall be madel of
maferial-having insulating and mechanical properties so as to ensure proper operation over the
Iiferime of the GIS. Partitions shall maintain their dielectric withstand strength at voltages, wHich
can occur in service (including temporary and transient voltages), when contaminated by-Skg

by-products of gases and gas mixtures generated from normal load switching or short-circuit
fault breaking.

The design pressure of a partition is defined by-mainteranee the situation where the partition
is pressurized on one side and the other side is at atmospheric pressure (e.g. when

malntenance is belng carrled out)@wmg%amteeane&aet%ﬂes—theupaﬁ&wv&%ne#maﬂy

ptessute In thls case the pressure to be conS|dered on the pressurlzed S|de of the partltlon is
the pressure at maximum ambient temperature with solar radiation effects (where applicable)
and rated continuous current (where applicable and without time limit). The pressure so derived
is the design pressure of the partition.
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For-safetyreasons; During maintenance activities, the gas pressure-may can be lowered to a
speC|f|ed and controlled pressurebetewther—ateekpressure +nsuet¥easesth+sredeeed—pressure

- If this press

ure

is below the minimum functlonal pressure the concerned gas compartments shall be switched
off. Warning notices and gas handling procedures shall be written in the operating and

ma

intenance manuals. 22

Beyond the design pressure, account shall be taken of the following, if applicable:

recovery or evacuat|on of gas or airin a gas compartment on one S|de of the part|t|on with

I|m|tat|on ora t|me I|m|tat|on reIated to the pressure d|fferent|al these shaII be clearly-sta
by the manufacturer in the operating and maintenance manuals;

ed

NOT

situ

6.1

The¢ selection of the electrical single-line diagram-is the primary consideration to fulfil sery
continuity requirements. Layout arrangements“and introduction of dismantling facilities

infl

Pa

replair and extension. Local health and safety requirements shall also-have-te be considern
seq Clause 12.

An

G

$ shall be divided.into' compartments in such a manner that:

for non-symmetrical partitions, as far as the pressure on the partition,is concerned,
worst-case pressure direction;

superimposed loads and vibration;

the possibility of maintenance being carried out adjacent to-a/pressurized partition, V
special care to avoid rupture of the partition and the risk ofsinjuries for maintenance peoj

E Enhanced pressure due to internal fault is not considered tocestablish the pressure design since in {
btion, partition will be closely inspected and replaced if-recessaryapplicable.

05.2 Partitioning

llence service continuity during maintenance, repair and extension.

titioning of a GIS is influenced by the service continuity requirements during maintenan

nex F provides guidance for specifying service continuity.

during various“activities requiring de-energization of parts of the GIS, compartments to|
taken out,efiservice comply with the user’s service continuity requirements. These activit
include;

— maintenance;

vith
Dle.

uch

ice
will

ce,
ed,

be
ies

=repair;

— extension;
— on-site dielectric test;

the effects of an arc inside a compartment is limited to that compartment (see 6.103.1);

duration of unavailability in case of major failure shall be in accordance with the user’s

service continuity requirements;

the gas or air of the compartment can be recovered, evacuated and filled in a reasona
time considering the gas handling devices available.

NOTE For on-site dielectric tests (after maintenance, repair or extension), see 11.101.2.

ble


The wording has been improved for better understanding.
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Partitions are generally of insulating material. They are not intended to provide electrical safety
of personnel. For this purpose, other means such as separating by an isolating distance and

earthing of the equipment-may can be-neecessary used.

Partitions provide mechanical safety against the gas pressure still present in the adjacent
compartment during maintenance, repair and extension. During such activities, other
mechanical stresses than pressure should be considered on partitions, such as shock of any
piece, or transient mechanical stresses from conductors in order to define the safety rules and
avoid health risk for people.

Whlere a GIS bus-duct pass between indoor and outdoor locations (for example, GIS installed
within a building with outdoor bushings), the gas compartment-may can be providedtwith a
partition close to the wall, separating the compartment between the indoor and eutdpor
enyironments to prevent problems arising from false alarms of the gas monitoringdevices and
condensation occurring due to indoor and outdoor temperature differences.

Ea¢h compartment shall be equipped with the following accessories:

o |[filling valve;

e |gas monitoring device (see 6.10).

Depending on the GIS design or on users request each compartment-may can be equipped with
the| following accessories:

o |pressure relief device (see 6.106.3);
e [desiccant;

e |internal arc fault location detector (see 6.103.3).

Figure 2 gives an example of an arrangement;,of enclosures and partitions for different types of
adjpcent compartments.
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Figure 2 — Example of arrangement of enclosures and gas compartments
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6.106 Pressure relief
6.106.1 General

Pressure relief device includes both pressure relief valves, characterized by an opening
pressure and a closing pressure; and non-reclosing pressure relief devices, such as diaphragms
and bursting disks. Pressure relief devices in accordance with this subclause shall be arranged
so as to minimize the danger to an operator-during—the-time—-he—is performing—his normal
operating duties in the gas-insulated substation, if gases or vapours are escaping under
pressure.

6.106.2 Non-reclosing pressure relief device

Sinlce, after an arc due to an internal fault, the damaged enclosures will be replaced, npn-
reclosing pressure relief devices-need shall only be proportioned to limit the external effects of
the|arc (see 6.103.2).

6.106.3 Pressure relief valve

Fof filling a gas compartment, a pressure relief valve shall be fitted tojthe filling pipe to previent
thel gas pressure from rising to more than 10 % above the design pressure during the filling of
the| enclosure.

After an opening operation-ef, a pressure relief valve,-it shall reclose before the pressure has
fallen to 75 % of the design pressure.

ThrI filling pressure p, should be corrected to-take into account the gas and ambient
temperature at the time of filling.

6.106.4 Limitation of pressure rise in thé/case of an internal fault

Nop-reclosing pressure relief devices protect against overpressure in case of internal fault. For
safety reasons and in order to limit~consequences on GIS, it is recommended that each
compartment be equipped with a nen-reclosing pressure relief device, except for large volumes
where the overpressure is self-limited to values which do not exceed the type test pressure. For
the| calculation method, see Annex D.

The¢ pressure relief device shall be equipped with a deflector in order to control the direction of
emjssion-in-such-a-wajso-asto-minimize the-danger to secure an operator working in accessible
plages for normal-Qperation. In order to avoid any pressure relief operation under normal
conditions, a sufficient difference is necessary between the operation pressure of the pressure
relief device and*the design pressure. Moreover, transient pressure occurring during operafion
(if applicabtey e.g. circuit-breaker) shall be taken into account when determining the operaiing
prelssure<efithe pressure relief device.

NOTE\ N the case of an internal fault which causes yielding of the enclosure, enclosures of adjacent compartménts
should can be checked for absence of distortion.

6.107 Noise

During an operation, the level of noise emitted by the switchgear should not exceed a specified
value defined by the user. The procedure of verification should be agreed between manufacturer
and user (see IEC 61672-1 [9] and |IEC 61672-2 [10]).

6.108 Interfaces
6.108.1 General

In order to facilitate testing of GIS, isolating-facilities-may or removable links can be included
in the design in each of the components mentioned below. This type of separation is preferable
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to dismantling. For air bushing, the high-voltage connection can be removed, preferably on the
air side.

An isolating link shall be designed to withstand the test voltages across isolating distance
according Table 2 and Table 3.

A removable link shall be designed to withstand the phase-to-earth test voltages according
Table 2 and Table 3. 23

The_isolating-facilities or removable links shall be designed to withstand the test voltages of the
components mentioned below.

Those interfaces connected to the GIS shall be capable of withstanding the maximum.presspre
in gervice of the GIS. Typical maximum pressures in service are up to 1,1 MPaabsolute)|for
SF} and up to 1,5 MPa (absolute) for other gases and gas mixtures. 24

6.108.2 Cable connections
6.1008.2.1 General
Se¢ IEC 62271-209.

These parts of the GIS, which remain connected to the cabley’shall be capable of withstanding
the| cable test voltages specified in the relevant cable standards for the same rated voltage|for
equipment.

NOTE Parts not capable of withstanding the cable test voltagés can be equipped with removable or isolating lipks.

Dufing dielectric tests on cables in general, the adjacent parts of the GIS should be Hde-
engrgized and earthed, unless special measures are taken to prevent disruptive discharges in
the| cable affecting the energized parts ofithe GIS.

The location of bushings for cable testing should be provided at the cable connection enclospure
or at the GIS itself (see IEC 62271-209) or (to reduce handlinglessesof-SF4 releases of gas)

at the other end of the cable:

6.108.2.2 Extruded insulation cable
Acg¢ording to IEC 60840 and IEC 62067 the electrical tests after installation are AC voltage tgsts

in guch case; part.of the GIS in the vicinity of the cable termination can be subject to AC fest
voltage of thescable.

6.108.2:3 Oil-filled cable

Acg¢ording to IEC 60141-1 the electrical tests after installation are DC voltage tests, in stich
case; if it is not acceptable to apply DC cable test voltages to the GIS, special provisions for
cable testing shall be made (e.g. disconnecting facilities and/or increasing of the gas density
for insulation).

6.108.3 Direct transformer connections

RefertolEC/R61639- See |IEC 62271-211.

In order to facilitate testing of transformers, an-iselated earthing switch, which can be insulated
from the GIS enclosure and ground,-may can be included in the design of the bushing or the

GIS. houldbe consideredthat any



The design criteria for isolating and removable link have been added, in accordance with the definitions in subclauses 3.104 and 3.105.

Development of alternative gases for GIS often result in increased gas pressures, compared to GIS designs based on SF6.
As a result the interfaces connected to GIS must be designed for the same increased pressures.
In order to give guidelines for cable and transformer interface manufacturer, the here mentioned maximum pressures values in service have been defined and implemented in the relevant standards IEC 62271- 203, IEC 62271-209 and IEC 62271-211.
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NOTE Opening of the GIS for the testing of the transformer can then be avoided and reduce the gas handling
releases and the outage time of the equipment. 25

6.108.4 Bushings

See IEC 60137:2017, IEC TS 60815-1 [5], IEC TS 60815-2 [6], IEC TS 60815-3 [7], IEC 61462
[8] and IEC 62155 [11].

6.108.5 Interfaces for future extensions

When an extension is planned, the locations of any possible future extension should be
cornsidered and stated by the user in the technical specification.

In the case of later extension with another GIS product and if requested by theluser, the
manufacturer shall supply information preferably in the form of drawings givihg sufficient
infgrmation to enable such an interface to be designed at a later stage. The procedufe to ensure
corffidentiality of the design details shall be agreed between the user and manufacturer. $ee
IEHE C37.122.6 [20].

The interface should concern busbars or busducts only, and not dirett connections to “active”
devices such as circuit-breakers or disconnectors. If an extension is\planned, it is recommendged
thaft the interface incorporates facilities for installation and testing-of'the extension limit the part
of the existing GIS to be re-tested and allow the connection {0 the existing GIS without further
dielectric testing (see Clause C.3). It shall be designed to withstand the rated insulation leVels
across the isolating distance.

6.109 Interlocking

Digconnectors should be interlocked with the gssociated circuit-breaker to prevent opening or
cloping of the disconnector unless the assqciated circuit-breaker is open. However, on-lpad
bug-transfer switching operations at multiplebusbar substations shall be possible.

Earthing switches having a short-circdit making capacity less than the rated peak withstand
curfent of the circuit should be ™interlocked with the associated circuit-breaker and/or
disfonnectors to prevent opening.or closing of the earthing switch unless the associated circpit-
brelaker and/or disconnector, istopen. Similar interlocking can be applied for earthing switches
with making capability. 26

7 | Type tests

71 General

Subclause 7.1 of IEC 62271-1:2017 is applicable with the following addition:

Fon type tests, technical grade SF4 and its mixtures in accordance with IEC 60376 or used $Fg
andits mixtures in accordance with IEC 60480 can be used.

If the GIS is designed to use any other gas than SFg, the necessary technical grade and the

characteristics of the gas / gas mixture used for the type testing shall be defined and
documented by the manufacturer of the GIS and documented in the type test reports.

NOTE A working group of IEC TC10 is currently working on standardisation of technical grade of SF, free gas
mixtures (IEC 63359 and IEC 63360). 27

In regard of gas handlingtEC/TR-62271-303 |IEC 62271-4 shall be taken into account.


The wording has been improved for better understanding.

This section has been moved to here from subclause 6.12 “Locking devices”.

Editorial changes are needed for alternative gases.

https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

IEC 62271-203:2022 CMV © IEC 2022 -33 -

711 Grouping of tests Basics
Subclause 7.1.1 of IEC 62271-1:2017 is applicable with the following addition:

As a general rule, tests on GIS components should be carried out in accordance with their
relevant standards, unless a specific test specification or condition is defined in this document.
For such cases, the condition given in this document shall be taken into account.

Unless specific testing-preseriptions requirements are defined, type testing shall be carried out
on a complete functional unit-{single-phase-or-three-phase). When this is impracticable, type

tesfs—cam may pe made on represertdlive asselnplies O SUD-assemDblies.

Betause of the variety of types, ratings and possible combinations of componeénts, if is
imgracticable to subject all arrangements of the GIS to type tests. The performance of any
pafticular arrangement-may can be substantiated from test results obtained on-representafive
asgemblies or sub-assemblies. The user and the manufacturer shall check(that tested sub-
asgemblies are representative of the users’ arrangement.
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Table 5 —— Example-of groupingof Type tests 28

Mandatory type tests

Group Subcla
use
LS a) Tests to verify the insulation level of the
equipment and dielectric tests on auxiliary 7.2
circuits
- b) Tests to prove the radio interference voltage 73
(RIV) level (if applicable) '
2 c) Tests to prove the-temperature-rise
continuous current of any part of the 7.435gnd
equipment and measurement of the resistance 7.5
of the main circuit
3 d) Tests to prove the rated peak and the rated
. ) 7.4
short-time withstand current
3 e) Tests to verify the making and breaking 7101
capacity of the included switching devices ’
4 f)  Tests to prove the satisfactory operation of
: L \ 7.102.1
the included switching devices
x g) Tests to prove the strength of enclosures 7.103
4 h) Verification of thé degree of protection of the 71
enclosure '
4 i) Gas tightness.tests 7.
x j)  Electromagnetic compatibility tests (EMC) 7.
4 k) Additional tests on auxiliary and control 71b
circuits '
= I) "\Tests on partitions 7.104
4 m) Tests to prove the satisfactory operation at 7 10b.2
limit temperatures T
x n) Tests to prove performance under thermal
. f h 7.106
cycling and gas tightness tests on insulators
X o) Corrosion test on earthing connections (if
h 7.107
applicable)
= p) X-radiation test procedure for vacuum
: f ) 711
interrupters (if applicable)
NATE All tvyne tests siaidld be carried out usina the number of test samnles snecified in 611 of IEC 622171
NGTE —All-type tests should be carried out using the number of test samples specified 6. 1.1 of IEC 6221
1-A007 and in the raleant annaratus standards \Whare the tast is marked bv * an additional test samnle is allowead
1:2007-and-in-the relevantapparatu standards—Where-the-testis-marked-by—"an-additional-testsample-isall d
for
Type tests, when requested by the user(additionaltest samples-may-be-used)
e Group Sub¢la
(/C) use
* ) Tests to assess the effects of arcing due to an 7105
internal fault
x r) Corrosion tests on sealing systems of 7.108
enclosures and auxiliary equipment
(if applicable)
7.1.2 Information for identification of-specimens test objects

Subclause 7.1.2 of IEC 62271-1:2017 is applicable.

7.1.3

Information to be included in type-tests reports

Subclause 7.1.3 of IEC 62271-1:2017 is applicable.



Editorial changes in Table 5 are needed due to the alignment with IEC 62271-1.
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7.2

7.2

Dielectric tests 29

1 General

Subclause 7.2.1 of IEC 62271-1:2017 is applicable with the following addition:

Dielectric tests performed as type tests shall be followed by a partial discharge measurement
according to the test procedure described in 7.2.10.

7.2.

Su

No

7.2
Su

2 Ambient air conditions during tests

pclause 7.2.2 of IEC 62271-1:2017 is applicable with the following addition:
atmospheric correction factors shall be applied for dielectric tests on GIS.

L3 Wet test procedure

bclause 7.2.3 of IEC 62271-1:2017 is not applicable but the following points-reed-te shal

nofled:

the wet test is applicable to outdoor bushings only;

the test voltage and the test procedure shall be those specified in IEC 60137:2017.

523 conditi £ switel | | i Lielectsi

Su

7.2,

Su

7.2,

Su

NOT

pod
duni

7.2,
7.2

Su

4 Arrangement of the equipment

bclause 7.2.4 of IEC 62271-1:2017 is applicable.

5 Criteria to pass the test

pclause 7.2.5 of IEC 62271-1:20,17 is applicable with the following addition:

s@%maseas#e#anw#emﬁ#au%%eﬂﬁee—?herem& If any dlsruptlve dlscharges (o]e
ing the type test serigs; it is-highly recommended to use all possible measures (even open
of the compartment)-to-find the location of flashover and to analyse the reason for it.

6 Application of the test voltage and test conditions
6.1 General

pclause 7.2.6.1 of IEC 62271-1:2017 is applicable with the following addition:

be

cur
ing

The test voltages are specified in 7.2.7 and 7.2.8.

When each phase is individually enclosed in a metallic enclosure (single-phase design), only
tests to earth, and no test between phases, shall be carried out. Bushings, used for external
connections, shall be tested according to the relevant standards.

Current transformers secondaries shall be short-circuited and earthed during dielectric testing.

Attention shall be given to the possibility that switching devices, in their open position,-may can
result in less favourable field conditions. Under such conditions, the test shall be repeated in
open position. If, in the open position of a disconnector, an earthed metallic screen is
interposed between the open contacts, this contact gap is not an isolating distance.

the



Multiple editorial changes in subclause 7.2 are needed due to the alignment with IEC 62271-1.
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When voltage transformers and/or surge arresters forming an integral part of the GIS have a
reduced insulation level, they—may can be replaced during the dielectric tests by replicas
reproducing the field configuration of the high-voltage connections. Overvoltage protection
devices shall be disconnected or removed during the tests. When this procedure is adopted,
the voltage transformers and/or surge arresters shall be separately tested in accordance with

the

relevant standards.

Special requirements are prescribed in detail in Annex A.

7.2

.6.2 General case

Su

7.2,

Su

bclause 7.2.6.2 of IEC 62271-1:2017 is applicable.

6.3 Special cases

bclause 7.2.6.3 of IEC 62271-1:2017 is applicable with the following addition:

W

en the test voltage across the open switching device or across thé |isolating distancg

higher than the phase-to-earth withstand level, but equal to the phase;to-phase withstand le
the| test voltage shall be applied according to 7.2.6.3 of IEC 62271-1;2017.

Fon switchgear and controlgear of U, < 245 kV, the test acroSs the isolating distance can

penformed with the test voltage applied to one side of the isglating distance and the other s
grounded or according to 7.2.6.3 of IEC 62271-1:2017.

W
tes

7.2,

7.2,

Su

en the phase-to-phase withstand level is higherthan the phase-to-earth withstand level,
I voltage shall be applied according to Annex:A.

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

71 General

bclause 7.2.7.1 of IEC 62271-1:2017 is applicable with the following addition:

The¢ rated withstand voltages.shall be those specified in Table 2.

7.2,

Su

Cor

7.2 Power-frequency voltage tests

bclause 7.2.7.270f1EC 62271-1:2017 is applicable with the following addition:

The main citcuits of the GIS shall be subjected to power-frequency voltage tests in
ditions. only.
7:3 Lightning impulse voltage tests

7.2,

b iS
el,

be
ide

the

dry

Subclause 7.2.7.3 of IEC 62271-1:2017 is applicable with the following addition:

If the alternative method described in 7.2.6.3 of IEC 62271-1:2017 is used, the test voltage is

def

7.2.

7.2

ined in column (5) of Table 2.

8 Tests of switchgear and controlgear of rated-voltage U, > 245 kV

.8.1 General

Subclause 7.2.8.1 of IEC 62271-1:2017 is applicable with the following addition:

The rated withstand voltages shall be those specified in Table 3.
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7.2

.8.2 Power-frequency voltage tests

Subclause 7.2.8.2 of IEC 62271-1:2017 is applicable.

7.2

.8.3 Switching impulse voltage tests

Subclause 7.2.8.3 of IEC 62271-1:2017 is applicable with the following addition:

The main circuits of the GIS shall be subjected to switching impulse voltage tests in dry
conditions only.

Sp
deq

7.2,

Su

7.2,

Su

Thi

7.2
Su

7.2,

Pa
IEQ

The¢ test-may can be carried out on“assemblies or sub-assemblies of the equipment used for

die

NOT

7.2

pcial test requirements shall be used for the phase-to-phase switching test for a threexph
ign. They are defined in detail in Annex A.

8.4 Lightning impulse voltage tests

bclause 7.2.8.4 of IEC 62271-1:2017 is applicable.

9 Artificial pollution tests for outdoor insulators

bclause 7.2.9 of IEC 62271-1:2017 is-net applicable with the fellowing addition:
5 test applies only to bushings.

.10 Partial discharge tests

ectric type tests.

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

110.2 Test procedure

Th

applied power-frequency voltage is raised to a pre-stress value which is identical to

power-frequency withstand voltage test and maintained at that value for 1 min. Pa
disghargessoccurring during this period shall be disregarded. Then, the voltage is decreased to
a gpecific value defined in Table 6 depending on the configuration of equipment and system
neytral:

bclause 7.2.10 of IEC 62271-1:2017 is applicablé with the following addition:

10.1 General

tial discharge tests shall be performed and the measurement made in accordance V
60270.

pse

vith

all

the

tial

The extinction voltage shall be recorded.
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System with-selidly effectively System without-selidly effectively
earthed neutral earthed neutral
Pre-stress voltage Test voltage for Pre-stress voltage Test voltage for
PD measurement PD measurement
Upre-stress Upd-test Upre-stress Upd-test
(1 min) (>1 min) (1 min) (>1 min)
Single-phase U, .. =U U, ... =U U et = 1,20
enc sian pre-stress d Ur" =12 U /\/g pre-stress d pd-test r
(phase-to-earth
volfage)
Thrae-phase . Upre—stress = Ud Upd—test, ph-ea = Upre-stress = Ud Upd—test, ph-ea = 1‘2 Ur
endlosures design
1,20,/ \/g
Upd—test, ph-ph =12 Ur

-

S

-

pr

-

pd|

-

pd|

<

pd

rated voltage for equipment.
power-frequency withstand test voltage as per Table 2 and Table 3.

_stress- pre-stress voltage.

test: test voltage for PD measurement.

test, ph-ea’ test voltage for PD measurement, phase-to-earth.

test, ph-ph- test voltage for PD measurement, phase-to-phase«

In addition, all components shall be tested in aceordance with their relevant standards.

7.2

.10.3 Maximum permissible partial discharge intensity

The maximum permissible partial discharge level shall not exceed 5 pC at the test voltage

Spe

cified in Table 6.

The values stated above apply to individual components as well as to the sub-assemblies$ in

wh
ins
acq
cof
acq
are

7.2,

Su

ch they are contained.“However, some equipment, such as voltage transformers-i
Llated with liquid, immersed or solid, have an acceptable level of partial discharg
ordance with theirvtelevant standard greater than 5 pC. Any sub-assembly containiing
nponents with a permitted partial discharge intensity greater than 5 pC shall be considefred
eptable if thé discharge level does not exceed 10 pC. Components for which higher leyels
accepted{shall be tested individually and are not integrated to the sub-assembly during test.

11 ~ Dielectric tests on auxiliary and control circuits

clause 7.2 11 of IEC 62271-1:2017 is applicable

7.2

.12 Voltage test as condition check

Subclause 7.2.12 of IEC 62271-1:2017 is applicable with the following addition:

The test voltage shall be 80 % of the value in Table 2 and Table 3, columns (2) and (3).

Int

he case of three-phase enclosed designs, this test shall be performed across open switching

devices, isolating distances, phase-to-earth and phase-to-phase.
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7.3 Radio interference voltage (RIV) test
Subclause 7.3 and 7.9.1 of IEC 62271-1:2017 are applicable with the following addition:

This test applies only to bushings.

7.4 Resistance measurement-of-the resistance-of circuits 30

7.41 Measurement of the resistance of auxiliary contacts class 1 and class 2

Subclause 7.4.1 of IEC 62271-1:2017 is applicable.

7.4.2 Measurement of the resistance of auxiliary contacts class 3

Subclause 7.4.2 of IEC 62271-1:2017 is applicable.

7.43 Electrical continuity of earthed metallic parts test

Subclause 7.4.3 of IEC 62271-1:2017 is apglicable.

7.4.4 Resistance measurement of>contacts and connections in the main circuit as a
condition check

7.44.1 Resistance measunement test procedure

Subclause 7.4.4.1 of IEC 6§2271-1:2017 is applicable with the following addition:

The current used for,the measurement shall be equal or greater than 100 A DC to obfain
sufficient accuracy of'the measurement.

If No-load gperations cannot be made, then 3 measurements shall be made without no-lpad
opgrations'af the switching devices.

NOTESAL is recognised that for some tests, it is not practical (for example if gas handling is required between|the
medsurements) nor possible (for example during continuous current test because of the presence of temperature
sensors within the contact system) to make any no-load operations between each of the three resistances
measurements.

7.4.4.2 Making and breaking tests

Subclause 7.4.4.2 of IEC 62271-1:2017 is applicable.

7.4.4.3 Other tests

Subclause 7.4.4.3 of IEC 62271-1:2017 is applicable.



Multiple editorial changes in subclause 7.4 are needed due to the alignment with IEC  62271-1.
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7.5 tlnuous current tests 31
N

7.5 Conditions of the test object
Subclause 7.5.1 of IEC 62271-1:2017 is applicable.

7.5.2 Arrangement of the equipment

Subclause 7.5.2 of IEC 62271-1:2017 is applicable with the following addition:
GIS with three-phase enclosures shall be subject to three-phase testing.

GIS with single-phase enclosures shall be single-phase tested with the test current flowing
through the main conductor and back through the enclosure.


Multiple editorial changes in subclause 7.5 are needed due to the alignment with IEC  62271-1.
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When testing individual sub-assemblies, the neighbouring sub-assemblies should carry the
currents which produce the power loss corresponding to the operating conditions. It is
admissible to simulate equivalent conditions by means of heaters or heat insulation, if the test
cannot be made under actual conditions.

7.5

7.5

.3 Test current and duration

.3.1 Test on main circuit

Subclause 7.5.3.1 of IEC 62271-1:2017 is applicable.

7.5

Su

7.5
Su

7.5

Su

7.5

Su

Ins

upf
nof

Fol
equ

NOT

The¢ temperature rise of components contained in the GIS which are subject to standards

cov
per

NO7
the

7.

)

3.2 Test on the auxiliary and control equipment

pclause 7.5.3.2 of IEC 62271-1:2017 is applicable.

L4 Temperature measurement during test

bclause 7.5.4 of IEC 62271-1:2017 is applicable.

5 Resistance of the main circuit

bclause 7.5.5 of IEC 62271-1:2017 is applicable.

6 Criteria to pass test

bclause 7.5.6 of IEC 62271-1:2017 is applicable with the following addition:

ulators for GIS are electrical insulation system (EIS) according to IEC 60085:2007. T

for the electrical insulation material (EIM.

outdoor application, the manufactareér shall demonstrate that the temperature rise of

E 1 The effect of solar radiatiorngéan be taken into account. See IEEE C37.24 [21].

ered by the scopenof IEC 62271-1:2017 shall not exceed the temperature-rise lin
mitted in the relgvant standard for those components.

[E 2 When applying a temperature rise equal to or higher than 65 K for parts of the enclosure not accessibl

Short-time withstand current and peak withstand current tests 32

pperator, pre¢aution can be taken to ensure that no damage is caused to the surrounding insulating material|s.

 he

er limit temperatures defined in IEC 6227 %3 shall therefore be applicable for the EIS and

the

ipment will not exceed the limit aceeptable under the service condition chosen in Clauseg 4.

not
hits

e to

[

7.

[2]

4 o 1
1 OClicial

Subclause 7.6.1 of IEC 62271-1:2017 is applicable.

7.6.

2 Arrangement of the-switehgear-and-contrelgear equipment and of the test

circuit

Subclause 7.6.2 of IEC 62271-1:2017 is-nret applicable with the following additions.

GIS with three-phase enclosures shall be subject to three-phase testing. GIS with single-phase
enclosures shall be tested-using in a single-phase circuit with the full return current in the
enclosure.



Multiple editorial changes in subclause 7.6 are needed due to the alignment with IEC  62271-1.
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The tests shall be made on a representative assembly which should include all types of
connections of bolted, welded, plug-in or otherwise jointed sections to verify the integrity
of GIS components are joined together. Assemblies shall be tested such that specimens of all
components and sub-assemblies of the design are subjected to the test. Tests shall be made
using configurations that provide the most severe conditions.

7.6.

3 Test current and duration

Subclause 7.6.3 of IEC 62271-1:2017 is applicable.

7.6

Su

7.6}

Aft
to

cor
wh

Sh
for

7.6}

L4  Conditions of switehgearand-contrelgear the test object after test
bclause 7.6.4 of IEC 62271-1:2017 is applicable.

101 Tests on the main circuits

br the tests, the resistance measurement shall not-vary increase’meore than 20 % with respect

its pre-test resistance measurement. Neither—shal—anydeformation—or-damage—to

the

nponents-or nor conductors within the enclosure shall not.show any deformation or damafge,

ch-may can impair-geed the intended operation-have beerfsustained.

brt connections to voltage transformers shall be considered as part of the main circuit, exdept

parts included in the voltage transformer compartment.

102 Tests on earthing circuits

The¢ manufacturer shall demonstrate by tésts or calculations the capability of earthing circ

to

vithstand the rated short-time and peak withstand current of the-earthing system.

hits

When verification tests are required by the user, earthing circuits of GIS which are facfory

ass
be
pen

Aft
shd
the|
cor
ear

7.7

embled and comprise earthing conductors, earthing connections and earthing devices s
tested as installed in thecGIS with all associated components which-may can influence
formance or modify the.short-circuit current.

br the test,-no-defosmation-or-damage-to the components or conductors within the enclos

hall
the

ure

Il not show defosmation or damages, which-may can impair-geed the intended operation of
main circuit-shal-have-been-sustained. Some deformation and degradation of the earthing

ductor, earthing connections or earthing devices is permissible, but the continuity of
thing circuit shall be preserved.

Verification of the protection 33

the

Subclause 7.7 of IEC 62271-1 is applicable.

1.7

A Verification of the IP coding

Subclause 7.7.1 of IEC 62271-1:2017 is applicable with the following addition.

Verification of IP coding is not applicable to pressurized GIS enclosures.

Where supplementary letter W is specified it shall be checked by inspection, that the design
does not contain places where significant accumulation of water can be retained (to minimize

cor

rosion).


Multiple editorial changes in subclause 7.7 are needed due to the alignment with IEC  62271-1.
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7.7.2  Verification of the IK coding
Subclause 7.7.2 of IEC 62271-1:2017 is applicable with the following addition:

Verification of IK coding is not applicable to pressurized GIS enclosures.

7.8 Tightness tests 34

7.8.1 General

Th¢ measurement of gas tightness shall be performed as a type test to@hew that the relafi

leakage rate complies with 6.16.101. The tightness test shall be perfoxmed at filling press
Pre

The¢ type test shall be performed with representative types,df GIS compartments compris
sedlings and accessories (e.g. gas filling valves, gas monitefing and control devices, burst
dists, UHF monitors, viewing ports, etc.)

ing
ing

Forl switching devices and insulators the measurement of gas tightness shall be performed

together with the tests of 7.102 and 7.106.

7.8/2 Controlled pressure systems for gas

Subclause 7.8.2 of IEC 62271-1:2017 is-pet applicable.

7.8.3 Closed pressure systems for gas

Subclause 7.8.3 of IEC 62271=1:2017 is applicable with following addition:

Th¢ measurement of gas tightness shall be performed by cumulative method (Q,,, described in

IEG 60068-2-17, test~method 1).

7.8/4 Sealed \pressure systems

Subclause(7.8.4 of IEC 62271-1:2017 is applicable.

7.8{5 Liquid tightness tests

Subclause 7.8.5 of IEC 62271-1:2017 is-net applicable.

7.9 Electromagnetic compatibility tests (EMC)
Subclause 7.9 of IEC 62271-1:2017 is applicable.

7.10 Additional tests on auxiliary and control circuits

Subclause 7.10 of IEC 62271-1:2017 is applicable.

7.11 X-radiation test-procedure for vacuum interrupters
Subclause 7.11 of IEC 62271-1:2017 is applicable.



Multiple editorial changes in subclause 7.8 are needed due to the alignment with IEC  62271-1.
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7.101 Verification of making and breaking capacities

Switching devices forming part of the main circuit of GIS shall be tested to verify their rated
making and breaking capacities according to the relevant standards and under the proper
conditions of installation and use, i.e. they shall be tested as normally installed in the GIS with
all associated components, the arrangement of which-may can influence the performance, such
as connections, supports, etc.

NOTE In determining which associated components are likely to influence the performance, special attention-sheuld
can be given to mechanical forces due to short-circuiting, to the possibility of disruptive discharges, etc. It is
recognized that, in some cases, such influences-may can be quite negligible.

7.102 Mechanical and environmental tests
7.102.1 General

Swijtching devices of GIS shall be submitted to mechanical operation and envifonmental tgsts
in gccordance with their relevant standards and shall be tested in a representative assembly of
all |associated components, which—-may can influence the performancenincluding auxiliary
deyices. All equipment shall withstand the stresses caused by the operation of switching
deyvices.

7.102.2 Mechanical operation test at ambient temperature

Belore and after the mechanical operation tests, the measurément of gas tightness according
to 7.8 shall be performed to show that the leakage rate is not changed by influences caused by
thel mechanical type tests.

In-gddition-to-Annex-E-of IEC62271-102:2001; All'switching devices fitted with interlocks shall
be [submitted to-50 5 operating cycles in order to check the operation of the associated
intgrlocks. Before each operation the interlocks' shall be set in the position intended to previent
the| operation of the switching devices and one attempt shall then be made to operate each
switching device. During these tests, only normal operating forces shall be employed and|no
adjustment shall be made to the switching devices or interlocks.

7.102.3 Low- and high-temperature test

Opkgration tests at minimum and maximum temperature shall be performed in accordance with

the| relevant apparatus standards-with-the fellowing-additions.

7.103 Proof tests for enclosures 35

7.103.1 General

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

Proof tests-may can take the form of either a destructive or a non-destructive pressure test, as
appropriate to the material employed. For further information, see EN 50052 [15], EN 50064
[16], EN 50068 [17], EN 50069 [18].

7.103.2 Destructivepressure-test Burst test procedure

The pressure rise shall not be greater than 400 kPa/min.


The wording of subclause 7.103 has been aligned with the latest versions of the EN standards (references [15], [16], [17] and [18] in the Bibliography).
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The pressure test requirements shall be at least as follows:

e Cast aluminium and composite aluminium enclosures

— type test pressure =[3,5/0,7] x design pressure

NOTE The value 0,7 has been included to cover the possible variability of production castings.-H-is—permitted-to
increase This factor can be increased to 1,0 if it can be justified by special material tests.

e Welded aluminium and welded steel enclosures

— type test pressure = [(2,3 / v) x (0; / 04)] x design pressure

wriere

v is the welding coefficient (1 for ultrasonic or radiography inspection of 10 % of welded
section and 0,75 for visual inspection);

o; is the permissible design stress at test temperature;

o, is the permissible design stress at design temperature.

These factors are based on the minimum certified properties of the material used.
Additional factors-may can be-required used taking into account thie methods of constructiop.

Any enclosure remaining intact after these pressures have been reached shall not be used|for
nofimal operation.

7.103.3 Non-destructive pressure-test Strain mgasurement test

In fhe case of a non-destructive pressure test using a strain indication technique, the followjing
procedure shall be applied:

Before the test, strain gauges capable of.indicating strains to 5 x 10> mm/mm shall be affixed
to fhe surface of the enclosure. The.number of gauges, their position and their direction shall
be [chosen so that principal strains and stresses can be determined at all points of importance
to the integrity of the enclosure.

Hydrostatic pressure shall"be applied gradually in steps of approximately 10 % until the
stapdard routine test pressure for the expected design pressure (see 8.101) is reached or
sighificant yielding of any part of the enclosure occurs.

When either of these points is reached, the pressure shall not be increased further.

Strhain readings shall be taken during the increase of pressure and repeated during-unleading
prelssuresgdecrease.

Indjication of localized permanent set-may can be disregarded provided there is no evidencg of
general distortion of the enclosure.

If the curve of the strain/pressure relationship show a nonlinearity, the pressure-may can be re-
applied not more than five times until the loading and unloading curves corresponding to two
successive cycles substantially coincide. If coincidence is not attained, the design pressure and
the test pressure shall be taken from the pressure range corresponding to the linear portion of
the curve obtained during the final unloading.

If the-standard routine test pressure is reached within the linear portion of the strain/pressure
relationship, the expected design pressure shall be considered to be confirmed.
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If the final test pressure or the pressure range corresponding to the linear portion of the
strain/pressure relationship (see above) is less than the-standard routine test pressure, the
design pressure shall be calculated from the following equation:

where

)4 is-the-desigh-pressure;

Py is the pressure at which significant yielding occurs or the pressure range corresponoling
to the linear portion of the strain/pressure relationship of the most highly strained*par
the enclosure during final unloading (see above);

k is the-standard routine test pressure factor (see 8.101);

Oy is the permissible design stress at test temperature;

o, | isthe permissible design stress at design temperature.

7.104 Pressure test on partitions

The purpose of this test is to demonstrate the safety margin of the partition submitted

pre

ssure in service condition. For further information, see EN,560089 [19].

The partitions shall be installed as for the maintenanée condition. The pressure shall rise &

rat

e of not more than 400 kPa/min-untirupture-ocgurs.

The type test pressure shall be-greater-than thfee times the design pressure.

71

Evi
req

Evi
arr

05 Test under conditions of arcing-due to an internal fault

uired by the user.

dence can consist of a.fest or calculations based on test results performed on a sim
hngement or a combination of both.

t of

to

dence of performance according 10°6.103.2 shall be demonstrated by the manufacturer when

ilar

If sjuch a test is reqained, the procedure shall be in accordance with the methods described in

An

NOT

Bro

nex B.

E InformahOf about experience of internal arc tests and calculation principles are present in CIGRE Techr]
hure 602\[24], CIGRE Session 1998 — WG 21/23/33-03 [28] and RGE: 04/82 [29].

Th

short-circuit current applied during the arcing should correspond to the rated short-t

ical

me

withstand current or, in some applications of the switchgear in isolated neutral systems, it-A

pay

can be the earth fault current occurring in such a system.

Two assessments are made. The first concerns the performance of the equipment during the
operation of the first stage (main) protection and the second concerns the case when the fault
is cleared by the operation of the second stage (back-up) protection.

In order to verify both assessments, the duration of the test shall be at least equal to the time
delay of operation for the second stage of protection. The maximum time setting for the
operation of the second stage is defined in Table 4. A shorter test duration can be used if it is

not

shorter than the operation of the second stage of protection defined by the user.

The switchgear shall be considered adequate if the performance criteria defined in Clause 6.103
and in Table 4 are met.
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7.106 Insulator tests
7.106.1 General

Tests on insulators (partitions and support insulators) shall be performed as follows:

7.106.2 Thermal performance

The thermal performance of each insulator design shall be verified by subjecting five insulators
to ten thermal cycles each. Temperature values should be chosen according to Table 1.

ThJa thermal cycle shall be as follows:

a) |4 h at minimum ambient air temperature (e.g. —40 °C);
b) |2 h at room temperature;

c) |4 h at limit of temperature according to-TFable-3 Table 14 row 7 of IEC 62271-1:2017 (e¢.g.
+105 °C);

d) |2 h at room temperature.

NOTE Insulators for GIS are electrical insulation system (EIS) according to lEC'60085:2007. The upper [imit
temperatures defined in IEC 62271-1 are therefore applicable for the EIS and notfopthe electrical insulation matérial

(EIN1). 36

Thrx given thermal cycle times are minimum times and shall\be prolonged in case stable ¢nd
temperatures are not reached.

After the test sequence, all insulators shall be tested/in accordance with routine tests 8.2, (8.6
and 8.104.

7.106.3 Tightness test for partitions

An|overpressure withstand test shall be-performed as described:

The¢ design pressure of the partition shall be applied on one side of the partition while fthe
adjpcent compartment is under. vacuum to ver|fy the t|ghtness of a partition.-FheleakageHate
in-the v 4-h- Alternatively, the pressure
on |one side of the part|t|on shall be the deS|gn pressure of the partition plus 1 bar while fthe
adjacent compartment ¢s at 1 bar. The pressure in both compartments shall be measured ojver
a period of 24 h.

Prgcaution shall\be taken during test, as the test pressure across the partition is higher than
the| design pre’ssure of the partition.

At the end of the test, no damage shall be observed on the partition. A gas tightness test shall
be [pérformed in accordance with 7.8. The relative leakage rate shall not be greater than fthe

d ﬁ pu | | HN ol o460
ermea—varge MITSUITOTU TIT UL TUY

7.107 Corrosion test on earthing connections 37
7.107.1 General

For outdoor application, or on user’s request, a corrosion proof test shall be performed in
accordance with this subclause.

The tested sub-assemblies shall be representative of a GIS arrangement, including the devices
providing electrical continuity and earthing of the enclosure, flanges of enclosures which can
be part of the earthing system, the accessories (pressure monitoring device;—pressure—relief
deviece) and the secondary system as described in—5.20—of IEC 6227114 15.7 of
IEC TR 62271-306:2012 and IEC TR 62271-306:2012/AMD1:2018 [12].



Insulators in GIS are type tested as an electrical insulation system (EIS) with insulating material, conductors, enclosures and sealing material. The type tests verify that the EIS is correctly designed to withstand the thermal stresses.
The upper limit temperatures defined in IEC 62271-1, Table 14 are therefore applicable to the EIS and not for the electrical insulation material (EIM).

Subclause 7.107 “Corrosion test on earthing connections” was introduced in edition 2.0 of IEC 62271-203.
This subclause has now been updated based on the experience of the last years.
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Testing of one representative earthing connection is considered to be sufficient.

71

07.2 Test procedure

The tested sub-assembly shall be submitted to environmental testing Ka (salt mist) according

to |

EC 60068-2-11. The duration of the test is 168 h.

In addition, for painted surfaces, the resistance to humid atmospheres containing sulphur
dioxide shall be tested according to4+S0-3234 |ISO 22479.

NO]
The|

71

[E The Cigre working group WG B3.57 is working on life time management of outdoor HV GIS, |
recommendations of this Cigre guide can be considered.

07.3 Criteria to pass the test

The resistance of the earthing of the enclosure, measured according to 7.4.4, shallnot-diffei

0].

by

incfease more than 20 %-befere-and after this test.

After the test, the dismantling of the assemblies shall not be affected. Theldegree of corrosion,
if ahy, should be indicated in the test report. If the surfaces are painted, no trace of degradafion
shgll be noticed.

7.108 Corrosion tests on sealing systems of enclosures.and auxiliary equipment 3§
Eod information reaardina carvice conditione and recommended tect reaanireamante reafad to
LI~ | mTITroTrTTTaoroTT I\lgululllg TOTVICO CUTTOTOUT O arTra LAYAYAY/ SANARAVARAV ALV | LAA"4Y l\.l\1ull CTIToTIto TOoOTOT 13>4
AnhexHof IEC 622711

7.108.1 General

OnJuser’s request, a corrosion proof test shall be performed in accordance with 7.108.

Th

tested sub-assemblies shall be -fepresentative of a GIS arrangement, including

englosures, auxiliary equipment (gas“filling valves, viewports, pressure monitoring dev
prelssure relief device, UHF sensex, etc.) and sealing systems (including dynamic sealings
ching  devices) as . described in 15.7 of IEC TR 62271-306:2012 and

sw
IEQ

71

Th
to |

Aft

71

TR 62271-306:2012/AMD1;2018 [12].

08.2 Test procedure

tested sub-assembly shall be submitted to environmental testing Ka (salt mist) accord
EC 60068-2-4 1--The duration of the test is 168 h.

br the c@riosion tests a gas tightness test shall be performed in accordance with 7.8.

08,3~ Criteria to pass the test

the
ce,
of

ing

I'he relative leakage rate In the gas tightness test shall not be greater than the defined value

prescribed in 6.16;

Visual inspection of flanges and sealing systems. If corrosion is observed it shall
documented in the test report;

The degree of corrosion, if any, should be indicated in the test report.

be

NOTE The Cigre working group WG B3.57 is working on life time management of outdoor HV GIS [30].

The

recommendations of this Cigre guide can be considered.


Subclause 7.108 “Corrosion tests on sealing systems of enclosures and auxiliary equipment” is a new subclause, which is based on subclause 7.107.
Practically the corrosion tests on the sealing systems of enclosures can be combined with the corrosion tests on the earthing systems.
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8

8.1

Routine tests

General

Subclause 8.1 of IEC 62271-1:2017 is applicable with the following addition:

For routine tests technical grade SFg and its mixtures in accordance with IEC 60376, or used
SFg and its mixtures in accordance with IEC 60480, can be used. See 6.2.

If thre

chd
doq

The routine tests shall be performed on all components of a-substatien gas-ipsulated me
losed switchgear and its controlgear. Depending on the nature of tests, somegtests-may

end
be
end

carfi

THh

a)
b)

d)
e)
f)

g)
h)

8.2
Su

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

61 TC y =chrres """i
racteristics of the gas / gas mixture used for the routine testing shall be defined-{

performed on components transport unlts or on the complete |nstaIIat|on e
e following routine tests shall be carried out: Subclause
Dielectric test on the main circuit 8.2
Tests on auxiliary and control circuits 8.3
Measurement of the resistance of the main circuit 8.4
Tightness test 8.5
Design and visual checks 8.6
Pressure tests of enclosures 8.101
Mechanical operation tests 8.102
Tests on auxiliary circuits, equipment and interlocks in the control 8.103
mechanism
Pressure test on partitions 8.104

Dielectric test on the main circuit
bclause 8.2 of IEC62271-1:2017 is applicable with the following additions:

1101 _Power-frequency voltage tests on the main circuit

deV|ces The voltage test across the open SW|tch|ng dewce—may can be carrled out at one S|de

¢ power-frequency voItage test of GIS shall be performed accordlng to the reqmrement

umented by the manufacturer of the GIS and documented in the routine test reports:'39

ftal-

tan

5 in

ing

of the switching device. The withstand voltages for routine tests shall be those specified in
column (2) of Table 2 and Table 3.

8.2

.102 Partial discharge measurement

The measurement of partial discharges shall be performed to detect possible material and

ma

nufacturing defects.

Partial discharge tests shall be performed in accordance with 7.2.10.



Editorial changes are needed for alternative gases.
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The measurement of partial discharges shall be performed with dielectric tests after mechanical

rou

tine tests.

The test shall be carried out on all components of a switchgear and controlgear. It-may can 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 can

be

8.3
Su

excepted.
Tests on auxiliary and control circuits
pcrause 8.3 of TEC 6227 -1 2017 15 appiicable.

8.4 Measurement of the resistance of the main circuit

Su

Ov
me

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

asurements shall be made in such a way that comparison with measurement taken on-

after installation, during maintenance or repair of the installation is passible.

8.5
Su

Tightness test
pclause 8.5 of IEC 62271-1:2017 is applicable with the following addition:

The tightness test shall preferably be performed atdilling pressure p,, when the detect

me

te
corf

NOT
a sn
con
Lea
test

8.6
Su

8.1

Prd

thod is by sniffing device.

ThrI maximum relative leakage rate F of eaéhocompartment under the standardized ambi

perature of 20 °C shall be 0,5 % per y€ar (independent on type of gas and size of
hpartment).

[E  The commonly used test method for.gas-filled systems tested in factory and on-site is the probing test u
iffing device with the minimum sensitixity mentioned in IEC 62271-1:2017, 8.5.3. If a leak is detected, the te
idered failed, and the test object wilcbe repaired, or the leak will be quantified by using a cumulative met
age rate below 0,5 % per year pét-gas compartment are not always easily possible to verify using the pro
method. 40

Design and visual-checks

bclause 8.6 of IEC62271-1:2017 is applicable.

01 Pressure tests of enclosures

ssurestests shall be made on enclosures after complete machining.

brall measurements are made on sub-assemblies or, on transport units ip.the factory. Ovefrall

Bite

ion

ent
has

bing
bt is
od.
bing

The-standard test pressure shall be k times the design pressure _where the factor £ |

1,3 for welded aluminium and welded steel enclosure;

2 for cast aluminium and composite aluminium enclosures.

The test pressure shall be maintained for at least 1 min.

No

8.1

rupture or permanent deformation should occur during this test.

02 Mechanical operation tests

Operation tests are made to ensure that the switching devices comply with the prescribed
operating conditions and that the mechanical interlocks work properly.


The commonly used test method for gas-filled systems tested in factory and on-site is the probing test using a sniffing device with the minimum sensitivity mentioned in IEC 62271-1:2017, 8.5.3. If a leak is detected, the test is considered failed, and the test object will be repaired, or the leak will be quantified by using a cumulative method.
Leakage rates below 0,5 % per year per gas compartment are not always easily possible to verify using the probing test method.
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Switching devices of GIS shall be submitted to a mechanical routine test in accordance with
their relevant standards. The mechanical routine tests can be made before or after assembly of
transport units.

In addition, all switching devices fitted with mechanical interlocks shall be submitted to five
operating cycles in order to check the operation of the associated interlocks. Before each
operation one attempt shall be made to operate each switching device as specified in 7.102.

NOTE Mechanical interlocks can be checked on-site depending on the size of delivered transport components.

Du
shd
sp§

8.1

A
con

mathaoac tocta mbhicoh o aacfarmadaaathbhaont ol o B—ab—piirrant 1  tha oot Aleaidc
Illy T o tvotlo, wiilolt daro 'J\/IIUIIII\.’U wWwitirtoutd V\JIL(A&\.’ T, Ul CUTTOTTUTTT, tITe  TTTaTTiT UITuuUIty
Il be verified in particular that the switching devices open and close correctly within
cified limits of the supply voltage and pressure of their operating devices.

03 Tests on auxiliary circuits, equipment and interlocks in the control‘mechanis

auxiliary equipment shall be tested either by a functional operation or by,verification of
tinuity of wiring. Settings relays or sensors shall be checked.

The electrical, pneumatic and other interlocks, together with control devices having

pre
cor
Du

ditions of use and operation and with the most unfavourable limit values of auxiliary sup
ing the test no adjustment shall be made.

The tests are considered to be satisfactory if the auxijliary devices have operated properly

the
the
the|

8.1

Ea

For

-are-ir-good no effect on the entire operating-eendition unit can be visually determined a
tests and if the force to operate the switching de€vice is practically the same before and a
tests.

04 Pressure test on partitions

Ch partition shall be subjected to a pressure test at twice the design pressure for 1 min.

The partition shall not show any sign of overstress or leakage.

9.1

Su

An

Guide to the selection of switchgear and controlgear (informative) 41

General

bclause Q) of IEC 62271-1:2017 is applicable with the following addition:

the pressure test the partition(shall be secured in exactly the same manner as in servicg.

the

m

the

a

determined sequence of operations, shall be tested five times.in succession in the intended

Dly.

if
fter
fter

nex’E provides a summary of the considerations for specifying ratings of switchgear Tnd

cor

NOTE

of a

9.2

4 1
trofgear:

gas-insulated switchgear.

Selection of rated values

Subclause 9.2 of IEC 62271-1:2017 is applicable with the following addition:

The rated values should be chosen in accordance with Clause 5 of this document.

9.3

Cable-interface considerations

Subclause 9.3 of IEC 62271-1:2017 is applicable.

IEEE C37.122.1 [22] and CIGRE Technical Brochure 125 [23] describe the general guideline for the selection



Multiple editorial changes in clause 9 are needed due to the alignment with IEC 62271-1.
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9.4 Continuous or temporary overload due to changed service conditions

Subclause 9.4 of IEC 62271-1:2017 is applicable.

9.5 Environmental aspects

Subclause 9.5 of IEC 62271-1:2017 is applicable.

10 Information to be given with enquiries, tenders and orders (informative)

101 General

Subclause 10.1 of IEC 62271-1:2017 is applicable with the following addition:

Annex E defines, in tabular format, technical information to be exchanged bgtween user and
supplier.

102 Information with enquiries and orders

Subclause 10.2 of IEC 62271-1:2017 is applicable.

10.3 Information with tenders
Subclause 10.3 of IEC 62271-1:2017 is applicable with the following addition:

ef)|List of recommended tools that should be procured by the user.

11| Transport, storage, installation,-operation operating instructions and
maintenance

111 General

Subclause 11.1 of IEC 62271-1:2047 is applicable.

112 Conditions during transport, storage and installation

Subclause 11.2 of IEC62271-1:2017 is applicable.

113 Installation

Subctause 13 of tEC 622 7 Tsappticabte:

11.4 Operation Operating instructions
Subclause 11.4 of IEC 62271-1:2017 is applicable.

11.5 Maintenance

Subclause 11.5 of IEC 62271-1:2017 is applicable with the following addition:

In case of leakage which cannot be easily repaired, temporary solutions for limiting or stopping
this leakage and allowing continuity of service should be recommended by the manufacturer
and agreed by the user until a repair is scheduled.
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11.101 Tests after installation on-site
11.101.1 General

After installation, and before being put into service, the GIS shall be tested in order to check
the correct operation and the dielectric integrity of the equipment.

These tests and verifications comprise Subclause
a) dielectric tests on the main circuits 11.101.2
b)—dtetectrictestsomrauxittary-—circuits 1643
c)| measurement of the resistance of the main circuit 11.101%4
d)| gas tightness tests 11.101.5
e) checks and verifications 11.101.6
f)| gas quality verifications 11.101.7

Tolensure minimum disturbance, and to reduce the risk of-meisture humidity and dust entefing
englosures and thus preventing correct operation of the switchgear;\no obligatory perigdic
inspections or pressure tests concerning the enclosures are specified or recommended when
the|l gas-insulated substation is in service. Reference shall be' made, in any case, to fthe
mahufacturer’s-instruction-boek installation, operation and mainténance manuals.

Th¢ manufacturer and user should agree on a commissiofing test plan for tests on-site.

11.101.2 Dielectric tests on the main circuits
11.101.2.1 General

Sinjce it is especially important for GIS, the’dielectric integrity shall be checked in order to
eliminate fortuitous causes (wrong fastening, damage during handling, transportation, storage
and installation, presence of foreign bodies, etc.) which might in the future give rise to|an
intg¢rnal fault.

Begause of their different purpoese, these tests shall not replace the type tests or the roufine
tesfs carried out on the tramsport units and, as far as possible, in the factory. They jre
supgplementary to the dielectric routine tests with the aim of checking the dielectric integrity of
thel completed installation and of detecting irregularities as mentioned above. Normally the
dielectric test shall be made after the GIS has been fully installed and gas-filled at the+1ted
filling density preférably at the end of all site tests, when newly installed. Such a dielectric fest
is dlso recommended to be performed after major dismantling for maintenance or reconditioniing
of pompartménts. These tests shall be distinguished by their progressive voltage incregse,
penformed (in) order to achieve some form of electrical conditioning of the equipment befpre
commmissioning.

Théeexecution of such site tests is nof always practicable and deviations from the standard {dsts
may can be accepted. The aim of these tests is to offer a final check before energizing. It is
very important that the chosen test procedure does not jeopardize sound parts of the GIS, see
Clause C.3.

In choosing an appropriate test method for each individual case, a special agreement-may can
be-necessary made in the interest of practicability and economy, e.g. the electrical power
requirements and the dimensions and weight of the test equipment-may can need to be
considered.

A detailed test programme for the dielectric tests on-site shall be agreed between manufacturer
and user.
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11.101.2.2 Test procedure

The GIS shall be installed completely and gas-filled at its-rated filling density.

Some parts-may can be disconnected for the test, either because of their high charging current
or because of their effect on voltage limitation, such as

high voltage cables and overhead line;

power transformers and, occasionally, voltage transformers;

surae arresters and nrotective spark gaaps
~J L Ll ~J L

NOTE 1 In determining the parts which—eeuld can be disconnected, attention is drawn to the fact that
recqnnection-may can introduce faults after the tests are completed.

NO7
pre
freq|

ented, e.g. by using voltage transformers which are designed for the test voltage or by performing the po
uency testing at a frequency, where saturation does not occur.

Eveéry newly installed part of a GIS shall be subjected to a dielectric teston-site.

In t

he case of extensions, in general, the adjacent existing part of the\GIS shall be de-energi

and earthed during the dielectric test, unless special measures afe/ taken to prevent disrup

dis

Ap

charges in the extension affecting the energized part of the~existing GIS.

the

[E 2 Voltage transformers can remain connected for the test when saturation of the voltagg transformgr is

er-

red
ive

plication of the test voltage-may can be necessary aftercepair or maintenance of major parts

or after installation of extensions. The test voltage-may, can then-have-to be applied to exisiing

parn
foll

404

ts in order to test all sections involved. In thoseé,'cases, the same procedure should
bwed as for newly installed GIS.

be

Onkg of the following test procedures shall be chosen:
a) |Procedure A (recommended for170 kV and below):
Power-frequency voltage test'for a duration of 1 min at the value specified in Table 7, column
(2).
b) [Procedure B (recommended for 245 kV and above):
— Power-frequency. voltage test for a duration of 1 min at the value specified in Tablg 7,
column (2); and
— partial discharge measurements according to Table 6, however with Uy, ¢ giress = Ugs Of
Table #,~column (2).
In the few cases, where Uy test IS higher than Upee siress the Upg.test Shall be reduced to
Upre-stress-
I"'\‘\ PD IIICaDUIUIIIEIIt dt lYJYr II Vg iD dibU IUbUIIIIIIUIIdUd billbc thlb IIICaDUICIIIUIIt oy Ldadll be
helpful in determining the need for maintenance of the equipment after a period of service.
For practical application of PD measurements, see Annex C.
c) Procedure C (recommended for 245 kV and above, alternative to procedure B):
— Power-frequency voltage test for a duration of 1 min at the value specified in Table 7,
column (2); and
— lightning impulse tests with three impulses of each polarity and with the value specified
in Table 7, column (3).
11.101.2.3 Test voltages

Considering that
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transport units have normally been subjected to routine test;

— 55 —

the probability of disruptive discharges is higher for the complete installation 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 itehin .
frssraugetor | snoibbion | Y
withstand voltage withstand withstand voltage
voltage 42
U, Uqys Y. Ups
kV (RMS value) kV (RMS value) NV-{peak-value) kV (peak-yalue)
(1) (2){see-Note1) (3) 4y
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

NQTE-2 1

(on-site test value).= U, x 0,45 x 0,8

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

(column (2))

U l-(on-site-testvalue) = 0,8 (column-(3))

Yp

Al

NOTE-3 2

(on-site\est value) = Up x 0,8

(column (3))

Ilvalues’have been rounded up to the next higher modus 5 kV.

If other insulation levels than the preferred values of Table 2 and Table 3 (e.g. the lower insulation

levels of Tables 1 and 2 in IEC 62271-1:2017) are specified, then the on-site test voltage-sheuld can be calculated

according to Note-2 1.

NOTE 3 The UHV on-site test voltages for U, =1 100 kV and 1 200 kV are according to IEC TS 63042-301 [14].

In certain circumstances, for technical or practical reasons, dielectric tests on-site-may can be
carried out with reduced voltage values. Details are given in Clause C.3.



On-site switching impulse withstand voltage testing was a commonly used test method in the last century, but is not used any more.
The recommended on-site test methods are procedures A, B and C mentioned in subclause 11.101.2.2 “Test procedure”.
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11.101.2.4 Voltage waveforms

For the choice of an appropriate voltage waveform, IEC 60060-1 [3] should be taken into
consideration; however, similar waveforms are also permissible. An ideal voltage waveform
covering all requirements does not exist. Permissible deviations are indicated below.
Information concerning the generation of test voltages is given in Clause C.1.

a) Power-frequency voltage tests

Power-frequency voltage tests are especially sensitive in detecting contaminations (e.g. free
moving conducting particles), and are, in most cases, also sufficient in detecting abnormal

field-configurations-

The existing experience refers to test frequencies from 10 Hz to 300 Hz.
b) [Impulse voltage tests

H—Tests with lightning impulse voltages are especially sensitive in detecting abmormal field
configurations (e.g. damaged electrodes).

Based on the existing experience, lightning impulse voltages with a frontlime extended| up
to 8 us are acceptable. When using oscillating lightning impulse voltagés; the front time-mhay
can be extended to approximately 15 ps.

NOTE Reflections due to steep front waves in large installations-sheuld cafnbe’taken into account.

c) |DC voltage tests

A DC voltage test is not recommended. The existing test specifications for cables are |not
applicable to GIS (see 6.108.1).

110101.2.5 Voltage application

—

The test voltage source-may can_be connected to any convenient point of the phase condug
under test.

or

It i$ often convenient to divide the whole installation of GIS into sections by opening circpit-
brelakers and/or disconnectors for at least one of the following reasons:
e |to limit the capacitive load on the test voltage source;

o |to facilitatesthe location of disruptive discharges;

e |to limit the'discharged energy if a disruptive discharge occurs.

The sections which, in such cases, are not being tested, and which are isolated by a circpit-
eraker or a disconnector from the section under test, shall be earthed. Unless dismantled after
routine test or during maintenance, no dielectric test across the open switching devices-reed
te shall be carried out on-site.

For 3-phase enclosed GIS, the specified test voltage shall be applied between each phase
conductor, one at a time, and the enclosure, the other phase conductors being connected to
the earthed enclosure. The insulation between phase conductors shall not be subjected to any
other separate dielectric test on-site.

11.101.2.6 Assessment of the test

The switchgear shall be considered to have passed the test if each section has withstood the
specified test voltage without any disruptive discharge.


On-site switching impulse withstand voltage testing was a commonly used test method in the last century, but is not used any more.
The recommended on-site test methods are procedures A, B and C mentioned in subclause 11.101.2.2 “Test procedure”.
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In the event of a disruptive discharge occurring during dielectric tests on-site, the tests shall be

rep

Gui

eated.

delines on repetition tests are given in Clause C.6.

If Procedure B is used and if the partial discharges are measured with the conventional method
according to IEC 60270, the maximum permissible intensity of partial discharge shall be 10 pC.

NOTE 1

It can be difficult to have noise level below 5 pC on-site. Special care with the test circuit is needed to

achieve a good measurement. If the noise level is higher than 5 pC, the test is still valid for detecting major defects

but
part
no g

NO]
pro

NO7

Inst
perf

11
Su

Didlectric tests should be carried out on new wiring. If wiring-has—te shall be taken off g

ele

1

Ov
as

[101.3 Dielectric tests on auxiliary circuits

N101.4 Measurement of the resistance of the<main circuit

al discharges and they will be completely masked by the noise. In such circumstances, the test is acceptab
ischarges are detected above the noise level.

[E 23 If VHF/UHF or acoustic partial discharge measuring methods are used, a calibration is not possi
pad, a sensitivity check according to C.7.5, IEC TS 62478 [13] and CIGRE Technical Brochure 654 [25] caf
ormed.

bclause 8.3 of IEC 62271-1:2017 is applicable with the following addition:

ctronic devices are in circuits, these circuits shall not be tested.

brall measurements shall be made on the_complete installation, under conditions as sim
possible to those of the routine test on {ransport units.

on

(n

Re
doq

11
Su

A

Thj resistance measured shall not exéeed the maximum values permitted for the routine tg

[101.5 Gas tightness tests

transport units (see 8.4), taking-into account the differences of the two test arrangeme
mber of devices, contacts and.eonnections, length of conductors, etc.).

umented in the project documentation. 44

bclause 8.5,0f IEC 62271-1:2017 is also applicable for on-site gas tightness tests.

Jualitative gas tightness test shall be carried out on all field assembled connectig

A

Takage detector-may can be used. See appendixes of I[EC 62271-4.

| of
le if

[E 2 It can also be possible to isolate the component that is causing the noise level higher tltan 5 pC. Test
edure can consider this possibility in the test sequence, and can be agreed between user and Manufacturer.

ble.
be

ilar

sts
nts

bistance values betweegn,earthing switches shall be verified during on-site assembly and

11.

101.6 Checks and verifications

The following shall be verified:

a)
b)
c)
d)

conformity of the assembly with the manufacturer's drawings and instructions;
sealing of all pipe junctions, and the tightness of bolts and connections;
conformity of the wiring with the diagrams;

proper function of the electrical, pneumatic and other interlocks;

e) proper function of the control, measuring, protective and regulating equipment including

heating and lighting.



Resistance measurements between earthing switches are valuable reference measurements, because these measurements can be repeated after the GIS has been installed, e.g. during maintenance or repair activities.
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The mechanical operation checks and tests shall be carried out according to the relevant

sta

ndards. If verification is not specified, the manufacturer shall specify them in

commissioning test plan.

1

.101.7 Gas quality verifications

the

In order to get a reliable measurement, the-meisture humidity content shall be checked at least
5 days after final filling of gas.-FerSE4-the-meisture The humidity content shall not exceed the

limit defined in 6.2 of IEC 62271-1:2017.

Fol
and

Fol

checking the condition of the gas during service, reference is made to IEC 60480 for {
its mixtures and to manufacturer recommendations and IEC 6227 1-4 for other gase$.

$Fg

handling precautions, reference is made to+EGHR62274-303 IEC 62271-4yfor SFg and
mahufacturer recommendations for other gases.

NOTE Care-should be-takentominimize-the release nf gas-into-the atmosphere-duringssampling and/nr checking
N = aFe-ShotHa—o ga Pt R gssampHhgahea Hg
opelations{e-g—byv providing-a-collectingbag-orreceiverinstalled-on-theoutlet valve-of-tHe nhnr\l{nnn device—-when

pefatons—H{e-g—bypf Hg—a—€ Yg—oag-of+ StaH tAe—cf Hg-Gev Aeh

Clduse 12 of IEC 62271-1:2017 is applicable with the following addition:

NoFeE—Working on gas compartments with adjacent)cempartments under full pressure-may
acqording to local regulations and manufacturer safety procedures require to apply saf

me

13

Clguse 13 of IEC 62271-1:2017 is applicable with following addition:

Ha
ma

Ea¢

Fof environmeafal‘aspects of gases and gas mixtures see CIGRE Technical Brochure 802 [2

asures for workers-acecording-to-local-regulations.

Influence of the product on the.environment

jntenance shall be-reeofded be accounted according local regulation, see IEC 62271-4.

can
ety

ndling—lesses releases . during manufacturing, installation, on-site tests, repair and

L rofill | lod with_indication of additi SE, fillod i .

6].



Editorial changes are needed for alternative gases.
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A1

A.2

Annex A
(normative)

Test procedure for dielectric test on three-phase

encapsulated GIS, range Il (above 245 kV)

Dielectric procedures for three phases in one GIS enclosure

ching impulse tests of range II.

Application of test requirements

—the
for

In ¢rder to fully cover the tests to be carried out, Table A.1 lists the test.¢onditions in relafion
to fhe enclosure, open switching device and phase-to-phase. The table symbols are the same
n IEC 62271-1:2017 (Figure 2).

as

The preferred method is the use of combined voltage test. The voltage levels required-may

be pelivered by two different voltage sources in-phase-eppositiop’connected-to-the same-voltage
cofftroller opposite polarity.

Table A.1 — Switching impulse test-conditions above 245 kV

can

respect to the centre phase and the enclosure.

Alternating
Test condition Switching)impulse voltage at power-
) frequency Earth
Connecting connectkd
device Main part of U_ between Compl(_ementary part to i
s obtain U_ between to
Rhase-to-phase test phases (Table 3 s
column (5)) applie& to phases (Table 3,
column (5)) applied to
1 Closed Aa BbCc F
2 Closed Bb AaCc F
3 Closed Cc AaBb F
4 Open A BC abcF
5 Open B AC abcF
6 Open C AB abcF
7 Open a bc ABCF
8 Open b ac ABCF
9 Open c ab ABCF
NCTE 1 cht LJUIIL“‘liUIIb 3, O dlld 9 oy Ldll UL‘; UIIIII.LCU II LIIE dlldIIHCIIIUIIL Uf t;IC UUlUI Plldbb'b Ib hyIIIIIICLIIde |th

NOTE 2 Test conditions 2, 3, 5, 6, 8, 9 can be omitted if the arrangement of the phases is fully symmetrical with
respect to each other and to the enclosure.

NOTE 3 Test conditions 7, 8 and 9 can be omitted if the arrangement of the terminals of each phase is symmetrical
with respect to the enclosure.

For switching functions and disconnecting functions, respective values-have-to shall be taken
in Table 3 for open conditions.
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Annex B
(normative)

Methods for testing gas-insulated metal-enclosed switchgear
under conditions of arcing due to an internal fault

B.1 General

cal

Forl example, the energy resulting from an arc developing in the enclosure will cause’internal
ovgrpressure and local overheating, which will result in mechanical and thermal stressing of the
switchgear. Moreover, the materials involved-may can produce hot decompuosition products
which-may can be discharged into the atmosphere.

This annex takes into account the internal overpressure acting on the enclosure and the thermal
eff¢cts of the arc or its root on the enclosure. It does not cover allthe effects which-may ¢an
coTstitute a risk, such as toxic gases and their by-products (sege‘asthexes of IEC 62271-4|for
furfher information).

B.2 Short-circuit current arcing test

B.3.1 Test arrangements

When choosing the object to be tested, reference shall be made to the design documents|for
thel GIS. The compartments which appearcto have the least likelihood of withstanding the
pressure and temperature rise in the event'of arcing shall be selected.

In any case, the following points shalkbe observed:

a) |each test-may can be carried out on a test object not previously subjected to arcing tests.
Test objects that have_.alfeady undergone arcing tests shall be restored so that fthe
conditions for further arcing tests are neither aggravated nor eased,;

b) [the test object shall.be fully equipped and arranged to include any protection device, slich
as pressure reljefs; short-circuiting devices, etc. provided by the manufacturer for [the
limitation of thg effects of the arc.

c) |the test object shall be filled with normal insulating gas atrated-filing-density filling presspjre
IZES

B.2.2 Current and voltage applied
B.2.2.1 General

Single-phase enclosures shall be tested single-phase, and three-phase enclosures shall be
tested three-phase.

B.2.2.2 Voltage

The test can be made with an applied voltage lower than the rated voltage for equipment of the
test object if the following conditions are met:

a) the arc current shall be practically sinusoidal;
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b)

the arc shall not extinguish prematurely.

B.2.2.3 Current

a)

b)

B.2

Fol
wit

B.2

AC component

The AC component at the beginning of the test shall lie within a tolerance of "y %. Within

the duration of the first stage protection, the tolerance shall be +10 % and within the duration
of the second stage protection the current shall not fall below 80 % of the specified value,
provided that the average AC component is not less than the stated short-circuit current.

a_with

an appropriate adjustment to the times at which assessments are made.

DC component

The instant of short-circuit making shall be chosen to ensure that the first loop, of the arc-
current has a peak value of at least 1,7 times the RMS value of the stated| short-cir¢uit
current AC component. For three-phase tests, this applies to the current)in’ at least ¢ne
phase.

.24 Frequency

rated frequencies of 50 Hz or 60 Hz, the frequency at the beginning of the test shalll lie

hin the limits of 48 Hz and 62 Hz.

2.5 Duration of the test

of

B.2
B.2

ThT current duration shall be such as to cover the second stage protection chosen on the bgsis
h

e expected duration as determined by the protection devices. See Table 4.

3 Test procedure

3.1 Test connections

The point of current infeed to be chosen;is the one likely to result in the most onerous condition.

Ca
the

B.2

The arc shall be initiated by means of a metal wire of suitable diameter.

e shall be taken to ensure that-the connections do not ease the test conditions. Generdlly,
enclosure is earthed on the'same side of the test object into which the current is fed.

3.2 Arc initiation

tes
fur

Thr point of initiation to be chosen is where the arc is likely to set up the rated stresses in fthe

object Generally, this will be achieved when the arc is initiated in the vicinity of a partifion
hest from the point of infeed and furthest from the pressure relief device, if fitted.

NOT

[E\_"The arc-sheuld-net cannot be initiated by perforating the solid insulation.

B.2.3.3 Measurement and recording of the test performance

The following parameters shall be plotted and recorded

the current and its duration;
the arc voltage;

the pressure on one or more points of the test object and in each compartment, if the test
object comprises more than one;

and, when applicable
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the instant of pressure relief (either by operation of the pressure relief device or perforation

of the enclosure).

Phenomena such as pressure relief, enclosure perforation and external effects shall be
observed and recorded by appropriate means, e.g. cameras, luminosity detectors.

B.2.4 Assessment-of Criteria to pass the test

The switchgear is considered adequate if, during the test, no external effect other than the
operation of suitable pressure relief devices occurs within the times specified in 6.103.2, and if

gawmwww an
opgrator performing his normal operating duties.

Prd

No

B.2

jections of small parts, up to an individual mass of 60 g are accepted. 46

fragmentation of the enclosure shall-result occur from a fault-ecleared-within-in the stage 2
pratection according to Table 4.

5 Test report

The following information shall be given in the test report:

B.2

rating and description of the test object, the materials of the/enclosure and the conductaors,
together with a drawing showing the main dimensions and the arrangement of pressure relief

devices;

arrangement of the test connections, the point ofiiRitiation of the arc and the position of
transducers for pressure measurements;

currents, voltages, energies, pressures and.times derived from the oscillograms;
precise description of the test results and’observations;
other relevant remarks;

photographs of the conditions before and after the test.

.6 Extension of the test results

The test results-may can be extended to other enclosures of similar design but of different

ang

B.3

shape and/or to other test parameters by calculations.

b Compositejverification by calculation and separate tests

The¢ manufacturer is responsible for demonstrating the validity of extrapolation of test res
other_currents and other sizes of enclosures. The manufacturer shall provide all necessfary

for
infq

rmadtion with the calculation.

the

ze

Llts

Information about experience of internal arc tesis and calculaiion principles are presen
CIGRE Technical Brochure 602 [24], CIGRE Session 1998 — WG 21/23/33-03 [28] and

RG

E: 04/82 [29].

in


The criteria to pass the test has been aligned with IEC 62271-200, subclause 7.105.5 “Criteria to pass the test”.
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Annex C
(informative)

Technical and practical considerations of site testing

C.1 Test voltage generators

Load-capacitances—of GlS-installations—arerelatively-high- GIS installations have a relatively

high load capacitance This means that:

o [power-frequency voltage tests, especially at higher U,, require a high reactive power;

e |impulse testing with standardized double exponential waveforms-may can be inefficient due
to the poor voltage utilization of the impulse generator.

The following voltage-generating equipment-may can be used:

a) |power-frequency voltage sources

The power-frequency voltage-may can be produced by:

— test sets with a test transformer;

— test sets with a variable resonant reactor for constant frequency;

— test sets with a constant resonant reactor for variable frequency;

— energizing power or voltage transformers by<{energization from the low-voltage gide
which (entails no dismantling after testing).

NOTE The thermal stresses of the voltage source-should can be taken into account especially when uging
voltage transformers

b) [impulse voltage sources

For large installations and especiallysfor high voltages for equipment, impulse generafors
for double exponential waves are tnwieldy. Oscillating impulses-may can be produced with
an impulse generator and a high=voltage coil connected to the switchgear to be tested to
form a damped series resonant-circuit. Oscillating switching impulses-may can be produ¢ed
by discharging a capacitor-into the low-voltage side of a power, voltage or test transformer.

C.2 Locating discharges

There are different phenomena caused by discharges which-may can be helpful in locafing
them. Some of_the possible means which-may can be tried are as follows:

— |detectionyof light emission;

— |measurement of audible noise and vibrations;

— |re€ording and evaluation of electromagnetic transients following discharge;

— detection of decomposition products of the gas.
C.3 Special test procedures

C.31 General

In general, it is recommended that all testing should be performed at the specified test voltage
and-rated filling density. However, in certain circumstances special test procedures have been
established which are not in general use but are worth mentioning for technical and/or practical
reasons.
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For extensions (6.108.4) the user shall be responsible for any flashovers in the existing GIS
and the manufacturer of the extension equipment shall be responsible for any flashovers in the
extension equipment.

C.3.2 Testing at reduced voltage
Cc.3.21 Simplified method for units transported without dismantling

In accordance with the practice in some countries, gas-insulated metal-enclosed switchgear, or
at least one bay or an equivalent part of the GIS installation,-may can be assembled completely
at . ; !

trapsported without dismantling or if dismantling is limited to very simple connections,\ and
subject to agreement between manufacturer and user, the site test-may can be reduced to [the
follpwing:

AC|voltage test with 1,1 x U,/ V3 for earthed neutral systems or 1,9 x U, / V3 for isolated
neytral or resonant earthed systems; with a 10 min voltage application.

C.3.2.2 Deviations due to practical needs

In ¢ertain circumstances due to technical or practical reasons, an.AC voltage test-may can|be
penformed at reduced voltage for an extended duration. Additignally, partial discharge detection
maﬁ/can be applied in accordance with Clause C.7. The procedure is subject to agreement
between the manufacturer and the user.

c.3.2.3 Application of service voltage

In $ome cases, it is impracticable to perform a-dielectric test on-site. In such a case, spegial
care should be taken for shipment, transportation and storage and particular attention shquld
be [given to the workmanship on-site. The .GIS to be tested should be energized by the serVice
voltage through the largest possible impedance in order to reduce damage caused by a possible
disfuptive discharge. The test period should be at least 30 min.

Cc.3.3 Testing at reduced gas.density

Tests with reduced gas density’ are not generally advisable.

C.4 Partial discharge measurements

Partial dischargesmeasurements-may can be helpful in detecting certain kinds of faults duiing
sitg tests and.in determining the need for maintenance of the equipment after a period in
seryice. They are therefore a useful complement to dielectric tests on-site but are often difficult
to perform-because of ambient disturbances.

If such a testis pneeihln and ngrnnd upon, then the rnqnirnmnnfe gi\/nn in11.101.2.6 should be

applied as far as possible.

If VHF/UHF partial discharge measuring methods are specified by the user, internal PD sensors
are recommended.

C.5 Electrical conditioning

The term “electrical conditioning” means a progressive application of an AC voltage either by
steps or continuously. It-may can be performed by the manufacturer as part of the gas-filling
process on-site in order to move possible particles towards areas with a low field strength,
where they become harmless.
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Electrical conditioning is not a requirement and does not replace the AC voltage test, unless
the test voltage is increased up to the specified value. Nevertheless, a disruptive discharge
should be reported to the user as it-may can result in a weakening of the insulation.

C.6 Repetition tests

C.6.1 General

The procedure to be implemented following a disruptive discharge during dielectric tests on-
site-may can depend on several factors which include:

o |the type of disruptive discharge (breakdown in self-restoring or non-self-restoring insufatipn)
if it can be identified (see Clause C.2);

e |magnitude of the arc energy dissipated during the discharge;
e |shape and material of the solid insulation;

e |strategic importance of the installation.

Copsideration of these and any other relevant factors should allow a procedure to|be
estpblished and agreed between the manufacturer and user. A ecommended procedure is
given below but should be treated only as a guide. Variations-may{ean be acceptable, depending
on tthe significance of the factors involved.

c.q.2 Recommended procedure
c.4.2.1 Procedure a)

If the disruptive discharge occurs along the surface of a solid insulation it is recommended that
wherever-practicable the compartment should be opened and the insulation carefully inspected
for|impairments. After taking any necessary.femedial action, the compartment should then|be
subjected to the specified dielectric test once more.

c.q.2.2 Procedure b)

A disruptive discharge in the gas-may can be due to contamination or a surface imperfeciion
which-may can be burned away during the discharge. It-may can be acceptable, therefore, that
the| test-may can be repeaied at the specified test voltage. Another test voltage-may can|be
agrneed between manufacturer and user before the site tests have been started.

NOTE 1 Itis assumed that the manufacturer can satisfy the user that the gaseous insulation-may can be regarnded
as delf-restoring forithe arc energy dissipated in the discharge.

NOTE 2 In the event of a disruptive discharge occurring during dielectric tests on-site, secondary discharges |can
occlrr in othersparts of the test section.

If t||1e repetition test fails, again procedure a) should be followed.

C.7 Partial discharge detection method

C.71 General

For partial discharge detection on-site, the electrical VHF/UHF and the acoustic method can be
used in GIS in addition to the conventional method, according to IEC 60270. These two methods
are less sensitive to noise than the conventional measurement and can also be used for partial
discharge monitoring in service. However, for these new methods the sensitivity depends on
the distance between the defect (signal source) and the sensor. Suitable procedures for using
the VHF/UHF and acoustic method are available. They ensure that defects causing an apparent
charge of around a few pC can be found by such equipment. The proposed sensitivity
verification can be easily performed on-site. The advantage of the two additional methods is
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that the location of the defects can be detected. The methods and the interpretation of the
results can only be used by experienced personnel. The methods are still under investigation
and are not yet standardized.

C.7.2 Conventional method according to IEC 60270

Electromagnetic interference from radio transmitters and other sources is picked up by open-
air bushings and lead to a PD measurement sensitivity of some tens of pC. For noise rejection,
analogue and digital filtering methods are available. Nevertheless, the use of such filtering tools
requires trained personnel and is a limitation in this procedure. In actual site conditions, a noise
levplbelow 5 pCishardtoachieveTherefore atotally encapsulatedtestcircuit with-ashislded
coypling capacitor directly connected to the GIS is preferable. In such a case, a sensitiyity
belpw 5 pC is achievable for GIS with cable terminations and for GIS sections which pre
separated by an open disconnector from open-air bushings.

C.1.3 VHF/UHF method

The discharge currents at the defects of GIS have rise times that can by tess than 100 [ps.
Th{se defects cause electromagnetic transients with frequency content,to above 2 GHz. The
resulting signals propagate within a GIS with the speed of light\as—FEM-—TFE—anrd—FM-
eleptromagnetic waves. Reflections occur at the numerous discontinuities in the arrangement.
Dug to the finite conductivity of the metallic conductors and losses at the dielectric surfages,
the| propagating signals are damped. The result is a,6 Complex resonance pattern| of
electromagnetic waves within each compartment.

The partial discharge signals in the VHF/UHF range (€:g. 100 MHz to 2 GHz) can be detected
in the time domain or the frequency domain by means) of couplers, which are usually of simfilar
degign to capacitive couplers. As consequence of YHF/UHF signal attenuation, many couplers
haye can need to be installed in a GIS. The maximum distance between two adjacent couplers
is gpproximately some tens of metres. The VHFFUHF signal is best taken from internal coupleérs,
butwhen these are not available, it is somgtimes possible to use external couplers on windgws
or $pacers.

Duge to the complexity of the resonance patterns, the magnitude of the detected PD signal
depends strongly on the location ‘and, to a minor degree, on the orientation of the defect and the
coypler. The VHF/UHF method can therefore not be calibrated as in, for example,
thel measuring circuit of IEC 60270. Instead, the sensitivity check in C.7.5 can be performed.

The¢ signal-to-noise-ratio and therefore, the sensitivity of the VHF/UHF measuring device ¢an
be jmproved by using-suitable couplers, amplifiers and filters. The VHF/UHF method has proyed
to Ibe at least as. sensitive in detecting defects as the conventional method, and this is majnly
dug to the low“external noise level. Tests in laboratories and on-site have shown that small
crifjical defects and even non-critical defects-may can be detected.

An|accurate location of the defect-may can be obtained by using a broadband oscilloscopg to
mepsure the time interval between the signals arriving at adjacent couplers.

C.74 Acoustic method

Acoustic signals (mechanical waves) are emitted from defects in a GIS mainly in two primary
mechanisms: moving particles excite a mechanical wave in the enclosure when they impinge
on it, whereas discharges from fixed defects create a pressure wave in the gas, which is then
transferred to the enclosure. The resulting signal will depend on the source and on the
propagating path. As the enclosures normally are made of aluminium or steel, the damping of
the signals is quite small. However, there is a loss of energy when the signals are transmitted
from one part to another across a flange. Acoustic signals can be picked up by means of
externally mounted sensors. Normally, either accelerometers or acoustic emission sensors are
used and the test procedure consists of measuring between all flanges.
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The location of a defect can be found by searching for the acoustic signal with the highest
amplitude or by time travel measurements with two sensors. Separation between different kinds
of defects is possible by analysing the shape of the acoustic signal.

The signal from a bouncing particle is broadband (i.e. >1 MHz) and has a high amplitude
compared with signals emitted from pre-discharges at fixed defects. The particle type signal will
be spatially attenuated as it moves away from the source point. In general, two parameters of
the acoustic signal are important for this type of defect: amplitude and flight time (this being the
time between two consecutive impacts of the particle. These parameters are essential not only
for recognition of defect type but also for risk assessment.

Prgdischarge type signals from protrusions will be very wideband close to the source; put
be¢ause the gas acts as a low pass filter, the high frequencies are attenuated as the signal
prdpagates away from the source towards the enclosure. Normally, detected signals frjom
predischarge sources are limited to the frequency range below 100 kHz. The-Signhal leve] is
found to be fairly constant within the same sections, and to drop some 8 dBconce a flangg¢ is
crofssed.

Bolincing particles producing apparent discharges in the 5 pC range’can be detected with a
high signal-to-noise ratio. The detection limit for corona discharges is in the 2 pC range.
Sensitivity decreases with distance because the acoustic signals-are”absorbed and attenualted
as fthey propagate in the GIS. However, no direct correspondence between apparent PD-Igvel
and acoustic signal level has been established. Acoustic” measurement is immune| to
eleptromagnetic noise in the substation. The acoustic sensitivity to bouncing particles is usuglly
mugh higher than the sensitivity of any other diagnosti¢ method, when the sensor is plated
cloge to the defect. The acoustic method is therefore<good for detecting the location of slich
deflects.

C.1.5 Sensitivity verification of acousticcand UHF method

Fof the acoustic and the UHF method, the‘same technical principle is applied for the sensitiyity
verffication of partial discharge detection. First, an artificial acoustic or electrical pulsg is
determined which emits a signal similar’to that from a real defect that causes a defined level of
apparent charge (e.g. 5 pC or mare) according to IEC 60270. Secondly, this artificial puls¢ is
injgcted during the commissioning-test or operating conditions into the GIS in order to verify the
detection sensitivity for the.GIS and the associated measuring equipment. If the stimulated
sighal can be measured at'the adjacent sensor, the sensitivity verification has been successgful
for|the GIS section between these sensors.

For further information see IEC TS 62478 [13] and CIGRE Technical Brochure 654 [25]. 47



Sensitivity verification of acoustic and UHF measuring method are described in detail in the here mentioned new reference documents.
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Annex D
(informative)

Calculation of pressure rise due to an internal fault

The pressure rise in a closed compartment filled with-SE4 gas due to an internal fault can be
calculated according to Formula (D.1):

Ap—= Ceqmpment farc *are (" A )
Vcompartment
where
Ap is the pressure rise (MPa),
- is the fault arc current (kAgms);
Vedmpartment 1S the volume of the compartment (1);
tard is the arc duration (ms);
Ceduipment is the equipment factor.

The¢ value of the equipment factor C
tests on similar equipment.

equipment Shall be demonstrated by the manufacturer| by

Fotmula (D.1) can be used to verify that the pressure will not exceed the type test pressurg of
thelenclosures in case of an internal fault in a gas.cémpartment without a pressure relief device.
Thils is verified if the maximum arc current and. arc duration (based on the performance of fthe
protective system) does not cause a pressure rise which exceeds the type test pressure of the
englosures.
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Annex E
(informative)

Information to be given with enquiries, tenders and orders

E.1 General

This annex defines, in tabular format, the technical information to be exchanged between user
and_supplier

NoFe Reference to “supplier information” means that only the supplier—reeds—tpSprovide
provides this information.

E.2 Normal and special service conditions
Seg¢ Clause 4.

Table E.1 — Normal and special service conditions

User requirements Supplier proposgls
(see/Table 1)

Sefvice condition Indoor or
outdoor

Anlbient air temperature:

Migimum °C
Maximum °C
Solar radiation W2
Altjtude m
Pollution Class
Icel coating mm
Wind m/s
Humidity %

Cohdensation or precipjtation

Vilration Class

Induced electromagnetic disturbance in kV
se¢ondary system

E.3 »"Ratings

See Clause 5.
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Table E.2 — Ratings

User requirements

Supplier proposals

Nominal voltage of system kV

Rated voltage for equipment (U,) kV

Rated insulation levels phase-to-earth and

between phases

Rated short-duration power-frequency kV

withstand voltage (U,)

Rafed switching impulse withstand voltage

%)

Phpse-to-earth kv

Bejween phases kv

Rajed lightning impulse withstand voltage (Up) kv

Ra}ed frequency (f,) Hz

Ra}ed—ne*—m-ai continuous current (7,) A According single-line
Ra}ed short-time withstand current (7,) kA

Ra}ed peak withstand current ([p) kA

Ra}ed duration of short-circuit (¢,) s

Raled supply voltage of closing and opening Vv

deyices and of auxiliary and control circuits

)

Rafed supply frequency of closing and Hz DC or 50 Hz or 60 Hz

op¢ning devices and of auxiliary circuits

Neptral earthing

Selidly Effectively or not
solidly effectively

E.4 Design and construction

Se¢ Clause 6.
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Table E.3 — Design and construction

User requirements

Supplier proposals

Number of phases

Single- or three-phase design

Maximum-Skg relative gas leakage rate % | year
Ratedfillingpressures-p, +p,,

Filling pressure p, MPa Supplier information
Cirpuit-breaker MPa Supptrerinformation
Otlper compartments

Algrm pressure p, +p, .

Circuit-breaker MPa Supplier information
Otler compartments MPa Supplier information
Migimum functional pressure p_ +p,

Cirkuit-breaker MPa Supplier information
Othher compartments MPa Supplier information
Depign pressure of enclosures

Cirguit-breaker MPa Supplier.ihformation
Otler compartments MPa Supplieninformation
Type test pressure of enclosures

Cirguit-breaker MPa SUpplier information
Otlper compartments MPa Supplier information
Rolptine test pressure of enclosures

Cirguit-breaker MRa Supplier information
Otier compartments MPa Supplier information
Opkrating pressure of pressure relief device

Circuit-breaker MPa Supplier information
Other compartments MPa Supplier information
Intgrnal fault

Shprt-circuit current kA

Dufation of current (ds per Table 4) s

Qupntity of-SF4 gas\of complete GIS at filling | kg Supplier information
prgssure p .

Qupntity of=SF4 gas of the largest kg Supplier information
compartment at filling pressure p

Malxirm-permissible-gas-dewpoint °c Supplierinformation
Recommendation for dew point measurement

and adequate correction

Number of gas compartments Supplier information
Length of longest section for transportation m

Weight of the heaviest piece of equipment to kg

be handled during installation on-site

Noise



https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

-72 - IEC 62271-203:2022 CMV © IEC 2022

E.5 Bus ducts

Table E.4 — Bus ducts

User requirements Supplier proposals
Inductance H/m Supplier information
Capacitance pF/m Supplier information
Resistance of enclosure at f, Q/m Supplier information
Resistanceof conductorat £ Qlm Supphlerinformation
Sufge impedance Q Supplier information

E.@ Circuit-breaker

Clduse 10 of IEC 62271-100:20082021 is applicable.

E.7 Disconnector and earthing switch

Clguse 10 of IEC 62271-102:20042018 is applicable.

E.§ Bushing
Clguse 6 of IEC 60137:20082017 is applicable with the following additions:

TableE:5 — Bushing

Outdoor-immersed bushing

(see IEC 60137:20082017, 3.20) User requirements Supplier proposals
Type of internal insulation Gas-insulated or
resin-impregnated paper
Type of external insulation Porcelain or composite
Nominal specific creepage distance mm/kV
Shgd profile Normal or alternating
Raled short-duration,\power-frequency kV As GIS or special

withstand voltage(Uy)

Rafed switching‘impulse withstand voltage | kV As GIS or special
(%)
Rafed’lightning impulse withstand voltage | kV As GIS or special
%))

Cantilever test load

Cantilever operation load

Type of line termination According drawing

E.9 Cable connection

Clause 10 of IEC 62271-209:20072019 is applicable with the following additions:
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Table E.6 — Cable connection

User requirements

Supplier proposals

Type of cable termination

Fluid-filled or dry type

Supplier of cable insulator

GIS or cable supplier

E.10 Transformer connection

Clduse 9 of EC/TR 61639:1996 IEC 62271-211:2014 is applicable with the following additigns:

Table E.7 — Transformer connection

User requirements

Supplier proposgls

andl GIS enclosure

Insjulated junction between transformer tank

Yes or no

E.11 Current transformer

Clguse-t+1-of IEG60044-1:1996-is Markings which are listeduh IEC 61869-1 and IEC 6186pP-2
arg| applicable with the following additions:

Table E.8 — Currenttransformer

User requirements

Supplier proposgils

Pogition of current transformer

According single-line

Number-and-type of cores

According single-line

Bufdens and accuracy classes

VA /-

According single-line

E.12 Inductive voltage transformer

ClgusetH-of IEC60044-2:1997 is Markings which are listed in IEC 61869-1 and |IEC 6186pP-3
arg| applicable with-the following additions:

Table E.9 — Inductive voltage transformer

User requirements

Supplier proposgls

Pogition of voltage transformer

According single-line

Number-and-type of secondary windings

According single-line

Burdens and accuracy classes

VA /-

According single-line

On-site test voltage

kV/Hz

Supplier information

E.13 Metal-oxide surge arrester

Annex D of IEC 60099-4:2014 is applicable for GIS arresters.
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E.14 Documentation for enquiries and tenders

Table E.10 — Documentation for enquiries and tenders

User requirements Supplier proposals

Single-line diagram

Requirements for service continuity during
maintenance, repair, extension and on-site
testing

G eral-arranagement-drawings—of
i 4 4

subpstation layout

Foyindation loading Supplier information

GaF schematic diagrams Supplier information

Lis} of type test reports Supplier information

Lisl of recommended spare parts Supplier information

GI$ interface drawings (in case of later
exfension)
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Annex F “Service continuity” has been completely rewritten according to latest practise.
The experience from the last years with Annex F of IEC 62271-203, edition 2.0 has been consolidated in the CIGRE Technical Brochure 870 “Service Continuity Guide for HV GIS above 52 kV” (reference [27] in the Bibliography).
Annex F has been aligned with this CIGRE Technical Brochure and shall preferable be read in conjunction with this document.
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SECTION-1 'C’ de-gassed
I ] ] - < BUSBAR OUT OF SERVICE
A I T [ -
' H — BUSBAR IN SERVICE
i 1

____________________________________________

1 FEEDER OUT OF SERVICE
Before repair

TRANSFO-1

LINE-1
LINE-2

IEC 1888/11

SECTION-1 c

i~——— BUSBAR OUT OF SERVICE

> TRANSFO-1

3 FEEDERs OUT OF SERVICE
IEC 1889/11

Ei E5_R L of bushardi tor in SECTION-1
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F.1 Gene@y’

This a@defines service continuity of a GIS in relation to switchgear design. The sysfem
requi nts for service continuity are fulfilled by choice of single-line diagram, sequencg of
fee , physical arrangement of components and gas compartments. The continuity of serJice
due to maintenance, repair after failure, extension or on-site dielectric test should be the prime
concern.

The service continuity levels are defined through the MRE code (Maintenance, Repair,
Extension) specific to feeder and busbar sections of the GIS on out of service condition during
maintenance, repair, extension or on-site dielectric test (see examples provided in F.4.3).

A guideline on how to handle service continuity requirements can be found in CIGRE Technical
Brochure 870, Service Continuity Guide for HV GIS above 52 kV [27].
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F.2 Terms and conditions

F.2.1 Terms
F.2.1.1 Feeder

A feeder is a connection from a substation to another substation, a transformer, a generator, a
reactor, capacitor bank, etc. The feeder can be an overhead line, a cable or a gas-insulated
transmission line. The feeder is connected to the GIS by interfaces like bushings, cable- or
transformer-connections.

F.2.1.2 Feeder-bay ®

A fgeder-bay connects a feeder to a busbar section or another feeder (e.g. ring co% ations).

A feeder-bay consists of a set of interconnected circuit elements. Circuit ele s can |pe:
cirquit-breaker, disconnector, earthing switches, current transformer, volt ransforrrer,
surge arrester and connecting elements. 0.)

NOTE Although the term feeder-bay is described here, it is not required to define the elr'hce continuity level.
F.2.1.3 Busbar section ({j,\

A Husbar section is the common connection of several feeder S. A busbar can be
sedtionalized in several busbar sections. A busbar without onallzmg is one busbar
sedtion. $\

F.2.2 Conditions QQ
Only single events are considered. The service\%ntinuity does not apply in the situation where
h

a fault occurs on other equipment still in servi ile the main situations affecting GIS ser\ice
corptinuity are in progress.
y prog \"Q

Th¢ main situations affecting GIS se&@continuity are:

o [maintenance; xO

e [repair after failure; . (\}‘
N

e [extensions; C)

e |on-site dielectric t@

The service contlr@ty levels (see Clause F.4) should be defined for each of these situationp.

F.3 R@)nSIbllltles

F.3. «/ Service continuity requirements

It is the user’s responsibility to

o define the service continuity requirements;
e e.g.: MRE11 during maintenance and repair on any feeder or busbar section;

e specify the location of future extension, if applicable.
It is the manufacturer’s responsibility to

e design the GIS, define partitioning and specify other measures in order to fulfil the user’s
requirements;

o take into account the location of future extension, if applicable;
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¢ demonstrate compliance with the users service continuity requirements in a common format,
e.g. series of GIS gas single-line diagrams (e.g. in colour) indicating the pressure in each
gas compartment, during maintenance, repair, extension or on-site dielectric test.

F.3.2 Work on partitions

The manufacturer should design the GIS with due consideration to safe working practices in the
vicinity of pressurised gas compartments. The manufacturer should provide the user with a GIS
product related design risk assessment and recommended procedures for work on or adjacent
to a pressurised gas compartment partition. The manufacturer should define rules for such work
under the following headings:

A

e |forbidden;
X

e |recommended;

. 9%
e |authorised. (1,
»

Th¢ manufacturer should outline the controls required to allow recommendg’:i and authoriged
wofk to proceed. (l/
4

The¢ user should consider the manufacturers design risk assessme‘@t\and work procedure$ in
corjjunction with user’s safety policy when assessing complj with service contintity
requirements. C)

NOTE The manufacturers design risk assessment can proactively asﬁéss and eliminate or reduce the persopnel
safdty risks over the full life-cycle of the GIS from assembly to oper ti<® aintenance, repair and de-commissionfing.

F.4 Service continuity levels QQ
A\
QO

F.4.1 General

%
The continuity of service of a GIS durin sr§$intenance (M), repair (R), extension (E) or on-gite
diejectric testing is indicated by the M@%code.

Q\
xO

oF
O\\O

-

OQQ
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F.4.2

Code letters

(Maintenance, Repair, Extension)

Definition of the MRE code

— 87 —

MRE 0

First characteristic numeral

(numerals 0 to 4, or letter X)

Elgment

Second characteristic numeral

(numerals 0 to 5, or letter X)

Numerals or letters

GIS availability

Q

N

o
s

(b .

Cdde letters

MRE |

. . . (1/‘-’
Maintenance, Repair, EXtenﬁlO}’l
N

O

Filst characteristic
numeral

Number of busbar s

0 busbar seg{%&out of service

1 busb

N4 busbar sections out of service

All busbar sections out of service

Qion out of service

2 bq@ sections out of service

Qﬁu bar sections out of service

Y V . .
ion(s) out of service during
maintenance, rep@ tension or on-site dielectric te|

st

Sdcond
chpracteristic
numeral

C
N

~Q,

J
\O%

Number of feeder(s) out of service during maintenande,

repair, extension or on-site dielectric test

0 feeders out of service
1 feeder out of service

2 feeders out of service
3 feeders out of service
4 feeders out of service

5 feeders out of service

All feeders of the related busbar section(s) out of

service

AY

F.4.3

Examples for service continuity levels

The following Figure F.1 to Figure F.9 illustrate the definition of some service continuity levels.
For visualisation purposes simplified figures are used. Only relevant switchgear components

are shown.
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Single busbar configurations

BUSBAR
SEPARATION
BUSBAR 4 . - AN BUSBAR
SECTION 1A i 1 1 SECTION 1B
-~ v ) i 0 -
’ ** /
( ( (
) ] ]
1 1 ]
1 ] ]
1 1 ]
1 1 )
J A U
I‘ ",. "l‘
( ( {
1 ] )
i . .L' L . g -+
’ ’ 4
( ( (
v ¥ + 3 ,
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6

MRE activity location
(exemplary)
—~.Energized
»=< De-energized

IEQ

Figure F.1 - MRE1X (e.g. repair of disconhector to busbar)

Dopble busbar configurations

* BUSBAR
SECTION 1
BUSBAR
<& l{ 4 4 4 4 + +4 SECTION 2
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6

MRE activity location
(exemplary)

— Energized

==+ De-energized

lEC

Figure F.2 —- MREOO (e.g. during visual inspection)
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BUSBAR
SECTION 1
BUSBAR
- T + l - 4 - 1 + SECTION 2
[I /
(o
l_+_‘
1
1
H
/ *
(
1
i
=
(
v v 1
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6

MRE actiyity location
(exemplary)
— Energized
==+ De-energized
IEQ

Figure F.3 — MREO1 (e.g. repair of circuit-breaker)

BUSBAR
SECTION 1
e o e e e - e o e e - I = e g o e e g dummugu== BUSBAR
i i . 4, 3+ 1 4 H + L sECTION2
/ 7’ *
( {
H 1
I-.’.-c
]
]
]
R,
/
(
]
*a
/
(
v
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6

MRE activity location
(exemplary)

— Energized

==+ De-energized

IEQ

Figure F.4 — MRE11 (e.g. repair of disconnector)
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BUSBAR
i "*:"; """ SECTION 1
ity it Suteiiniied it dluinieiiet Sl Sttt i giniaiaiiae ===¥-=1 F-=--=9--= BUSBAR
] 1 1 1 ] ]
-+ -~ -+ - - - - - -, -, £ -, SECTION 2
/ / / /
(LY L Ly 4§ i
1 1 ! ]
o l-.’._a l_.'._n
1 1
1 1
] ]
1 x %,
’ /
( ( (
] 1
Y e
/’ I’
( { {
Z v +
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 EXTENSION
MRE actiyity location
(exemplaryy
— Energized
==+ De-energized
IEQ
Figure F.5 — MRE11 (e.g. extension of switchgear with a feeder bay)
BUSBAR
SECTION 1
it bt Setetttd St mm———— +--- - g 4====%--= BUSBAR
1 1 1 1 ] ]
T . . *, , -, X, -, 1 -~ T - SECTION 2
’ / / / / /
(! £ (R0 !
— - -
1 [} 1
1 ) 1
) ] ]
X X, %,
/ / 4
( ( {
1 ] 1
i, L, L,
/ / /
({ ( {
+ A4 +
FEEDER 1 FEEPER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6
MRE activity location
(exemplary)
— Energized
-=-- De-energized
IEQ
Figure F.6 — MRE13 (e.g. repair of disconnector)
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BUSBAR
BUSBAR * SEPARATION BUSBAR
SECTION 1A=eeguecccaccaax grmmm————— —pmmm—— 1\0-1--{\ SECTION 1B
] ' ] .
BUSBAR occdeeecoo } H - 1o BUSBAR
1 ===t REREE
SECTION2A 4 L L X L L - L N SECTION 2B
/ ’ / / ’ ’
¢ ¢ ¢ ¢ g ¢ T_ T._. %
] ' 1 ' ' 1
l--,.-l l-.f-a l-.,.-c
1 1 1
) 1 ]
1 1 ]
%, x, x, MRE activity location
f f f (exem.plary)
- -+ - T T + —Energized
< < < De—energized
+ + v , | J
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6

Figure F.8 — MRE2X (e.qg.

Figure F.7 — MRE2X (e.g. on-site dielectric test of busbar sec¢tion A)

*
g ———— P ————— P —————— . mmm——————— ————t—
i : i i
B et P ————— demmeprmmm b e - -—-—-- tadaededy oL DDl O e R P
1 ! 1 H 1 H 1 ! 1
e -, 4, -, 4 -, L - 4, -,
/ / 7 7 4 4 4 4 ) /
{ { ( ( { { { { 'S {
1 1 1 1 1 1 1 1 1 ]
l_.'._‘ I_-’._ I_.'._a I_.r-‘ l_.'._‘
| | | : |
1 1 ] L ]
%, 38 x; & x,
/ / / 7 4
( ( ( { (
1 1 ] 1 ]
L, L, L, L, 1,
7/ / / / /
{ ( ( { {
¥ ¥ v + ¥
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5

on-site dielectric test of busbar section 1)

BUSBAR
S Sl SECTION 1
|
TTTYTTTTeTTT BUSBAR
L, &, SECTION2
7’ /
It (
1 1
l_.’._a
1
1
1
x,
/
{
]
'Ll
/
{
¥
FEEDER 6

IEC

MRE activity location
(exemplary)
— Energized
==+ De-energized
IEQ
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One and half breaker configurations
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Figure F.9 —- MREOO (eg. repair of circuit-breaker)
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The rated test voltages for 1 100 kV and 1 200 kV equipment have been moved to subclause 5.3 “Rated insulation level (Ud, Up, Us), Table 3.
Annex G is therefore not needed.
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Annex G
(informative)

List of notes concerning certain countries

Subclause

Text

5.11 and 6.104.2

National exceptions are required for Italy where rules for the design pressure is required

by taw:

7.2.12

National exceptions are required for Canada, France and Italy where it is required\by
law that the test voltage during condition check across the isolating distance of a
disconnector be 100 % of the rated power-frequency test voltage.
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List of comments

This document has been aligned with IEC 62271-1:2017.

The structural changes in IEC 62271-1:2017 have required major changes in the structure
of IEC 62271-203.

Many of the RLV markings are therefore only editorial changes.

The here listed topics are the major technical changes in this revision of IEC 62271-203.

To be in line with IEC 62271-1 and other IEC 6227 1-series standards the word "AC”
(alternating current) has been added to the title of the standard.

Beside SFg also alternative gases and gas mixtures are now mentioned whereverneeded.

Most of these changes are editorial changes, as the old version of the standard did [not
explicit distinguish between gases and gas mixture. Often SFg was mentioned, but fthe

requirements were meant to be applicable for all gases and gas mixtures.
The references have been updated and not used references have*been removed.

The terms and definitions have been updated and not usediterms and definitions have
been removed.

A definition of “isolating link” has been added.

Isolating links are often used in GIS during maintenance and repair work in ordef to
minimize the section of the GIS, which needs.fo)be switched off during this work.

Isolating links are needed where the otherside of the open link can be in service duifing
maintenance and repair work inside the:GIS. The open isolating link shall therefore| be
capable of withstanding the test voltages of an isolating distance according to Table 2
and Table 3.

The definition of “removable link”7has been modified to be in accordance with the abpve
new definition of “isolating link™

The purpose of a removablée link is to ensure electrical separation between sections ¢f a
GIS, where the other side’ of the open link is earthed.

This is for instance “oeften the case during high voltage testing of GIS, where voltage
transformers, surge ‘arresters, cable connections and transformer connections often mlust
be separated froam the GIS during the test.

The open link/shall therefore be capable of withstanding the phase-to-earth test voltages
according:to Table 2 and Table 3.

This\section has been moved to subclause 6.103.2 “External effects of the arc” in order
te"improve the readability of the standard.

The term “functional unit” is used in subclause 7 1 1 to define the test nh)im‘h for t pe

tests.

In the past this term has often caused discussions between manufacturer and users,
whether the type tests have been performed on the correct test objects. A major reason
for this confusion was the term in IEC 60050-441:1984, 441-13-04, which is not directly
applicable for GIS.

The term has therefore been adapted to GIS and examples relevant for GIS have been
added, in order to clarify most of the discussed issues.

This section has been moved to new subclause 4.101 “General” below Table 1 due to
alignment with IEC 62271-1.

This section has been moved to here from clause 4 “Normal and special service
conditions” due to alignment with IEC 62271-1.


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

IEC 62271-203:2022 CMV © IEC 2022 -99 -

13

15

16
17

18

19

20
21

22
23

24

25
26
27
28
29

The old Note 1 was only applicable for SF5 because the CIGRE studies mentioned were
performed for SFg and may not be applicable for alternative gases.
However even if the natural ratio between the withstand voltages may be different for

different gases, it would not be practical to define different withstand test voltages for
different gases.

The higher values for GIS in IEC 62271-203 were introduced in edition 1.0 in 2003 and
are now established as standard values for GIS, independent on the type of gas used.

This section has been moved to clause 6.101 “General requirements for GISZ dug to
alignment with IEC 62271-1.

This section has been moved to subclause 6.109 “Interlocking”.

Subclause 6.16 “Gas and vacuum tightness” has been updated id *be applicable |for
alternative gases and gas mixtures also.

For “Closed pressure systems for gas” two classes of dases and corresponding
requirement for maximum leakage rates have been introduced!
As criteria for the classification the GWP according to IRCC— AR5 has been selected

e SFg, SFg mixtures and other gas mixtures with a GWP > 1 000 shall be type tested|for
maximum leakage rate < 0,1 % per year,

e other gas mixtures with a GWP <1 000 shall\be type tested for maximum leakage nate
< 0,5 % per year.

This section has been moved to here from clause 6 “Design and construction” dug to
alignment with IEC 62271-1.

The wording has been improved far better understanding.

This term has been moved. to here from subclause 3.119 “Terms and definition
Fragmentation” in order to ‘improve the readability of the standard.

or
|

The wording has been\improved for better understanding.

th

The design criteria for isolating and removable link have been added, in accordance v
the definitionsinssubclauses 3.104 and 3.105.

Development of alternative gases for GIS often result in increased gas pressuies,
compared-to GIS designs based on SFg.

As_a.result the interfaces connected to GIS must be designed for the same increased
pfessures.

In order to give guidelines for cable and transformer interface manufacturer, the here

mentioned maximum pressures values in service have been defined and implemented in
the relevant standards IEC 62271- 203, IEC 62271-209 and IEC 62271-211.

The wording has been improved for better understanding.

This section has been moved to here from subclause 6.12 “Locking devices”.
Editorial changes are needed for alternative gases.

Editorial changes in Table 5 are needed due to the alignment with IEC 62271-1.

Multiple editorial changes in subclause 7.2 are needed due to the alignment with
IEC 62271-1.
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Multiple editorial changes in subclause 7.4 are needed due to the alignment with
IEC 62271-1.

Multiple editorial changes in subclause 7.5 are needed due to the alignment with
IEC 62271-1.

Multiple editorial changes in subclause 7.6 are needed due to the alignment with
IEC 62271-1.

Multiple editorial changes in subclause 7.7 are needed due to the alignment with
IEC 62271-1.

Multiple editorial changes in subclause 7.8 are needed due to the alignment-with

IEC 62271-1.

The wording of subclause 7.103 has been aligned with the latest versionsof the [EN
standards (references [15], [16], [17] and [18] in the Bibliography).

Insulators in GIS are type tested as an electrical insulation system (ES) with insulafing
material, conductors, enclosures and sealing material. The type tests verify that the EIS
is correctly designed to withstand the thermal stresses.

The upper limit temperatures defined in IEC 62271-1, Table)14 are therefore applicable
to the EIS and not for the electrical insulation material (EIM).
Subclause 7.107 “Corrosion test on earthing connections” was introduced in edition 2.0
of IEC 62271-203.

This subclause has now been updated based on<dhe experience of the last years.
Subclause 7.108 “Corrosion tests on sealing systems of enclosures and auxiliary
equipment” is a new subclause, which is.based on subclause 7.107.
th

Practically the corrosion tests on the séaling systems of enclosures can be combined
the corrosion tests on the earthing,systems.

Editorial changes are needed for-alternative gases.

The commonly used test method for gas-filled systems tested in factory and on-site is the
probing test using a sniffing device with the minimum sensitivity mentioned in IEC 62271-1:
2017, 8.5.3. If a leak’is-detected, the test is considered failed, and the test object will be
repaired, or the leak will be quantified by using a cumulative method.

Leakage rates-below 0,5 % per year per gas compartment are not always easily possible
to verify using the probing test method.

1
—_

Multiple~editorial changes in clause 9 are needed due to the alignment with IEC 62271

On:site switching impulse withstand voltage testing was a commonly used test method in
thejlast century, but is not used any more.

The recommended on-site test methods are procedures A, B and C mentioned in

subclause 11.101.2.2 “Test procedure”.

On-site switching impulse withstand voltage testing was a commonly used test method in
the last century, but is not used any more.

The recommended on-site test methods are procedures A, B and C mentioned in
subclause 11.101.2.2 “Test procedure”.

Resistance measurements between earthing switches are valuable reference
measurements, because these measurements can be repeated after the GIS has been
installed, e.g. during maintenance or repair activities.

Editorial changes are needed for alternative gases.
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46

47

48

49

50

The criteria to pass the test has been aligned with IEC 62271-200, subclause 7.105.5

“Criteria to pass the test”.

Sensitivity verification of acoustic and UHF measuring method are described in detail in

the here mentioned new reference documents.

Annex F “Service continuity” has been completely rewritten according to latest practise.

The experience from the last years with Annex F of IEC 62271-203, edition 2.0 has been
consolidated in the CIGRE Technical Brochure 870 “Service Continuity Guide for HV GIS

above 52 kV” (reference [27] in the Bibliography).

Annex F has been aligned with this CIGRE Technical Brochure and shall preferable
read in conjunction with this document.

The rated test voltages for 1 100 kV and 1 200 kV equipment have been moved
subclause 5.3 “Rated insulation level (Uy, U, Us), Table 3.

Annex G is therefore not needed.

The references have been updated and not used references have bgen removed.

be

to
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 203: AC gas-insulated metal-enclosed switchgear
for rated voltages above 52 kV

FOREWORD

1) ['he International Electrotechnical Commission (IEC) is a worldwide organization for standardization Comprising
bl national electrotechnical committees (IEC National Committees). The object of IEC is to promate“internatipnal
Co-operation on all questions concerning standardization in the electrical and electronic fields.yTo this end [and
n addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Repgrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC. Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested.ih the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaiging
vith the IEC also participate in this preparation. IEC collaborates closely with thé International Organization for
Standardization (ISO) in accordance with conditions determined by agreement(between the two organizations.

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

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

4) |n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat{ons
ransparently to the maximum extent possible in their,national and regional publications. Any divergence betwleen
bny |EC Publication and the corresponding national ornregional publication shall be clearly indicated in the lafter.

5) |EC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
bssessment 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 fatest edition of this publication.

7) No liability shall attach to IEC or itscdirectors, employees, servants or agents including individual experts [and
members of its technical committeés and IEC National Committees for any personal injury, property damagpe or
bther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) [and
bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other [[EC
Publications.

8) Attention is drawn to the,Normative references cited in this publication. Use of the referenced publications is
ndispensable for the carrect application of this publication.

9) Attention is drawn tothe possibility that some of the elements of this IEC Publication may be the subject of pafent
ights. IEC shall.not be held responsible for identifying any or all such patent rights.

IEG 622714203 has been prepared by subcommittee 17C: Assemblies, of IEC technjcal
commmittee™7: High-voltage switchgear and controlgear. It is an International Standard.

This—third—edition—cancels—and
constitutes a technical revision.

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

a) the document has been aligned with IEC 62271-1:2017;
b) beside SFg also alternative gases have been implemented where needed,;

c) the terms and definitions have been updated and terms not used have been removed;
d) Subclause 6.16 “Gas and vacuum tightness” has been updated;
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e)

Subclause 6.16.3 “Closed pressure systems”: Two classes of gas has been introduced:
1) GWP <1000
2) GWP > 1000

and the tightness requirements for type tests for gasses with GWP > 1 000 has been reduced

from 0,5 % to 0,1 % per year per gas compartment;

Subclause 6.108 “Interfaces”: Typical maximum pressures in service for interfaces

connected to GIS have been defined;
Subclauses 7.2 through 7.8 have been restructured;

Subclause 7.107 "Corrosion test on earthing connections” has been updated,

equipment” has been updated;

Subclause 7.108 “Corrosion tests on sealing systems of enclosures and auxiligry

j) |Annex F ‘Service Continuity’ has been modified and aligned with the recommendationg of
CIGRE WG B3.51.
The text of this International Standard is based on the following documents:
Draft Report on voting
17C/835/FDIS 17C/844/RVD
Full information on the voting for its approval can be found'if the report on voting indicated in
thelabove table.
The¢ language used for the development of this Inteérnational Standard is English.
This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
acdordance with ISO/IEC Directives, Part 4cand ISO/IEC Directives, IEC Supplement, available
at lwww.iec.ch/members_experts/refdocs. The main document types developed by IEC pre
degcribed in greater detail at www.iec¢gegh/standardsdev/publications.
Th¢ committee has decided that'the contents of this document will remain unchanged until the
stapility date indicated on thelEC website under webstore.iec.ch in the data related to fthe

spgcific document. At this date, the document will be

reconfirmed,
withdrawn,
replaced by.awrevised edition, or

amended
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 203: AC gas-insulated metal-enclosed switchgear
for rated voltages above 52 kV

Scope

at atmospheric pressure, for alternating current of rated voltages above 52 kV) for ind

and outdoor installation, and for service frequencies up to and including 60 Hz.

Forl the purpose of this document, the terms “GIS” and “switchgear” are used-for “gas-insula

me

fal-enclosed switchgear”.

s part of IEC 62271 specifies requirements for gas-insulated metal-enclosed switchgear
ch the insulation is obtained, at least partly, by an insulating gas or gas mixture other than

in

por

ted

The¢ gas-insulated metal-enclosed switchgear covered by this dogument consists of individual

cor

Thi
the

2

individual components constituting GIS.

Normative references

The following documents are referred to in the'text in such a way that some or all of their con

cor
For
am

IEQ

IEC

IEQ

IEQ
SYS

IEC

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

60137:2017, Insulated bushings for alternating voltages above 1 000 V

nponents intended to be directly connected together and able to)operate only in this mann

nt
stitutes requirements of this document:‘For dated references, only the edition cited applFs.

endments) applies.
60068-2-11, Environmental testing — Part 2-11: Tests — Test Ka: Salt mist
60068-2-17, Basic envitonmental testing procedures — Part 2-17: Tests — Test Q: Seali
60085:2007, Electrical insulation — Thermal evaluation and designation
t60099-4:2014, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for .
ems

er.

s document completes and amends, if applicable, the variods relevant standards applying to

ny

IEC 60141-1, Tests on oil-filled and gas-pressure cables and their accessories — Part 1:
Oil-filled, paper or polypropylene paper laminate insulated, metal-sheathed cables and
accessories for alternating voltages up to and including 500 kV

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

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

IEC 60480, Specifications for the re-use of sulphur hexafluoride (SFg) and its mixtures in
electrical equipment
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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 61869-1, Instrument transformers — Part 1. General requirements
IEC 61869-2, Instrument transformers — Part 2: Additional requirements for current transformers

IEC 61869-3, Instrument transformers — Part 3: Additional requirements for inductive voltage
transformers

IEG 62067, Power cables with extruded insulation and their accessories for rated ve@ltages
abgve 150 kV (U,, = 170 kV) up to 500 kV (U,, = 5650 kV) — Test methods and requirements

IEG 62271-1:2017, High-voltage switchgear and controlgear — Part 1. Common~specificatipns
forlalternating current switchgear and controlgear

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

IEG 62271-100:2021, High-voltage switchgear and controlgear.—‘Part 100: Alternating current
cirquit-breakers

IEG 62271-102:2018, High-voltage switchgear and controlgear — Part 102: Alternating curnent
disponnectors and earthing switches

IEG 62271-209:2019, High-voltage switchgear and controlgear — Part 209: Cable connectipns
for|gas-insulated metal-enclosed switchgear for'rated voltages above 52 kV — Fluid-filled and
extruded insulation cables — Fluid-filled and-@ry-type cable-terminations

IEG 62271-211:2014, High-voltage switchgear and controlgear — Part 211: Direct conneclion
between power transformers and gas-insulated metal-enclosed switchgear for rated voltages
abgve 52 kV

ISQ 22479, Corrosion of metals and alloys — Sulfur dioxide test in a humid atmosphere (fixed
gag method)

3 | Terms and definitions

Forl the purpOsés of this document, the terms and definitions given in IEC 62271-1:2017 and
the| following; apply.

ISQand IEC maintain terminological databases for use in standardization at the followiing
addresses:

e |SO Online browsing platform: available at https://www.iso.org/obp

e |EC Electropedia: available at http://www.electropedia.org/
3.101
metal-enclosed switchgear and controlgear

switchgear and controlgear assemblies with an external metal enclosure intended to be earthed,
and complete except for external connections

[SOURCE: IEC 60050-441:1984, 441-12-04, modified — The note was deleted.]


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

-8 - IEC 62271-203:2022 © IEC 2022

3.102

gas-insulated metal-enclosed switchgear

metal-enclosed switchgear in which the insulation is obtained, at least partly, by an insulating
gas or gas mixture other than air at atmospheric pressure

Note 1 to entry: This term generally applies to high-voltage switchgear and controlgear.

Note 2 to entry: Three-phase enclosed gas-insulated switchgear applies to switchgear with the three phases
enclosed in a common enclosure.

Note 3 to entry: Single-phase enclosed gas-insulated switchgear applies to switchgear with each phase enclosed

in a.single indepnendent enclosure
=) T

[SQURCE: IEC 60050-441:1984, 441-12-05, modified — "or gas mixture” has been addedin the
definition, and Note 2 and 3 to entry have been added.]

3.103

gas-insulated switchgear enclosure
pant of gas-insulated metal-enclosed switchgear retaining the insulating gas under fhe
prejscribed conditions necessary to maintain safely the highest insulationidevel, protecting the
equipment against external influences and providing a high degree of\protection to personngl

Note 1 to entry: The enclosure can be single-phase or three-phase.

3.104

isolating link
partt of the conductor which can easily be opened or removed in order to isolate two parts of the
GI$ from each other

Note 1 to entry: The open gap is designed to withstand the.test voltages across isolating distance according Tabjle 2
and|Table 3.

Note 2 to entry: The purpose of an isolating link*is.to ensure electrical isolation between sections of a GIS [e.g.
durihg maintenance and repair work.

3.105

removable link
part of the conductor which can-easily be opened or removed in order to separate two partsg of
the| GIS from each other

Note 1 to entry: The open gap is designed to withstand the phase-to-earth test voltages according to Table 2 [and
Tablje 3.

Note 2 to entry: The purpose of a removable link is to ensure electrical separation between sections of a GIS, where
the lequipment is_separated from the rest of the GIS, e.g. in front of voltage transformers, surge arresters, cable
conpections andransformer connections during high voltage testing of GIS or testing of the components.

3.106
compartment
part of“gas-insulated metal-enclosed switchgear, which is gastight and enclosed

Note 1 to entry: A compartment can be designated by the main component contained therein, e.g. circuit-breaker
compartment, busbar compartment.

3.107

component

essential part of the main or earthing circuits of gas-insulated metal-enclosed switchgear which
serves a specific function (for example circuit-breaker, disconnector, switch, fuse, instrument
transformer, bushing, busbar, etc.)

3.108
support insulator
internal insulator supporting one or more conductors
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3.109

partition

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

3.110

bushing

a device that enables one or several conductors to pass through an enclosure and insulate the
conductors from it

[SQURCE: TEC 60050-471:2007, 471-02-0T, modified — "an enclosure” inserted after pass
through” and “a partition such as a wall or a tank” deleted. Notes 1 and 2 were deleted.]

3.1111

maljin circuit
all the conductive parts of gas-insulated metal-enclosed switchgear included.in, a circuit wHich
is ihtended to transmit electrical energy

[SQURCE: IEC 60050-441:1984, 441-13-02, modified - “gas-insulated metal-encloged
switchgear” inserted after “parts of” and “an assembly” deleted]

3.1112

auxiliary circuit
all |the conductive parts of gas-insulated metal-encloged switchgear included in a cirguit
intended to control, measure, signal and regulate

Note 1 to entry: The auxiliary circuits of gas-insulated metal-enclosed switchgear include the control and auxiliary
circpits of the switching devices.

3.1(13

enc¢losure design temperature
makimum temperature that the enclosures can reach under specified maximum serVice
corlditions

3.1(14
en¢losure design pressureée
relative pressure used to, determine the design of the enclosure

Not¢ 1 to entry: It is at least equal to the maximum pressure in the enclosure at the highest temperature that{ the
gas|used for insulatiofh can reach under specified maximum service conditions.

Note¢ 2 to entry: ~The transient pressure occurring during and after a breaking operation (e.g. circuit-breaker) is{ not
congidered in/thg, determination of the design pressure.

3.1(15
paftition design pressur

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

Note 2 to entry: The transient pressure occurring during and after a breaking operation (e.g. circuit-breaker) is not
considered in the determination of the design pressure.

3.116

operating pressure

<pressure relief device> relative pressure chosen for the opening operation of pressure relief
devices
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17

routine test pressure
<enclosures and partitions> relative pressure to which all enclosures and partitions are
subjected after manufacturing

3.1

18

type test pressure
<enclosures and partitions> relative pressure to which enclosures and partitions are subjected

for

type test

3.1[19
fragmentation
damage to enclosure due to pressure rise with projection of solid material

3.120

di

phe
cor
zer

3.1
tra
parn

3.1
fun
parn
cird

Not
exa
disd
[SQ
ins
exd

4

4.1

Su
pre]

4.2

ruptive discharge

nomena associated with the failure of insulation under electric stress, in-which the discha
npletely bridges the insulation under test, reducing the voltage between the electrodeg
p or almost zero

21
nsport unit

22

ctional unit

t of metal-enclosed switchgear and controlgear{comprising all the components of the m
uits and auxiliary circuits that contribute to, the*fulfilment of a single function

e 1 to entry: Functional units can be distinguished according to the function for which they are intended
mple complete single-phase or three-phase \bay or functional parts of a bay like complete circuit-brea
onnector, earthing switch, voltage transforpder, current transformer, operating mechanism, enclosure, etc.

URCE: IEC 60050-441:1984, -441-13-04, modified — In the definition, “metal-enclos

hanged with examples relgvant for GIS.]

Normal and special service conditions

Normal service conditions

pclause 4.4 0f IEC 62271-1:2017 is applicable, taking into account the recommended val
sented\in“Table 1 of this document.

rge
to

t of gas-insulated metal-enclosed switchgear suitable forshipment without being dismantled

ain

for
ker,

edn

brted after “part of” and “an assembly of” deleted. In the note the examples have bgen

Hes

Special service conditions

Subclause 4.2 of IEC 62271-1:2017 is applicable, taking into account the recommended values

pre

sented in Table 1 of this document.

In the cases where higher than (>) is used in Table 1, the values shall be specified by the user
as described in IEC 62271-1:2017.
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4.1

01 General

Table 1 — Reference table of service conditions relevant to GIS

Normal Special
Item
Indoor Outdoor Indoor Outdoor

Ambient air temperature:
Minimum (°C) -5 -25 -25 -50
Maximum (°C) +40 +40 +50 +50
Solar radiation (W/m?) Not applicable 1000 Not applicable >1 000
Alt|tude (m) 1000 1000 >1 000 >1000
Site pollution severity @ Not applicable c c,dore dore
Ice coating (mm) Not applicable 20 Not applicable >20
wind (m/s) Not applicable 34 Not applicable >34
Average humidity over 24 h (%) 95 100 98 100
Cohdensation or precipitation Occasional Yes Yes Yes
Abpormal vibrations, shock or tilting Not applicable | Not applicable Applicable Applicablg
NQTE The user’s specification can use any combination of normal or special service conditions above.

Site pollution severity ¢, d or e according to IEC TS 60815-1:2008; 8+3 [5]1

At
me
alti

any altitude the dielectric characteristics of th€)internal insulation are identical with th
asured at sea-level. For this internal insulation no specific requirements concerning
ude are applicable.

Some items of a GIS such as pressure, relief devices and pressure and density moniton

de
neq

5.1
Su
e)
f)

ang

ices can be affected by altitude.-The manufacturer shall take appropriate measure
essary.

Ratings
General

bclause 5.1 of IEC62271-1:2017 is applicable with the following modifications:

rated short-time withstand current (7,) (for main and earthing circuits);

rated_peak withstand current (Ip) (for main and earthing circuits);

with the following addition:

bse
the

ing
5 if

k) rated values of the components forming part of gas-insulated metal-enclosed switchgear,

5.2

including their operating devices and auxiliary equipment.

Rated voltage (U,)

Subclause 5.2 of IEC 62271-1:2017 is applicable with the following addition:

Components forming part of the GIS can have individual values of rated for equipment in
accordance with the relevant standards.

1

Numbers in square brackets refer to the Bibliography.
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5.3 Rated insulation level (Uy, Up, Uy)
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Subclause 5.3 of IEC 62271-1:2017 is applicable with the following addition:

Tables 1, 2, 3 and 4 in Subclause 5.3 of IEC 62271-1:2017 are replaced with Table 2 and

Table 3 below.

NOTE 1 The higher values for GIS in IEC 62271-203 compared to the values in IEC 62271-1 were introduced with

reviW S
The¢ GIS comprises components having a definite insulation level. Although internal faults

largely be avoided by the choice of a suitable insulation level, measures to limit extern

ovdrvoltages (e.g. surge arresters,) should be considered.

NOTE 2 Regarding the external parts of bushings (if any), see to IEC 60137:2017.

can
nal

NOTE 3 The waveforms are standardized lightning impulse and switching impulse shapes,’pending the results of
studies on the ability of this equipment to withstand other types of impulses.

NOTE 4 The choice between alternative insulation levels for a particular rated voltage for equipment can be b3
insulation coordination studies, taking into account also the self-generated transient overvoltages

on
to spitching.

Table 2 — Rated insulation levels for rated voltages
for equipment of range | (245 kV.'\and below)

sed
due

Rated short-duration power-frequenecy Rated lightning impulse
withstand voltage withstand voltage
Uy Up
Rated voltage for
equipment kV (RMS value) kV (peak value)
U,
r Phase-to-earth, Phase-to-earth,
HV (RMS value) across open Across across open Across
switching device the isolating switching device the isolating
and between distance and between distance
phases phases
(1) (2) (3) (4) (5)
72,5 140 160 325 375
100 185 210 450 520
123 230 265 550 630
145 275 315 650 750
170 325 375 750 860
245 460 530 1050 1200

NQTE, Walues in column (2) are applicable:

a

~

for type tests 'nha:n_fn_nnrfh and hetween 'nhnep:'

Values in columns (3), (4) and (5) are applicable for type tests only.

b) for routine tests, phase-to-earth, phase-to-phase, and across the open switching device.
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Table 3 — Rated insulation levels for rated voltages for equipment of range Il
(above 245 kV)

Rated short-duration . . . Rated lightning
Rated switching impulse .
power-frequency withstand voltage impulse
withstand voltage U withstand voltage
Uy s Up
Rated KV K val
voltage for kV (RMS value) (peak value) KV (peak value)
equipment
U Phase-to- Across Phase-to- Between Across Phase-to- | Across open
r earth and open earth and phases isolating earth and switching
\V (RMS between switching across (Notes 3 distance between device
value) phases device open and 4) (Notes 1, 2 phases and/ar
(Notes 3 and/or switching and 3) (Note 5) isolating
and 5) isolating device distancd
distance (Note 5) (Notes 2
(Note 3) and 3)
(1) (2) (3) (4) (5) (6) (7) (8)
300 460 595 850 1275 700 (+245) 1.050 1 050 (+170)
362 520 675 950 1425 800 (+295) 1,175 1175 (+205)
420 650 815 1 050 1575 900 (+345) 1425 1425 (+240)
550 710 925 1175 1760 900 (+450) 1 550 1 550 (+315)
800 960 1270 1425 2420 1 100 (+650) 2100 2 100 (+455)
1100 1 550 2 635 1.550 +(900) 2 250 2 250 + (630)
1100 1100 1100
+(635) 1 800 2 880 1675 +(900) 2 400 2 400 + (630)
1200 1 800 2970 2 400 2 400 + (685)
1200 1200 1200 1675 +(980)
+(695) 1950 3120 2 550 2 550 + (685)

NJTE 1 Column (6) is also applicable to some circuit-breakers, see IEC 62271-100:2021.

NJTE 2 In column (6), values in brackets aréthe peak values of the power-frequency voltage U, \/5/\/5 applled
to the opposite terminal (combined voltage):

—

In folumn (8), values in brackets.are the peak values of the power-frequency voltage 0,7 U, \/5/\/5 applied
thg opposite terminal (combined voltage).

(o]

NQTE 3 Values in column\(2) are applicable:

[V]
~

for type tests, phase-to-earth and between phases;

o
-

for routine testsy phase-to-earth, phase-to-phase, and across the open switching device.

Values in columns (3), (4), (5), (6), (7) and (8) are applicable for type tests only.

NQTE 4~ These values are derived using the multiplying factors stated in Table 3 of IEC 60071-1:2019 [4].

NQTE"S” For earthing switches only phase-to-earth tests according column (2), (4) and (7) are applicable.

5.4 Rated frequency (f,)
Subclause 5.4 of IEC 62271-1:2017 is applicable.
5.5 Rated continuous current (/)

Subclause 5.5 of IEC 62271-1:2017 is applicable with the following addition:

Some main circuits of GIS (e.g. busbars, feeder circuits, etc.) can have different values of rated
continuous current. However, these values should also be selected from R10 series.
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Rated short-time withstand current (1)

Subclause 5.6 of IEC 62271-1:2017 is applicable.

5.7

Rated peak withstand current (Ip)

Subclause 5.7 of IEC 62271-1:2017 is applicable.

5.8

Rated duration of short-circuit (7)

Su

5.9

Su

5.1
Su

5.1
Su

6.1
Su

6.2
Su

6.3
Su

6.3

To
req

Ea

bclause 5.8 of IEC 62271-1:2017 is applicable.

Rated supply voltage of auxiliary and control circuits (U,)

bclause 5.9 of IEC 62271-1:2017 is applicable.

0 Rated supply frequency of auxiliary and control circuits

bclause 5.10 of IEC 62271-1:2017 is applicable.

1 Rated pressure of compressed gas supply for controlled pressure systems

pclause 5.11 of IEC 62271-1:2017 is applicable.
Design and construction

Requirements for liquids in switchgear.and controlgear

bclause 6.1 of IEC 62271-1:2017 is applicable.

Requirements for gases in switchgear and controlgear

bclause 6.2 of IEC 62271-1:2017 is applicable.

Earthing of switchgear’and controlgear

bclause 6.3 of IEC 62271-1:2017 is applicable.

101 Earthing of'the main circuit

ensure safety during maintenance work, all parts of the main circuit to which accesg
uired or¢provided shall be capable of being earthed.

thing-can be made by:

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

is still a possibility that the circuit connected is energised;

b) earthing switches without a making capacity or with a making capacity lower than the rated

Furthermore,

peak withstand current, if there is certainty that the circuit connected is not energised.

it shall be possible, after opening the enclosure, to connect removable

earthing devices for the duration of the work on a circuit element previously earthed via
an earthing switch. The removable earthing device shall have the relevant short-circuit
withstand capability and/or induced current withstand capability.

The earthing circuit can be degraded after being subjected to the short-circuit current. After
such event, earthing circuit can need to be replaced.
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6.3.102 Earthing of the enclosure

The enclosures shall be connected to earth. All metal parts which do not belong to a main or
an auxiliary circuit shall be earthed. For the interconnection of enclosures, frames, etc.,
fastening (e.g. bolting or welding) is acceptable for providing electrical continuity.

The continuity of the earthing circuits shall be ensured taking into account the thermal and
electrical stresses caused by the current they can have to carry.

If using single-phase enclosed switchgear, a looping circuit, i.e. an interconnection between the
engfosures of the three phases, should be nstattedfor the Tnduced current. Each of these
looping circuits should be linked as directly as possible to the general earthing grid~by a
corjductor capable to carry the short-circuit current.

NOTE The looping circuits are intended to avoid induced currents in the enclosures from flowing in the earthing
circpits and earthing grid. They are usually dimensioned for the rated continuous currentcand located at|the
appfopriate location according to the layout of the GIS installation.

6.4] Auxiliary and control equipment and circuits

Subclause 6.4 of IEC 62271-1:2017 and IEC 62271-1:2017/AMD1:2021 is applicable.

6.5/ Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 is applicable.

6.6] Stored energy operation

Subclause 6.6 of IEC 62271-1:2017 is applicable:

6.7 Independent unlatched operation<(independent manual or power operation)

Subclause 6.7 of IEC 62271-1:2017 iskapplicable.

6.8| Manually operated actuators

Subclause 6.8 of IEC 62271549:2017 is applicable.

6.9 Operation of releases

Subclause 6.9 of [EC 62271-1:2017 is applicable.

6.10 Pressure/level indication

Sulbclause 6.10 of IEC 62271-1:2017 is applicable with the following addition:

The performance of the GIS is depending on the gas density of the pure gas or the gas mixtures.
For GIS it is not sufficient to monitor the gas pressure without temperature compensation.

The gas density or temperature compensated gas pressure in each compartment shall be
continuously monitored. The monitoring device shall provide at least two alarm levels for
pressure or density (alarm and minimum functional pressure or density). The correct functioning
of gas monitoring devices shall be able to be checked with the high-voltage equipment in
service.

NOTE 1 When the filling density differs between adjacent compartments, an additional alarm indicating over
pressure or density can be used, if it is applicable for the GIS design.
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NOTE 2 Tolerances of the monitoring device, as well as possible differences in temperature (e.g. inside/outside of
a building) between the monitoring device and the volume of gas being monitored, can be considered.

NOTE 3 Checking of gas monitoring can initiate wrong alarms which can initiate or inhibit switching operations.
NOTE 4 It is preferable for gas monitoring devices to be placed as close as possible to the gas compartment which
is being monitored to ensure measuring accuracy and minimum leakage, however consideration can be given to

safety and accessibility when choosing the location.

NOTE 5 The preferred solution for checking the gas monitoring device is to isolate the density monitor from the gas
compartment without mechanically removing it from the GIS, in order to minimize gas losses.

6.11__Nameplates

Subclause 6.11 of IEC 62271-1:2017 is applicable with the following addition:

A dommon nameplate shall be provided to identify the GIS. It shall, as a minimum, detail the
ratings listed in Clause 5 of this document. The common nameplate shall be cleafly readable
from the position of local operation side.

Fon each individual device a nameplate according to its relevant standard is required where
ratings are not detailed on the common nameplate.

The¢ nameplates shall be durable and clearly legible for the lifetime of the GIS.

Th¢ manufacturer shall give information of the type, volume.and mass of the gas contained in
each gas compartment as well as the total mass for thé)entire GIS installation either on fthe
nameplate or on a label placed in a visible locationIf required, more information shall|be
provided in the instruction manual.

6.12 Locking devices

Subclause 6.12 of IEC 62271-1:2017 is applicable with the following addition:

The following provisions are mandatary for apparatus installed in main circuits which are used
as |solating distance and earthing

— |apparatus installed in maifucircuits, which are used for ensuring isolating distances during
maintenance work, shall)be provided with visible locking devices to prevent closing (¢.g.
padlock);

— |earthing switchgsy~shall be provided with locking devices to avoid opening during
maintenance work.

6.13 Position indication

Sulbbclause-6.13 of IEC 62271-1:2017 is applicable with the following addition:

In case of disconnector switch and earthing switch 6.104.3.2 of |[EC 62271-102:2018| is
applicable.

6.14 Degrees of protection provided by enclosures

Subclause 6.14 of IEC 62271-1:2017 is applicable.

6.15 Creepage distances for outdoor insulators

Subclause 6.15 of IEC 62271-1:2017 is applicable with the following addition:

This applies to bushings only.
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6.16 Gas and vacuum tightness
6.16.1 General
Subclause 6.16.1 of IEC 62271-1:2017 is applicable with the following addition:

This applies only to insulating and switching medium, not to operating medium of switchgear
and controlgear.

GIS shall be a closed pressure system or a sealed pressure system.

Leakage losses and handling releases shall be considered separately. The objective’ig to
mirjimize the release of gas in the atmosphere due to leakage and handling (see IEC6227114).

The¢ cause of any leakage shall be investigated carefully, and corrective actions shall|be
corjsidered, especially if it is above the limits specified in this document.

6.16.2 Controlled pressure systems for gas

Subclause 6.16.2 of IEC 62271-1:2017 is applicable.

6.16.3 Closed pressure systems for gas

Subclause 6.16.3 of IEC 62271-1:2017 is applicable with the following addition:

The relative leakage rate from any single compartment of GIS to atmosphere and betwegen
compartments shall not exceed 0,5 % per year for the expected operation duration of the
equipment.

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

The maximum relative leakage rate F g, for type tests is specified as:

e |=0,1 % per year for SF5, SFgmixtures and for other gas mixtures with GWP > 1 000;
e |£0,5 % per year for othergas mixtures with GWP < 1 000.

NOTE 2 The global warming®potential (GWP) of gases in GIS is the major reason for requiring low permisdible
lealfage rates. Solutions withyalternative gases with GWP lower than 1 000 exist. GWP (100 years) of SF is 23500

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

Forn small gas compartments containing less than 1 kg gas the permissible relative leakage rjate

F,¢| for type_tests is specified as:

e |=042 % per year for SFg, SFg mixtures and for other gas mixtures with GWP > 1 000.

6.16-4—Sealedpressuresystems
Subclause 6.16.4 of IEC 62271-1:2017 is applicable.

6.16.101 Leakage

In accordance with standardized procedure defined in Clause 10 of IEC TR 62271-306:2012
and IEC TR 62271-306:2012/AMD1:2018 [12], the manufacturer shall demonstrate that the
relative leakage rate from any compartment of GIS or between compartments complies with
6.16.3 or 6.16.4.


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

- 18 — IEC 62271-203:2022 © IEC 2022

6.16.102 Gas handling

The GIS shall be designed to minimize life cycle gas-handling losses (including end of life
activities). The manufacturer shall specify test and maintenance procedures for minimizing gas-
handling releases and shall identify the gas releases associated with each procedure.

The manufacturer shall recommend procedures for gas handling according to IEC 62271-4.

6.17 Tightness for liquid systems
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6.18 Fire hazard (flammability)

Subclause 6.18 of IEC 62271-1:2017 is applicable.

6.19 Electromagnetic compatibility (EMC)

Subclause 6.19 of IEC 62271-1:2017 is applicable.

6.20 X-Ray emission

Subclause 6.20 of IEC 62271-1:2017 is applicable with the follewing addition:
Thiks applies only to GIS components which use vacuum interrupters.

6.21 Corrosion

Sulbbclause 6.21 of IEC 62271-1:2017 is applicable with the following addition:

The corrosion of bolted and screwed assenblies shall be taken into account when ensuring fthe
corltinuity of the earthing circuits

6.22 Filling levels for insulation, switching and/or operation

Sulbbclause 6.22 of IEC 6227121:2017 is applicable.

6.101  General requirements for GIS

GI$ shall be designéd so that normal service, inspection and maintenance operations, earthjing
of ponnected_cables, locating of cable faults, voltage tests on connected cables or other
apparatus and-the elimination of dangerous electrostatic charges, can be carried out saf¢ly,
including the/checking of phase sequence after installation and extension.

The design of the equipment shall be such that the agreed permitted movement of foundations
angmmvrmzmmmmmﬁmmmrmu i i i ai t.

All components of the same type (rating, design and construction, etc.) which can be replaced
shall be interchangeable.

The various components contained within the enclosure are subject to their relevant standards
except where modified by this document.

6.102 Pressure coordination

The pressure inside a GIS can vary from the filling pressure p. due to different service
conditions.
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In service conditions, the mechanical stresses are associated with the internal pressure which
depends on the gas temperature. Consequently, the maximum pressure in service corresponds
to the filling pressure at the maximum temperature the gas can reach due to continuous current
and service conditions (e.g. temperature, sun radiation).

Figure 1 shows the various pressure levels and their relationship.

Highest pressure

Type test pressure

Routine test pressure

Design pressure

Maximum pressure in service may
reach the design pressure

Maximum pressure
i in\service

Margin for pressure rise due to temperature rise
of gas caused by service conditions

Filling pressure po

i Margin for pressure loss due to gas leakage

Alarm pressure p

I Margin for pressure loss to allow for action

Minimum functional
pressure ppe

Lowest pressure
IEC

Figure 4<- Pressure coordination

The¢ manufacturer is responsible for choosing the minimum functional pressure for insulafion
Pmd and filling pressure p,,.

The¢ manufacturer shallpropose the alarm pressure p,, which is related to both the filling
prelssure p,, and the minimum functional pressure. The alarm pressure p,, will inform the user
of any gas leak..For GIS using gas with a GWP > 1 000, the filling pressure p., and the alarm
presssure p,..shall be as close as possible, considering the tolerances of the density sensgrs,
in grder to @ware the user as soon as possible of gas losses.

Insfaflation conditions (indoor, outdoor, direct solar radiations, ...), design and tolerances of the

gas mnnifnring device-shall be taken into consideration-

The time between the alarm pressure p,, and the minimum functional pressure p,. allows

corrective actions to be undertaken by the user and is dependent upon the gas leakage rate.
During this time period the tolerances of the gas monitoring devices shall be taken into
consideration.

6.103 Internal arc fault
6.103.1 General

A fault leading to arcing within GIS built to this document has a very low order of probability of
occurrence. This results from the application of an insulating gas other than air at atmospheric
pressure which will not be altered by pollution, humidity or vermin.


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

- 20 - IEC 62271-203:2022 © IEC 2022

GIS shall be designed, manufactured and operated in order to prevent the occurrence of internal
fault within GIS. All possible measures to keep a very low probability of occurrence shall be
taken such as:

Th
m
co
co

insulation co-ordination;

gas leakage limitation and control;
control of gas quality;

high quality of work on-site;
interlocking of switching device.

very low probability of such an event shall be considered. Arrangements shall be madse
nimize the effects of internal faults on service continuity (e.g. high-speed protectigh,rem
ntrol, additional gas compartments). The internal arc shall not propagate into _adjacent
mpartments.

After such an event, an intervention will be necessary in order to isolate thefaulty compartmg
The¢ general partitioning of GIS design shall permit the restoration of the|part of GIS which is

no

fl affected in order to satisfy the service continuity requirements when'defined (see Annex

6.103.2 External effects of the arc

Th

Th
of
to
se

Ta
of

¢ effects of an internal arc are:

pressure increase of gas (see Annex D);

possible burn-through of enclosure.

iexternal effects of the arc shall be limited by-a'suitable protective system to the appeara

e performance of the protective system~determined by the first stage (main protection)
dond stage (back-up protection).

le 4 gives the performance criteria for the duration of the arc according to the performa
he protective system.

Table 4 — Performance criteria

hole or a tear in the enclosure without any fragmentation. The duration of the arc is reIaJ;ed

to
ote
jas

bnt.

F).

nce

nd

nce

Rated Protection Duration of short- Performance criteria
short-circuit current stage circuit current

No external effect other than the operati

1 <0.2s of suitable pressure relief devices

<40 KAARMS
No fragmentation (burn-through is

2 <05s acceptable)

No external effect other than the operati

of suitable pressure relief devices

A0 KA RMS
No fragmentation (burn-through is
acceptable)

Th

e term “no fragmentation of the enclosure” is interpreted as follows:

no explosion of the compartment;

no solid parts flying off from the compartment.
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Exceptions are:

e parts of the pressure relief device or parts installed in these, if their ejection is directed;

e glowing particles and molten material resulting from burn-through of the enclosure.

Additionally, manufacturer and user can define a time during which an arc due to an internal
fault up to a given value of short-circuit current will cause no external effects. The definition of
this time shall be based on test results or an acknowledged calculation procedure. See Equation
(D.1).

Thé¢ duration of current without burn-through for different values of the short-circuit current ¢an
be pstimated from an acknowledged calculation procedure like CIGRE Technical Brochure*¢02
[24], CIGRE Session 1998 — WG 21/23/33-03 [28] and RGE: 04/82 [29].

6.103.3 Internal fault location

Th¢ manufacturer of the GIS should propose appropriate methods for the determination of the
locgtion of a fault, if required by the user.

6.104 Enclosures
6.104.1 General

The enclosure shall be capable of withstanding the normaland transient pressures to which it
is qubjected in service.

6.104.2 Design of enclosures

The¢ design of the enclosure shall be madekin accordance with established standards |for
prejssurized enclosures of gas-filled high-valtage switchgear and controlgear with inert, npn-
corrosive, low pressurized gases. For further information, see EN 50052 [15], EN 50064 [16],
EN|50068 [17], EN 50069 [18].

Methods for the calculation of the thickness and the construction of enclosures either by weld
or ¢asting shall be based on the design pressure (see definition in 3.114).

ng

Whlen designing an enclosure, account shall also be taken of the following:
a) |the possible recovery or evacuation of gas or air in the enclosure as part of the normal filling
process;

b) |the full differential pressure possible across the enclosure walls or partitions;

c) |the resulting pressure in the event of an accidental leak between the compartments in the
case<of. adjacent compartments having different service pressures if overpressure is pot
mohitored;

d) lthe possibility of the occurrence of an internal fault (see 6.103);

e) the corrosive impact on enclosures shall be considered by appropriate measures (e.g. filter
material to adsorb humidity and decomposition products).

In determining the design pressure, the gas temperature shall be taken as the mean of the
upper limits of the enclosure temperature and the main circuit conductor temperature with rated
continuous current flowing unless the design pressure can be established from existing
continuous current test records.

For enclosures and parts thereof, the strength of which has not been fully determined by
calculation, proof tests (see 7.103) shall be performed to demonstrate that they fulfil the
requirements.
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Materials used in the construction of enclosures shall be of known and certified minimum
physical properties on which calculations and/or proof tests are based. The manufacturer shall
be responsible for the selection of the materials and the maintenance of these minimum
properties, based on certification of the material supplier, or tests conducted by the
manufacturer, or both.

6.105 Partitions

6.105.1 Design of partitions

hat
corjtamination between adjacent compartments cannot occur. Partitions shall be madg| of
material having insulating and mechanical properties so as to ensure proper operation«ver fthe
lifefime of the GIS. Partitions shall maintain their dielectric withstand strength at voltages, which
carl occur in service (including temporary and transient voltages), when contaminated|by
by-products of gases and gas mixtures generated from normal load switching(or/Short-cir¢uit
fault breaking.

The design pressure of a partition is defined by the situation where the partition is pressurized
on |one side and the other side is at atmospheric pressure (e.g. whien*maintenance is being
carried out). In this case the pressure to be considered on the pressurized side of the partifion
is the pressure at maximum ambient temperature with solar radiation effects (where applicable)
and rated continuous current (where applicable) and without tilme limit. The pressure so deriyed
is the design pressure of the partition.

Dufing maintenance activities, the gas pressure can be lowered to a specified and controlled
preissure. If this pressure is below the minimupi\ functional pressure the concerned gas
compartments shall be switched off. Warning notices and gas handling procedures shall|be
written in the operating and maintenance manuals:

Beyond the design pressure, account shall'be taken of the following, if applicable:

e |recovery or evacuation of gas or@irin a gas compartment on one side of the partition with
service pressure on the other, aspart of the filling process; if there is a pressure differenftial
limitation, or a time limitation related to the pressure differential, these shall be clearly stated
by the manufacturer in the-operating and maintenance manuals;

e |for non-symmetrical partitions, as far as the pressure on the partition is concerned, fthe
worst-case pressure_direction;

e [superimposed loads and vibration;

¢ [the possibility of maintenance being carried out adjacent to a pressurized partition, with
special careto avoid rupture of the partition and the risk of injuries for maintenance people.

NOTE Enhaneed pressure due to internal fault is not considered to establish the pressure design since in quch
situptiongpartition will be closely inspected and replaced if applicable.

6.105.2 Partitioning

The selection of the electrical single-line diagram is the primary consideration to fulfil service
continuity requirements. Layout arrangements and introduction of dismantling facilities will
influence service continuity during maintenance, repair and extension.

Partitioning of a GIS is influenced by the service continuity requirements during maintenance,
repair and extension. Local health and safety requirements shall also be considered, see
Clause 12.

Annex F provides guidance for specifying service continuity.
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GIS shall be divided into compartments in such a manner that:

during various activities requiring de-energization of parts of the GIS, compartments to

be

taken out of service comply with the user’s service continuity requirements. These activities

include:

— maintenance;
— repair;

— extension;

— on-site dielectric test;

NOT

Pa
of
ear

Pa
cor
me
pie
avg

the effects of an arc inside a compartment is limited to that compartment (see 6.103.4);
service continuity requirements;

time considering the gas handling devices available.

E For on-site dielectric tests (after maintenance, repair or extension), see 11.101.2.

bersonnel. For this purpose, other means such as separating by'an isolating distance
thing of the equipment can be used.

titions provide mechanical safety against the gas pressure still present in the adjac
npartment during maintenance, repair and extension. During such activities, ot
chanical stresses than pressure should be consideted on partitions, such as shock of

id health risk for people.

Whlere a GIS bus-duct pass between indoor@nd outdoor locations (for example, GIS instal

wit
clo
pre
ocq

Ea

De
foll

titions are generally of insulating material. They are not intended-{o, provide electrical salety

duration of unavailability in case of major failure shall be in accordance with the-user’s

the gas or air of the compartment can be recovered, evacuated and filled.in\a reasongble

nd

ent
her
hny

ce, or transient mechanical stresses from conducters in order to define the safety rules and

led

e to the wall, separating the compartment between the indoor and outdoor environment
vent problems arising from false\alarms of the gas monitoring devices and condensa
urring due to indoor and outdoor temperature differences.

th compartment shall be-equipped with the following accessories:

filling valve;

gas monitoring.device (see 6.10).

bending on the GIS design or on users request each compartment can be equipped with
bwing accessories:

pressure relief device (see 6.106.3);

nin a building with outdoor bushings), .the gas compartment can be provided with a parti$on
i

to
ion

the

desiccant;

internal arc fault location detector (see 6.103.3).

Figure 2 gives an example of an arrangement of enclosures and partitions for different types of
adjacent compartments.
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Figure 2 — Example of arrangement of €énclosures and gas compartments
6.106 Pressure relief
6.106.1 General

Prd
pre
ang
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6.1

Sin
rec
arc

6.1

IEC

ssure relief device includes both pressure relief valves, characterized by an ope

as to minimize the dangef-to an operator performing normal operating duties in the g
Lilated substation, if gases or vapours are escaping under pressure.

06.2 Non-reclosing pressure relief device

ce, after an ‘arc due to an internal fault, the damaged enclosures will be replaced, n
osing pressure relief devices shall only be proportioned to limit the external effects of
(see 6.403.2).

06.3 ' Pressure relief valve

ing

ssure and a closing pressure;.and non-reclosing pressure relief devices, such as diaphragms
bursting disks. Pressure relief'devices in accordance with this subclause shall be arranged

S_

on-
the

For filling a gas compartment, a pressure relief valve shall be fitted to the filling pipe to prevent
the gas pressure from rising to more than 10 % above the design pressure during the filling of

the

enclosure.

After an opening operation, a pressure relief valve shall reclose before the pressure has fallen
to 75 % of the design pressure.

The filling pressure p., should be corrected to take into account the gas and ambient
temperature at the time of filling.
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6.106.4 Limitation of pressure rise in the case of an internal fault

Non-reclosing pressure relief devices protect against overpressure in case of internal fault. For
safety reasons and in order to limit consequences on GIS, it is recommended that each
compartment be equipped with a non-reclosing pressure relief device, except for large volumes
where the overpressure is self-limited to values which do not exceed the type test pressure. For
the calculation method, see Annex D.

The pressure relief device shall be equipped with a deflector in order to control the direction of
emission to secure an operator working in accessible places for normal operation. In order to
avqid-any-pressurerelsf operaticaundernormal conditions—asufficient difference-is-necessary

een the operation pressure of the pressure relief device and the design pressure.
Moreover, transient pressure occurring during operation (if applicable, e.g. circuit-breaker) shall
be faken into account when determining the operating pressure of the pressure relief.devicg.

NOTE In the case of an internal fault which causes yielding of the enclosure, enclosures of adjacent compartments
can|be checked for absence of distortion.

6.107 Noise

Dufging an operation, the level of noise emitted by the switchgear should not exceed a specified
vallie defined by the user. The procedure of verification should be, dgreed between manufactyrer
and user (see IEC 61672-1 [9] and IEC 61672-2 [10]).

6.108 Interfaces
6.108.1 General

In grder to facilitate testing of GIS, isolating or removable links can be included in the design in
eagh of the components mentioned below. This.type of separation is preferable to dismantling.
For air bushing, the high-voltage connectioncan be removed, preferably on the air side.

Anlisolating link shall be designed to-withstand the test voltages across isolating distapce
acdording Table 2 and Table 3.

A removable link shall be designed to withstand the phase-to-earth test voltages according
Talble 2 and Table 3.

The¢ isolating or removable links shall be designed to withstand the test voltages of fthe
components mentioned below.

Those interfacesiconnected to the GIS shall be capable of withstanding the maximum presspre
in gervice ofithe GIS. Typical maximum pressures in service are up to 1,1 MPa (absolute)|for
SF¢ and upto 1,5 MPa (absolute) for other gases and gas mixtures.

6.108.2 Cable connections

6.108.2.1 General
See |IEC 62271-2009.

Those parts of the GIS, which remain connected to the cable, shall be capable of withstanding
the cable test voltages specified in the relevant cable standards for the same rated voltage for
equipment.

NOTE Parts not capable of withstanding the cable test voltages can be equipped with removable or isolating links.
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During dielectric tests on cables in general, the adjacent parts of the GIS should be de-
energized and earthed, unless special measures are taken to prevent disruptive discharges in
the cable affecting the energized parts of the GIS.

The location of bushings for cable testing should be provided at the cable connection enclosure
or at the GIS itself (see IEC 62271-209) or (to reduce handling releases of gas) at the other
end of the cable.

6.108.2.2 Extruded insulation cable

Acq 3
in guch case; part of the GIS in the vicinity of the cable termlnatlon can be subject to AC\test
voltage of the cable.

6.108.2.3 Oil-filled cable

Acg¢ording to IEC 60141-1 the electrical tests after installation are DC voltage tests, in syich
cage; if it is not acceptable to apply DC cable test voltages to the GIS, (special provisions|for
caljle testing shall be made (e.g. disconnecting facilities and/or increasing of the gas density
for linsulation).

6.108.3 Direct transformer connections

Se¢ [EC 62271-211.

In grder to facilitate testing of transformers, an earthing.switch, which can be insulated from fhe
GI$ enclosure and ground, can be included in thedesign of the bushing or the GIS

NOTE Opening of the GIS for the testing of the transformer can then be avoided and reduce the gas handling
relepses and the outage time of the equipment.

6.108.4 Bushings

Se¢ IEC 60137:2017, IEC TS 608151 [5], IEC TS 60815-2 [6], IEC TS 60815-3 [7], IEC 61462
[8]fand IEC 62155 [11].

6.108.5 Interfaces for future extensions

When an extension is\'‘planned, the locations of any possible future extension should|be
corjsidered and stated by the user in the technical specification.

In the case of\later extension with another GIS product and if requested by the user, the
mahufacturerishall supply information preferably in the form of drawings giving sufficient
infgrmation.to enable such an interface to be designed at a later stage. The procedure to enspre
corjfidentiality of the design details shall be agreed between the user and manufacturer. $ee
IEBEC37.122.6 [20].

The interface should concern busbars or busducts only, and not direct connections to “active”
devices such as circuit-breakers or disconnectors. If an extension is planned, it is recommended
that the interface incorporates facilities for installation and testing of the extension limit the part
of the existing GIS to be re-tested and allow the connection to the existing GIS without further
dielectric testing (see Clause C.3). It shall be designed to withstand the rated insulation levels
across the isolating distance.

6.109 Interlocking

Disconnectors should be interlocked with the associated circuit-breaker to prevent opening or
closing of the disconnector unless the associated circuit-breaker is open. However, on-load
bus-transfer switching operations at multiple busbar substations shall be possible.
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Earthing switches having a short-circuit making capacity less than the rated peak withstand
rent of the circuit should be interlocked with the associated circuit-breaker and/or
disconnectors to prevent opening or closing of the earthing switch unless the associated circuit-
breaker and/or disconnector is open. Similar interlocking can be applied for earthing switches
with making capability.

cur
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Type tests
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bclause 7.1 of IEC 62271-1:2017 is applicable with the following addition:

its mixtures in accordance with IEC 60480 can be used.
ne GIS is designed to use any other gas than SFg, the necessary technical grade and

umented by the manufacturer of the GIS and documented in the type test reports.

[E A working group of IEC TC10 is currently working on standardisation qf/technical grade of SF; free
ures (IEC 63359 and IEC 63360).

In legard of gas handling IEC 62271-4 shall be taken intotaccount.

7.1
Su
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1 Basics

pclause 7.1.1 of IEC 62271-1:2017 is applicable with the following addition:

type tests, technical grade SFg and its mixtures in accordance with IEC 60376 orwused $Fg

the

racteristics of the gas / gas mixture used for the type testing shall be defined and

gas

a general rule, tests on GIS components should be carried out in accordance with their

relgvant standards, unless a specific test.specification or condition is defined in this documegnt.
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such cases, the condition given incthis document shall be taken into account.

ess specific testing requirements are defined, type testing shall be carried out on a compl

emblies or sub-assembties.

emblies orsub-assemblies. The user and the manufacturer shall check that tested s
emblies-are representative of the users’ arrangement.

ThT typetests and verifications are listed in Table 5 below.

lete

ctional unit. When this  is\timpracticable, type tests may be made on representalive

cause of the variety* of types, ratings and possible combinations of components, if is
racticable to subject all arrangements of the GIS to type tests. The performance of any
ticular arrangement can be substantiated from test results obtained on representafive

ub-
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Table 5 — Type tests

Mandatory type tests

Subclause
a) Tests to verify the insulation level of the equipment and dielectric tests on auxiliary circuits 7.2
b) Tests to prove the radio interference voltage (RIV) level (if applicable) 7.3
c) Tes_ts to prove the cc_)ntir_1uot_Js current of any part of the equipment and measurement of the 74and 7.5

resistance of the main circuit
d) Tests to prove the rated peak and the rated short-time withstand current 7.6
e) | Tests to verify the making and breaking capacity of the included switching devices 7.101
f) | Tests to prove the satisfactory operation of the included switching devices 7-.102.1
g) | Tests to prove the strength of enclosures 7.103
h) | Verification of the degree of protection of the enclosure 7.7
i) | Gas tightness tests 7.8
j) | Electromagnetic compatibility tests (EMC) 7.9
k) | Additional tests on auxiliary and control circuits 7.10
I) | Tests on partitions 7.104
m)| Tests to prove the satisfactory operation at limit temperatures 7.102.2
n) | Tests to prove performance under thermal cycling and gas tightness\{ests on insulators 7.106
o) | Corrosion test on earthing connections (if applicable) 7.107
p) | X-radiation test procedure for vacuum interrupters (if applicable) 7.1
Type tests, when requested by the user

Subclause
q) | Tests to assess the effects of arcing due to an internal fault 7.105
r) | Corrosion tests on sealing systems of enclosurés and auxiliary equipment 7.108

(if applicable)

7.112 Information for identification of test objects

Subclause 7.1.2 of IEC 62271-1:2017 is applicable.

713 Information to be included in type-tests reports

Subclause 7.1.3%f IEC 62271-1:2017 is applicable.

7.2 Dielectric tests

7.2{1 General

Subclause 7.2.1 of IEC 62271-1:2017 is applicable with the following addition:

Dielectric tests performed as type tests shall be followed by a partial discharge measurement
according to the test procedure described in 7.2.10.

7.2.2 Ambient air conditions during tests

Subclause 7.2.2 of IEC 62271-1:2017 is applicable with the following addition:

No atmospheric correction factors shall be applied for dielectric tests on GIS.
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7.2

.3 Wet test procedure

Subclause 7.2.3 of IEC 62271-1:2017 is not applicable but the following points shall be noted:

7.2

the wet test is applicable to outdoor bushings only;
the test voltage and the test procedure shall be those specified in IEC 60137:2017.

4 Arrangement of the equipment

Subclause 7.2.4 of IEC 62271-1:2017 is applicable.

7.2
Su

=

7.2
Su

5 Criteria to pass the test

pclause 7.2.5 of IEC 62271-1:2017 is applicable with the following addition:

ny disruptive discharges occur during the type test series, it is recommended to use
sible measures (even opening of the compartment) to find the location of flashover ang
lyse the reason for it.

6 Application of the test voltage and test conditions
6.1 General

bclause 7.2.6.1 of IEC 62271-1:2017 is applicable with the.following addition:

The test voltages are specified in 7.2.7 and 7.2.8.

Whlen each phase is individually enclosed in a metallic enclosure (single-phase design), g

tes
cor

Cu

Att
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s to earth, and no test between phases, shall be carried out. Bushings, used for exter
nections, shall be tested according to the/relevant standards.

rent transformers secondaries shalbbe short-circuited and earthed during dielectric testi

ult in less favourable field conditions. Under such conditions, the test shall be repeateq
open position. If, in theopen position of a disconnector, an earthed metallic screer
rposed between the open contacts, this contact gap is not an isolating distance.

WI'1en voltage transformers and/or surge arresters forming an integral part of the GIS hav
red

uced insulationJevel, they can be replaced during the dielectric tests by replicas reprodug
field configuration of the high-voltage connections. Overvoltage protection devices shall

trapsformers‘and/or surge arresters shall be separately tested in accordance with the relev

sta

ndards:

ention shall be given to the possibility that switching devices, in their open position, ¢

all

nly
nal

e a
ing
be

connected<or removed during the tests. When this procedure is adopted, the voltage

ant

Spe0|a| requirements are prescribed In detaill iIn Annex A.

7.2

.6.2 General case

Subclause 7.2.6.2 of IEC 62271-1:2017 is applicable.

7.2

.6.3 Special cases

Subclause 7.2.6.3 of IEC 62271-1:2017 is applicable with the following addition:

When the test voltage across the open switching device or across the isolating distance is
higher than the phase-to-earth withstand level, but equal to the phase-to-phase withstand level,

the

test voltage shall be applied according to 7.2.6.3 of IEC 62271-1:2017.
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For switchgear and controlgear of U, < 245 kV, the test across the isolating distance can be

performed with the test voltage applied to one side of the isolating distance and the other side
grounded or according to 7.2.6.3 of IEC 62271-1:2017.

When the phase-to-phase withstand level is higher than the phase-to-earth withstand level, the
test voltage shall be applied according to Annex A.

7.2.7 Tests of switchgear and controlgear of U, < 245 kV

7.2.71 General

Subclause 7.2.7.1 of IEC 62271-1:2017 is applicable with the following addition:
The rated withstand voltages shall be those specified in Table 2.

7.217.2 Power-frequency voltage tests

Subclause 7.2.7.2 of IEC 62271-1:2017 is applicable with the following addition:

The main circuits of the GIS shall be subjected to power-frequency voltage tests in dry
conditions only.

7.2{7.3 Lightning impulse voltage tests
Subclause 7.2.7.3 of IEC 62271-1:2017 is applicable with the following addition:

If the alternative method described in 7.2.6.3 of\JEC 62271-1:2017 is used, the test voltage¢ is
defined in column (5) of Table 2.

7.2/8 Tests of switchgear and controlgear of U, > 245 kV

7.218.1 General
Subclause 7.2.8.1 of IEC 62271-172017 is applicable with the following addition:

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

7.2/8.2 Power-ftequency voltage tests

Subclause 7.2.8:2°of IEC 62271-1:2017 is applicable.

7.218.3 Switching impulse voltage tests

Subclause 7.2.8.3 of IEC 62271-1:2017 is applicable with the following addition:

The main circuits of the GIS shall be subjected to switching impulse voltage tests in dry
conditions only.

Special test requirements shall be used for the phase-to-phase switching test for a three-phase
design. They are defined in detail in Annex A.

7.2.8.4 Lightning impulse voltage tests

Subclause 7.2.8.4 of IEC 62271-1:2017 is applicable.
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Artificial pollution tests for outdoor insulators

Subclause 7.2.9 of IEC 62271-1:2017 is applicable with the following addition:

This test applies only to bushings.

7.2.10 Partial discharge tests

Subclause 7.2.10 of IEC 62271-1:2017 is applicable with the following addition:

7.2

Pa
IEQ

10.1 General

60270.

tial discharge tests shall be performed and the measurement made in accordance v

The¢ test can be carried out on assemblies or sub-assemblies of the equipment used for

die

NOT

7.2

Th

ectric type tests.

10.2 Test procedure

'E Power-frequency voltage tests and partial discharge tests can be performed_ at'the same time.

applied power-frequency voltage is raised to a pre-stress value which is identical to

ith

all

the

power-frequency withstand voltage test and maintained at that value for 1 min. Paitial
disgharges occurring during this period shall be disregarded. Then, the voltage is decreaseq

a
ney

tral.

The extinction voltage shall be recorded.

Table 6 — Test voltage for measuring PD intensity

to

pecific value defined in Table 6 depending on the,configuration of equipment and sysfem

System with effectively
earthed neutral

System without effectively
earthed neutral

Pre-stress-voltage

Test voltage for
PD measurement

Pre-stress voltage

Test voltage fo
PD measuremen

Upre-stress Upd-test Upre-stress Upd-test
(1 min) (>1 min) (1 min) (>1 min)
Single-phase U =Uy _ U .. =Uy Upgtest = 1.2 U,
endiosures design pre-stress Upd—test =1,2 Ur / \/g pre-stress pd-test r
(phpse-to-earth
voltage)
Thrae-phase . Upre—stress = Ud Upd-test, ph-ea = Upre—stress = Ud Upd—test, ph-ea =12 Ur
endostres design
12 U/3
Upd—test, ph-ph =12 Ur

SENSINS

<

pd

-

pd

c

pd

pre—stress:
-test:
-test, ph-ea:

-test, ph-ph:

rated voltage for equipment.

power-frequency withstand test voltage as per Table 2 and Table 3.

pre-stress voltage.

test voltage for PD measurement.
test voltage for PD measurement, phase-to-earth.

test voltage for PD measurement, phase-to-phase.
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In addition, all components shall be tested in accordance with their relevant standards.

7.2

.10.3 Maximum permissible partial discharge intensity

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

The values stated above apply to individual components as well as to the sub-assemblies in
which they are contained. However, some equipment, such as voltage transformers insulated
with liquid, immersed or solid, have an acceptable level of partial discharge in accordance with

the)
pern
dis
be

7.2

Su

7.2
Su

T Tefevant standard greater thanm 5 pC. ANy SUb-assSembly cOntaimimng COmponents Wit
mitted partial discharge intensity greater than 5 pC shall be considered acceptableif
charge level does not exceed 10 pC. Components for which higher levels are accepted s
tested individually and are not integrated to the sub-assembly during test.

11 Dielectric tests on auxiliary and control circuits

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

12 Voltage test as condition check

pclause 7.2.12 of IEC 62271-1:2017 is applicable with the following addition:

The¢ test voltage shall be 80 % of the value in Table 2 and<Table 3, columns (2) and (3).

In t
de

7.3
Su

Thi

7.4
7.4
Su

7.4
Su

7.4

ices, isolating distances, phase-to-earth and phase-to-phase.

Radio interference voltage (RIV) test

pclause 7.3 and 7.9.1 of IEC 62271-1:2017 are applicable with the following addition:
5 test applies only to bushings,

Resistance measurement
1 Measurement of the resistance of auxiliary contacts class 1 and class 2

bclause 7.4.1 of IEC 62271-1:2017 is applicable.

2 Measurement of the resistance of auxiliary contacts class 3

bclausen74.2 of IEC 62271-1:2017 is applicable.

3 Electrical continuity of earthed metallic parts test

a
the
nall

he case of three-phase enclosed designs, this tesi shall be performed across open switching

Subclause 7.4.3 of IEC 62271-1:2017 is applicable.

7.4.

7.4

4 Resistance measurement of contacts and connections in the main circuit as a
condition check
4.1 Resistance measurement test procedure

Subclause 7.4.4.1 of IEC 62271-1:2017 is applicable with the following addition:

The current used for the measurement shall be equal or greater than 100 A DC to obtain
sufficient accuracy of the measurement.
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If no-load operations cannot be made, then 3 measurements shall be made without no-load
operations of the switching devices.

NOTE It is recognised that for some tests, it is not practical (for example if gas handling is required between the
measurements) nor possible (for example during continuous current test because of the presence of temperature
sensors within the contact system) to make any no-load operations between each of the three resistances
measurements.

7.4.4.2 Making and breaking tests

Subclause 7.4.4.2 of IEC 62271-1:2017 is applicable.

7.44.3 Other tests
Subclause 7.4.4.3 of IEC 62271-1:2017 is applicable.

7.5 Continuous current tests
7.51 Conditions of the test object

Subclause 7.5.1 of IEC 62271-1:2017 is applicable.

7.5/2 Arrangement of the equipment

Subclause 7.5.2 of IEC 62271-1:2017 is applicable with the\fellowing addition:

G

$ with three-phase enclosures shall be subject to three-phase testing.

GI$ with single-phase enclosures shall be single-phase tested with the test current flowjing
through the main conductor and back through ‘the enclosure.

When testing individual sub-assemblies, the neighbouring sub-assemblies should carry the
currents which produce the power _doss corresponding to the operating conditions. If is
admissible to simulate equivalent cenditions by means of heaters or heat insulation, if the fest
carjnot be made under actual conditions.

7.513 Test current and-duration
7.5.3.1 Test on main circuit

Subclause 7.5.3.1(of1EC 62271-1:2017 is applicable.

7.513.2 Test on the auxiliary and control equipment

Subclause 7.5.3.2 of IEC 62271-1:2017 is applicable.

7.54—TFemperature-measturement-during-test
Subclause 7.5.4 of IEC 62271-1:2017 is applicable.

7.5.5 Resistance of the main circuit

Subclause 7.5.5 of IEC 62271-1:2017 is applicable.
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.6 Criteria to pass test

Subclause 7.5.6 of IEC 62271-1:2017 is applicable with the following addition:

Insulators for GIS are electrical insulation system (EIS) according to IEC 60085:2007. The
upper limit temperatures defined in IEC 62271-1 shall therefore be applicable for the EIS and

not

for the electrical insulation material (EIM).

For outdoor application, the manufacturer shall demonstrate that the temperature rise of the
equipment will not exceed the limit acceptable under the service condition chosen in Clause 4.

NOT

E 1 The effect of solar radiation can be taken into account. See IEEE C37.24 [21].

The¢ temperature rise of components contained in the GIS which are subject to standards

CoV
pen

NO7
the

7.6
7.6
Su

7.6
Su

Gl
eng

ered by the scope of IEC 62271-1:2017 shall not exceed the temperature-rise lin
mitted in the relevant standard for those components.

[E 2 When applying a temperature rise equal to or higher than 65 K for parts of the enclosure not accessibl

Short-time withstand current and peak withstand current'tests
1 General

bclause 7.6.1 of IEC 62271-1:2017 is applicable.

2 Arrangement of the equipment and of the test circuit

bclause 7.6.2 of IEC 62271-1:2017 is applicable with the following additions.

losures shall be tested in a single-phase circuit with the full return current in the enclosy

The tests shall be made on a “representative assembly which should include all types

cor
of

cor
usi

7.6
Su

7.6

nections of bolted, welded; plug-in or otherwise jointed sections to verify the integ
51S components are joined together. Assemblies shall be tested such that specimens of

ng configurations that provide the most severe conditions.

3 Test current and duration

pclause /8.3 of IEC 62271-1:2017 is applicable.

4 Conditions of the test object after test

pperator, precaution can be taken to ensure that no damage is caused to the surfounding insulating materiajs.

not
hits

e to

b with three-phase enclosures shall be subject to three-phase testing. GIS with single-phase

re.

of
rity
all

nponents and sub-assemblies of the design are subjected to the test. Tests shall be made

Su

7.6

Clause 7.0.4 OoT IEL bZZ/7T1-T1:ZUT7 IS applicable.

.101 Tests on the main circuits

After the tests, the resistance measurement shall not increase more than 20 % with respect to
its pre-test resistance measurement. Neither the components nor conductors within the
enclosure shall not show any deformation or damage, which can impair the intended operation.

Short connections to voltage transformers shall be considered as part of the main circuit, except

for

parts included in the voltage transformer compartment.
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7.6.102 Tests on earthing circuits

The manufacturer shall demonstrate by tests or calculations the capability of earthing circuits
to withstand the rated short-time and peak withstand current of the system.

When verification tests are required by the user, earthing circuits of GIS which are factory
assembled and comprise earthing conductors, earthing connections and earthing devices shall
be tested as installed in the GIS with all associated components which can influence the
performance or modify the short-circuit current.

Aft ;
or lamages, which can impair the intended operation of the main circuit. Some deformatigniand
degradation of the earthing conductor, earthing connections or earthing devices is permissi
but/the continuity of the earthing circuit shall be preserved.

7.7 Verification of the protection

Subclause 7.7 of IEC 62271-1 is applicable.

7.711 Verification of the IP coding
Subclause 7.7.1 of IEC 62271-1:2017 is applicable with the following addition.

Vertification of IP coding is not applicable to pressurized GiS+enclosures.

Where supplementary letter W is specified it shall £& checked by inspection, that the deslign
dogs not contain places where significant accumulation of water can be retained (to minimize
corfosion).

7.712 Verification of the IK coding
Sulbclause 7.7.2 of IEC 62271-1:2017 @5 applicable with the following addition:

Vetification of IK coding is not applicable to pressurized GIS enclosures.

7.8| Tightness tests
7.81 General

Subclause 7.8.1. 6f IEC 62271-1:2017 is applicable with the following addition:

The¢ measurement of gas tightness shall be performed as a type test to show that the relafive
leakage rate’complies with 6.16.101. The tightness test shall be performed at filling pressure

Pre

The type test shall be performed with representative types of GIS compartments comprising
sealings and accessories (e.g. gas filling valves, gas monitoring and control devices, bursting
discs, UHF monitors, viewing ports, etc.)

For switching devices and insulators the measurement of gas tightness shall be performed
together with the tests of 7.102 and 7.106.

7.8.2 Controlled pressure systems for gas

Subclause 7.8.2 of IEC 62271-1:2017 is applicable.
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.3 Closed pressure systems for gas

Subclause 7.8.3 of IEC 62271-1:2017 is applicable with following addition:

The measurement of gas tightness shall be performed by cumulative method (Q,,, described in
IEC 60068-2-17, test method 1).

7.8

4 Sealed pressure systems

Subclause 7.8.4 of IEC 62271-1:2017 is applicable.

7.8
Su

7.9
Su

71
Su

71
Su

71
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7.1
7.1
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in g
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5 Liquid tightness tests

bclause 7.8.5 of IEC 62271-1:2017 is applicable.

Electromagnetic compatibility tests (EMC)

bclause 7.9 of IEC 62271-1:2017 is applicable.

0 Additional tests on auxiliary and control circuits

pclause 7.10 of IEC 62271-1:2017 is applicable.

1 X-radiation test for vacuum interrupters

pclause 7.11 of IEC 62271-1:2017 is applicable.

01 Verification of making and breaking capacities

king and breaking capacities according to the relevant standards and under the pro

tching devices forming part of the maimgircuit of GIS shall be tested to verify their rafted

ber

ditions of installation and use, i.e. they shall be tested as normally installed in the GIS with

hssociated components, the arrangement of which can influence the performance, such| as

nections, supports, etc.

E In determining which associated components are likely to influence the performance, special attention
iven to mechanical forces due/to short-circuiting, to the possibility of disruptive discharges, etc. It is recogn
in some cases, such influences can be quite negligible.

02 Mechanical and environmental tests

02.1 General

can
zed

tching.devices of GIS shall be submitted to mechanical operation and environmental tgsts
ccordance with their relevant standards and shall be tested in a representative assembly of

associated components, which can influence the performance, including auxiliary devides.

All

equipment shall withstand the stresses caused by the operation of switching devices

71

02.2 Mechanical operation test at ambient temperature

Before and after the mechanical operation tests, the measurement of gas tightness according
to 7.8 shall be performed to show that the leakage rate is not changed by influences caused by

the

mechanical type tests.

All switching devices fitted with interlocks shall be submitted to 5 operating cycles in order to
check the operation of the associated interlocks. Before each operation the interlocks shall be
set in the position intended to prevent the operation of the switching devices and one attempt
shall then be made to operate each switching device. During these tests, only normal operating
forces shall be employed and no adjustment shall be made to the switching devices or
interlocks.
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7.102.3 Low- and high-temperature test

Operation tests at minimum and maximum temperature shall be performed in accordance with
the relevant apparatus standards.

7.103 Proof tests for enclosures
7.103.1 General

Proof tests are made when the strength of the enclosure or parts thereof is not calculated. They
are_performed on individual enclosures before the internal parts are added with testing
corjditions based on the design pressure stresses.

Prdof tests can take the form of either a destructive or a non-destructive pressuretest,|as
appropriate to the material employed. For further information, see EN 50052 [15],,EN 50064
[16], EN 50068 [17], EN 50069 [18].

7.103.2 Burst test procedure

The pressure rise shall not be greater than 400 kPa/min.

The pressure test requirements shall be at least as follows:

e |Cast aluminium and composite aluminium enclosures
— type test pressure = [3,5/0,7] x design pressure

NOTE The value 0,7 has been included to cover the possibleyvariability of production castings. This factor canp be
incrpased to 1,0 if it can be justified by special material tests.

e [Welded aluminium and welded steel enclosures
— type test pressure = [(2,3 / v) x (gylCgy)] % design pressure
where

v is the welding coefficient (4 for ultrasonic or radiography inspection of 10 % of welded
section and 0,75 for visual inspection);

oy is the permissible-design stress at test temperature;

o, is the permissible’design stress at design temperature.

These factors are based on the minimum certified properties of the material used.
Additional factors can be used taking into account the methods of construction.

Any enclesure remaining intact after these pressures have been reached shall not be used|for
nonfmal‘eperation.

7.103.3 Strain measurement test

In the case of a non-destructive pressure test using a strain indication technique, the following
procedure shall be applied:

Before the test, strain gauges capable of indicating strains to 5 x 10~ mm/mm shall be affixed
to the surface of the enclosure. The number of gauges, their position and their direction shall
be chosen so that principal strains and stresses can be determined at all points of importance
to the integrity of the enclosure.

Hydrostatic pressure shall be applied gradually in steps of approximately 10 % until the routine
test pressure for the expected design pressure (see 8.101) is reached or significant yielding of
any part of the enclosure occurs.
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When either of these points is reached, the pressure shall not be increased further.

Strain readings shall be taken during the increase of pressure and repeated during pressure
decrease.

Indication of localized permanent set can be disregarded provided there is no evidence of
general distortion of the enclosure.

If the curve of the strain/pressure relationship show a nonlinearity, the pressure can be re-
applied not more than five times until the loading and unloading curves corresponding to two
sudcessive cycles substantially coincide. If coincidence is not attained, the design pressuré and
the|test pressure shall be taken from the pressure range corresponding to the linear portion of
the| curve obtained during the final unloading.

If fthe routine test pressure is reached within the linear portion of the. ‘strain/pressure
relgtionship, the expected design pressure shall be considered to be confirmedx

If the final test pressure or the pressure range corresponding to the-lnear portion of the
strain/pressure relationship (see above) is less than the routine test pressure, the deslign
prelssure shall be calculated from the following equation:

__ 1|, %
Pk |\ 7Y o,

where
p is the design pressure;

Py is the pressure at which significant yiglding occurs or the pressure range corresponding

to the linear portion of the strain/pressure relationship of the most highly strained par} of
the enclosure during final unloading (see above);

k is the routine test pressure factor (see 8.101);

oy is the permissible design stress at test temperature;
o, | is the permissible desigh stress at design temperature.
7.104 Pressure test.on partitions

The purpose of this test is to demonstrate the safety margin of the partition submitted to
prelssure in servicé condition. For further information, see EN 50089 [19].

The partitions shall be installed as for the maintenance condition. The pressure shall rise 3t a
rat¢ of not more than 400 kPa/min.

The type test pressure shall be three times the design pressure.

7.105 Test under conditions of arcing due to an internal fault

Evidence of performance according to 6.103.2 shall be demonstrated by the manufacturer when
required by the user.

Evidence can consist of a test or calculations based on test results performed on a similar
arrangement or a combination of both.

If such a test is required, the procedure shall be in accordance with the methods described in
Annex B.
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NOTE Information about experience of internal arc tests and calculation principles are present in CIGRE Technical
Brochure 602 [24], CIGRE Session 1998 — WG 21/23/33-03 [28] and RGE: 04/82 [29].

The short-circuit current applied during the arcing should correspond to the rated short-time
withstand current or, in some applications of the switchgear in isolated neutral systems, it can
be the earth fault current occurring in such a system.

Two assessments are made. The first concerns the performance of the equipment during the
operation of the first stage (main) protection and the second concerns the case when the fault
is cleared by the operation of the second stage (back-up) protection.

In J)rder to verify both assessments, the duration of the test shall be at least equal to the\time
delpy of operation for the second stage of protection. The maximum time setting.for the
opgration of the second stage is defined in Table 4. A shorter test duration can be used if it is
noff shorter than the operation of the second stage of protection defined by the user,

The¢ switchgear shall be considered adequate if the performance criteria defined 'in Clause 6.103
and in Table 4 are met.

7.106 Insulator tests
7.106.1 General

Tesgts on insulators (partitions and support insulators) shall\bé’performed as follows:

7.106.2 Thermal performance

TthhermaI performance of each insulator design shall be verified by subjecting five insulators
to ten thermal cycles each. Temperature values'should be chosen according to Table 1.

The¢ thermal cycle shall be as follows:

a) |4 h at minimum ambient air tempefature (e.g. —40 °C);
b) |12 h at room temperature;

c) |4 h at limit of temperature a¢eording to Table 14 row 7 of IEC 62271-1:2017 (e.g. +105 C);
d) |2 h at room temperaturge.

NOTE Insulators for GIS_are electrical insulation system (EIS) according to IEC 60085:2007. The upper [imit
temperatures defined in fEC\62271-1 are therefore applicable for the EIS and not for the electrical insulation matgrial
(EIND).

The given thermal cycle times are minimum times and shall be prolonged in case stable ¢nd
temperatures‘are not reached.

After thetest sequence, all insulators shall be tested in accordance with routine tests 8.2, 8.6
and 8.104.

7.106.3 Tightness test for partitions

An overpressure withstand test shall be performed as described:

The design pressure of the partition shall be applied on one side of the partition while the
adjacent compartment is under vacuum to verify the tightness of a partition. Alternatively, the
pressure on one side of the partition shall be the design pressure of the partition plus 1 bar
while the adjacent compartment is at 1 bar. The pressure in both compartments shall be
measured over a period of 24 h.

Precaution shall be taken during test, as the test pressure across the partition is higher than
the design pressure of the partition.
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At the end of the test, no damage shall be observed on the partition. A gas tightness test shall
be performed in accordance with 7.8. The relative leakage rate shall not be greater than the
defined value prescribed in 6.16.

7.107 Corrosion test on earthing connections
7.107.1 General

For outdoor application, or on user’'s request, a corrosion proof test shall be performed in
accordance with this subclause.

TheL tested sub-assemblies shall be representative of a GIS arrangement, including the devices
providing electrical continuity and earthing of the enclosure, flanges of enclosures which ¢an
be part of the earthing system, the accessories (pressure monitoring device) and the secondjary
sygtem as described in 15.7 of IEC TR 62271-306:2012 and
IEG TR 62271-306:2012/AMD1:2018 [12].

Testing of one representative earthing connection is considered to be sufficient.

7.107.2 Test procedure

The tested sub-assembly shall be submitted to environmental-testing Ka (salt mist) according
to |[EC 60068-2-11. The duration of the test is 168 h.

In pddition, for painted surfaces, the resistance to humid atmospheres containing sulphur
diokide shall be tested according to ISO 22479.

NOTE The Cigre working group WG B3.57 is working\'on life time management of outdoor HV GIS [30].
The|recommendations of this Cigre guide can be considered.

7.107.3 Criteria to pass the test

The resistance of the earthing of the entlosure, measured according to 7.4.4, shall not incregase
mofe than 20 % after this test.

After the test, the dismantling©f the assemblies shall not be affected. The degree of corrosion,
if ahy, should be indicated(n,the test report. If the surfaces are painted, no trace of degradatjion
shgll be noticed.

7.108 Corrosion tests on sealing systems of enclosures and auxiliary equipment
7.108.1 Genetral

On|user’s‘request, a corrosion proof test shall be performed in accordance with 7.108.

The \fested sub-assemblies shall be representative of a GIS arrangement, including the
enclosures, auxiliary equipment (gas filling valves, viewports, pressure monitoring device,
pressure relief device, UHF sensor, etc.) and sealing systems (including dynamic sealings of
switching devices) as  described in 15.7 of |IEC TR 62271-306:2012 and
IEC TR 62271-306:2012/AMD1:2018 [12].

7.108.2 Test procedure

The tested sub-assembly shall be submitted to environmental testing Ka (salt mist) according
to IEC 60068-2-11. The duration of the test is 168 h.

After the corrosion tests a gas tightness test shall be performed in accordance with 7.8.
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7.108.3 Criteria to pass the test
The relative leakage rate in the gas tightness test shall not be greater than the defined value

prescribed in 6.16;

Visual inspection of flanges and sealing systems. If corrosion is observed it shall
documented in the test report;

The degree of corrosion, if any, should be indicated in the test report.

be

NOTE The Cigre working group WG B3.57 is working on life time management of outdoor HV GIS [30].

The

recommendations of this Cigre guide can be considered.

8

8.1
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Routine tests

General

pclause 8.1 of IEC 62271-1:2017 is applicable with the following addition:

routine tests technical grade SFg and its mixtures in accordance with HEC 60376, or u
L and its mixtures in accordance with IEC 60480, can be used. Seg 6.2.

ne GIS is designed to use any other gas than SFg, the necessary technical grade and

umented by the manufacturer of the GIS and documented-in the routine test reports.

Th‘ﬁ routine tests shall be performed on all compenénts of a gas-insulated metal-enclo
itchgear and its controlgear. Depending on the nature of tests, some tests can be performed

sed

the

racteristics of the gas / gas mixture used for the routine’ testing shall be defined and

sed

on components, transport units or on the complete installation.
The following routine tests shall be carried-out: Subclause
a)| Dielectric test on the main circuit 8.2
b) Tests on auxiliary and control citcuits 8.3
c)| Measurement of the resistance of the main circuit 8.4
d)| Tightness test 8.5
e)| Design and visual checks 8.6
f)| Pressure tests pf.enclosures 8.101
g)| Mechanical operation tests 8.102
h) Tests onyauxiliary circuits, equipment and interlocks in the control 8.103
mechanism
i)| Pressure test on partitions 8.104
8.2 Dielectric test on the main circuit

Subclause 8.2 of IEC 62271-1:2017 is applicable with the following additions:

The tests shall be performed at the minimum functional pressure for insulation p .
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8.2.101 Power-frequency voltage tests on the main circuit

The power-frequency voltage test of GIS shall be performed according to the requirements in
7.2.6.1 or 7.2.7.1 to earth, between phases (if applicable) and across the open switching
devices. The voltage test across the open switching device can be carried out at one side of
the switching device. The withstand voltages for routine tests shall be those specified in column
(2) of Table 2 and Table 3.

8.2.102 Partial discharge measurement

The_measurement of partial diqr‘hargpc shall he pprfnrmpd to detect pneeihlp material and
mahufacturing defects.

Paftial discharge tests shall be performed in accordance with 7.2.10.

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

The test shall be carried out on all components of a switchgear apd\controlgear. It can|be
performed on the complete switchgear and controlgear, if applicable,» or on transport unitg or
on findividual components. Tests on simple components containing-no solid insulation can|be
exdepted.

8.3] Tests on auxiliary and control circuits

Subclause 8.3 of IEC 62271-1:2017 is applicable.

8.4 Measurement of the resistance of the main circuit

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

Overall measurements are made on subrassemblies or, on transport units in the factory. Oveyall
mepsurements shall be made in such'a way that comparison with measurement taken on-sgite
after installation, during maintenance or repair of the installation is possible.

8.5| Tightness test

Subclause 8.5 of IEC.62271-1:2017 is applicable with the following addition:

The tightness test-shall preferably be performed at filling pressure p,,, when the detection
method is by shiffing device.

temperature of 20 °C shall be 0,5 % per year (independent on type of gas and size of gas
corhpartment)

Th,.i maximum relative leakage rate F\ of each compartment under the standardized ambient

NOTE The commonly used test method for gas-filled systems tested in factory and on-site is the probing test using
a sniffing device with the minimum sensitivity mentioned in IEC 62271-1:2017, 8.5.3. If a leak is detected, the test is
considered failed, and the test object will be repaired, or the leak will be quantified by using a cumulative method.
Leakage rate below 0,5 % per year per gas compartment are not always easily possible to verify using the probing
test method.

8.6 Design and visual checks

Subclause 8.6 of IEC 62271-1:2017 is applicable.

8.101 Pressure tests of enclosures

Pressure tests shall be made on enclosures after complete machining.
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The standard test pressure shall be k times the design pressure, where the factor &

1,3 for welded aluminium and welded steel enclosure;

2 for cast aluminium and composite aluminium enclosures.

The test pressure shall be maintained for at least 1 min.

No

8.1
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All
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rupture or permanent deformation should occur during this test.

02 Mechanical operation tests

eration tests are made to ensure that the switching devices comply with the prescritI)ed

rating conditions and that the mechanical interlocks work properly.

tching devices of GIS shall be submitted to a mechanical routine test in aCecordance v

the'Lr relevant standards. The mechanical routine tests can be made before or after assembly

sport units.

pddition, all switching devices fitted with mechanical interlocks shall be submitted to f{
rating cycles in order to check the operation of the associated interlocks. Before e

ration one attempt shall be made to operate each switching deyvice as specified in 7.103.

'E Mechanical interlocks can be checked on-site depending on the ‘size” of delivered transport components)

ing these tests, which are performed without voltage*on, or current in, the main circuitg
[l be verified in particular that the switching devices open and close correctly within
cified limits of the supply voltage and pressuretof their operating devices.

03 Tests on auxiliary circuits, equipment and interlocks in the control mechanis

auxiliary equipment shall be tested either by a functional operation or by verification of
tinuity of wiring. Settings relays orsgnsors shall be checked.

The electrical, pneumatic and*other interlocks, together with control devices having

pre
cor
Du

determined sequence of operations, shall be tested five times in succession in the inteng
ditions of use and operation and with the most unfavourable limit values of auxiliary sup
ing the test no adjustment shall be made.

eff
ope

8.1

ThI tests are considered to be satisfactory if the auxiliary devices have operated properly, if

ct on the entire-operating unit can be visually determined after the tests and if the force
rate the switeching device is practically the same before and after the tests.

04 _Pressure test on partitions
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Ch partition shall be subjected to a pressure test at twice the design pressure for 1 min.

For the pressure test the partition shall be secured in exactly the same manner as in service.

The partition shall not show any sign of overstress or leakage.
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9 Guide to the selection of switchgear and controlgear (informative)

9.1 General

Subclause 9.1 of IEC 62271-1:2017 is applicable with the following addition:

Annex E provides a summary of the considerations for specifying ratings of switchgear and
controlgear.

NOTE IEEE C37.122.1 [22] and CIGRE Technical Brochure 125 [23] describe the general guideline for the selection
of a[gas-insulated switchgear.

9.2 Selection of rated values

Subclause 9.2 of IEC 62271-1:2017 is applicable with the following addition:
The rated values should be chosen in accordance with Clause 5 of this documént.

9.3 Cable-interface considerations

Subclause 9.3 of IEC 62271-1:2017 is applicable.

9.4] Continuous or temporary overload due to changed service conditions

Subclause 9.4 of IEC 62271-1:2017 is applicable.

9.5 Environmental aspects

Subclause 9.5 of IEC 62271-1:2017 is applicable.

10| Information to be given with enquiries, tenders and orders (informative)

10.1 General

Subclause 10.1 of IEC 62271<1:2017 is applicable with the following addition:

Annex E defines, in tabular format, technical information to be exchanged between user and
supplier.

10.2 Information with enquiries and orders

Subclause (10.2 of IEC 62271-1:2017 is applicable.

10.3 {Information with tenders

Subclause 10.3 of IEC 62271-1:2017 is applicable with the following addition:

f) List of recommended tools that should be procured by the user.
11 Transport, storage, installation, operating instructions and maintenance

11.1 General

Subclause 11.1 of IEC 62271-1:2017 is applicable.

11.2 Conditions during transport, storage and installation

Subclause 11.2 of IEC 62271-1:2017 is applicable.
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11.3 Installation

Subclause 11.3 of IEC 62271-1:2017 is applicable.

11.4 Operating instructions

Subclause 11.4 of IEC 62271-1:2017 is applicable.

11.5 Maintenance

SubelatseH--oHHEC-622711 4204 sapplicable—with-thefellowingadditien:

In gase of leakage which cannot be easily repaired, temporary solutions for limiting or-stopp
thig leakage and allowing continuity of service should be recommended by the manufactd
and agreed by the user until a repair is scheduled.

11.101 Tests after installation on-site
11.101.1 General

After installation, and before being put into service, the GIS shalhbe tested in order to ch

the

correct operation and the dielectric integrity of the equipment(

ese tests and verifications comprise Subclause
dielectric tests on the main circuits 11.101.2
dielectric tests on auxiliary circuits 11.101.3
measurement of the resistance of the main circuit 11.101.4
gas tightness tests 11.101.5
checks and verifications 11.101.6
gas quality verifications 11.101.7

ing
rer

To ensure minimum disturbance, and to reduce the risk of humidity and dust entering enclosu

ang

thus preventing correct/operation of the switchgear, no obligatory periodic inspections

prelssure tests concerning the enclosures are specified or recommended when the g
inshilated substation-isiin service. Reference shall be made, in any case, to the manufacturgr’s

ins

The¢ manufacturer and user should agree on a commissioning test plan for tests on-site.

1

1

.101¢2 ,~Dielectric tests on the main circuits

allation, operation”and maintenance manuals.

res
or
as-

101.2.1 _General

Since it is especially important for GIS, the dielectric integrity shall be checked in order to
eliminate fortuitous causes (wrong fastening, damage during handling, transportation, storage
and installation, presence of foreign bodies, etc.) which might in the future give rise to an
internal fault.


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

- 46 - IEC 62271-203:2022 © IEC 2022

Because of their different purpose, these tests shall not replace the type tests or the routine
tests carried out on the transport units and, as far as possible, in the factory. They are
supplementary to the dielectric routine tests with the aim of checking the dielectric integrity of
the completed installation and of detecting irregularities as mentioned above. Normally the
dielectric test shall be made after the GIS has been fully installed and gas-filled at the filling
density preferably at the end of all site tests, when newly installed. Such a dielectric test is also
recommended to be performed after major dismantling for maintenance or reconditioning of
compartments. These tests shall be distinguished by their progressive voltage increase,
performed in order to achieve some form of electrical conditioning of the equipment before
commissioning.

TheL execution of such site tests is not always practicable and deviations from the standard-tgsts
carl be accepted. The aim of these tests is to offer a final check before energizing. ltis very
impgortant that the chosen test procedure does not jeopardize sound parts of the‘\GIS, see
Clduse C.3.

In ¢hoosing an appropriate test method for each individual case, a specialfagreement can|be
mafe in the interest of practicability and economy, e.g. the electrical power requirements and
theldimensions and weight of the test equipment can need to be considered.

A detailed test programme for the dielectric tests on-site shall be dgreed between manufactdrer
and user.

11.0101.2.2 Test procedure

The GIS shall be installed completely and gas-filled atits filling density.

Somme parts can be disconnected for the test, either because of their high charging current or
begause of their effect on voltage limitation, such as

e |high voltage cables and overhead ling;
e |power transformers and, occasionally, voltage transformers;

e |surge arresters and protective(spark gaps.

NOTE 1 In determining the parts.which can be disconnected, attention is drawn to the fact that the reconnedtion
can|introduce faults after the tests are completed.

NOTE 2 Voltage transformers:can remain connected for the test when saturation of the voltage transformgr is
preyented, e.g. by using.voltage transformers which are designed for the test voltage or by performing the poyer-
frequency testing at a frequency, where saturation does not occur.

Every newly installed part of a GIS shall be subjected to a dielectric test on-site.

In the casé.of extensions, in general, the adjacent existing part of the GIS shall be de-energized
and eafthed during the dielectric test, unless special measures are taken to prevent disrupfive
distharges in the extension affecting the energized part of the existing GIS.

Application of the test voltage can be necessary after repair or maintenance of major parts or
after installation of extensions. The test voltage can then be applied to existing parts in order
to test all sections involved. In those cases, the same procedure should be followed as for newly
installed GIS.

One of the following test procedures shall be chosen:

a) Procedure A (recommended for 170 kV and below):

Power-frequency voltage test for a duration of 1 min at the value specified in Table 7, column

(2).
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b) Procedure B (recommended for 245 kV and above):

In the few cases, where U
U

Power-frequency voltage test for a duration of 1 min at the value specified in Table 7,
column (2); and

partial discharge measurements according to Table 6, however with Up e gtress = Ugs Of
Table 7, column (2).

is higher than U, the Upq.test Shall be reduced to

pd-test pre-stress

pre-stress-

A PD measurement at U, / V3 is also recommended since this measurement can be helpful

c)

1
Co

the

in determining the need for maintenance of the equipment after a period of service.
For practical application of PD measurements, see Annex C.
Procedure C (recommended for 245 kV and above, alternative to procedure B):

[101.2.3 Test voltages
nsidering that

transport units have normally been subjected to routing test;

Power-frequency voltage test for a duration of 1 min at the value specified in Tablg 7,
column (2); and

lightning impulse tests with three impulses of each polarity and with-the value specified
in Table 7, column (3).

the probability of disruptive discharges is higher/for the complete installation than |for

individual functional units;

disruptive discharges in correctly installed equipment shall be avoided,

test voltage for dielectric tests on-site shall be as shown in Table 7.
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Table 7 — On-site test voltages

On-site On-site
Rated voltage for equipment short-duration power-frequency lightning impulse
withstand voltage withstand voltage
U, Uy Ups
kV (RMS value) kV (RMS value) kV (peak value)
(1) (2) (3)
72,5 120 260
100 165 360
123 200 440
145 235 520
170 270 600
245 380 840
300 380 840
362 425 940
420 515 1140
550 560 1240
800 760 1680
1100 865 1920
1200 865 1920

NG

leviels of Tables 1 and 2 in IEC 6227141:2017) are specified, then the on-site test voltage can be calcula

ac

NG

TE 1 The on-site test voltages have been calculated as<€ollows:

(on-site test value) = Up x 0,45 x 0,8 (column (2))

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

values have been rounded up to the next higher modus 5 kV.

TE 2 |If other insulation levels than the preferred values of Table 2 and Table 3 (e.g. the lower insulat
ording to Note 1.

TE 3 The UHV on-site testvoltages for U, = 1 100 kV and 1 200 kV are according to IEC TS 63042-301 [1

E—
fnan

on
ed

In pertain circumstances, for technical or practical reasons, dielectric tests on-site can

car

1

Fof
cor

N101.2.4\ Voltage waveforms

ried out with reduced voltage values. Details are given in Clause C.3.

the-Choice of an appropriate voltage waveform, IEC 60060-1 [3] should be taken i

be

nto

rm

sideration; however, similar waveforms are also permissible. An ideal voltage wavefd

covering all requirements does not exist. Permissible deviations are indicated below.
Information concerning the generation of test voltages is given in Clause C.1.

a)

b)

Power-frequency voltage tests
Power-frequency voltage tests are especially sensitive in detecting contaminations (e.g. fi

ree

moving conducting particles), and are, in most cases, also sufficient in detecting abnormal

field configurations.
The existing experience refers to test frequencies from 10 Hz to 300 Hz.
Impulse voltage tests

Tests with lightning impulse voltages are especially sensitive in detecting abnormal field

configurations (e.g. damaged electrodes).


https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

IEC 62271-203:2022 © IEC 2022 - 49 —

Based on the existing experience, lightning impulse voltages with a front time extended up
to 8 ys are acceptable. When using oscillating lightning impulse voltages, the front time can
be extended to approximately 15 us.
NOTE Reflections due to steep front waves in large installations can be taken into account.

c) DC voltage tests
A DC voltage test is not recommended. The existing test specifications for cables are not
applicable to GIS (see 6.108.1).

11.101.2.5 Voltage application

Thela test voltage source can be connected to any convenient point of the phase conductor-unfder
tesf.

It i$ often convenient to divide the whole installation of GIS into sections by opéning circpit-
brefakers and/or disconnectors for at least one of the following reasons:
¢ [to limit the capacitive load on the test voltage source;

e |to facilitate the location of disruptive discharges;

e |to limit the discharged energy if a disruptive discharge occurs.

brelaker or a disconnector from the section under test, shall b€ earthed. Unless dismantled after
routine test or during maintenance, no dielectric test across the open switching devices shall
be [carried out on-site.

Th%sections which, in such cases, are not being tested, and which are isolated by a circpit-

Forl 3-phase enclosed GIS, the specified test voltage shall be applied between each phase
corlductor, one at a time, and the enclosure, ¢he - other phase conductors being connected to
the|earthed enclosure. The insulation between phase conductors shall not be subjected to any
othler separate dielectric test on-site.

11.0101.2.6 Assessment of the test

The¢ switchgear shall be considered to have passed the test if each section has withstood the
spgcified test voltage without any disruptive discharge.

In the event of a disruptive discharge occurring during dielectric tests on-site, the tests shall be
repeated.

Guldelines on repetition tests are given in Clause C.6.

If Arocedure B is used and if the partial discharges are measured with the conventional method
acdqording.to IEC 60270, the maximum permissible intensity of partial discharge shall be 10 pC.

NOTE_lt can be difficult to have noise level below 5 Ir_\f‘ on-site Qpnr‘inl care-with the test circuit-is needed to
achieve a good measurement. If the noise level is higher than 5 pC, the test is still valid for detecting major defects
but not suitable for detection of fixed conducting particles since this kind of defect will cause a very low level of
partial discharges and they will be completely masked by the noise. In such circumstances, the test is acceptable if
no discharges are detected above the noise level.

NOTE 2 It can also be possible to isolate the component that is causing the noise level higher than 5 pC. Test
procedure can consider this possibility in the test sequence, and can be agreed between user and manufacturer.

NOTE 3 If VHF/UHF or acoustic partial discharge measuring methods are used, a calibration is not possible.

Instead, a sensitivity check according to C.7.5, IEC TS 62478 [13] and CIGRE Technical Brochure 654 [25] can be
performed.

11.101.3 Dielectric tests on auxiliary circuits

Subclause 8.3 of IEC 62271-1:2017 is applicable with the following addition:
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Dielectric tests should be carried out on new wiring. If wiring shall be taken off or if electronic
devices are in circuits, these circuits shall not be tested.

11.101.4 Measurement of the resistance of the main circuit

Overall measurements shall be made on the complete installation, under conditions as similar
as possible to those of the routine test on transport units.

The resistance measured shall not exceed the maximum values permitted for the routine tests
on transport units (see 8.4), taking into account the differences of the two test arrangements
(nu ; ; ,

Resgistance values between earthing switches shall be verified during on-site assembly and
dogumented in the project documentation.

11.101.5 Gas tightness tests

Subclause 8.5 of IEC 62271-1:2017 is also applicable for on-site gas tightness tests.

A qualitative gas tightness test shall be carried out on all field ,assembled connections.
A lg¢akage detector can be used. See appendixes of IEC 62271-4:

11.101.6 Checks and verifications
The¢ following shall be verified:

a) |conformity of the assembly with the manufactuter's drawings and instructions;
b) |sealing of all pipe junctions, and the tightness* of bolts and connections;

c) |conformity of the wiring with the diagrams;

d) |proper function of the electrical, pneumatic and other interlocks;

e) |proper function of the control, medsuring, protective and regulating equipment including
heating and lighting.

The mechanical operation checks and tests shall be carried out according to the relevant
stahdards. If verification/ s> not specified, the manufacturer shall specify them in the
commissioning test plan.

11.0101.7 Gas quality verifications

In Irder to gettaireliable measurement, the humidity content shall be checked at least 5 days
after final filling of gas. The humidity content shall not exceed the limit defined in 6.2 of
IECG 62271-4:2017.

Foni shecking the condition of the gas during service, reference is made to IEC 60480 for $Fg
and its mixtures and to manufacturer recommendations and IEC 62271-4 for other gases.

For handling precautions, reference is made to IEC 62271-4 for SFg; and manufacturer
recommendations for other gases.

12 Safety
Clause 12 of IEC 62271-1:2017 is applicable with the following addition:

Working on gas compartments with adjacent compartments under full pressure can according
to local regulations and manufacturer safety procedures require to apply safety measures for
workers.
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13 Influence of the product on the environment
Clause 13 of IEC 62271-1:2017 is applicable with following addition:

Handling releases during manufacturing, installation, on-site tests, repair and maintenance
shall be accounted according local regulation, see IEC 62271-4.

For environmental aspects of gases and gas mixtures see CIGRE Technical Brochure 802 [26].
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Test procedure for dielectric test on three-phase
encapsulated GIS, range Il (above 245 kV)

A.1 Dielectric procedures for three phases in one GIS enclosure
If the—reqd OF—p e arth—an the
tes} requirements following IEC 62271-1:2 for
switching impulse tests of range Il.
A.2 Application of test requirements
In ¢rder to fully cover the tests to be carried out, Table A.1 lists the test-¢onditions in relajion
to fhe enclosure, open switching device and phase-to-phase. The table symbols are the sagme
as |n IEC 62271-1:2017 (Figure 2).
The¢ preferred method is the use of combined voltage test. The voltage levels required can|be
deljvered by two different voltage sources in opposite polarity:
Table A.1 — Switching impulse test conditions above 245 kV
Alternating
Test condition Switchingimpulse voltage at power-
frequency
Connecting P | ¢ ‘t corlfrai:::htnd
device - omplementary part to P
Vi Main part'of U, between obtain U. between to
Rhase-to-phase test phases (Table 3 s
column (5)) appliec,i to phases (Table 3,
column (5)) applied to
1 Closed Aa BbCc F
2 Closed Bb AaCc F
3 Closed Cc AaBb F
4 Open A BC abcF
5 Open B AC abcF
6 Open C AB abcF
7 Open a bc ABCF
8 Open b ac ABCF
9 Open c ab ABCF
NQTE, Test conditions 3, 6 and 9 can be omitted if the arrangement of the outer phases is symmetrical with
respecito the centre 'r_\hnv:n and the enclosure
NOTE 2 Test conditions 2, 3, 5, 6, 8, 9 can be omitted if the arrangement of the phases is fully symmetrical with
respect to each other and to the enclosure.
NOTE 3 Test conditions 7, 8 and 9 can be omitted if the arrangement of the terminals of each phase is symmetrical
with respect to the enclosure.

For switching functions and disconnecting functions, respective values shall be taken in Table 3

for open conditions.
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Annex B
(normative)

Methods for testing gas-insulated metal-enclosed switchgear
under conditions of arcing due to an internal fault

B.1 General

S
S

Thn ocelrranca-aof-an are incida 1S duat nintornal fault 1o ansamnanind hy
oCCurrercC-orrorarcroTa ot e oot T oo e e oo

phenomena.

Forll example, the energy resulting from an arc developing in the enclosure will cause’inten
ovgrpressure and local overheating, which will result in mechanical and thermal stressing of
switchgear. Moreover, the materials involved can produce hot decompositiomproducts wh
carn be discharged into the atmosphere.

Thils annex takes into account the internal overpressure acting on the enclosure and the ther
effegcts of the arc or its root on the enclosure. It does not coveryall the effects which
corjstitute a risk, such as toxic gases and their by-products (see‘anhexes of IEC 62271-4
furfher information).

B. Short-circuit current arcing test

B.3.1 Test arrangements

When choosing the object to be tested, reference shall be made to the design documents
thel GIS. The compartments which appearcto have the least likelihood of withstanding
prejssure and temperature rise in the event'of arcing shall be selected.

In any case, the following points shallkbe observed:

a) |each test can be carried out on a test object not previously subjected to arcing tests. T
objects that have already. undergone arcing tests shall be restored so that the conditions
further arcing tests are/heither aggravated nor eased;

b) |the test object shallbe fully equipped and arranged to include any protection device, s
as pressure reljefs; short-circuiting devices, etc. provided by the manufacturer for
limitation of theg effects of the arc.

c) [the test object shall be filled with normal insulating gas at filling pressure p,.

B.3.2 Current and voltage applied
B.3.2.1 General

cal

nal
the
ich

mal
can
for

for
the

est
for

ich
the

Single-phase enclosures shall be tested single-phase, and three-phase enclosures shall
tested three-phase.

B.2.2.2 Voltage

The test can be made with an applied voltage lower than the rated voltage for equipment of
test object if the following conditions are met:

a) the arc current shall be practically sinusoidal;

b) the arc shall not extinguish prematurely.

be

the
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B.2.2.3 Current

a)

b)

AC component

The AC component at the beginning of the test shall lie within a tolerance of ’ 18 %. Within
the duration of the first stage protection, the tolerance shall be 10 % and within the duration

of the second stage protection the current shall not fall below 80 % of the specified val

ue,

provided that the average AC component is not less than the stated short-circuit current.

NOTE If the test plant does not permit this, the test duration can be extended by not more than 20 % with an

appropriate adjustment to the times at which assessments are made.

[DC component

The instant of short-circuit making shall be chosen to ensure that the first loop of.the 3
current has a peak value of at least 1,7 times the RMS value of the stated short-cir

phase.

rc-
Cuit

current AC component. For three-phase tests, this applies to the current in.@t, least ¢ne

B.2.2.4 Frequency

Forl rated frequencies of 50 Hz or 60 Hz, the frequency at the beginning of the test shall| lie
within the limits of 48 Hz and 62 Hz.

B.4.2.5 Duration of the test

The current duration shall be such as to cover the secondstage protection chosen on the bgsis
of the expected duration as determined by the protection(devices. See Table 4.

B.3.3 Test procedure

B.4.3.1 Test connections

The point of current infeed to be chosen isxthe one likely to result in the most onerous condition
Cafe shall be taken to ensure that the"connections do not ease the test conditions. Generdlly,
the| enclosure is earthed on the same side of the test object into which the current is fed.
B.3.3.2 Arc initiation

The arc shall be initiated by means of a metal wire of suitable diameter.

The point of initiation'to be chosen is where the arc is likely to set up the rated stresses in the
tesT object. Generally, this will be achieved when the arc is initiated in the vicinity of a partifion
furfhest fromdhe point of infeed and furthest from the pressure relief device, if fitted.

NOTE The\arc cannot be initiated by perforating the solid insulation.

B.2.3.3 Measurement and recording of the test performance

The following parameters shall be plotted and recorded

the current and its duration;
the arc voltage;

the pressure on one or more points of the test object and in each compartment, if the t
object comprises more than one;

and, when applicable

the instant of pressure relief (either by operation of the pressure relief device or perforat
of the enclosure).

est

ion
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Phenomena such as pressure relief, enclosure perforation and external effects shall be
observed and recorded by appropriate means, e.g. cameras, luminosity detectors.

B.2.4 Criteria to pass the test

The switchgear is considered adequate if, during the test, no external effect other than the
operation of suitable pressure relief devices occurs within the times specified in 6.103.2, and if
gases or vapours escaping under pressure are directed so as to minimize the danger to an
operator performing his normal operating duties.

Pr

No
to 1

B.2

JeClions Or small Parts, up to an mndividual mass O oU g dare accepted.

fragmentation of the enclosure shall occur from a fault in the stage 2 protection @ceord
[able 4.

.5 Test report

The following information shall be given in the test report:

B.2

rating and description of the test object, the materials of the enctosure and the conductd
together with a drawing showing the main dimensions and the artangement of pressure re
devices;

arrangement of the test connections, the point of initiation of the arc and the position of
transducers for pressure measurements;

currents, voltages, energies, pressures and times.derived from the oscillograms;
precise description of the test results and obsérvations;
other relevant remarks;

photographs of the conditions before andcafter the test.

.6 Extension of the test results

ing

rs,
lief

the

The test results can be extended te other enclosures of similar design but of different size and

sha

B.:

pe and/or to other test parameters by calculations.

b  Composite verification by calculation and separate tests

Th

manufacturer is.responsible for demonstrating the validity of extrapolation of test res

for|other currents 'and other sizes of enclosures. The manufacturer shall provide all necess|
information with:the calculation.

Information> about experience of internal arc tests and calculation principles are presen
RE\Technical Brochure 602 [24], CIGRE Session 1998 — WG 21/23/33-03 [28] and
RGE«04/82 [29]. T

Cl

Its
ary

in
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Annex C
(informative)

Technical and practical considerations of site testing

C.1 Test voltage generators

GIS installations have a relatively high load capacitance. This means that:

power-frequency voltage tests, especially at higher U, require a high reactive power;

impulse testing with standardized double exponential waveforms can be inefficientvdue
the poor voltage utilization of the impulse generator.

The following voltage-generating equipment can be used:

a)

b)

C.7

Th
So

power-frequency voltage sources

The power-frequency voltage can be produced by:

— test sets with a test transformer;

— test sets with a variable resonant reactor for constant frequency;
— test sets with a constant resonant reactor for variabléeArequency;

— power or voltage transformers by energization from the low-voltage side (entails
dismantling after testing).

to

no

NOTE The thermal stresses of the voltage source can‘be taken into account especially when using volfage

transformers

impulse voltage sources

For large installations and especially sfor high voltages for equipment, impulse generators

for double exponential waves are unwieldy. Oscillating impulses can be produced with
impulse generator and a high-voltage coil connected to the switchgear to be tested to f¢
a damped series resonant circtuit. Oscillating switching impulses can be produced
discharging a capacitor into the’low-voltage side of a power, voltage or test transformer

) Locating discharges

an
rm

by

re are different phenomena caused by discharges which can be helpful in locating them.

e of the possible’means which can be tried are as follows:

detectionof\light emission;
measurement of audible noise and vibrations;

recaording and evaluation of electromagnetic transients following discharge;

detection of decomposition products of the gas

C.3 Special test procedures

C.3.1 General

In general, it is recommended that all testing should be performed at the specified test voltage
and filling density. However, in certain circumstances special test procedures have been
established which are not in general use but are worth mentioning for technical and/or practical

rea

sons.
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For extensions (6.108.4) the user shall be responsible for any flashovers in the existing GIS
and the manufacturer of the extension equipment shall be responsible for any flashovers in the
extension equipment.

C.3.2 Testing at reduced voltage
C.3.21 Simplified method for units transported without dismantling

In accordance with the practice in some countries, gas-insulated metal-enclosed switchgear, or
at least one bay or an equivalent part of the GIS installation, can be assembled completely at
the far"rnry and tested there at its full rated withstand voltages If the tested units are transported
without dismantling or if dismantling is limited to very simple connections, and subjecf to
agrneement between manufacturer and user, the site test can be reduced to the following:

AC|voltage test with 1,1 x U,/ 4/3 for earthed neutral systems or 1,9 x U, / /8] for isolated
nedytral or resonant earthed systems; with a 10 min voltage application.

C.3.2.2 Deviations due to practical needs

In gertain circumstances due to technical or practical reasons, an ‘AC voltage test can|be
pernformed at reduced voltage for an extended duration. Additionally, partial discharge detecIon
car] be applied in accordance with Clause C.7. The procedure is subject to agreement betwgen
the| manufacturer and the user.

Cc.3.2.3 Application of service voltage

In $ome cases, it is impracticable to perform a di€lectric test on-site. In such a case, special
care should be taken for shipment, transportation, and storage and particular attention should
be given to the workmanship on-site. The GISkto'be tested should be energized by the service
voltage through the largest possible impedange in order to reduce damage caused by a possible
disfuptive discharge. The test period should be at least 30 min.

C.3.3 Testing at reduced gas deénsity

Tests with reduced gas density are not generally advisable.

C.4 Partial discharge measurements

Partial discharge measurements can be helpful in detecting certain kinds of faults during site
tesfs and in determining the need for maintenance of the equipment after a period in service.
They are thergfore a useful complement to dielectric tests on-site but are often difficull to
penform because of ambient disturbances.

If such a-test is possible and agreed upon, then the requirements given in 11.101.2.6 should| be
applied as far as possible.

If VHF/UHF partial discharge measuring methods are specified by the user, internal PD sensors
are recommended.

C.5 Electrical conditioning

The term “electrical conditioning” means a progressive application of an AC voltage either by
steps or continuously. It can be performed by the manufacturer as part of the gas-filling process
on-site in order to move possible particles towards areas with a low field strength, where they
become harmless.
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Electrical conditioning is not a requirement and does not replace the AC voltage test, unless
the test voltage is increased up to the specified value. Nevertheless, a disruptive discharge
should be reported to the user as it can result in a weakening of the insulation.

C.6 Repetition tests

C.6.1 General

The procedure to be implemented following a disruptive discharge during dielectric tests on-
site_can depend on several factors which include:

e |the type of disruptive discharge (breakdown in self-restoring or non-self-restoring insulatipn)
if it can be identified (see Clause C.2);

e |magnitude of the arc energy dissipated during the discharge;
e |shape and material of the solid insulation;

e |strategic importance of the installation.

Copsideration of these and any other relevant factors should allow a procedure to|be
estpblished and agreed between the manufacturer and user. A fecommended procedurg is
given below but should be treated only as a guide. Variations can-be acceptable, depending|on
the| significance of the factors involved.

c.q.2 Recommended procedure
c.q4.2.1 Procedure a)

If the disruptive discharge occurs along the surface of a solid insulation it is recommended that
thelcompartment should be opened and the insutation carefully inspected for impairments. After
takjng any necessary remedial action, theCcompartment should then be subjected to fthe
spgcified dielectric test once more.

C.4.2.2 Procedure b)

A disruptive discharge in the gas can be due to contamination or a surface imperfection which
car be burned away during.the’discharge. It can be acceptable, therefore, that the test can|be
repeated at the specified) test voltage. Another test voltage can be agreed betwgen
mapufacturer and usertbefore the site tests have been started.

NOTE 1 It is assuméd that the manufacturer can satisfy the user that the gaseous insulation can be regarded as
selftrestoring for thé\arc energy dissipated in the discharge.

NOTE 2 In the'event of a disruptive discharge occurring during dielectric tests on-site, secondary discharges|can
occlir in otherparts of the test section.

If tlre repetition test fails, again procedure a) should be followed.
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C.7 Partial discharge detection method

C.71 General

For partial discharge detection on-site, the electrical VHF/UHF and the acoustic method can be
used in GIS in addition to the conventional method, according to IEC 60270. These two methods
are less sensitive to noise than the conventional measurement and can also be used for partial
discharge monitoring in service. However, for these new methods the sensitivity depends on
the distance between the defect (signal source) and the sensor. Suitable procedures for using
the VHF/UHF and acoust|c method are available. They ensure that defects causmg an apparent

and are not yet standardized.

C.7.2 Conventional method according to IEC 60270

Electromagnetic interference from radio transmitters and other sources is”picked up by opgen-
air bushings and lead to a PD measurement sensitivity of some tens of pC. For noise rejection,
analogue and digital filtering methods are available. Nevertheless,thesuse of such filtering tdols
requires trained personnel and is a limitation in this procedure. Inlactual site conditions, a nqgise
level below 5 pC is hard to achieve. Therefore, a totally encapsulated test circuit with a shielged
coUpling capacitor directly connected to the GIS is preferable. In such a case, a sensitiyity
belpw 5 pC is achievable for GIS with cable terminations and for GIS sections which are

The¢se defects cause electromagnetic transients with frequency content to above 2 GHz. The
respulting signals propagate within a GIS Wwith the speed of light as electromagnetic waves.
Reflections occur at the numerous_discontinuities in the arrangement. Due to the finite
conductivity of the metallic conducters and losses at the dielectric surfaces, the propagafing
sighals are damped. The result isca.complex resonance pattern of electromagnetic waves within
eagh compartment.

The partial discharge signals in the VHF/UHF range (e.g. 100 MHz to 2 GHz) can be detected
in the time domain or«he frequency domain by means of couplers, which are usually of simflar
degign to capacitive{ couplers. As consequence of VHF/UHF signal attenuation, many couplers

coupler. The VHF/UHF method can therefore not be callbrated as in, for example
the measuring circuit of IEC 60270. Instead, the sensitivity check in C.7.5 can be performed.

The signal-to-noise-ratio and therefore, the sensitivity of the VHF/UHF measuring device can
be improved by using suitable couplers, amplifiers and filters. The VHF/UHF method has proved
to be at least as sensitive in detecting defects as the conventional method, and this is mainly
due to the low external noise level. Tests in laboratories and on-site have shown that small
critical defects and even non-critical defects can be detected.

An accurate location of the defect can be obtained by using a broadband oscilloscope to
measure the time interval between the signals arriving at adjacent couplers.
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C.7.4 Acoustic method

Acoustic signals (mechanical waves) are emitted from defects in a GIS mainly in two primary
mechanisms: moving particles excite a mechanical wave in the enclosure when they impinge
on it, whereas discharges from fixed defects create a pressure wave in the gas, which is then
transferred to the enclosure. The resulting signal will depend on the source and on the
propagating path. As the enclosures normally are made of aluminium or steel, the damping of
the signals is quite small. However, there is a loss of energy when the signals are transmitted
from one part to another across a flange. Acoustic signals can be picked up by means of
externally mounted sensors. Normally, either accelerometers or acoustic emission sensors are
used and the test procedure consists of measuring between all flanges.

The location of a defect can be found by searching for the acoustic signal with thetvhighest
amplitude or by time travel measurements with two sensors. Separation between different kinds
of defects is possible by analysing the shape of the acoustic signal.

The¢ signal from a bouncing particle is broadband (i.e. >1 MHz) and has)a.*high amplityide
cormmpared with signals emitted from pre-discharges at fixed defects. The pacticle type signal will
be spatially attenuated as it moves away from the source point. In general, two parameterg of
the|acoustic signal are important for this type of defect: amplitude and\flight time (this being the
time between two consecutive impacts of the particle. These parameters are essential not gdnly

Prgdischarge type signals from protrusions will be very, wideband close to the source, put

propagates away from the source towards the enclesure. Normally, detected signals frjom
predischarge sources are limited to the frequencyyrange below 100 kHz. The signal leve] is
found to be fairly constant within the same sections, and to drop some 8 dB once a flang¢ is

Bolincing particles producing apparent disgcharges in the 5 pC range can be detected with a
high signal-to-noise ratio. The detection limit for corona discharges is in the 2 pC range.
Sensitivity decreases with distance because the acoustic signals are absorbed and attenuated
as they propagate in the GIS. However, no direct correspondence between apparent PD-Igvel
and acoustic signal level has “been established. Acoustic measurement is immune| to
eleptromagnetic noise in the-sabstation. The acoustic sensitivity to bouncing particles is usually
mugh higher than the sensitivity of any other diagnostic method, when the sensor is plaged
cloge to the defect. The ‘acoustic method is therefore good for detecting the location of stich

iyity

detection sen3|t|V|ty for the GIS and the assomated measurlng equment If the stimulated
signal can be measured at the adjacent sensor, the sensitivity verification has been successful
for the GIS section between these sensors.

For further information see IEC TS 62478 [13] and CIGRE Technical Brochure 654 [25].
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Calculation of pressure rise due to an internal fault
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Annex D
(informative)

The pressure rise in a closed compartment filled with gas due to an internal fault can be
calculated according to Formula (D.1):

(0.1)

Agy — ) Tarc X tarc
i ST Vcompartment

where

Ap is the pressure rise (MPa);

- is the fault arc current (kAgums);

Vedmpartment 1S the volume of the compartment (1);

tarc is the arc duration (ms);

Ceduipment is the equipment factor.

The¢ value of the equipment factor Cqqyipment Shall be demonstrated by the manufacturer| by

tes

[s on similar equipment.

Foimula (D.1) can be used to verify that the pressure will not exceed the type test pressurg of

the
Thi
pro
end

losures.

enclosures in case of an internal fault in a gas_ ceampartment without a pressure relief device.
S is verified if the maximum arc current and arc duration (based on the performance of the
tective system) does not cause a pressure rise which exceeds the type test pressure of the
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Annex E
(informative)

Information to be given with enquiries, tenders and orders

E.1 General

This annex defines, in tabular format, the technical information to be exchanged between user
and_supplier

Reference to “supplier information” means that only the supplier provides this information.

E.2 Normal and special service conditions
Se¢ Clause 4.

Table E.1 — Normal and special service conditions

User requirements Supplier proposails
(see'Table 1)

Sefvice condition Indoor or
outdoor

Anlbient air temperature:

Migimum °C
Maximum °C
Solar radiation W/m2
Alttude m
Pollution Class
Ice] coating mm
Wind m/s
Humidity %
Copdensation or precipitation

Vigration Class
Induced electromagnetic disturbance in kV

se¢ondary system

E.3 < Ratings

See Clause 5.
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Table E.2 — Ratings

User requirements

Supplier proposals

Nominal voltage of system kV

Rated voltage for equipment (U,) kV

Rated insulation levels phase-to-earth and

between phases

Rated short-duration power-frequency kV

withstand voltage (U,)

Rafed switching impulse withstand voltage

(%))

Phpse-to-earth kv

Befjween phases kV

Rajed lightning impulse withstand voltage (Up) kv

Rated frequency (f,) Hz

Rafed continuous current (/) A According single-line

Rafed short-time withstand current (/,) kA

Rajed peak withstand current ([p) kA

Rafed duration of short-circuit () s

Rafed supply voltage of closing and opening Vv

deyices and of auxiliary and control circuits

w)

Raged supply frequency of closing and Hz DC or 50 Hz or 60 Hz

op¢ning devices and of auxiliary circuits

Neptral earthing Effectively or not
effectively

E.4

Design and construction

Se¢ Clause 6.



https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

— 64 —

IEC 62271-203:2022 © IEC 2022

Table E.3 — Design and construction

User requirements

Supplier proposals

Number of phases

Single- or three-phase design

Maximum relative gas leakage rate % | year

Filling pressure p

Circuit-breaker MPa Supplier information
Otlrercompartmemnts MRa Supplisrinformation
Algrm pressure p,

Cirkuit-breaker MPa Supplier information
Other compartments MPa Supplier information
Migimum functional pressure p_

Cirtuit-breaker MPa Supplier information
Other compartments MPa Supplier information
Depign pressure of enclosures

Cirpuit-breaker MPa Supplier informdation
Other compartments MPa Supplier information
Type test pressure of enclosures

Cirpuit-breaker MPa Supplier information
Other compartments MPa Supplier information
Roptine test pressure of enclosures

Cirpuit-breaker MPa Supplier information
Other compartments MPa Supplier information
Opgrating pressure of pressure relief device

Cirpuit-breaker MPa Supplier information
Other compartments MPa Supplier information
Intgrnal fault

Shert-circuit current kA

Dufation of current (as per. Table 4) s

Qupntity of gas of complete GIS at filling kg Supplier information
prgssure p, .

Qupntity of gas/af.the largest compartment at | kg Supplier information
filling pressurey,,

Maximum permissible gas dew point °C Supplier information
Refommendation for _dew point measurement

an ddequdlie Correction

Number of gas compartments Supplier information
Length of longest section for transportation m

Weight of the heaviest piece of equipment to kg

be handled during installation on-site

Noise
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E.5 Bus ducts

Table E.4 — Bus ducts

User requirements Supplier proposals
Inductance H/m Supplier information
Capacitance pF/m Supplier information
Resistance of enclosure at f, Q/m Supplier information
Repistanceofconductoratt Qlm Supplierinformation
Sufge impedance Q Supplier information

E.@ Circuit-breaker

Clguse 10 of IEC 62271-100:2021 is applicable.

E.7 Disconnector and earthing switch

Clguse 10 of IEC 62271-102:2018 is applicable.

E.§ Bushing
Clguse 6 of IEC 60137:2017 is applicable with the.following additions:

TableE:5 — Bushing

Outdoor-immersed bushing

withstand voltage(Uy)

(see IEC 60137:2017, 3.20) User requirements Supplier proposals
Type of internal insulation Gas-insulated or
resin-impregnated paper
Type of external insulation Porcelain or composite
Nominal specific creepage distance mm/kV
Shgd profile Normal or alternating
Rajed short-duration,\power-frequency kV As GIS or special

Rafed switching‘impulse withstand voltage |kV As GIS or special
(%)
Rajed’Jightning impulse withstand voltage | kV As GIS or special
w)

Cantilever test load

Cantilever operation load

Type of line termination According drawing

E.9 Cable connection

Clause 10 of IEC 62271-209:2019 is applicable with the following additions:
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Table E.6 — Cable connection

User requirements Supplier proposals
Type of cable termination Fluid-filled or dry type
Supplier of cable insulator GIS or cable supplier

E.10 Transformer connection

Clduse 9 of IEC 62271-211:2014 is applicable with the following additions:

Table E.7 — Transformer connection

User requirements Supplier proposals

Insjulated junction between transformer tank Yes or no
angl GIS enclosure

E.11 Current transformer

Markings which are listed in IEC 61869-1 and IEC 61869-2%dre applicable with the followjing
additions:

Table E.8 — Currenttransformer

User requirements Supplier proposails
Position of current transformer According single-line
Number of cores According single-line
Bufdens and accuracy classes VA /- According single-line

E.12 Inductive voltage transformer

Markings which are _listed in IEC 61869-1 and IEC 61869-3 are applicable with the followjing
additions:

Table E.9 — Inductive voltage transformer

User requirements Supplier proposals
Posgition of voltage transformer According single-line
Number of secondary windings According single-line
Burdens and accuracy classes VA /- According single-line
On-site test voltage kV/Hz Supplier information

E.13 Metal-oxide surge arrester

Annex D of IEC 60099-4:2014 is applicable for GIS arresters.
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E.14 Documentation for enquiries and tenders

Table E.10 — Documentation for enquiries and tenders

User requirements Supplier proposals

Single-line diagram

Requirements for service continuity during
maintenance, repair, extension and on-site
testing

Geperal-arrangement-drawings—of
)

sulpstation layout

Foyindation loading Supplier information

Gap schematic diagrams Supplier information

L

Sf of type test reports Supplier information

L

sl of recommended spare parts Supplier information

GI$ interface drawings (in case of later
extension)
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Annex F
(informative)

Service continuity

F.1 General

This annex defines service continuity of a GIS in relation to switchgear design. The syst

em

requirements for service continuity are fulfilled by choice of single-line diagram, sequence of

feeders, physical arrangement of components and gas compartments. The continuity of sery
dug to maintenance, repair after failure, extension or on-site dielectric test should be the'pr
corjcern.

The service continuity levels are defined through the MRE code (Maintenance, Rep
Extension) specific to feeder and busbar sections of the GIS on out of serviee ¢ondition dur
majntenance, repair, extension or on-site dielectric test (see examples provided in F.4.3).

A duideline on how to handle service continuity requirements can befound in CIGRE Techn
Brdchure 870, Service Continuity Guide for HV GIS above 52 kV [27}.

F. Terms and conditions

F.2.1 Terms
F.2.1.1 Feeder

A feeder is a connection from a substation to_another substation, a transformer, a generato

ice
me

- a

reactor, capacitor bank, etc. The feeder can-be an overhead line, a cable or a gas-insulated

trapsmission line. The feeder is connected to the GIS by interfaces like bushings, cable-
trapsformer-connections.

F.2.1.2 Feeder-bay

A feeder-bay connects a feeder to a busbar section or another feeder (e.g. ring configuration
A feeder-bay consists of a“set of interconnected circuit elements. Circuit elements can
cirquit-breaker, disconhector, earthing switches, current transformer, voltage transform
surge arrester and ¢onnecting elements.

NOTE Although the'term feeder-bay is described here, it is not required to define the service continuity level.
F.2.1.3 Busbar section

A Husbar/section is the common connection of several feeder-bays. A busbar can be

or

s).
be:
er,

sedtignalized in several busbar sections. A busbar without sectionalizing is one busbar

section.

F.2.2 Conditions

Only single events are considered. The service continuity does not apply in the situation where
a fault occurs on other equipment still in service while the main situations affecting GIS service

continuity are in progress.

The main situations affecting GIS service continuity are:

e maintenance;

e repair after failure;
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extensions;
on-site dielectric test.

The service continuity levels (see Clause F.4) should be defined for each of these situations.

F.3 Responsibilities

F.3

A Service continuity requirements

It ig

It is

F.3.

Th¢ manufacturer should design the GIS with dué consideration to safe working practices in

vic
pro
to 4§
ung

The¢ manufacturer should outline the controls required to allow recommended and authori

wo

define the service continuity requirements;
e.g.: MRE11 during maintenance and repair on any feeder or busbar section;

specify the location of future extension, if applicable.
the manufacturer’s responsibility to

design the GIS, define partitioning and specify other measures in ‘order to fulfil the usg
requirements;

take into account the location of future extension, if applicablé;

e.g. series of GIS gas single-line diagrams (e.g. in colour) indicating the pressure in e
gas compartment, during maintenance, repair, extension or on-site dielectric test.

2 Work on partitions

nity of pressurised gas compartments. The,manufacturer should provide the user with a (
duct related design risk assessment and recommended procedures for work on or adjac|
pressurised gas compartment partitien. The manufacturer should define rules for such w
er the following headings:

forbidden;
recommended;

authorised.

k to proceed.

Th
co
req

user should consider the manufacturers design risk assessment and work procedures
junctionwith user’s safety policy when assessing compliance with service contin
uirements.

demonstrate compliance with the users service continuity(requirements in a common forrTaat,

N4

rs

ch

the
51S
ent
ork

sed

in
ity

safety risks over the full life-cycle of the GIS from assembly to operation, maintenance, repair and de-commissioning.

F.4 Service continuity levels

F.4

| General

The continuity of service of a GIS during maintenance (M), repair (R), extension (E) or on-site
dielectric testing is indicated by the MRE code.
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F.4.2 Definition of the MRE code

MRE 0 1
Code letters
(Maintenance, Repair, Extension)
First characteristic numeral
(numerals 0 to 4, or letter X)
Second characteristic numeral
(numerals 0 to 5, or letter X)
Elg¢ment Numerals or letters GIS availability
Cqde letters ‘ ‘ MRE ‘ | Maintenance, Repair, Extension
Fifst characteristic Number of busbar section(s) out of service during
numeral maintenance, repair, ‘extension or on-site dielectric tefst
0 0 busbar sections out of service
1 1 busbar section out of service
2 2 bushar sections out of service
3 3. busbar sections out of service
4 4 busbar sections out of service
X All busbar sections out of service
Sdcond Number of feeder(s) out of service during maintenande,
chpracteristic repair, extension or on-site dielectric test
numeral
0 0 feeders out of service
1 1 feeder out of service
2 2 feeders out of service
3 3 feeders out of service
4 4 feeders out of service
5 5 feeders out of service
X All feeders of the related busbar section(s) out of
service

F.4.3 Examples for service continuity levels

The following Figure F.1 to Figure F.9 illustrate the definition of some service continuity levels.
For visualisation purposes simplified figures are used. Only relevant switchgear components
are shown.
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Single busbar configurations

Do

BUSBAR
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/ h /
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] ] ]
] 1 1
] ) ]
1 1 ]
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( ( {
1 1 1}
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’ ’ 4
( ( (
v ¥ + 3 ,
FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5 FEEDER 6

uble busbar configurations

MRE activity location
(exemplary)
—.Energized
»= De-energized

Figure F.1 — MRE1X (e.g. repair of disconnector to busbar)

FEEDER 1 FEEDER 2 FEEDER 3 FEEDER 4 FEEDER 5

FEEDER 6

MRE activity location
(exemplary)

— Energized

==+ De-energized

IEQ

BUSBAR
SECTION 1

BUSBAR
SECTION 2

lEC

Figure F.2 — MREOO (e.g. during visual inspection)
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BUSBAR
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Figure F.3 — MREO1 (e.g. repair of circuit-breaker)
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Figure F.4 — MRE11 (e.g. repair of disconnector)



https://iecnorm.com/api/?name=59597d7a167581fb709c65d627c21f91

IEC 62271-203:2022 © IEC 2022 -73 -

BUSBAR
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Figure F.5 — MRE11 (e.g. extension of switchgear with a feeder bay)
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Figure F.6 — MRE13 (e.g. repair of disconnector)
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BUSBAR
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Figure F.7 — MRE2X (e.g. on-site dielectric test of busbar section A)
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Figure F.8 — MRE2X (e.g. on-site dielectric test of busbar section 1)
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One and half breaker configurations
DIAMETER 1 DIAMETER 2 DIAMETER 3
BUSBAR
1 I I SECTION 1
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Figure F.9 — MREOO (e.g. repair of circuit-breaker)
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Annex G
(informative)

List of notes concerning certain countries

Subclause

Text

5.11 and 6.104.2

National exceptions are required for Italy where rules for the design pressure is required by
law.

7.2.12

National exceptions are required for Canada, France and Italy where it is required by law

. .

bat thao & 4 I | RHH Lk 1 tha i [P it £ H 4
trattete STy ortagtaurhg tofato ittt aeroSSnet1Sorath g aiStaRte—oTa -GSOttt

be 100 % of the rated power-frequency test voltage.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 203: Appareillage sous enveloppe métallique a isolation gazeuse et

1

2)

3)

4)

5)

6)
7)

8)

9)

a courant alternatif de tensions assignées supérieures a 52 kV

AVANT-PROPOS

He I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC(a pour obje
avoriser la coopération internationale pour toutes les questions de normalisation dans\les" domaine
'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes internationg
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles au ‘public (PAS) et
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée ardes comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avec I}EC) participent également
ravaux. L’IEC collabore étroitement avec I'Organisation Internationale de (Normalisation (ISO), selon
bonditions fixées par accord entre les deux organisations.

L es décisions ou accords officiels de I'lEC concernant les questions techniguées représentent, dans la mesur
possible, un accord international sur les sujets étudiés, étant donné que’les-Comités nationaux de I'l[EC intéreg
sont représentés dans chaque comité d’études.

| es Publications de I'lEC se présentent sous la forme de recofmmmandations internationales et sont agrg
comme telles par les Comités nationaux de I'lEC. Tous les €fforts raisonnables sont entrepris afin que |
E'assure de I'exactitude du contenu technique de ses publicatiphs; I'lEC ne peut pas étre tenue responsablg
'‘éventuelle mauvaise utilisation ou interprétation qui en €st faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, lessComités nationaux de I'lEC s'engagent, dans touf
mesure possible, a appliquer de fagon transparente les’Publications de I'lEC dans leurs publications nation

égionales correspondantes doivent étre indiquées'en termes clairs dans ces dernieres.

L 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
ournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
Conformité de I'IEC. L’'IEC n'est responsable d'aucun des services effectués par les organismes de certific
ndépendants.

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

Aucune responsabilité ne dojt'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai

compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I
bour tout préjudice causé _eh cas de dommages corporels et matériels, ou de tout autre dommage de que
hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les déper]
Hécoulant de la publieation ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de I'l
bu au crédit qui Juhest accordé.

 'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
éférencées €st obligatoire pour une application correcte de la présente publication.

| ’attention st attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'g
He droits' de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
brevets.

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comp]sée

de

de
les,
des
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aux
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e du
sés

ées
IEC
b de

e la
hles

bt régionales. Toutes divergences entre toutes (Publications de I'IEC et toutes publications nationales| ou

hnts
de
ion

res,
EC,
que
ses
EC,

ons

bjet
de

L'IEC 62271-203 a été établie par le sous-comité 17C: Ensembles, du comité d'études 17 de
I'lEC: Appareillage haute tension. Il s'agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2011. Cette édition
constitue une révision technique.

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

a) le document a été aligné sur I'lEC 62271-1:2017;
b) outre le SFg, des gaz alternatifs ont également été mis en ceuvre lorsque nécessaire;

c) les termes et définitions ont été actualisés et les termes non employés ont été supprimés;
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d)

le paragraphe 6.16 “Etanchéité au gaz et au vide” a été actualisé;

e) paragraphe 6.16.3 “Systémes a pression autonome”: Deux classes de gaz ont été

présentées:
1) PRC <1000
2) PRC > 1000

et les exigences d'étanchéité relatives aux essais de type pour des gaz avec PRC > 1 000

ont été réduites de 0,5 % a 0,1 % par an et par compartiment de gaz;

f) paragraphe 6.108 “Interfaces”. des pressions maximales types en service pour les

g)
h)

Le
abq

La

Le

sel
sou
par

Le
sta
dod

interfacesrelidesau-PSEM ont 8t6-deéfinies:
les paragraphes 7.2 a 7.8 ont été restructurés;
le paragraphe 7.107 “Essai de corrosion sur les connexions de terre” a été actualisg;

le paragraphe 7.108 “Essais de corrosion sur les systémes d'étanchéité des enveloppes
des équipements auxiliaires” a été actualisé;

I’Annexe F “Continuité de service” a été modifiée et alignée sur les recommandations
groupe de travail B3.51 du CIGRE.

texte de cette Norme internationale est issu des documents suivants:
Projet Rapport de(vote
17C/835/FDIS 17C/844/RVD

rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayj
uti a son approbation.

angue employée pour I'élaboration de cette*Norme internationale est I’anglais.

5 et

du

ant

présent document a été rédigé selon: les Directives ISO/IEC, Partie 2, il a été développé

bn les Directives ISO/IEC, Partie 1%t les Directives ISO/IEC, Supplément IEC, disponib
s www.iec.ch/members_experis/fefdocs. Les principaux types de documents dévelop
I'lEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

comité a décidé que le(contenu du présent document ne sera pas modifié avant la date
bilité indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives
ument recherché.jACette date, le document sera

reconduit,

supprimeés

remplacé’par une édition révisée, ou

amendé.

les
IEH]

de
au
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APPAREILLAGE A HAUTE TENSION -

Partie 203: Appareillage sous enveloppe métallique a isolation gazeuse et

1

a courant alternatif de tensions assignées supérieures a 52 kV

Domaine d’application

La
mé
iso
de
pol

tallique a isolation gazeuse dont l'isolation est réalisée, au moins partiellement, pas un
ant ou un mélange de gaz autre que l'air a la pression atmosphérique, pour courant altern
tensions assignées supérieures a 52 kV, pour l'installation a l'intérieur et a.llextérieur
r des fréquences de service inférieures ou égales a 60 Hz.

Polir les besoins du présent document, les termes "poste sous enveloppe métallique" (PSH

présente partie de I'lEC 62271 spécifie les exigences pour l'appareillage sous envelo;Lpe

jaz
atif
et

M)

et ['appareillage" sont utilisés pour "appareillage sous enveloppe' 'métallique a isolafion
gageuse".

L'appareillage sous enveloppe métallique a isolation gazeuse) auquel s'applique le présent
dogument est constitué par des matériels individuels destings a étre directement raccor@és
enfre eux et qui ne peuvent fonctionner que sous cette forime.

Le |présent document compléte et modifie, le cas égcheéant, les différentes normes pertinenites
applicables aux matériels individuels constitutifs.dé.l'appareillage sous enveloppe métallique a
isolation gazeuse.

2 [ Références normatives

Leg documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie
de |leur contenu, des exigences.du présent document. Pour les références datées, seule
I'édition citée s'applique. Pourfes références non datées, la derniére édition du document|de
réference s'applique (y compris les éventuels amendements).

IEG 60068-2-11, Essais.'d’environnement — Partie 2-11: Essais — Essai Ka: Brouillard salin

IECG 60068-2-174yEssais fondamentaux climatiques et de robustesse mécanique — Partie 2-17:
Esgais — Essai Q: Etanchéité

IEG 60085:2007, Isolation électrique — Evaluation et désignation thermiques

|E G-608099-4-20144Parafoudres—Partic4—Parafoudresa-oxyde-métatiqguesans-eelateurpour
réseaux a courant alternatif

IEC 60137:2017, Traversées isolées pour tensions alternatives supérieures a 1 000 V

IEC 60141-1, Essais de cables a huile fluide, a pression de gaz et de leurs dispositifs
accessoires — Partie 1: Cables au papier a huile fluide et a gaine métallique et accessoires pour
des tensions alternatives inférieures ou égales a 400 kV

IEC 60270, Technique des essais a haute tension — Mesures des décharges partielles
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IEC 60376, Spécification de la qualité technique de I'hexafluorure de soufre (SFg) et des gaz

complémentaires a employer dans les mélanges de SF6 pour utilisation dans les matériels
électriques

IEC 60480, Spécifications pour la réutilisation de [I'hexafluorure de soufre (SFg) et des
mélanges contenant du SF6 dans le matériel électrique

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

H Py ol H
eXI:IUl'UUO U Coodr

IEG 61869-1, Transformateurs de mesure — Partie 1: Exigences générales

IEQ 61869-2, Transformateurs de mesure — Partie 2: Exigences supplémentaires’concernant
les|transformateurs de courant

IEG 61869-3, Transformateurs de mesure — Partie 3: Exigences supplémentaires concernlant
les|transformateurs inductifs de tension

IEG 62067, Cables d'énergie a isolation extrudée et leurs acceSsoires pour des tensipns
asgignées supérieures a 150 kV (U, = 170 kV) et jusqu'a 500'kY (U,, = 550 kV) — Méthodes$ et

exigences d'essai

IEG 62271-1:2017, Appareillage a haute tension —~Partie 1: Spécifications communes ppur
appareillage a courant alternatif

IEG 62271-4, Appareillage a haute tension."— Partie 4: Ultilisation et manipulation |de
I'hgxafluorure de soufre (SFg) et des mélangé's contenant du SFg

IEG 62271-100:2021, Appareillage @ haute tension — Partie 100: Disjoncteurs a courant
alternatif

IEG 62271-102:2018, Appareillage a haute tension — Partie 102: Sectionneurs et sectionnelurs
de ferre a courant alternatif

IEG 62271-209:2019\Appareillage a haute tension — Partie 209: Raccordement de cables ppur
appareillage souscenveloppe 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 seclou
remplie d'un fluide

IEG 62271-211:2014, Appareillage a haute tension — Partie 211: Raccordements directs entre
trapsformateurs de puissance et appareillage sous enveloppe métallique a isolation gazelise
de tensSions assignées supérieures a 52 kV

ISO 22479, Corrosion des métaux et alliages — Essai au dioxyde de soufre en atmosphere
humide (méthode avec volume fixe de gaz)

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 62271-1:2017 ainsi
que les suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:
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ISO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

01

appareillage sous enveloppe métallique
ensemble d'appareillage avec une enveloppe métallique externe destinée a étre mise a la terre,

ent

ierement terminé, a I'exception des connexions extérieures

[SOURCE: IEC 60050-441:1984, 441-12-04, modifié — La note a été supprimée.]

3.1p2
aprareillage sous enveloppe métallique a isolation gazeuse

apf
mo

areillage de connexion sous enveloppe métallique dans laquelle l'isolation est obtenue,

atmosphérique

Not

Not
I'ap

Not
I'ap
[SQ
dar

3.1
en\y
par
iso
d'ig
un

Not

3.1

e 1 a l'article:  Ce terme s'applique généralement a I'appareillage a haute tension.

e 2 a l'article: Le terme "appareillage triphasé sous enveloppe métallique a isolation gazeuse" s'appliqy
bareillage dont les trois phases sont comprises dans une enveloppe commune,

e 3 a l'article: Le terme "appareillage monophasé sous enveloppe métallique“a isolation gazeuse" s'appliq
bareillage dont chaque phase est comprise dans une enveloppe individuglle.

DURCE: IEC 60050-441:1984, 441-12-05, modifié — "eu“un mélange de gaz" a été ajo
s la définition, et les Notes 2 et 3 a l'article ont été ajoutées.]

03
reloppe de I'appareillage de commutation a.isolation gazeuse
tie d'un appareillage sous enveloppe métallique a isolation gazeuse qui contient le

olement le plus élevé, qui protége I'équipement contre les effets extérieurs et qui proc
haut degré de protection pour les,personnes

b 1 a l'article: L'enveloppe peut étre'monophasée ou triphasée.

04

liaijlson d’isolation

paf
pOS

Not
sur

Not:
par

tie du conducteur qui peut étre aisément ouverte ou retirée afin d'isoler deux parties
te sous enveloppe meétallique (PSEM) a isolation gazeuse entre elles

b 1 a I'article: _ La distance créée par le démontage de la liaison est congue pour supporter les tensions d'e
a distance g’iselement selon le Tableau 2 et le Tableau 3.

b 2 a I'article: Une liaison d’isolation a pour objet d’assurer I'isolation électrique entre les sections d’un PS
exemple, lors d’'une opération de maintenance et de réparations.

au

ns partiellement, par un gaz isolant ou un mélange de gaz autre que l'aif la pressfion

e a

ea

jaz

ant dans les conditions prescrites nécéssaires pour conserver avec slreté le nivg¢au

ure

du

5sai

3.1

05

liai

son amovible

partie du conducteur qui peut étre facilement ouverte ou démontée afin de séparer lI'une de
l'autre deux parties d'un PSEM

Note 1 a l'article:

phase-terre selon le Tableau 2 et le Tableau 3.

Note 2 a I'article:

La distance créée par le démontage de la liaison est congue pour supporter les tensions d'essai

Une liaison amovible a pour objet d’assurer la séparation électrique entre les sections d’'un PSEM

lorsque I’équipement est séparé du reste du PSEM, par exemple, devant les transformateurs de tension, les
parafoudres, les raccordements de cables et de transformateurs lors d’essais haute tension du PSEM ou des
matériels individuels.
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3.1

06

compartiment

par
éta

tie d'un appareillage sous enveloppe métallique a isolation gazeuse qui est entierement
nche

Note 1 a I'article:  Un compartiment peut étre désigné par le matériel individuel principal qu'il contient, par exemple,

"compartiment disjoncteur", "compartiment barre omnibus".

3.1
ma

07
tériel individuel

partie essentielle du circuit principal ou de mise a la terre de I'appareillage sous enveloppe

mélallique a isolation gazeuse qui posséde une fonction spécifique (par exemple, disjoncteur,

sedtionneur, interrupteur, fusible, transformateur de mesure, traversée, barre omnibus, ‘efc.))

3.108

isolateur support

isolateur interne qui sert a supporter un ou plusieurs conducteurs

3.109

clofison

isolateur support étanche au gaz d'un appareillage sous enveloppe métallique a isolafion
gazeuse qui sépare deux compartiments adjacents

3.1110

trayersée

dispositif servant a faire passer un ou plusieurs conducteurs a travers une enveloppe, en isolant
les|conducteurs de cette paroi

[SQURCE: IEC 60050-471:2007, 471-02-01¢%modifié — "une paroi" remplacé par "lne
enyeloppe" et "telle qu’un mur ou une cuve"@upprimé. Les Notes 1 et 2 ont été supprimées|.]
3.1111

cirguit principal

toutes les piéces conductrices d'umappareillage sous enveloppe métallique a isolation gazelise
qui|font partie d'un circuit destiné'a transporter I'énergie électrique

[SQURCE: IEC 60050-441+4984, 441-13-02, modifié — "ensemble" remplacé par "appareillage

souUs enveloppe métalliquée a isolation gazeuse"]

3.1
cir
tou
ins

Not

12

cuit auxiliaire

tes les pi€ces conductrices d'un appareillage sous enveloppe métallique a isolation gazelise
Brées dans un circuit, destinées a la commande, le mesurage, la signalisation et la régulaﬂ:on

e {\(ar I'article: Les circuits auxiliaires d'un appareillage sous enveloppe métallique a isolation gazdquse

CONMpreRReRt1es—+6

3.1

tc da mmande—etloc cireuite-auxiliairac dac annaraile da mpautation
56 S aRG eSS eH et SathdHaHe S aeSappatrerSae-comdaton-

13

température de calcul de I’enveloppe
température maximale qui peut étre atteinte par les enveloppes dans les conditions de service

ma

3.1

ximales spécifiées

14

pression de calcul de I’enveloppe
pression relative utilisée pour déterminer la conception de I’enveloppe

Note 1 a I'article: Elle est au moins égale a la pression maximale de I'enveloppe a la température la plus élevée

que

le gaz utilisé pour l'isolation peut atteindre dans des conditions de service maximales spécifiées.
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Note 2 a I'article: La pression transitoire qui apparait pendant et aprés une manceuvre de coupure (par exemple,
d'un disjoncteur) n’est pas prise en considération pour la détermination de la pression de calcul.

3.115
pression de calcul de la cloison
pression relative sur la cloison utilisée pour déterminer sa pression de calcul

Note 1 a I'article: Elle est au moins égale au différentiel de pression maximal sur la cloison pendant les activités
de maintenance.

Note 2 a I'article: La pression transitoire qui apparait pendant et aprés une manceuvre de coupure (par exemple,
d'un_disjoncteur) n’est pas prise en considération pour la détermination de la pression de calcul.

3.1(16

prgssion de fonctionnement
<dippositif limiteur de pression> pression relative retenue pour l'ouverture des) dispositifs
lim|teurs de pression

3.1(17

prgssion d'essai individuel de série
<eive|oppes et cloisons> pression relative a laquelle toutes les enveloppes et toutes |les
clo|sons sont soumises aprés fabrication

3.1(18

prgssion d'essai de type
<e1ve|oppes et cloisons> pression relative a laquelle les enveloppes et les cloisons sjont
soymises pour I'essai de type

3.1119

fragmentation
tout dommage subi par I'enveloppe du fait d’'une augmentation de la pression accompagnée|de
projection de matieres

3.120

déc¢harge disruptive
phgnomeénes associés a la défaillance de l'isolation sous I'action d'une contrainte électrique,
dans lesquels la décharge courf-circuite complétement I'isolation en cours d'essai, re’duisanlt la
tension entre les électrodes a*une valeur nulle ou presque nulle

3.121

unité de transport
partie d'un appareillage sous enveloppe métallique a isolation gazeuse qui peut étre
tramsportée sans'étre démontée

3.1R2
unitéfonctionnelle
partie;d'un appareillage sous enveloppe métallique qui comprend tous les éléments des circuits
principaux et des circuits auxiliaires qui concourent a I'exécution d'une seule fonction

Note 1 a l'article: Les unités fonctionnelles peuvent se différencier selon la fonction pour laquelle elles sont prévues,
par exemple: travée monophasée ou triphasée ou parties fonctionnelles d'une travée comme le disjoncteur complet,
le sectionneur, le sectionneur de terre, le transformateur de tension, le transformateur de courant, le mécanisme de
commande, I'enveloppe, etc.

[SOURCE: IEC 60050-441:1984, 441-13-04, modifié — Dans la définition, "ensemble" remplacé
par "appareillage sous enveloppe métallique". Dans la note, les exemples ont été remplacés
par des exemples en rapport avec le PSEM.]
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4 Conditions normales et spéciales de service

41 Conditions normales de service

Le paragraphe 4.1 de [I'IlEC 62271-1:2017 est applicable, compte tenu des valeurs
recommandées présentées dans le Tableau 1 du présent document.

4.2 Conditions spéciales de service

Le paragraphe 4.2 de [I'IlEC 62271-1:2017 est applicable, compte tenu des valeurs
recpImmMTandees Presentees aans e 1 apteau du present docurment:

Lonisque le symbole "plus grand que" (>) est utilisé dans le Tableau 1, les valeurs daivent &tre

Spé

cifiées par I'utilisateur, comme cela est décrit dans I'lEC 62271-1:2017.

4.101 Généralités

Tableau 1 — Tableau de référence des conditions de service applicables aux PSEM

Normales Spéciales
Désignation

Intérieur Extérieur Intérieur Extérieur|
Température de I'air ambiant:
Mipimale (°C) -5 25 -25 -50
Malximale (°C) +40 40 +50 +50
Ralonnement solaire (W/mz) Non applicable 1000 Non applicable >1 000
Alt|tude (m) 1000 1000 >1 000 >1 000
Séyérité de pollution d’un site @ Non applicable c c,doue doue
Eppisseur de glace (mm) Non applicable 20 Non applicable >20
Vept (m/s) Non applicable 34 Non applicable >34
Humidité moyenne sur 24 h (%) 95 100 98 100
Cohdensation ou précipitation Occasionnelle Oui Oui Oui
ViQjrations, chocs ou inclinaisons Non applicable | Non applicable Applicable Applicablg
anprmaux

spé¢ciales de service ci4dessus.

NJTE La spécification_de\l'utilisateur peut utiliser une combinaison quelconque des conditions normales

ou

a8 | Sévérité de pellution d’un site c, d ou e selon 8.3 de 'l|EC TS 60815-1:2008 [5]1

QueElle que soit I'altitude, les caractéristiques diélectriques de l'isolation interne sont identiq
a celle’s qui sont mesurées au niveau de la mer. Pour cette isolation interne, aucune exige

Hes
nce

HY 3 ] 4 L [ R L PR N |
Sp Crryuc ITcol appliicaulc CUTTUTTTIart T altituuc.

Certains éléments d’'un PSEM, tels que les dispositifs limiteurs de pression et les dispositifs de
surveillance de pression et de densité, peuvent étre sensibles aux effets de I'altitude. Le
fabricant doit prendre, le cas échéant, les mesures nécessaires.

1

Les chiffres entre crochets renvoient a la Bibliographie.
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5 Caractéristiques assignées

5.1 Généralités
Le paragraphe 5.1 de I'lEC 62271-1:2017 est applicable avec les modifications suivantes:

e) courant de courte durée admissible assigné (/) (pour les circuits principaux et les circuits
de mise a la terre);

f) valeur de créte du courant admissible assigné (Ip) (pour les circuits principaux et les circuits
de mise 3 |a terre):

et lvec le complément suivant:

k) |valeurs assignées des matériels qui font partie intégrante de I'appareillage sous enveloppe
métallique a isolation gazeuse, y compris leurs dispositifs de manceuvre et |'equipement
auxiliaire.

5.2l Tension assignée (U,)

Le paragraphe 5.2 de I'lEC 62271-1:2017 est applicable avec le complément suivant:

Leg matériels individuels qui font partie intégrante du PSEM peuvent avoir leurs propres valelurs
de tension assignée conformément aux normes correspondantes.

5.3 Niveau d’isolement assigné (Uy, Up: U,)

Le paragraphe 5.3 de I'lEC 62271-1:2017 est appliCable avec les compléments suivants:

Le [Tableau 1, le Tableau 2, le Tableau 3 et le~Tableau 4 du 5.3 de I'lEC 62271-1:2017 sjont
remiplacés par le Tableau 2 et le Tableau 3-¢i‘dessous.

NOTE 1 Les valeurs plus élevées de PSEM de™I'lEC 62271-203 comparées aux valeurs de I'lEC 62271-1 ont| été
prégentées dans la révision 1 de 2003. Ce sont'désormais des valeurs normalisées.

Le [PSEM contient des matériels individuels qui ont un niveau d'isolement défini. Bien quel|les
défauts internes puissent, .dans une large mesure, étre évités par le choix d'un niveau
d'igolement convenable, iI" ¢onvient d'envisager des moyens de limitation des surtensipns
externes (par exemple, parafoudres).

NOTE 2 Pour ce quiest.des piéces externes des traversées (si elles existent), voir I'lEC 60137:2017.

NOTE 3 Les formes+d'onde sont des formes de choc de foudre et des formes de tension de choc de mancelivre
nornalisées, dans-l'attente des résultats des études sur la tenue de ces matériels a d'autres types de chocs.

NOTE 4 Ise-choix entre les différents niveaux d'isolement qui correspondent a une tension assignée particuliére
peuf rep@ser sur des études de coordination d'isolement qui tiennent également compte des surtensions transitgires
engendrées par les manceuvres des matériels qui font partie de I'appareillage.
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Tableau 2 — Niveaux d'isolement assignés pour les tensions assignées
de I’équipement de la plage | (jusqu’a 245 kV)

Tension assignée
de I’équipement
U,

r

kV (valeur efficace)

Tension de tenue assignée de courte
durée a fréquence industrielle

Uy

kV (valeur efficace)

Tension de tenue assignée
au choc de foudre

Up

kV (valeur

de créte)

Entre phase et
terre, entre
contacts ouverts de
I'appareil de

Sur la distance
d’isolement

Entre phase et
terre, entre
contacts ouverts de
I'appareil de

Sur la distance
d’isolement

commutation et
entre phases

commutation et
entre phases

(1)

(2)

(3)

(4)

(3)

72,5 140 160 325 375
100 185 210 450 520
123 230 265 550 630
145 275 315 650 750
170 325 375 750 860
245 460 530 1050 1200

NQTE Les valeurs de la colonne (2) sont applicables:

L2

o
-

pour les essais de type, entre phase et terre et entre phases;

pour les essais individuels de série, entre phase et terre, entre. phases, et entre contacts ouverts de I'appa
de commutation.

Le$ valeurs des colonnes (3), (4) et (5) sont applicables pour‘es essais de type seulement.

reil
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Tableau 3 — Niveaux d'isolement assignés pour les tensions assignées
de I’équipement de la plage Il (au-dela de 245 kV)

Tension de tenue .
L . L Tension de tenue
assignée de courte Tension de tenue assignée assignée
durée a fréquence au choc de manceuvre g
- . au choc de foudre
industrielle U
p U
Uy P
kV (valeur de créte) N
Tension kV (valeur efficace) kV (valeur de créte)
assignée de
I’équipement Entre Entre Entre Entre Sur la Entre Entre
u phase et contacts phase et phases distance phase et contacts
r terre et ouverts de terre et (Note 3 d’isolement terre et ouverts de
RV (valeur entre I'appareil entre et Note 4) (Note 1, entre I'appareil de
efficace) phases de contacts Note 2 et phases commutation
(Note 3 commutati | ouverts de Note 3) (Note 5) etlou sur Ja
et Note 5) on et/ou I'appareil distancd
sur la de d’isolement
distance | commutati (Note 2 €t
d’isolemen on Note 3)
t (Note 3) (Note 5)
(1) (2) (3) (4) (5) (6) (7) (8)
300 460 595 850 1275 700 (+24%) 1 050 1 050 (+170)
362 520 675 950 1425 800 (¥29%5) 1175 1175 (+205)
420 650 815 1050 1575 900 (+345) 1425 1425 (+240)
550 710 925 1175 1760 900 (+450) 1 550 1 550 (+315)
800 960 1270 1425 2 420 1100 (+650) 2100 2 100 (+495)
1100 1550 2-635 1 550 +(900) 2 250 2 250 + (630)
1100 1100 1100
+(635) 1800 2 880 1675 +(900) 2400 2 400 + (630)
1200 1 800 2970 2 400 2 400 + (685)
1200 1200 1200 1675 +(980)
+(695) 13950 3120 2 550 2 550 + (685)
NQTE 1 La colonne (6) s'applique aussj.a Certains disjoncteurs, voir '|EC 62271-100:2021.
NQTE 2 Dans la colonne (6), les valeurs entre parenthéses sont les valeurs de créte de la tension a fréquernce
industrielle U, \/E/\/g appliquéea la borne opposée (tension combinée).
Daps la colonne (8), les valeurs entre parenthéses sont les valeurs de créte de la tension a fréquence industriglle
0,10, \/E/\/g appliquée a la borne opposée (tension combinée).
NQTE 3 Les valeurs de la colonne (2) sont applicables:
a) | pour les essais de type, entre phase et terre et entre phases;
b) | pour les essais individuels de série, entre phase et terre, entre phases, et entre contacts ouverts de I'appafeil
de_commutation.

Les valeurs des colonnes (3), (4), (5), (6), (7) et (8) sont applicables pour les essais de type seulement.

NOTE 4 |l s'agit de valeurs qui proviennent des facteurs multiplicateurs indiqués dans le Tableau 3 de
I'IEC 60071-1:2019 [4].

NOTE 5 Pour les sectionneurs de terre, seuls les essais entre phase et terre selon les colonnes (2), (4) et (7)
sont applicables.

5.4 Fréquence assignée (f,)

Le paragraphe 5.4 de I'lEC 62271-1:2017 est applicable.
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5.5 Courant permanent assigné (1)
Le paragraphe 5.5 de I'lEC 62271-1:2017 est applicable avec les compléments suivants:

Certains circuits principaux des PSEM (barres omnibus, circuits d'alimentation, etc.) peuvent
avoir des valeurs différentes de courant permanent assigné. Cependant, il convient de choisir
également ces valeurs dans la série R10.

5.6 Courant de courte durée admissible assigné (1)

Le paragraphe 5.6 de I'lEC 62271-1:2017 est applicable.
5.7| Valeur de créte du courant admissible assignée (1)
Le paragraphe 5.7 de I'lEC 62271-1:2017 est applicable.

5.8/ Durée de court-circuit assignée ()

Le paragraphe 5.8 de I'lEC 62271-1:2017 est applicable.

5.9| Tension d’alimentation assignée des circuits auxiliaires’et de commande (U,)

Le paragraphe 5.9 de I'lEC 62271-1:2017 est applicable.

5.10 Fréquence d’alimentation assignée des circuits auxiliaires et de commande

Le paragraphe 5.10 de I'lEC 62271-1:2017 est applicable.

5.11 Pression d'alimentation assignée.en‘gaz comprimé pour les systémes a pressign
entretenue

Le paragraphe 5.11 de I''EC 62271-1:2017 est applicable.
6 [ Conception et construction

6.1 Exigences pour les-liquides utilisés dans I'appareillage

Le paragraphe 6.1 de\’'IEC 62271-1:2017 est applicable.

6.2 Exigences-pour les gaz utilisés dans I'appareillage

Le paragraphe 6.2 de I'lEC 62271-1:2017 est applicable.

6.3| .</Raccordement a la terre de I'appareillage

Le paragraphe 6.3 de I'lEC 62271-1:2017 est applicable.

6.3.101 Raccordement a la terre du circuit principal

Pour assurer la sécurité lors d'interventions de maintenance, toutes les parties du circuit
principal auquel 'accés est prévu ou exigé doivent pouvoir étre mises a la terre.

La mise a la terre peut étre réalisée par:

a) des sectionneurs de terre avec un pouvoir de fermeture égal a la valeur de créte du courant
admissible assignée, s’il reste une possibilité que le circuit connecté soit encore sous
tension;
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b) des sectionneurs de terre sans pouvoir de fermeture ou avec un pouvoir de fermeture
inférieur a la valeur de créte du courant admissible assignée, si le circuit raccordé est mis

hors tension de fagon certaine.

De plus, il doit étre possible, aprés ouverture de l'enveloppe, de raccorder les dispositifs
amovibles de mise a la terre pendant la durée de l'intervention sur un élément de circuit mis
préalablement a la terre a I'aide d'un sectionneur de terre. Le dispositif amovible de mise a la
terre doit présenter la capacité de tenue aux courts-circuits et/ou la capacité de tenue aux
courants induits adaptées.
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PoTr les appareillages monophasés sous enveloppe, il convient qu’un circuit de bouclage, c's

uit. Aprés cet événement, il peut étre nécessaire de remplacer le circuit de mise a la-ten

102 Raccordement a la terre de I'enveloppe

enveloppes doivent étre connectées a la terre. Toutes les parties métalligues qui ne ):Iont
i

partie d'un circuit principal ou auxiliaire doivent étre mises a la terre. Pour Vinterconne
enveloppes, charpentes, etc., 'assemblage (par exemple, par boulonn@ge ou soudage)
eptable pour assurer la continuité électrique.

continuité des circuits de mise a la terre doit étre assurée en tenant compte des contrain
rmiques et électriques provoquées par le courant qui peut devoir les traverser.

ire une interconnexion entre les enveloppes des trois phases, soit mis en place pou

rt-

on

est

tes

bst-

le

rant induit. Il convient que chacun de ces circuits.de bouclage soit relié aussi directement

possible au réseau général de terre par un gonducteur qui peut supporter le courant
rt-circuit.

[E Les circuits de bouclage sont destinés a empégher que les courants induits dans les enveloppes ne circu
5 les circuits de mise a la terre et dans le réseau\de terre. lls sont habituellement dimensionnés pour le cou
hanents assigné et sont installés a un emplacement approprié, en fonction de l'implantation de l'installg
SEM.

Equipements et circuits auxiliaires et de commande

paragraphe 6.4 de I'|EC-62271-1:2017 et de I'lEC 62271-1:2017/AMD1:2021 est applical

Manceuvre dépendante a source d'énergie extérieure

paragraphe 6.5 de I'lEC 62271-1:2017 est applicable.

Mangeuvre a accumulation d'énergie

paragraphe 6.6 de I'lEC 62271-1:2017 est applicable.

6.7

Le

6.8
Le

6.9
Le

Vianoeavre inaependa 2 f 0 gc 2 TIque TOEUVTE

manuelle ou manceuvre indépendante a source d'énergie extérieure)

paragraphe 6.7 de I'lEC 62271-1:2017 est applicable.

Organes de commande a mancuvre manuelle

paragraphe 6.8 de I'lEC 62271-1:2017 est applicable.

Fonctionnement des déclencheurs

paragraphe 6.9 de I'lEC 62271-1:2017 est applicable.
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6.10 Indication de la pression/du niveau

Le paragraphe 6.10 de I'lEC 62271-1:2017 est applicable avec les compléments suivants:
Les performances du PSEM dépendent de la densité du gaz pur ou des mélanges de gaz.

Pour le PSEM, la surveillance de la pression de gaz sans compensation de la température n’est
pas suffisante.

La densité de gaz ou la pression de gaz compensée en température dans chaque compartiment
doil étre surveillée en continu. Le dispositif de surveillance doit comporter au moins dg¢ux
niveaux d'alarme pour la pression ou la densité (seuil de pression d’alarme et seuil de pressjion
mirjimale de fonctionnement ou seuil de densité d’alarme et seuil de densité minimale|de
fonctionnement). Le bon fonctionnement des dispositifs de surveillance du gaz doitpouvoir étre
contrélé avec I'équipement haute tension en service.

NOTE 1 Lorsque la conception du PSEM permet de I'appliquer et lorsque la pression de remplissage differe eptre
conjpartiments adjacents, une alarme supplémentaire qui indique un seuil de pression excéssif ou un seuil de derJsité
excessif peut étre mise en ceuvre.

NOTE 2 Les tolérances du dispositif de surveillance, ainsi que les éventuels écarts, de température (par exemple,
intéfieur/extérieur d'un batiment) entre le dispositif de surveillance et le volume.de gaz sous surveillance, peuyent
étre| pris en considération.

NOTE 3 Le contréle du dispositif de surveillance du gaz peut générerides alarmes intempestives qui peuyent
déclencher ou interdire des manceuvres.

NOTE 4 |l est préférable de placer les dispositifs de surveillancedu gaz aussi prés que possible du compartiment
de gaz surveillé pour assurer la précision de mesure et pour réduire le plus possible les fuites de gaz. Toutefois, le
cho|x de I'emplacement peut prendre en considération la sécurité et I'accessibilité.

NOTE 5 La solution préférentielle de contréle du dispositif de surveillance du gaz consiste a isoler le dispositif de
suryeillance de la densité du gaz du compartiment de(gaz sans le retirer mécaniquement du PSEM, afin de réduire
le plus possible les pertes de gaz.

6.11 Plaques signalétiques

Le paragraphe 6.11 de I'lEC 6227131:2017 est applicable avec les compléments suivants:

Une¢ plaque signalétique commune doit étre fournie pour identifier le PSEM. Au moins, elle doit
indjquer les caractéristiques’assignées énumeérées a I'Article 5 du présent document. La plaque
sighalétiqgue commune_doit étre clairement lisible a partir de la position de I'exploitation locale.

Polir chaque matériel individuel, une plaque signalétique conforme a sa norme correspondante
est| exigée, lorsque les caractéristiques assignées ne sont pas indiquées sur la plaque
sighalétique~-commune.

Leg plaques signalétiques doivent étre durables et facilement lisibles pendant la durée de|vie
du PSEM.

Le fabricant doit donner des informations relatives au type, au volume et a la masse du gaz
contenu dans chaque compartiment de gaz. La masse totale de I'ensemble de l'installation
PSEM doit aussi apparaitre, soit sur la plaque signalétique, soit sur une étiquette placée dans
un endroit visible. Si cela est exigé, des informations plus complétes doivent étre
communiquées dans le manuel d'instructions.

6.12 Dispositifs de verrouillage

Le paragraphe 6.12 de I'lEC 62271-1:2017 est applicable avec les compléments suivants:

Les dispositions suivantes sont obligatoires pour les appareils installés dans les circuits
principaux qui sont utilisés comme distance d’isolement et comme mise a la terre:
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— les appareils installés dans les circuits principaux, qui servent a assurer les distances
d’isolement durant des travaux de maintenance, doivent étre équipés de dispositifs de
verrouillage visibles pour éviter la fermeture (par exemple, cadenas);

— les sectionneurs de terre doivent étre équipés de dispositifs de verrouillage pour éviter
'ouverture pendant les travaux de maintenance.

6.13 Indicateur de position

Le paragraphe 6.13 de I'lEC 62271-1:2017 est applicable avec le complément suivant:

Dapste tas du sectionneur et duU Sectionneur de terre, e 6. 104-3.2de tHEC 6227 1-10272018
estlapplicable.

6.14 Degrés de protection procurés par les enveloppes

Le paragraphe 6.14 de I'lEC 62271-1:2017 est applicable.

6.15 Lignes de fuite pour les isolateurs d’extérieur
Le paragraphe 6.15 de I'lEC 62271-1:2017 est applicable avec le complément suivant:

Ce|paragraphe n’est applicable qu'aux traversées.

6.16 Etanchéité au gaz et au vide
6.16.1 Généralités

Le paragraphe 6.16.1 de I'lEC 62271-1:2017 estapplicable avec les compléments suivants

Ce|paragraphe s'applique uniguement au milieu isolant et au milieu de commutation, et non|au
milleu de fonctionnement de I'appareillage:

Le PSEM doit étre un systéme a préssion autonome ou un systéme a pression scellé.

Leq pertes de gaz dues aux(fuites et aux manipulations doivent étre traitées séparément.
L'opjectif consiste a réduire le plus possible les pertes de gaz dans I'atmosphére dues a Uline
fuite et a la manipulation*(voir I''EC 62271-4).

La |cause d'une fuite/doit étre examinée avec soin et des actions correctives doivent étre
enVisagées, en particulier si les valeurs associées a toute fuite dépassent les limites spécifiges
dans le présentidocument.

6.16.2 ~Systémes a pression entretenue de gaz

Le paragraphe 6.16.2 de I'lEC 62271-1:2017 est applicable.

6.16.3 Systémes a pression autonome de gaz

Le paragraphe 6.16.3 de I'lEC 62271-1:2017 est applicable avec les compléments suivants:

Le taux de fuite relatif a l'atmosphére de tout compartiment d'un PSEM, et entre les
compartiments eux-mémes ne doit pas dépasser 0,5 % par an pendant la durée de vie prévue
de I'équipement.

NOTE 1 La durée de vie prévue est en général de 40 ans dans les conditions normales de service, comme spécifié
dans I‘Annex E.

Le taux de fuite relatif maximal F,, pour les essais de type est spécifié comme suit:
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< 0,1 % par an pour les équipements qui fonctionnent au SFg, aux mélanges de SFg et a

d'autres mélanges de gaz avec PRC > 1 000.
< 0,5 % par an pour les autres mélanges de gaz avec PRC < 1 000.

NOTE 2 Le potentiel de réchauffement climatique (PRC) des gaz dans le PSEM constitue la principale raison de
I'exigence de faibles taux de fuite admissibles. Il existe des solutions avec d'autres gaz dont le potentiel de
réchauffement climatique est inférieur a 1 000. Le PRC (100 ans) du SF est de 23 500, conformément a I'lPCC -

AR5 Climate Change 2013 [31].

Pour les petits compartiments de gaz qui contiennent moins de 1 kg de gaz, le taux de fuite

rel

tif admissible F.., pour les essais de type est spécifié comme suit:
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< 0,2 % par an pour les équipements fonctionnant au SFg, aux mélanges SFg, et a«d'aut
mélanges de gaz avec PRC > 1 000.

6.4 Systémes a pression scellés

paragraphe 6.16.4 de I'lEC 62271-1:2017 est applicable.

6.101  Fuite

nformément a la procédure normalisée définie a I'Article 10 de\IMEC TR 62271-306:2017

forme a2 6.16.3 ou 6.16.4.

6.102 Manipulation du gaz

gaz sur sa durée de vie (y compris les activités de fin de vie). Le fabricant doit spécifier
cédures d'essai et de maintenance destinées a réduire le plus possible les pertes
hipulation du gaz et doit déterminer la perte de gaz associée a chaque procédure.

fabricant doit recommander des procédures de manipulation du gaz conformeg
C 62271-4.

7 Etanchéité des systémes de liquide

paragraphe 6.17 de NEC 62271-1:2017 est applicable.

8 Risque de feu (inflammabilité)

paragraphe 6.18 de I'lEC 62271-1:2017 est applicable.

0 ,Compatibilité électromagnétique (CEM)

res

et

s 'IEC TR 62271-306:2012/AMD1:2018 [12], le fabricant doit démontrer que le taux de fliite

est

PSEM doit étre congu pour réduire le plus possible les pertes provoquées par la manipulafion

les
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6.2
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6.2
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paragraphe 618 de THEC 62271120t 7 estappticabte:
0 Emission de rayons X

paragraphe 6.20 de I'lEC 62271-1:2017 est applicable avec le complément suivant:
s'applique qu'aux PSEM avec ampoules a vide.

1 Corrosion

paragraphe 6.21 de I'l'EC 62271-1:2017 est applicable avec le complément suivant:
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La corrosion des ensembles boulonnés et vissés doit étre prise en compte pour assurer la
continuité des circuits de mise a la terre.

6.2
Le

6.1

2 Niveaux de remplissage pour l'isolement, la coupure et/ou la manceuvre

paragraphe 6.22 de I'lEC 62271-1:2017 est applicable.

01 Exigences générales pour le PSEM

Le PSEM doit étre congu de sorte que Ies opérations normales d epr0|tat|on d inspection et
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les, les essals de tension sur les cables ou les autres apparells raccordés et la suppres
charges électrostatiques dangereuses puissent étre effectués en toute sécurité, y‘com
érification de I'ordre de succession des phases aprés installation et apres extension.

conception de I'équipement doit étre telle que le déplacement admissible)et accepté
dations et les effets thermiques ou mécaniques n’affectent pas ses performances assigné

struction, etc.) qui peuvent étre remplacés doivent étre interchangeables.

f lorsque ces derniéres sont modifiées par le présent dacument.

02 Coordination de pression

pression a l'intérieur d'un PSEM peut ne pas correspondre a la pression de remplissage
raison de conditions de service différentes;

rne, qui dépend de la température dutgaz. En conséquence, la pression maximale en serv
respond a la pression de remplissage a la température maximale que le gaz peut attein
raison d'un courant permanent et des conditions de service (température, rayonnem
pire, par exemple).

Figure 1 représente les différents niveaux de pression et leur interactivité.
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différents matériels contenus dans I'enveloppe sont soumis,aux normes correspondanties,
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Il incombe au fabricant de choisir la pression minimale de fonctionnement pour l'isolement j
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Pression la plus haute

Pression d'essai de type

Pression d'essai
individuel de série

Pression de calcul

La pression maximale en service
peut atteindre la r\rneeinn de calcul

Pression maximale

Marge pour une élévation de pression due a €n service
i I'échauffement du gaz provoqué par les
conditions de service Pression de
remplissage po
Marge pour une perte de pression provoquée par une
i fuite de gaz
Pression du seuil

d'alarme/p,q

I Marge de perte de pression permettant une action

Preéssion minimale de
fonctionnement p,,o

Pression la plus basse
IEC

Figure 1 — Coordination de'pression

g pression de remplissage p,..

fabricant doit proposer la pression du seuil d'alarme p,, liée a la pression de remplissage
& la pression minimale de fonctionnement. La pression du seuil d'alarme p,, infor

lisateur de la présence d'une “fuite de gaz. Pour un PSEM qui utilise un gaz a
C > 1000, la pression de remplissage p,, et la pression du seuil d'alarme p,, doivent é

si proches que possible,cen prenant en considération les tolérances des capteurs
sité, afin d'informer I'utilisateur le plus tét possible des pertes de gaz.

conditions d'installation (intérieur, extérieur, rayonnements solaires directs, ...),
ception et les~tolérances du dispositif de surveillance du gaz doivent étre prises
sidération.

tervalle( de temps entre la pression du seuil d'alarme p,, et la pression minimale
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03 Défaut d’arc interne

03.1 Généralités

ctiopnement p . permet a |'utilisateur d'entreprendre des actions correctives. Cet interva

La probabilité d'un défaut conduisant a un arc dans le PSEM, construit selon le présent
document, est trés faible. Cette probabilité résulte de I'utilisation d'un fluide isolant autre que
I'air a la pression atmosphérique, exempt de pollution, d'humidité ou de vermine.

Un PSEM doit étre congu, fabriqué et exploité afin d'empécher I'occurrence de tout défaut
interne. Toutes les mesures possibles pour maintenir une trés faible probabilité d'occurrence
doivent étre prises comme:
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coordination de l'isolement;

limitation et maftrise de toute fuite de gaz;
contréle de la qualité du gaz;

haute qualité du travail sur site;

interverrouillage de I'appareil de commutation.

La trés faible probabilité d'un tel événement doit étre prise en considération. Des dispositions
doivent étre prises pour réduire le plus possible les effets des défauts internes sur la continuité
de service (par exemple, protection trés rapide, commande a distance, compartiments de gaz
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conception générale du compartimentage du PSEM doit permettre la restauration de la paLt
PSEM non affectée, afin de satisfaire aux exigences de continuité de service/lorsque cell
ont définies (voir ’Annex F).

03.2 Effets externes de I'arc
effets d'un arc interne sont:

l'augmentation de la pression du gaz (voir ’Annex D);

I'éventuelle perforation de I'enveloppe.

plémentaires). L'arc interne ne doit pas se propager dans les compartiments de\ gaz
pcents.
es un tel événement, une intervention est nécessaire afin d'isoler le compartiment-en défaut.

ie
s_

effets externes de I'arc doivent étre limités a J;apparition d'un trou ou d'une déchirure [sur
veloppe sans aucune fragmentation. Cette limitation doit s’effectuer par un systeme|de
tection approprié. La durée de l'arc est liéeyaux performances du systéme de protection
de

déterminées par le premier stade (protection,principale) et par le second stade (protection
ours).
Tableau 4 donne les criteres de¥performance pour la durée de l'arc en fonction ges

Le

per

formances du systéme de protection.

Tableau 4 - Critéres de performance

Clourant de court-circuit Stade de Durée du courant Critéres de performance
assigneé protection de court-circuit
Absence d'effet externe autre que le
1 <0,2 s fonctionnement de dispositifs limiteurs de
440 kA (valeun efficace) pression adaptés
2 <05s Absence de fragmentation (perforation
acceptable)
Absence d'effet externe autre que le
1 <0,1s fonctionnement de dispositifs limiteurs de
> 40 kA (valeur efficace) pression adapies
2 <03s Absence de fragmentation (perforation
acceptable)

L'expression "enveloppe sans fragmentation” est interprétée comme suit:

absence d'explosion du compartiment;

absence de projections de particules solides hors du compartiment.
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Exceptions:

e les piéces du dispositif limiteur de pression ou des parties internes a celles-ci, si leur
éjection est dirigée;
e les éléments incandescents et les matiéres fondues dus a la perforation de I'enveloppe.

De plus, le fabricant et I'utilisateur peuvent déterminer une durée pendant laquelle un arc
provoqué par un défaut interne et caractérisé par une valeur donnée de courant de court-circuit
ne provoque pas d'effets externes. Cette durée doit étre définie en fonction des résultats d'essai
ou d'une procédure de calcul reconnue. Voir I'Equation (D.1).

La [durée du courant sans perforation pour différentes valeurs de courant de court-circuit-peut
étr¢ estimée a partir d'une procédure de calcul reconnue, comme celles présentées-dans |les
pubplications suivantes: brochure technique 602 du CIGRE [24], CIGRE SessionA4998 — WG
21/R3/33-03 [28] et RGE: 04/82 [29].

6.103.3 Localisation de défaut interne

Il cpnvient que le fabricant de PSEM propose des méthodes appropriées’de détermination|de
la Ipcalisation d’'un défaut, si cela est exigé par l'utilisateur.

6.104 Enveloppes
6.104.1 Généralités

L'ehveloppe doit pouvoir supporter les pressions normales et transitoires auxquelles elle |est
soymise en service.

6.104.2 Conception des enveloppes

L'ehveloppe doit étre congue conformément aux normes établies concernant les enveloppes
soys pression des appareillages a haute tension remplis de gaz inertes non corrosifs| et
faihlement pressurisés. Pour plussd'informations, voir I'EN 50052 [15], I'EN 50064 [16],
I'EN 50068 [17], I'EN 50069 [18].

Leg méthodes de calcul de l'épaisseur et la construction des enveloppes, soudées ou moulées,
doiyent se fonder sur la pression de calcul (voir la définition en 3.114).

Polir la conception d'une enveloppe, il faut également tenir compte des données suivantes:
a) |la récupérationou la vidange éventuelle du gaz ou de I'air dans I'enveloppe au cours @les
opérations)normales de remplissage;
b) |le différentiel de pression total de part et d'autre des parois de I'enveloppe ou des cloisons;

c) |la,pression résultant d'une fuite accidentelle entre compartiments, pour des compartiments
adjacents remplis a des pressions de service différentes, si la surpression n'est pas
Controlee,

d) la possibilité d'apparition d'un défaut interne (voir 6.103);

e) l'impact de la corrosion sur les enveloppes doit étre pris en considération par des mesures
appropriées (matériau filtrant pour absorber I'humidité et les produits de décomposition, par
exemple).

Pour déterminer la pression de calcul, la température du gaz doit étre considérée comme la
moyenne des limites supérieures de la température de I'enveloppe et de celle du conducteur
du circuit principal sous le courant permanent assigné, sauf si la pression de calcul peut étre
déduite des enregistrements d'essai de courant permanent existants.
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Pour les enveloppes et parties d'enveloppes dont la résistance n'a pas été totalement
démontrée par calcul, des essais d’épreuves (voir 7.103) doivent étre réalisés pour démontrer
gu'elles satisfont aux exigences.

Les matériaux utilisés dans la construction des enveloppes doivent avoir des caractéristiques
physiques minimales connues et certifiées, sur lesquelles se fondent les calculs et/ou aux
essais d’épreuves. Le fabricant doit étre responsable du choix des matériaux et du respect de
ces caractéristiques minimales, sur la base d’une certification du fournisseur de ces matériaux
ou des essais réalisés par lui-méme ou sur la base de ces deux critéres a la fois.

6.105 Cloisons
6.105.1 Conception des cloisons

Leg cloisons doivent étre utilisées pour séparer les compartiments du PSEM etydoivent étre
étapches au gaz, de sorte que la contamination entre des compartiments adjacents ne puigse
pag se produire. Les cloisons doivent étre constituées d’un matériau qui présente’des propriétés
d'idolation et des propriétés mécaniques telles qu'un bon fonctionnementysoit assuré sur la
dunée de vie du PSEM. Les cloisons doivent conserver leur tenue diélectrique aux tensions [qui
peyvent se produire en service (y compris les tensions temporaires et transitoires) lorsqu'elles
sorjt contaminées par des produits de décomposition de gaz et de mélanges de gaz générés
lorg d’'une commutation de charge normale ou de la rupture d’'un(défaut de court-circuit.

La pression de calcul d'une cloison est définie par la situationdans laquelle la cloison est spus
prejssion d'un c6té tandis que l'autre c6té est soumis a la pression atmosphérique (par exemple,
lorgque des travaux de maintenance sont effectués). Dans ce cas, la pression a considérer sur
le £6té de la cloison maintenu sous pression est la pression a la température ambiante
makimale, compte tenu des effets du rayonnemeént solaire (le cas échéant) et du courjant
permanent assigné (le cas échéant), sans limite-'de temps. La pression ainsi obtenue esj la

pression de calcul de la cloison.

Pepdant les travaux de maintenance, laspression de gaz peut étre réduite jusqu'a une pressjion
contrélée spécifiée. Lorsque cette-‘pression est inférieure a la pression minimale [de
fonctionnement, les compartiments . de gaz concernés doivent étre mis hors tension. Des mises
en [garde et des procédures relatives a la manipulation du gaz doivent étre stipulées dans|les
mahuels d'utilisation et de maintenance.

Hormis la pression de calcul, les points suivants doivent étre pris en compte, lorsqu'ils sjpont
applicables:

cloison avec-l'autre cbté sous pression de service, comme partie intégrante du processus
de remplissage. S'il existe une limitation de différentiel de pression ou une limitafion
temporete relative au différentiel de pression, celle-ci doit étre clairement stipulée paf le
fabricant, dans les manuels d'utilisation et de maintenance;

e |la récupération-ou la vidange du gaz ou de l'air d'un compartiment de gaz d'un coté d} la

e [polr les cloisons non symétriques, en ce qui concerne la pression exercée sur la cloisjon,
le sens de la pression la plus défavorable;

les vibrations et charges superposées;

la possibilité de travaux de maintenance effectués au voisinage d'une cloison sous pression,
en veillant tout particulierement a éviter la rupture de la cloison et le risque de blessures
pour le personnel de maintenance.

NOTE Une pression accrue en raison d'un défaut interne n'est pas prise en considération pour établir la pression
de calcul, puisque, dans une telle situation, la cloison est soigneusement examinée et remplacée, le cas échéant.

6.105.2 Compartimentage

Le choix du schéma unifilaire électrique est a considérer en premier lieu pour satisfaire aux
exigences de continuité de service. Les dispositions d'implantation et l'introduction de
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dispositifs de démontage ont une influence sur la continuité de service pendant la maintenance,

lar

éparation et I'extension.

Le compartimentage d'un PSEM est influencé par les exigences de continuité de service
pendant la maintenance, la réparation et I'extension. Des exigences locales de santé et de
sécurité doivent également étre prises en considération; voir I'Article 12.

L'A

Le

nnex F donne des recommandations pour spécifier la continuité de service.

SEM doit étre divisé en compartiments de sorte que:

NO]

Les
a
Séf
util

Les
dar
ces
clo
due
des

Lo
dar
d'u

lors des différentes activités qui exigent la mise hors tension de certaines parties du RSH
les compartiments a mettre hors service satisfassent aux exigences de continuité de;sery
de l'utilisateur. Ces activités comprennent:

— la maintenance;

— laréparation;

— l'extension;

— I'essai diélectrique sur site;

EM,
ice

les effets d'un arc a l'intérieur d'un compartiment sont.limités a ce compartiment

(voir 6.103.1);

la durée de l'indisponibilité en cas de défaillance majeure/doit satisfaire aux exigences
continuité de service de I'utilisateur;

le gaz ou I'air du compartiment peut étre récupéré ou vidangé et le compartiment peut é
rempli en un temps raisonnable en considéranf)que les dispositifs de manipulation du
sont disponibles.

[E Pour les essais diélectriques sur site (aprés maintenance, réparation ou extension), voir 11.101.2.

cloisons sont généralement constituées d'un matériau isolant. Elles ne sont pas destin
ssurer la sécurité électrique du. personnel. Dans ce but, d'autres moyens, tels qu¢
aration par une distance d’isolement et par la mise a la terre de I'équipement, peuvent &
sés.

cloisons apportent une-securité mécanique vis-a-vis de la pression de gaz encore prése
s le compartiment adjacent pendant la maintenance, la réparation et I'extension. Pend
activités, il convient\de considérer d'autres contraintes mécaniques que la pression sur
sons, telles que(des chocs dus a toute partie ou les contraintes mécaniques transitoi
s aux conducteurs, afin de définir les régles de sécurité et éviter les risques pour la sa
personness

squ'unecbarre omnibus du PSEM est intérieure et extérieure (par exemple, PSEM inst
s uf batiment avec des traversées d'extérieure), le compartiment de gaz peut étre équ

de

tre
jaz

Ees

tre

nte
ant
les
res

té

nllé
ipé
les

hecloison a proximité de la paroi, avec une séparation du compartiment entre

environmemernts interieurs et extérieurs, pour s affranchir des fausses atarmes des dispositifs
de surveillance de gaz et des phénoménes de condensation qui se produisent du fait des
différences de température entre l'intérieur et I'extérieur.

Chaque compartiment doit étre équipé des accessoires suivants:

coupleur de remplissage;

dispositif de surveillance du gaz (voir 6.10).

Selon la conception du PSEM ou la demande des utilisateurs, chaque compartiment peut étre
équipé des accessoires suivants:

dispositif limiteur de pression (voir 6.106.3);
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e absorbeur d'humidité;

e détecteur de localisation de défaut d’arc interne (voir 6.103.3).
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La Figure 2 donne un exemple de disposition des enveloppes et des cloisons pour différents

types de compartiments adjacents.
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6.106 Limitation de pression

6.1006.1 Généralités

Le [dispositif limiteur.de pression recouvre a la fois des limiteurs de pression caractérisés

ung

Figure 2 — Exemple de disposition des enveloppes et des compartiments de gaz

Cloisons

IEC

par

pression d'quverture et une pression de fermeture, et des dispositifs limiteurs de pressfion

sarls refermefure, tels que les diaphragmes et les disques de rupture. Les dispositifs limiteurs
de jpression-¢conformes aux dispositions du présent paragraphe doivent étre placés de fagon a
réduire le_plus possible le danger pour un opérateur pendant ses taches normales d'exploitafion
dans |e poste a isolation gazeuse, dans le cas ou des gaz ou vapeurs s'échappent spus

prejssion.

6.106.2 Dispositif limiteur de pression sans refermeture

Etant donné que les enveloppes endommagées sont remplacées aprés la formation d’un arc
due a un défaut interne, les dispositifs limiteurs de pression sans refermeture ne doivent étre

dimensionnés que pour limiter les effets externes de I'arc (voir 6.103.2).

6.106.3 Limiteur de pression

Pour le remplissage d'un compartiment de gaz, un limiteur de pression doit étre monté sur le
tuyau de remplissage afin d'empécher que la pression de gaz ne dépasse de plus de 10 % la

pression de calcul de I'enveloppe durant le remplissage.
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Aprés une ouverture, un limiteur de pression doit se refermer avant que la pression ne soit
descendue a 75 % de la pression de calcul.

Il convient de corriger la pression de remplissage pre pour tenir compte de la température du
gaz et de la température ambiante au moment du remplissage.

6.106.4 Limitation de 'augmentation de la pression en cas de défaut interne

Les dispositifs limiteurs de pression protegent contre les surpressions lors d'un défaut interne.
Pour des raisons de sécurité, et aussi pour limiter les conséquences d'un défaut interne sur le
PSEN T estTecommands o &quiper chaque compartiment a'unm dispositif fimiteur de pression
sarls refermeture, sauf dans le cas des compartiments a large volume dans lesqué€ls [les
surpressions sont limitées a des valeurs qui ne dépassent pas la pression d'essai de type. Ppur
la méthode de calcul, voir I'Annex D.

Le |[dispositif limiteur de pression doit étre équipé d'un déflecteur de maniére;a contrbler la
dirgction des émissions afin d’assurer la sécurité d'un opérateur qui travaille ‘en des endroits
acdessibles durant I'exploitation normale. Une marge suffisante est nécesSaire entre la presion
de [fonctionnement du dispositif limiteur de pression et la pression de~calcul afin d'éviter tout
fonctionnement du dispositif limiteur dans des conditions normales~diexploitation. De plus] la
prelssion transitoire qui apparait lors d'une manceuvre (le .¢as” échéant, par exemple,
dis|oncteur) doit étre prise en compte pour la détermination de la’pression de fonctionnemgnt

du dispositif limiteur de pression.

NOTE Dans le cas d'un défaut interne qui entraine une déformation plastique de I’enveloppe, I'absencd de
défgrmation sur les enveloppes des compartiments adjacents peutétre vérifiée.

6.107 Bruit

Lons d’'une manceuvre, il convient que le niveaunde bruit émis par I'appareillage ne dépasse pas
ung valeur spécifiée définie par l'utilisatedr. Il convient que le fabricant et I'utilisatpur
corjviennent de la procédure de vérificatiorn (voir 'lEC 61672-1 [9] et 'IEC 61672-2 [10]).

6.108 Interfaces
6.1008.1 Généralités

Afin de faciliter les essais_sur le PSEM, des liaisons d’isolation ou amovibles peuvent étre
incluses dans la conception de chacun des matériels individuels décrits ci-dessous. L'utilisafion
de |ce type de dispositif de séparation est préférable au démontage. Pour les traversg¢es
aérliennes, la conpexion haute tension peut étre retirée, de préférence du coté extérieur.

Une liaison_d’isolation doit étre congue pour supporter les tensions d'essai sur la distapce
d’iJolement.selon le Tableau 2 et le Tableau 3.

Uneg.lidison amovible doit étre congue pour supporter les tensions d'essai phase-terre selor|1 le

T 1 RS ) 4+ 1 Tabl 2
aUIUaU ~ CUITC TAaviTadu Jv.

Les liaisons d’isolation ou amovibles doivent étre congues pour supporter les tensions d'essai
des matériels individuels mentionnés ci-dessous.

Ces interfaces reliées au PSEM doivent pouvoir supporter la pression maximale en service
du PSEM. Généralement, ces pressions maximales en service atteignent jusqu’a 1,1 MPa
(valeur absolue) pour le SFg et jusqu'a 1,5 MPa (valeur absolue) pour les autres gaz et

melanges de gaz.
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6.108.2 Raccordements de cables
6.108.2.1 Généralités

Voir I''EC 62271-209.

Les parties du PSEM qui restent reliées au cable doivent étre capables de supporter les
tensions d'essai des cables spécifiées dans les normes de cables correspondantes pour la
méme tension assignée d’équipement.

0.5 HEaEaElaE Acian Ll H 3 TV 2 X 17 ACHHHE-A
btes—¢ tertes—tensions—d o bt A-EH 5 de

| -y L aarkl PTRTER=Y ot o H B
NO FE—tes-parties—gt-ne-cont-pas-capables-ge-sHppor s-dessai-des-oables-pet

liaigons amovibles ou de liaisons d’isolation.

En|général, pendant les essais diélectriques sur des cébles, il convient que I€s,pariies
adjacentes du PSEM soient mises hors tension et a la terre, sauf si des mesures spéciales spnt
priges pour éviter que les décharges disruptives qui surviennent dans le cdble ne-sesrépercutent
sur|les parties sous tension du PSEM.

Il cpnvient que I'emplacement des traversées pour I'essai des cables soit prévu sur I'enveloppe
de faccordement de cable ou sur le PSEM lui-méme (voir I'EC 622714209) ou (pour réduire(les
pertes par manipulation du gaz) a 'autre extrémité du cable.

6.108.2.2 Cables a isolation extrudée

Conformément a I'lEC 60840 et I'lEC 62067, les essais *€lectriques aprés l'installation sont,
dans ce cas, des essais de tension en courant alternatif. La partie du PSEM a proximité|de
I'edtrémité de cable peut étre soumise a la tension d'essai en courant alternatif du cable.

6.108.2.3 Caéable a huile fluide

Conhformément a I'lEC 60141-1, les essais-électriques aprés l'installation sont, dans ce cas, @les
esdais de tension en courant continu. S'il n'est pas acceptable d'appliquer les tensions d'egsai
en [courant continu de cable au PSEM;,des dispositions particuliéres doivent étre prises ppur
soUmettre les cables aux essais (par\exemple, dispositifs de déconnexion et/ou accroissemgent
de la densité du gaz pour l'isolement).

6.108.3 Connexions directes des transformateurs

Voir I'lEC 62271-211.

Afin de faciliter les_éssais des transformateurs, un sectionneur de terre, qui peut étre isolé|de
I'erjveloppe dusPSEM et de la terre, peut étre intégré dans la conception de la traversée ou|du
PSEM

NOTE  Toute ouverture du PSEM pour les essais des transformateurs peut alors étre évitée, et peut réduire
pertles par manipulation du gaz et la durée d’indisponibilité des équipements.

es

6.108.4 Traversées

Voir I'EC 60137:2017, [I'EC TS 60815-1[5], I'EC TS 60815-2 [6], I'EC TS 60815-3 [7],
I''EC 61462 [8] et I''EC 62155 [11].

6.108.5 Interfaces pour des extensions futures

Lorsqu'une extension est planifiée, il convient que les emplacements des futures extensions
possibles soient pris en considération et mentionnés par l'utilisateur dans la spécification
technique.

Dans le cas d'une extension ultérieure avec un autre produit PSEM, et si cela est demandé par
I'utilisateur, le fabricant doit fournir des informations suffisantes, de préférence sous forme de
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dessins, afin de permettre la conception d'une interface de ce type a un stade ultérieur. Le
fabricant et I'utilisateur doivent convenir de la procédure qui permet d'assurer la confidentialité

des informations détaillées de conception. Voir I''EEE C37.122.6 [20].

Il convient que l'interface se limite uniquement aux barres omnibus et non a des raccordements
directs a des appareils "actifs" tels que les disjoncteurs ou sectionneurs. Lorsqu'une extension
est planifiée, il est recommandé que l'interface comprenne les équipements nécessaires pour

I'installation et les essais de I'extension limitent la partie du PSEM existant a soumettr
nouveau aux essais, et permettent la connexion au PSEM existant sans essais diélectriq

e a
ues

additionnels (voir I'Article C.3). L’interface doit étre congue pour tenir les niveaux d'isolement

; 2 [P TR el "
asgtghes—sturraaistanceatsorement:

6.109 Interverrouillage

Il cpnvient d’interverrouiller les sectionneurs avec le disjoncteur associé afin d'évitert’ouverture

ou|la fermeture du sectionneur, sauf si le disjoncteur associé est ouvert"Cependant

| la

mahceuvre de transferts de barres en charge doit demeurer possible pour lespostes a plusieurs

banres omnibus.

Il cpnvient que les sectionneurs de terre qui présentent un pouvoir de fermeture en court-cir
infgrieur a la valeur de créte du courant admissible assignée du.‘Circuit soient interverroui

Cuit
lés

avgc le disjoncteur associé et/ou aux sectionneurs pour éviter I*ouverture ou la fermeture|du

sedtionneur de terre, sauf en cas d’ouverture du disjoncteur’et/ou du sectionneur associé.

Un

intgrverrouillage similaire peut étre appliqué pour les sectionneurs de terre avec un pouvoir|de

fermeture.

7 | Essais de type

7.1 Généralités

Le paragraphe 7.1 de I'lEC 62271-1:204Z est applicable avec les compléments suivants:

Pourr les essais de type, un gazSFgz et ses mélanges de qualité technique conforme

o
Q-

I'IEIC 60376 ou un gaz SFg usagé et ses meélanges conformes a I'lEC 60480 peuvent é&tre

util|sés.

Si [le PSEM est congu pour utiliser d'autres gaz que SFg, la qualité technique et

les

carpctéristiques nécessaires du gaz/ mélange de gaz utilisés pour les essais de type doivent
étrg¢ définies et documentées par le fabricant du PSEM et indiquées dans les rapports d'egsai

de type.

NOTE Un.groupe de travail du CE 10 de I'l[EC se consacre actuellement a la normalisation de la qualité techn
des|mélanges de gaz sans SF; (IEC 63359 et IEC 63360).

que

H | manin ]l
T

En lee~gui-concerretamanipd
711 Principes fondamentaux

Le paragraphe 7.1.1 de I'lEC 62271-1:2017 est applicable avec les compléments suivants:

En régle générale, il convient d'effectuer les essais sur les matériels individuels du PS

EM

suivant leurs normes correspondantes, sauf lorsqu'une condition d'essai ou spécification
d'essai particuliére est définie dans le présent document. Dans de tels cas, les conditions

indiquées dans le présent document doivent étre prises en compte.
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Les essais de type doivent étre effectués sur une unité fonctionnelle compléte a moins que des
exigences d'essai spécifiques ne soient définies. Lorsque cela n'est pas réalisable, les essais
de type peuvent étre réalisés sur des ensembles ou sous-ensembles représentatifs.

Il n'est pas possible de soumettre toutes les dispositions prévues du PSEM a des essais de
type, compte tenu de la multiplicité des types, des caractéristiques assignées et des
combinaisons possibles des matériels individuels. Les performances d'une disposition donnée
peuvent étre déduites des résultats d’essai obtenus sur des ensembles ou sous-ensembles
représentatifs. L'utilisateur et le fabricant doivent vérifier que les sous-ensembles soumis aux
essais sont bien représentatifs des dispositions de I'utilisateur.

La Jiste des essais de type et des vérifications est donnée dans le Tableau 5 ci-dessous.
Tableau 5 — Essais de type
Essais de type obligatoires
Paragraphe
a) E_ssa_is de v_é_rification du niveau d'isolement de I'équipement et essais diélectriques’des 7.2
circuits auxiliaires
b) | Essais de vérification du niveau de tension de perturbation radioélectrique (le,Cas échéant) 7.3
c) Essgi_s de vérifica_tion_du goqrant permanent de toute partie de I'équip€ment et mesurage de 74 6t 7.5
la résistance du circuit principal
d) | Essais de \’/érifica.tior) de la \{ale’ur de créte du courant admissible‘assignée et du courant de 76
courte durée admissible assigné
e) | Essais de.vérification du pouvgir Qe fermeture et du pouvoir de coupure des appareils de 7.101
commutation contenus dans I'équipement
f) | Essais de vérificgtio_n du fonctionnement satisfaisant des appareils de commutation 7.102.1
contenus dans I'équipement
g) | Essais de vérification de la résistance des enveloppes 7.103
h) | Vérification du degré de protection de I’enveloppe 7.7
i) | Essais d'étanchéité au gaz 7.8
j) | Essais de compatibilité électromagnétique (CEM) 7.9
k) | Essais complémentaires surdes.circuits auxiliaires et de commande 7.10
I) | Essais sur les cloisons 7.104
m)| Essais de vérificationidu*fonctionnement satisfaisant aux températures limites 7.102.2
n) Essa_is dg vérifiqgt!on des performances des isolateurs soumis aux cycles thermiques et aux 7.106
essais d'étanchéité au gaz
o) | Essai de cOrrosion sur les connexions de terre (le cas échéant) 7.107
p) | Procédure/d'essai des rayonnements X pour les ampoules a vide (le cas échéant) 7.11
Essais de type, lorsque demandés par lutilisateur
Paragraphe
q) Essais pour évaluer les effets d'un arc dd a un défaut interne 7.105
r) Essais de corrosion sur les systémes d'étanchéité des enveloppes et des équipements 7.108
auxiliaires (le cas échéant)
7.1.2 Informations pour l'identification des objets d'essai

Le paragraphe 7.1.2 de I'lEC 62271-1:2017 est applicable.

71

] Informations a inclure dans les rapports d'essai de type

Le paragraphe 7.1.3 de I'lEC 62271-1:2017 est applicable.
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