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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 318: DC gas-insulated metal-enclosed switchgear

for rated-voltages-including-and-above 100 kV

T

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internation
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications{Technical Report
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC/Rublication(s)”). The
preparation is entrusted to technical committees; any IEC National Committee interested/ii the subject dealt wi
may participate in this preparatory work. International, governmental and non-goveramental organizations liaisir]
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization f
Standardization (ISO) in accordance with conditions determined by agreement-between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an internation
consensus of opinion on the relevant subjects since each technical committee has representation from 4
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiodal use and are accepted by IEC Nation
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held responsible, for the way in which they are used or for aj
misinterpretation by any end user.

In order to promote international uniformity, IEC National' Committees undertake to apply IEC Publicatiof
transparently to the maximum extent possible in their national and regional publications. Any divergence betweqg
any IEC Publication and the corresponding national orregional publication shall be clearly indicated in the lattg

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformi
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for af
services 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 its_directors, employees, servants or agents including individual experts arf
members of its technical committees’and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of the.'publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for theveorrect application of this publication.

IEC draws attention/to the possibility that the implementation of this document may involve the use of (
patent(s). IEC,takes no position concerning the evidence, validity or applicability of any claimed patent rights
respect thereof*As of the date of publication of this document, IEC had not received notice of (a) patent(s), whi
may be required to implement this document. However, implementers are cautioned that this may not represe
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IH
shallsnot be held responsible for identifying any or all such patent rights.

hisvextended version (EXV) of the official IEC Standard provides the user with the fu

content of the Standard.

IEC TS 62271-318:2024 EXV includes the content of IEC TS 62271-318:2024, and the
references made to IEC TS 62271-5:2024.

T

he specific content of IEC TS 62271-318:2024 is displayed on a blue background.
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IEC TS 62271-318 has been prepared by subcommittee 17C: Assemblies, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is a Technical Specification.

T

he text of this Technical Specification is based on the following documents:
Draft Report on voting
17C/930/DTS 17C/937/RVDTS

= T

h

o0 0 - —

o -

5 =0 s

o -

w n -

>

ull information on the voting for its approval can be found in the report on voting indicated
e above table.

he language used for the development of this Technical Specification is English.

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

he list of all parts of the IEC 62271 series under the general title, High-voltage switchgear and
bntrolgear, may be found on the IEC website.

his document should be read in conjunction with IEC TS62271-5:2024, to which it refers and
hich is applicable unless otherwise specified. In order_to simplify the indication of

prresponding requirements, the same numbering of’'clauses and subclauses is used as in
FC TS 62271-5:2024. Amendments to these clausé€s and subclauses are given under the same
Lmbering, whilst additional subclauses, are numbered from 101.

he reader's attention is drawn to the fact that‘Annex E lists all of the "in-some-country" clausgs
h differing practices of a less permanen{ nature relating to the subject of this document.

he committee has decided that thecontents of this document will remain unchanged until the
ability date indicated on the IEC" website under webstore.iec.ch in the data related to the
pecific document. At this date,;\the document will be
reconfirmed,

withdrawn, or

revised.

MPORTANT - The "colour inside" logo on the cover page of this document indicateg
that(it,contains colours which are considered to be useful for the correct understanding
pfiits contents. Users should therefore print this document using a colour printer.
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INTRODUCTION to IEC TS 62271-5:2024

his Technical Specification has been prepared by TC 17 and it defines common specifications

for high-voltage direct current (HVDC) switchgear and controlgear covering both types of air
insulated (AIS) and gas insulated (GIS) equipment of HVDC substations. This document
includes rules for service conditions, ratings, design and construction requirements. Test
requirements and criteria to proof for passing type and routine tests are defined in this document
for development and manufacturing of HVDC switchgear.

[¢) [e)¢))

S5 -

i

o
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q

IS specitication 1S applicable tor both LCC and VoCU HVDCU technology.

C 17A is in the process of preparing documents for the following HVDC switching devices:

circuit-breakers (IEC TS 62271-313 [1])";

disconnectors and earthing switches (IEC TS 62271-314 [2]);
transfer switches (IEC TS 62271-315 [3]);

by-pass switches and paralleling switches (IEC TS 62271-316 [4]).

C 17C is in the process of preparing a document for DC gas instlated switchgears (IEC TS
P271-318 [5]).

tandardization of direct voltages is the responsibility of/T€/8 (System aspects of electricg
nergy supply).

—

C 99 (Insulation co-ordination and system engitieering of high voltage electrical powé
stallations above 1,0 kV AC and 1,5 kV DC) defines requirements of DC substations for safefy
f insulation, equipment, installation and earthing (IEC 61936-2).

C 115 (High Voltage Direct Current (HYDC) transmission for DC voltages above 100 kV) (s

Isponsible for DC transmission systemvaspects. It is the responsibility of TC 115 to define

quirements for different equipment(e. g. switching devices) from system point of view. These
efinitions are implemented in documents from other TCs. Several Working Groups and
aintenance Teams are preparing documents on reliability, EMC, asset management, syste
esign, DC harmonics, testing,.HVDC grids, VSC and LCC converter and insulation coordinatio
r HYDC systems.

>

1

Numbers in square brackets refer to the Bibliography.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 318: DC gas-insulated metal-enclosed switchgear
for rated voltages including and above 100 kV

1—Secepe
his part of IEC 62271 specifies requirements for gas-insulated metal-enclosed switchgear

r at atmospheric pressure, for direct current of rated voltages including and above 100 kV, fq
door and outdoor installation. This document includes rules for service conditions, rating
esign, and construction requirements. Test requirements and criteria for proof-for passing typ
hd routine tests are defined in this document for development and manufacturing of D
vitchgear.

woo=Sos o

-

or the purpose of this document, the terms "DC GIS" and "DC switchgear" are used for "D
Bs-insulated metal-enclosed switchgear".

Q

his specification is applicable for both Line Commutated Conhverter (LCC) and Voltage Source
onverter (VSC) for HYDC systems.

(@N=|

The DC gas-insulated metal-enclosed switchgear<covered by this document consists

this manner.

This document completes and amends, if-applicable, the various relevant documents applyin
tg the individual components constituting-DC gas-insulated metal-enclosed switchgear.

2| Normative references

bnstitutes requirements.of this document. For dated references, only the edition cited applie
or undated references, the latest edition of the referenced document (including an
mendments) applies:

O MO -

EC 60038:2009; /IEC standard voltages

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

hich the insulation is obtained, at least partly, by an insulating gas or gas mixture ather than

individual components intended to be directly connected together and able to operate only in

he following documents are-feferred to in the text in such a way that some or all of their content

>

-

h
p

e
C

o

pf

D .

y

IEC60050-81T, International Elecirotechnical Vocabulary (IEV) — Part 8171: Electric traction

IEC 60050-826:2022, International Electrotechnical Vocabulary (IEV) — Part 826: Electrical

installations

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

requirements
IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat
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IEC 60068-2-11:2021, Environmental testing — Part 2-11: Tests — Test Ka: Salt mist

IEC 60068-2-17:2023, Environmental testing — Part 2-17: Tests — Test Q: Sealing

4

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic

(12 h + 12 h cycle)

IEC 60071-1:2019, Insulation co-ordination — Part 1: Definitions, principles and rules

IEC 60071-2:2018, Insulation co-ordination — Part 2: Application guidelines

EC 60071-11:2022, Insulation co-ordination — Part 11: Definitions, principles andyrulés f{
VDC system

I

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

EC 60099-4:2014, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.
ystems

(%)

EC 60099-9:2014, Surge arresters — Part 9: Metal-oxide surge afresters without gaps for HVD
bnverter stations

Q

EC 60137:2017, Insulated bushings for alternating voltages above 1 000 V

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

IEC 60270:2000, High-voltage test techniques — Partial discharge measurements
IEC 60270:2000/AMD1:2015

IEC 60296, Fluids for electrotechnical applications — Mineral insulating oils for electric
epuipment

EC 60376:2018, Specification of technical grade sulphur hexafluoride (SFg) an
bmplementary gases to\be used in its mixtures for use in electrical equipment

(9}

EC 60417:2006, Graphical symbols for use on equipment (available at http://www.graphica
ymbols.info/equipment)

(%]

EC 60437, Radio interference test on high-voltage insulators

EC 60480:2019, Specifications for the re-use of sulphur hexafluoride (SFg) and its mixtures
eclrical equipment

D

IEC 60512-2-2, Connectors for electronic equipment — Tests and measurements — Part 2-2:
Electrical continuity and contact resistance tests — Test 2b: Contact resistance — Specified test

current method

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

IEC 60633:2019, High-voltage direct current (HVDC) transmission — Vocabulary
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IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 1: Definitions, information and general principles

IEC TS 60815-4:2016, Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 4: Insulators for DC systems

IEC 61869-15:2018, Instrument transformers — Part 15: Additional requirements for voltage
transformers for DC applications

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

~

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
téechniques — Voltage dips, short interruptions and voltage variations immunity” tests for
equipment with input current up to 16 A per phase

IEC 61000-4-17:1999, Electromagnetic compatibility (EMC) — Part, 4<17: Testing and
measurement techniques — Ripple on d.c. input power port immunity test

IEC 61000-4-18, Electromagnetic compatibility (EMC) — Part 4-18*Testing and measuremept
téchniques — Damped oscillatory wave immunity test

IEC 61000-4-29, Electromagnetic compatibility (EMC) — Part 4-29: Testing and measurement
t¢chniques — Voltage dips, short interruptions and voltage variations on DC input power poft
immunity tests

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

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

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

BEC TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to be usgd
n DC systems

o

EC 61810-7:2008) Electromechanical elementary relays — Part 7: Test and measuremenpt
rocedures

ko]

EC 62262:2002, Degrees of protection provided by enclosures for electrical equipment again$t
Kterhal*mechanical impacts (IK code)

D

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1. Common specifications
for alternating current switchgear and controlgear
IEC 62271-1:2017/AMD1:2021

IEC 62271-4, High-voltage switchgear and controlgear — Part 4: Handling procedures for gases
for insulation and/or switching

IEC TS 62271-5:2024, High-voltage switchgear and controlgear — Part 5: Common
specifications for direct current switchgear

IEC 62271-209:2019, High-voltage switchgear and controlgear — Part 209: Cable connections
for gas-insulated metal-enclosed switchgear for rated voltages above 52 kV — Fluid-filled and
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extruded insulation cables — Fluid-filled and dry-type cable terminations
IEC 62271-209:2019/AMD1:2022

IEC 62271-211:2014, High-voltage switchgear and controlgear — Part 211: Direct connection
between power transformers and gas-insulated metal-enclosed switchgear for rated voltages
above 52 kV

IEC TR 62271-306:2012, High-voltage switchgear and controlgear — Part 306: Guide to IEC
62271-100, IEC 62271-1 and other IEC standards related to alternating current circuit-breakers

T 00724 AN . ONADIAMMMNNA ONACQ
O ITINOZZT7T T"OVU. LU TZTANIDU T.2U TO

IEC TS 62271-313, High-voltage switchgear and controlgear — Part 314: Direct<eurrent
f[sconnectors and earthing switches

IEC TS 62271-314:2024, High-voltage switchgear and controlgear — Part 314 Direct currept
f[sconnectors and earthing switches

IEC TS 62271-315:20—2, High voltage switchgear and controlgear — Part 315: Direct currefpt
(DC) transfer switches

IEC 62895:2017, High voltage direct current (HVDC) power. transmission — Cables with
ektruded insulation and their accessories for rated voltages(up to 320 kV for land applications
—| Test methods and requirements

IEC/IEEE 60076-57-129:2017, Power transformers’/~ Part 57-129: Transformers for HVDC
applications

IEC/IEEE 65700-19-03:2014, Bushings for D& application

I$O 22479:2019, Corrosion of metals and alloys — Sulfur dioxide test in a humid atmosphere
ixed gas method)

(@)

ISPR 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturbande
haracteristics — Limits and methods of measurement

(9}

O

ISPR 16-1 (all parts),, Specification for radio disturbance and immunity measuring apparatys
nd methods — Part_T:Radio disturbance and immunity measuring apparatus

Q

O

ISPR TR 18-2\Radio interference characteristics of overhead power lines and high-voltage
quipment —<Rart 2: Methods of measurement and procedure for determining limits

D

3| Terms and definitions
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following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

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

2 Under preparation. Stage at the time of publication: IEC CDTS 62271-315:2024.
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NOTE Terms and definitions are classified in accordance with IEC 60050-441. References from other parts than
IEC 60050-441 are classified so as to be aligned with the classification used in IEC 60050-441.

3.1 General terms and definitions

3.1.1

switchgear and controlgear

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

[$OURCE: IEC 60050-441:1984, 441-11-01]

3(1.2
lominal direct voltage
ean value of the direct voltage required to transmit nominal power at nominal current

33

—

$OURCE: IEC 60071-11:2022, 3.2, modified — Replacement of “DC” with “direct”.]

1.3

VDC system
ectrical power system which transfers energy in the form,of) high-voltage direct current
ctween two or more AC buses

O D T W

[$OURCE: IEC 60633:2019, 8.1]

1.4
VDC transmission system
VDC system which transfers energy betweentwo or more geographic locations

T IO

[$OURCE: IEC 60633:2019, 8.2]

3{1.5

two-terminal HVDC transmission system
HVDC transmission system consisting of two HVDC substations and the connecting HVD[C
transmission line(s)

[$OURCE: IEC 60633:2019, 8.2.1]

3{1.6

ultiterminal'HVDC transmission system
VDC transmission system consisting of more than two separated HVDC substations and thle
interconnecting HVDC transmission lines

[$OURCE: IEC 60633:2019, 8.2.2]

3.1.7

HVDC system pole

part of an HVDC system consisting of all the equipment in the HVDC substations and the
interconnecting transmission lines, if any, which during normal operation exhibit a common
direct voltage polarity with respect to earth

[SOURCE: IEC 60633:2019, 8.5]
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1.8

HVDC substation

HVDC converter station

part of an HVDC system which consists of one or more converter units installed in a single
location together with buildings, reactors, filters, reactive power supply, control, monitoring,
protective, measuring and auxiliary equipment

Note 1 to entry: An HVDC substation forming part of an HVDC transmission system may be referred to as an HVDC
transmission substation.

[$OURCETTEC 60633: 2019, 8- 1]

311.9

ppart of an HVDC system pole which is contained within a substation
[$OURCE: IEC 60633:2019, 8.14]

311.10

= = w

p

—
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a

nmternal insulation
r

d

\

legree of protection

[$

VDC substation pole

ternal insulation
stances in atmospheric air and along the surfaces in contact with atmospheric air of solid
sulation of the equipment which are subject to dielectric jstfesses and to the effects ¢f
mospheric and other environmental conditions from the site

bte 1 to entry: Examples of environmental conditions are pollution,‘humidity, vermin, etc.
POURCE: IEC 60050-614:2016, 614-03-02]

1.11

ternal distances of the solid, liquid or gaseous parts of the insulation of equipment which are
fotected from the effects of atmosphericand other external conditions

bOURCE: IEC 60050-614:2016, 614-03-03, modified — Addition of “parts of the”.]

1.12

ktent of protection provided by an enclosure against access to hazardous parts, against
gress of solid foreigh. objects and/or ingress of water and against mechanical impact

BOURCE: IEC 60529:1989, 3.3, modified — Deletion of “verified by standardized test methodg’
hd addition,efr\“against mechanical impact” after “water and”.]

3
|

1.13
code

cpding system to indicate the degrees of protection provided by an enclosure against access fo

hazardous parts, ingress of solid foreign objects, ingress of water and to give additional
information in connection with such protection

[SOURCE: IEC 60529:1989, 3.4]

3
p

1.14

rotection provided by an enclosure against access to hazardous parts

protection of persons against

contact with hazardous low-voltage live parts;
contact with hazardous mechanical parts;
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— approach to hazardous high-voltage live parts below adequate clearance inside a
enclosure

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

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

[SOURCE: IEC 60529:1989, 3.6]

3115

Ilk code
cpding system to indicate the degree of protection provided by an enclosure against harmf
ekternal mechanical impacts

[$OURCE: IEC 62262:2002, 3.3]

3/1.16
maintenance

te, a state in which it can perform as required

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

[$OURCE: IEC 60050-192:2015, 192-06-01]

w

1.17
sual inspection
sual investigation of the principal features of the switchgear and controlgear

< <

Z

pte 1 to entry: This inspection is generally directed-toward pressures and/or levels of fluids, tightness, position
dlays, pollution of insulating parts, but actions suehas lubricating, cleaning, washing, etc. which can be carried o
th the switchgear and controlgear in service arenalso included.

sz

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

P4

pte 3 to entry: This inspection cansbe/used for determining the state of tested objects on e.g. cracks in sol
nsulators.

[$OURCE: IEC 62271-1:12017, 3.1.8]

3(1.18
diagnostic test
c

p

erforms itsfunctions, by measuring one or more of these parameters

Npte 1,tosentry: The result from a diagnostic test can lead to the decision to carry out overhaul.

o

cpmbination of all technical and management actions intended to retain an item in, or restoref|i

bmparative test.of the characteristic parameters of switchgear and controlgear to verify that|i

n

hf
Uit

[$OQURCE: IEC 62271-1:2017, 3.1.9]

3.1.19
overhaul

work performed with the objective of repairing or replacing parts which are found to be out of

tolerance by inspection, diagnostic test, examination or as required by manufacturer

's

maintenance manual, in order to restore the component and/or the switchgear and controlgear

to an acceptable condition (within tolerance)
[SOURCE: IEC 62271-1:2017, 3.1.10]

3.1.20
failure
loss of ability to perform as required
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Note 1 to entry: A failure of an item is an event that results in a fault of that item: see fault (IEC 60050-192:2015,
192-04-01).

Note 2 to entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and insignificant, can be used to
categorize failures according to the severity of consequences, the choice and definitions of severity criteria
depending upon the field of application.

Note 3 to entry: Qualifiers, such as misuse, mishandling and weakness, may be used to categorize failures according
to the cause of failure.

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

311.21

major failure
pf switchgear and controlgear> failure of switchgear and controlgear which causes the
cessation of one or more of its fundamental functions

A

Z

bte 1 to entry: A major failure may result in an immediate change in the system operating conditions, for example
He backup protective equipment will be required to remove the fault or will result in mandatory removal from servige
thin 30 min for unscheduled maintenance.

s =

[$OURCE: IEC 62271-1:2017, 3.1.12]

3(1.22

minor failure

<pf switchgear and controlgear> any failure of a constructional’lelement or a subassembly whig
dpes not cause a major failure of the switchgear and controlgear

=2

[$OURCE: IEC 62271-1:2017, 3.1.13]

3(1.23
defect
imperfection in the state of an item (or.inherent weakness) which can result in one or more
failures of the item itself, or of anothervitem under the specific service or environmental ¢r
maintenance conditions, for a stated-period of time

[$OURCE: IEC 62271-1:2017,:3.1.14]

1.24

mbient air temperature
g¢mperature, determined under prescribed conditions, of the air surrounding the complete
vitching device ar fuse

N = W

Npte 1 to entry:SFar switching devices or fuses installed inside an enclosure, it is the temperature of the air outside
He enclosure’

—

[$OURCE: IEC 60050-441:1984, 441-11-13]

311,25
monitoring
observation of the operation of a system or part of a system to verify correct functioning by
detecting incorrect functioning, this being done by measuring one or more variables of the
system and comparing the measured values with the specified values

Note 1 to entry: Some definitions are given for this term in IEC 60050 (all parts). They are related to different cases
of application.

[SOURCE: IEC 62271-1:2017, 3.1.16]

3.1.26
supervision
activity, performed either manually or automatically, intended to observe the state of an item
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Note 1 to entry: Automatic supervision may be performed internally or externally to the item.

[SOURCE: IEC 62271-1:2017, 3.1.17]

3.1.27

Unified Specific Creepage Distance

USCD

creepage distance of an insulator divided by the maximum operating voltage across the
insulator.

Npte 1 to entry: It is generally expressed in mm/kV.

[$OURCE: IEC TS 60815-4:2016, 3.1.1, modified — Removal of the note to entry.]

3(1.28
eference DC Unified Specific Creepage Distance
uscbDDC
vhlue of Unified Specific Creepage Distance for a DC system at a pollution sjte determined from
E[SDD and NSDD value corrected for NSDD, CUR, etc. according to IEG TS 60815-4:2016

Npte 1 to entry: This is generally expressed in mm/kV.

$OURCE: IEC 60815-4:2016, 3.1.2, modified — Replacement of “this document” with
“IEC 60815-4:2016".]

3(1.29

Hydrophobicity Transfer Material
HTM

pplymer materials which exhibit hydrophobicitysand the capability to transfer hydrophobicity fo
the layer of pollution

Npte 1 to entry: Further information on HTM is giwen'in Annex A of IEC 60185-4:2016.

$OURCE: IEC 60815-4:2016, 3.1:4modified — Addition “of IEC 60815-4:2016” in Note 1 fo
ntry.]

—

D

3(1.30
ulti-part test

series of tests which adequately demonstrate the specified performance, in the case that th|s

performance cannotibe verified with a single test

Npte 1 to entry: Multi<part tests are applicable for short-time withstand current and peak withstand current tests, 3s
wgll as for shortseircuit making and breaking tests.

Npte 2 to entry: Because of, for example, limitations of test field, maybe not all parameters concerning test currer
tgst voltage or dissipated energy can be fulfilled in one test setup. In this case the test may be split in two or mo
parts-with same current stress but different voltages stresses or different energy dissipation devices to cover &

rgquitements. For each partial test of this series, the number of tests steps shall be the same as the number requirg
f rd tln rocn. 41 toct Aut”.

HEe-FeSpeetHvetestauty

o=o

3.2 Assemblies of switchgear and controlgear

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

[SOURCE: IEC 62271-1:2017, 3.2.1]


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

—-24 - |EC TS 62271-318:2024 EXV © |[EC 202

3.3 Parts of assemblies

3.31
transport unit
part of switchgear and controlgear intended for transportation without being dismantled

[SOURCE: IEC 62271-1:2017, 3.3.1]

4

busbar
Iqw-impedance conductor to which several electric circuits can be connected at separate peinf

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

[$OURCE: IEC 60050-151:2001, 151-12-30]

4 Switching devices

in Annex A (informative). This subclause provides only the definitions)of’fundamental switchi
devices. Regarding each switching device, see IEC 60633, IEC T$)63014-1 and the releva
product standards.

3(4.1

mechanical switching device

vitching device designed to close and open one or more’electric circuits by means of separab
cpntacts

n

Z

bte 1 to entry: Any mechanical switching device may be\designated according to the medium in which its contac|
en and close, e.g. air, SFG, oil.

o

[$OURCE: IEC 60050-441:1984, 441-14-02]

4.2
C circuit-breaker
ype of switchgear used in anlHVDC scheme, capable of making, carrying and breaking dire

- g w

clrrents and also makings.cdarrying for a specified time and breaking in specified time dire¢t
clrrents under specified‘abnormal circuit conditions such as those of short-circuit

3(4.3

disconnector

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

Z

pte 1(to'entry: A disconnector is capable of opening and closing a circuit when either negligible current is broke
made; or when no significant change in the voltage across the terminals of the disconnector occurs. It is als

3
Marious types of switching devices are used in HVDC substations as their examples are givan

—_

”

(]

pable of carrying currents under normal circuit conditions and carrying currents for a specified time under abnorm

222

(el e lNe]

onditions such as those of short-circuit.

[SOURCE: IEC 60050-441:1984, 441-14-05]

3.4.4
earthing switch
mechanical switching device for earthing parts of a circuit, capable of withstanding for

a

specified time currents under abnormal conditions such as those of short circuit, but not

required to carry current under normal conditions of the circuit

Note 1 to entry: An earthing switch may have a short-circuit making capacity.

[SOURCE: IEC 60050-441:1984, 441-14-11]
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3.45

high-speed DC switch

type of switchgear used on an HVDC scheme, required to open or close rapidly (< 1 s), including
in some cases the need to commutate load current into a parallel conducting path, but with no
requirement to interrupt fault or load current

Note 1 to entry: DC switchgear is usually based on a single-phase unit of an AC circuit-breaker, appropriately
modified for their DC applications. Their capabilities to perform faster opening and closing than disconnect switches
are used but the function of breaking short-circuit currents is not required.

[aVaTElnVal mll ol alaYaVale Yo WaYaV Na il aWlaVatk |
[\ VUINUL. TV UUUVV. 2V TJ, J.2U]

3/4.6

DC transfer switch

hjgh-speed DC switch used to transfer direct current from one return path to anotherreturn path
Npte 1 to entry: High speed switch in DC transfer switch application will usually include an osgillating branch.
3(4.7

bly-pass switch

BPS

hjgh-speed DC switch connected across each converter valve group in HVYDC schemes using
more than one independent converter per pole, designed to close rapidly to by-pass a convertir
gfroup that is being taken out of service and commutate the current back into a valve group that

7

being taken back in service

—

$OURCE: IEC 60633:2019, 9.30]

3(4.8

paralleling switch
PS
mechanical switching device intended ferrapid configuration of a HVDC system

Z

pbte 1 to entry: A PS can either be a converter paralleling switch or a line paralleling switch.

$OURCE: IEC TS 62271-316:20+, 3.4.104]

—

5 Parts of switchgear-and controlgear

5.1
hclosure
busing affording the type and degree of protection suitable for the intended application

J 0 W w

bte 1 to eptry: Enclosures provide protection of persons or livestock against access to hazardous parts. Barrier|
apes of\openings or any other means (whether attached to the enclosure or formed by the enclosed equipmen
itable-to"prevent or limit the penetration of the specified test probes, are considered as a part of the enclosur
heprthey are secured in position either by means of interlocks, keys, or by hardware requiring a tool to be remove

s00 =z
LW~ U
T T

(S

3.5.2
hazardous part
part that is hazardous to approach or touch

[SOURCE: IEC 60529:1989, 3.5]

3.5.3

main circuit

<of a switching device> all the conductive parts of a switching device included in the circuit
which it is designed to close or open
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[SOURCE: IEC 60050-441:1984, 441-15-02]

3.5.4

auxiliary circuit

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

Note 1 to entry: Some auxiliary circuits fulfil supplementary functions such as signalling, interlocking, etc., and, as
such they may be part of the control circuit of another switching device

[$OURCE: IEC 60050-441:1984, 441-15-04, modified — Addition of “earthing circuit”.]

3(5.5

cpntrol circuit

<pf a switching device> all the conductive parts (other than the main circuit):of a switchin
d

b

S<@

bvice which are included in a circuit used for the closing operation or opehing operation, ¢
bth, of the device

[$OURCE: IEC 60050-441:1984, 441-15-03]

3/5.6

cpntact
<pf a switching device> conductive parts designed to establish circuit continuity when thdy
quch and which, due to their relative motion during an speration, open or close a circuit or, |n
he case of hinged or sliding contacts, maintain circuit continuity

[$OURCE: IEC 60050-441:1984, 441-15-05]

315.7
auxiliary contact
cpntact included in an auxiliary circuitsand operated by the switching device

[$OURCE: IEC 60050-441:1984,441-15-10, modified — Deletion of “mechanically”.]

W

5.8
pntrol contact
bntact included in ascontrol circuit of a switching device and operated by this device

o 0

[$OURCE: IEC 60050-441:1984, 441-15-09, modified — Deletion of “mechanical” and
“mMmechanically’]

315.9

auxiliary switch
<pfi@ switching device> switch containing one or more control and/or auxiliary contac{s
m

bhaoni Lo paratad by o wirtabina-davs
Ubllalllbally vuptTIraicu Uy [<] OVVIL\JIIIIIH \WAvA'A Al v

[SOURCE: IEC 60050-441:1984, 441-15-11]

3.5.10

control switch

<for control and auxiliary circuits> mechanical switching device which serves the purpose of
controlling the operation of switchgear or controlgear, including signalling, electrical
interlocking, etc.

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

[SOURCE: IEC 60050-441:1984, 441-14-46]
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3.5.11
connection

<

bolted or the equivalent> two or more conductors designed to ensure permanent circuit

continuity when forced together by means of screws, bolts or the equivalent

[SOURCE: IEC 62271-1:2017, 3.5.10]

3.5.12

p
p
a
[S
3

d

[

> T W

IS

AT W

[$

[V

e

N

[

monitoring device

ilot switch

artition

osition indicating device
: eat-eitehia-de bt —ctosed- reme

ppropriate, earthed position

BOURCE: IEC 60050-441:1984, 441-15-25]

5.13

evice intended to observe automatically the status of an item
BOURCE: IEC 62271-1:2017, 3.5.12]

5.14

bn-manual control switch actuated in response to specified conditions of an actuating quantity

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

BOURCE: IEC 60050-441:1984, 441-14-48]

5.15

pf an assembly> part of an assembly separating one compartment from other compartments
BOURCE: IEC 60050-441:1984, 441-13-06]

5.16
ctuator
art of the actuating systém to which an external actuating force is applied

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

bOURCE: |IEC'60050-441:1984, 441-15-22]

5.17
plice

3
s
c
a

barecting device with barrel(s) accommodating electrical conductor(s) with or withoTt

[SOURCE: IEC 60050-581:2008, 581-24-19, modified — Addition of “electrical”.]

3

.5.18

terminal
point of interconnection of an electric circuit element, an electric circuit or a network with other

e

lectric circuit elements, electric circuits or networks

Note 1 to entry: For an electric circuit element, the terminals are the points at which or between which the related

in

tegral quantities are defined. At each terminal, there is only one electric current from outside into the element.

Note 2 to entry: The term “terminal” has a related meaning in IEC 60050-151.
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[SOURCE: IEC 60050-131:2002, 131-11-11]

3.5.19

terminal block

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

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

3(5.20
::}mtactor

echanical contactor
echanical switching device having only one position of rest, operated otherwise thansby hang
hpable of making, carrying and breaking currents under normal circuit conditiensincluding

berating overload conditions

3

o O

Z

pte 1 to entry: Contactors may be designated according to the method by which the forcé for closing the majn
ntacts is provided.

(]

[$OURCE: IEC 60050-441:1984, 441-14-33, modified — Deletion ofMéchanical” in Note 1 fo
eptry.]

3(5.21
starter
cpmbination of all the switching means necessary to start and stop a motor in combination with
spitable overload protection

Npte 1 to entry: Starters may be designated according to thedmethod by which the force for closing the main contac}s
is| provided.

[$OURCE: IEC 60050-441:1984, 441-14-38]

315.22

vacuum interrupter
cpmponent being part of a swjtching device in which electrical contacts operate in a highly
ejacuated, hermetically sealed environment

[$OURCE: IEC 62271-1:2017, 3.5.21]

w

5.23

operation counter
device indicating the number of operating cycles a mechanical switching device hds
agcomplished

[$OURCE: IEC 62271-1:2017, 3.5.22]

3.5.24
coil
set of series-connected turns, usually coaxial

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

3.5.25
auxiliary and control circuits
entity of

— control and auxiliary circuits, mounted on or adjacent to the switchgear or controlgear,
including circuits in central control cubicles;
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equipment for monitoring, diagnostics, etc. that is part of the auxiliary circuits of the
switchgear or controlgear;

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

[SOURCE: IEC 62271-1:2017, 3.5.24]

3.5.26
subassembly

<
(o}

[
3

<
p
S

N
IS
3
d
(0]

d

\

AN Qo W w -

® =

[«

\

—

interchangeable subassembly

interlocking device

lependent power operation

fau;\i“cuy dlluI bUIItIU: bilbu;tb pdlt Uf au;\i“aly dlluI bUIItIU: bilbu;tb, VVit:l IUHGIUI tU fullbt; I
I position, having its own interface and normally placed in a separate enclosure

bOURCE: IEC 62271-1:2017, 3.5.25]

5.27
pf auxiliary and control circuits> subassembly which is intended to be_placed in varioys
Dbsitions within an auxiliary and control circuits, or intended to be replaced by other similar
ibassemblies

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

bOURCE: IEC 62271-1:2017, 3.5.26]

5.28

P4

bvice which makes the operation of a switching’ device dependent upon the position ¢
peration of one or more other pieces of equipment

BOURCE: IEC 60050-441:1984, 441-16-49]

6 Operational characteristics of'switchgear and controlgear
6.1

pf a mechanical switching(device> operation by means of energy other than manual, whene

e completion of the dperation is dependent upon the continuity of the power supply (1
pblenoids, electric or pheumatic motors, etc.)

[]

SOURCE: IEC 60050-441:1984, 441-16-14]

6.2
fored energy operation

echanism itself prior to the completion of the operation and sufficient to complete it under

T 3 A0V W

pf a~mechanical switching device> operation by means of energy stored in the dri\%e

edetermined caonditions

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

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

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

[SOURCE: IEC 60050-441:1984, 441-16-15, modified — Addition of “drive”.]

3

.6.3

independent unlatched operation
stored energy operation where energy is stored and released in one continuous operation such
that the speed and force of the operation are independent of the rate of applied energy
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Note 1 to entry: The energy stored for the operation may originate from the operator (manual) or a power source.

[SOURCE: IEC 62271-1:2017, 3.6.3]

3.6.4

positively driven operation

operation which, in accordance with specified requirements, is designed to ensure that auxiliary
contacts of a mechanical switching device are in the respective positions corresponding to the
open or closed position of the main contacts

Npte 1 to entry: A positively driven operating device is made by the association of a moving part, linked mechanical
d the main contact of the primary circuit, without the use of springs, and a sensing element. In the case of mechanic
ixiliary contacts, this sensing element can be simply the fixed contact, directly connected to the secondary’termina
n the case where the function is achieved electronically, the sensing element can be a static transduger ‘(optica
agnetic, etc.) associated with a static switch, or associated with an electronic or electro-optic transmitting elemerj

_m,_,.
~—— YV <

3

[$OURCE: IEC 60050-441:1984, 441-16-12, modified — Addition of Note 1 to entry.]

3/6.5 Terms and definitions relative to pressure (or density)

316.5.1

filling pressure for insulation and/or switching

Pte

filling density for insulation and/or switching

Ple

pressure (in Pa), for insulation and/or for switching, referred to the standard atmospheric aJr
cpnditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or absolufe

—

¢rms, to which the assembily is filled before being put.into service, or automatically replenished

—

$OURCE: IEC 62271-1:2017, 3.6.5.1]

3(6.5.2

filling pressure for operation

Ptm

filling density for operation

Ptm

pressure (in Pa), for operation; referred to the standard atmospheric air conditions of 20 °C and
1P1,3 kPa (or density), which may be expressed in relative or absolute terms, to which the
ehergy storage device is filled before being put into service or automatically replenished

—

$OURCE: IEC 62271-1:2017, 3.6.5.2]

3/6.5.3

alarm pressure for insulation and/or switching
Phe

alJarm density for insulation and/or switching

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

[SOURCE: IEC 62271-1:2017, 3.6.5.3]
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3.6.5.4

alarm pressure for operation

Pam

alarm density for operation

Pam

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

[$OURCETTEC 62Z71-T:2077, 3.6.5.4]

3/6.5.5

minimum functional pressure for insulation and/or switching
Pe

minimum functional density for insulation and/or switching
Ppne

pressure (in Pa), for insulation and/or for switching, referred to the standard atmospheric aJr
cpnditions of 20 °C and 101,3 kPa (or density), which may be expressed,in relative or absolufe
terms, at which and above which rated characteristics of switchgear and controlgear aie
maintained

[$OURCE: IEC 62271-1:2017, 3.6.5.5]

3/6.5.6
minimum functional pressure for operation

Phm
inimum functional density for operation

m
pressure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 °C an
1P1,3 kPa (or density), which may be expressed in relative or absolute terms, at which an
apove which rated characteristics of switchgear and controlgear are maintained and at which
réplenishment of the energy storage<device becomes necessary

[eNNKe)

[

Npte 1 to entry: This pressure is often designated as interlocking or lockout pressure.

[$OURCE: IEC 62271-120%7, 3.6.5.6]

6.6 Terms andidefinitions relating to gas and vacuum tightness

3
3/6.6.1

cpntrolled pressure system for gas
vplume which'is automatically replenished from an external compressed gas supply or internal
gps source

Npte<l/to entry: Examples of controlled pressure systems are air-blast circuit-breakers or pneumatic driye
11 b:ldll;blllb.

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

[SOURCE: IEC 62271-1:2017, 3.6.6.1]

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

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

[SOURCE: IEC 62271-1:2017, 3.6.6.2]
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3.6.6.3

sealed pressure system

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

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

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

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

[$OURCE: IEC 62271-1:2017, 3.6.6.3]

3/6.6.4

apsolute leakage rate of a gas

F

amount of gas escaped by time unit

Z

bte 1 to entry: The absolute leakage rate is usually expressed in Pa x m3 x s°1.

—

$OURCE: IEC 62271-1:2017, 3.6.6.4]

316.6.5
permissible leakage rate of a gas

F|

p

maximum permissible absolute leakage rate of gas specified for a part, a component or a suk
a

o]

5sembly, or by using the tightness coordination chari; for an arrangement of parts, componen{s
F subassemblies connected together in one pressure system

[$OURCE: IEC 62271-1:2017, 3.6.6.5]

3/6.6.6

r¢lative leakage rate

Frel

apsolute leakage rate related {6 the total amount of gas in the system at filling pressure (¢
density)

-

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

[$OURCE: IEC 62271-1:2017, 3.6.6.6]

w

6.6.7
ime between'replenishments

S~ e,

"
time elapsed between two replenishments performed manually when the pressure (density
refaches the alarm level, to compensate the leakage rate F

~

Note 1 to entry: This value is applicable to closed pressure systems.
[SOURCE: IEC 62271-1:2017, 3.6.6.7]

3.6.6.8

number of replenishments per day of a gas

N
number of replenishments to compensate the leakage rate F

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

[SOURCE: IEC 62271-1:2017, 3.6.6.8]
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3
p

.6.6.9

ressure drop of a gas

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

[SOURCE: IEC 62271-1:2017, 3.6.6.9]

3
ti

.6.6.10

ghtness coordination chart

S
a
th

[

D W

[«
N

—

30 W

o

[«

\

D O W W —a

Z

[$

w

TVEY doCUIMent suppted by the manufacturer, used-when testimg parts, COMponents or s
ssemblies, to demonstrate the relationship between the tightness of a complete system™an
at of the parts, components or sub-assemblies

Q

BOURCE: IEC 62271-1:2017, 3.6.6.10, modified — Replacement of “and/or” with {ort/]

6.6.11
hiffing
ction of slowly moving a leak meter sensing probe around an assembly, t0 locate a gas leak

bOURCE: IEC 62271-1:2017, 3.6.6.11]

6.6.12

umulative leakage measurement
easurement which takes into account all the leaks frém*a given assembly to determine the
akage rate

bOURCE: IEC 62271-1:2017, 3.6.6.12]

6.7 Terms and definitions relating to liquid tightness
6.7.1

psolute leakage rate of a liquid

iq

mount of liquid escaped by time“unit

bte 1 to entry: The absolute (eakage rate is usually expressed in cm3 x s71.

bOURCE: IEC 6227121:2017, 3.6.7.1]

6.7.2

[$OURCE: IEC 62271-1:2017, 3.6.7.2]

rmissible leakage rate of a liquid

(lig)
aximums permissible leakage rate specified by the manufacturer for a liquid pressure systen

3
n

.6.7.3

umber of replenishments per day of a liquid

Niiq
number of replenishments to compensate the leakage rate Fj;q

[SOURCE: IEC 62271-1:2017, 3.6.7.3]
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3.6.7.4
pressure drop of a liquid

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

[SOURCE: IEC 62271-1:2017, 3.6.7.4]

3.7 Characteristic quantities

3l7.1

rated value

vhlue of a quantity used for specification purposes, established for a specified set of operatin
cpnditions of a component, device, equipment or system

«Q

—

$OURCE: IEC 60050-151:2001, 151-16-08]

7.2

olating distance

pf a mechanical switching device> clearance between open contacts’meeting the withstan
bltage requirements specified for disconnectors

o

< A g O

—

$OURCE: IEC 60050-441:1984, 441-17-35, modified — Deletion of “of a pole” from the termn
hd replacement of “safety” with “withstand voltage”.]

oY)

317.3
highest voltage for equipment

Lm
greatest value of pole-to-earth voltage for which the equipment is designed in respect of i{s

insulation as well as other characteristics which relate to this voltage in the relevant equipment
standards

Z

bte 1 to entry: Under normal service conditions specified by the relevant apparatus committee, this voltage can ke
plied continuously to the equipment.

[

$OURCE: IEC 60050-614:2016, 614-03-01, modified — Replacement of “line-to-line voltage
RMS value)” with “pole-to=earth voltage”, and addition of Note 1 to entry.]

—~

7.4

upply voltage
pf auxiliary and control circuits> RMS value or, if applicable, the DC value, of the voltage
Kisting at a given instant at a point of supply, measured over a given time interval

D AW W

Z

bte 1 to entry: If a supply voltage is specified for instance in the supply contract, then it is called “declared supp]y
Itage™

<

Npte2”to entry: The supply voltage of auxiliary and control circuits is measured at the circuit terminals of the
apparatus itsetfdurmgits operatiomn, fmctuding, ffmecessary, the auxitary Tesistors or accessories supptiedorrequired
by the manufacturer to be installed in series with it, but not including the conductors for the connection to the
electricity supply.

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

3.7.5

diode bridge current feed for VSC converter

<HVDC substation using VSC> steady-state value of the short-circuit current supplied from AC
system through VSC diode bridge before AC circuit-breaker opens


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

IEC TS 62271-318:2024 EXV © |IEC 2024 - 35—

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.]

3.102
DC gas -insulated metal enclosed SW|tchgear

Npte 1 to entry: This term generally applies to high-voltage switchgear and controlgear.

ﬁ
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[$OURCE: IEC 62271-203:2022, 3.103, modified — Additionof "DC” in the main term and in thie
definition.]

isolating link
pprt of the conductor which can easily be opéned or removed in order to isolate two parts of the
@IS from each other

Npte 1 to entry: The open gap is designed.ta withstand the test voltages across isolating distance according fo
IHC TS 62271-5:2024, Table 1.

Npte 2 to entry: The purpose of an iselating link is to ensure electrical isolation between sections of a GIS e.d.,
dyiring maintenance and repair work/

[$OURCE: IEC 62271-203:2022, 3.104, modified — New reference to Table 1 of IEC TS 62271
5(2024 in Note 1 to entry.]

3(105

removable link
pprt of the ¢enductor which can easily be opened or removed in order to isolate two parts of the
IS from{each other

Npte t “to entry: The open gap is designed to withstand the phase-to-earth test voltages according
IHC\T'S 62271-5:2024, Table 1.

o

[SOURCE: IEC 62271-203:2022, 3.105, modified — In the definition, "separate" was replaced
with "isolate"; addition of a new reference to Table in Note 1 to entry; deletion of Note 2 to
entry.]

3.106
compartment
part of DC 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., busbar
compartment.
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[SOURCE: IEC 62271-203:2022, 3.106, modified — Addition of "DC" in the definition; deletion of
"circuit-breaker compartment" as an example in Note 1 to entry.]

3.107

component

essential part of the main or earthing circuits of DC gas-insulated metal-enclosed switchgear
which serves a specific function

Note 1 to entry: Examples for components are disconnector, switch, DCVT, DCCT, bushing, busbar.

P$OURCE: |IEC 62271-203:2022, 3.107, modified — Addition of "DC" in the definition; deletio

f "circuit-breaker compartment"”, "switch", "fuse", "instrument transformer" as examples-and
ddition of "DCVT" and "DCCT" as examples.]

—

D O
>

3(108
support insulator
internal insulator supporting one or more conductors

[$OURCE: IEC 62271-203:2022-05, 3.108]

31109

partition
ghs tight support insulator of DC gas-insulated metal-enclesed switchgear separating two
afdjacent compartments

[$OURCE: IEC 62271-203:2022-05, 3.109, modified~ Addition of "DC" in the definition.]

3(110

bushing
device that enables one or several conductors to pass through an enclosure and insulate thle
cpnductors from it

[$OURCE: IEC 60050-471:2007,~471-02-01, modified — In the definition, "an enclosurg"
inserted after "pass through" and "a partition such as a wall or a tank" deleted. Deletion ¢f
Note 1 to entry and Note 2 toventry.]

3{111

njain circuit
all the conductive\ parts of DC gas-insulated metal-enclosed switchgear included in a circdit
which is intended-to transmit electrical energy

[POURCETEC 60050-441:1984, 441-13-02, modified — "DC gas-insulated metal-enclose
vitchgear" inserted after "parts of" and "an assembly" deleted.]

n
o

31112

auxiliary circuit
all the conductive parts of DC gas-insulated metal-enclosed switchgear included in a circuit
intended to control, measure, signal and regulate

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

[SOURCE: IEC 62271-203:2022, 3.112, modified — Addition of "DC" in the definition and in
Note 1 to entry.]
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3.113

enclosure design temperature

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

[SOURCE: IEC 62271-203:2022, 3.113]

3.114
enclosure design pressure

et Ho-determimethe-destamof-the-emct

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

Q Z

[$OURCE: IEC 62271-203:2022, 3.114, modified — Note 2 to entry deleted.]

()

115
rrtition design pressure
lative pressure across the partition

]

Npte 1 to entry: It is at least equal to the maximum differential pressure acress the partition during maintenange
agtivities.

[POURCE: IEC 62271-203:2022, 3.115, modified — In the—definition, deletion of "used fo
determine the design of the partition"; Note 2 to entry deleted.]

31116

operating pressure
<

d

ressure relief device> relative pressure chasen for the opening operation of pressure relig¢f
vices

[$OURCE: IEC 62271-203:2022, 3.116]

3j117

routine test pressure
<enclosures and partitions>,-felative pressure to which all enclosures and partitions are
sphibjected after manufacturing

[$OURCE: IEC 62274-203:2022, 3.117]

3{118

type test pressure
<enclosutes” and partitions> relative pressure to which all enclosures and partitions are
shibjected for type test

[

3.119
fragmentation
damage to enclosure due to pressure rise with projection of solid material

[SOURCE: IEC 62271-203:2022, 3.119]

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
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[SOURCE: IEC 62271-203:2022, 3.120]

3.121

transport unit

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

[SOURCE: IEC 62271-203:2022, 3.121, modified — Addition of "DC" in the definition.]

3|||1 22
functional unit
pprt of metal-enclosed switchgear and controlgear comprising all the components of the. main
c|rcuits and auxiliary circuits that contribute to the fulfiiment of a single function

P4

bte 1 to entry: Functional units may be distinguished according to the function for which they are intended, fpr
ample complete bay or functional parts of a bay like complete, disconnector, earthing switch,‘current transducedr,
erating mechanism, enclosure, etc.

o @

—

$OURCE: IEC 60050-441:1984, 441-13-04, modified — "metal-enclosed" inserted after "paft
[' and "an assembly of" deleted. In the note the examples have been'exchanged with examplgs
¢levant for GIS.]

= O

3(123

zpro-load

ZIL

np current flowing through conductor
3{124

high-load

He

cpntinuous heating period at rated continuous current, which duration is not less than thie
thermal stabilization time (time dg)

3|125
thermal stabilisation time
uration dgy

d
period of time from load(current applied to reach thermal steady state

31126
thermal steady(state

DC<steady state

Note 1 to entry: DC steady state is reached at the end of the transition from a capacitive to a resistive field
distribution in the DC GIS. Depending on insulating material properties that are affected by temperature, electric field
strength, etc., the transition to a resistive field distribution takes from hours to months.

3.128
electric field transition time
duration dp¢

period of time from direct voltage application to the DC steady state
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3.129

superimposed impulse voltage test

S/IMP

simultaneous stress consisting of the direct voltage and the lightning or switching impulse
voltage superimposed upon it

3.8 Index of definitions

A
bsolute leakage rate ... 3.6.6.4 and 3.6.7 1
(o 11 =1 (o PP 3:5.1|6
larm pressure (or density) for insulation and/or switching ... 36.5{3
larm pressure (or density) for operation............cooooiiiiiiiii i L 3.6.54
mbient air temperature ... ... e )T 3.1.24
uxiliary and control CIrCUItS .........oviuiiiiii e e B 3.5.25
uxiliary circuit (of a switching device)..... ..o S D 3.54
UXiliary contact ... ... A 3.5)7
uxiliary switch (of a mechanical switching device).........ccoooiiiii @ A 3.5)9

B
US DA e e 3.3)2
=PASS SWILCN ..oeii e A 3.4)7

Cc
losed pressure System for Gas ..o T 3.6.6)2
(o | S 3.5.24
onnection (bolted or the equivalent).......... 80 3.5.11
ontact (of a mechanical switching deViEe)e......coouiiiiii e 3.5/6
ontrol circuit (of @ sWitChing deViCe). ..l e 3.55
ONLrOl CONTACT .. et e e 3.518
ontrol switch (for control and auxiliary CirCUitS) ..........cooiiiiiiiiii i 3.5.10
ontrolled Pressure SYStem fOr GasS ......ouu i 3.6.6/1
umulative leakage measuUrE@mMENt .......ooouii i 3.6.6.12

D
LR o o 1 o (= Y= T = PP 3.4)2
G ArANS I SWITCH L. 3.4)6
Lo = o e 3.1.23
egree Of PROTECTION ... e 3.1.12
ependent power operation (of a mechanical switching device)...........coocoiiiiiiiiiin. 3.6]1
F= Yo [ Lo Y= Ao (=Y PP 3.1.18
iode bridge current feed for VSC converter..............ooeeeeieeenienieenieenieenieenienieenieeneeneeeneee, 3.715
D 1Yo o o 1= o2 (o o 3.4.3

E
Eartning SWItCN ..o e 3.4.4
g o Lo =1 = 3.5.1
ExXternal iNnSUlation ... e 3.1.10

F
= 10 3.1.20
Filling pressure (or density) for insulation and/or switching ............cc.cooiiiiiiiiineee. 3.6.5.1

Filling pressure (or density) for operation ..o 3.6.5.2
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H
[ ==Y o [TV = o X o S 3.5.2
Highest voltage for eqUIPMENt.. ... e 3.7.3
High-speed DC SWItCN.....iiiiii e e e e 3.4.5
HVDC substation (HVDC converter station) ..o 3.1.8
HVDC sUDSTation POl ... . e 3.1.9
L VI T O3 =3 1= o o PN 3.1.3
L YA T O V3 =T 41 o Yo = PR 3.1.7
HVDC transSmisSSiON SYSTEIM ... e e e et e eas 3.12.|4
Hydrophobicity Transfer Material ... 3+1.29
I
1 oo o 1= 0 P 3.1.15
Independent unlatched operation ... D 3.6J3
Interchangeable subassembly (of auxiliary and control circuits) .................i 0. 3.5.27
Interlocking deviCe ... e e A N 3.5.28
Internal iNSUlation ... A 3.1.1|1
[P COE .t M 3.1.13
Igolating distance (of a pole of a mechanical switching device) 4.t .cocoiiiiiiiiiiiinn. 3.72
M
Main circuit (of @ SWItChing deViCe) .......oiiiii i A e 3.53
MaintenanCe ... ..o 3.1.16
Major failure (of switchgear and controlgear) ... e 3.1.21
(Mechanical) CONTACTON. ... .. N ettt ettt et e e e e 3.5.20
Mechanical SWItChing deViCe ... e 3.411
Minimum functional pressure (or density)for insulation and/or switching........................ 3.6.55
Minimum functional pressure (or density)for operation ...........cccccoviiiiiiiiiiii 3.6.5/6
Minor failure (of switchgear and confrolgear) ... 3.1.22
1Y 1o o V1o T 1o o AR e S PP 3.1.25
1Y FoT aThdo] o aTe e 1=V LT = 3.5.1[3
MU -part 1St oo e 3.1.30
Multiterminal HVDC tranSmiSSion SYSTEM .......oouiiiiiiii e 3.116
N
Nominal direCt VOIAGE ... et et e e e e e 3.1)2
Number of replenishments per day........coooiiiiii 3.6.6.8 and 3.6.7J3
(o]

(0 [oT=T 5=t ito T I oo Y U1 4| 1= PP 3.5.23
AVerNAUl . e 3.1.19
P
Paralleling SWITCR ... e 3.4.8
Partition (0f @an @asSembIy) ... 3.5.15
Permissible leakage rate.........cooiiiiiii i 3.6.6.5 and 3.6.7.2
POt SWITCR Lo e 3.5.14
Position iNdiCating deVICE. ... e e 3.5.12
Positively driven Operation ... ... 3.6.4
PrESSUIE AIOP e 3.6.6.9 and 3.6.7.4

Protection provided by an enclosure against access to hazardous parts ......................... 3.1.14
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R
RaAted ValUe ... e e 3.7.1
Reference DC Unified Specific Creepage Distance ...........coooiiiiiiiiiie 3.1.28
Relative [eakKage rate ... 3.6.6.6
S
Sealed PreSSUIE SYSTEM ... e 3.6.6.3
ST 111 P 3.6.6.11
L1 Lo PPN 3.5\1|7
=] (- 3:5.21
ored energy operation (of a mechanical switching device) ... 3.62
ubassembly (of auxiliary and control Circuits)........c.coovveiiiiiiiiii L 3.5.26
T oT=T V=T To] o (PP PR P PPPEUPRPPRPRPI ) s SPRPNS 3.1.26
upply voltage (of auxiliary and control Circuits) .........cocoeiiiiiiii gl T 3.744
Switchgear and controlgear ... 3.1
T
TIerminal ... e M e 3.5.18
Terminal DIOCK ... e e e 3.5.19
TSt ODJECT .. s 3.2/1
Tightness coordination chart ... a8, 3.6.6.1[0
Time between replenishments. . ... e 3.6.6)7
THanNSPOrt UNit ... S s 3.31
Two-terminal HVDC transmission SYyStemM ... ... 3.15
uU
Unified Specific Creepage Distance .......a e 3.1.27
Vv
MACUUM IN O TUP T . e e e e et 3.5.22
AV, (ETU = LI T = o T=Y o1 Y o e PPN 3.1.17
4 Normal and special;service conditions
41 Normal seryvice conditions
Slubclause 4.1, of“IEC TS 62271-5:2024 is applicable, taking into account the recommended
vhlues presented in Table 1 of this document.
411 General
Unless otherwise specified, high-voltage switchgear and controlgear, including the operating

devices and the auxiliary equipment which form an integral part of them, are intended to be

used in accordance with their rated characteristics and the normal service conditions listed i
4.1,

n

Operation under normal service conditions is considered to be covered by the type tests

according to this document and the relevant product standard.

4.1.2 Indoor switchgear and controlgear

The normal service conditions for indoor switchgear and controlgear are:
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the ambient air temperature does not exceed 40 °C and its average value, measured over
a period of 24 h does not exceed 35 °C. The ambient air temperature does not drop below
-5 °C;

there is no influence from solar radiation;

the altitude does not exceed 1 000 m;

the ambient air is not significantly polluted by dust, smoke, corrosive and/or flammable
gases, vapours or salt;

NOTE 1 Usually DC site severity is covered by a RUSCDDC between 20 mm/kV and 30 mm/kV (reference

4 &

1.3 Outdoor switchgear and controlgear

he normal service conditions for outdoor switchgear and controlgear are:

Annex B (informative)).
the conditions of humidity are as follows;

— the average value of the relative humidity, measured over a period of 24 h,;doés not
exceed 95 %;

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

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

— the average value of the water vapour pressure, over a period.of one month, does not
exceed 1,8 kPa.

o

NOTE 2 Condensation can be expected where sudden temperature changes occur in periods of high
humidity.

NOTE 3 High humidity can also be due to ground level rainwater or for underground applications, from
incoming cable raceways connected to switchgear.

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

the ambient air temperature doés’not exceed 40 °C and its average value, measured over
a period of 24 h, does not exceed 35 °C;

the ambient air temperatute does not drop below -25 °C;

NOTE 1 Rapid temperature changes can occur, for example a hot sunny day followed by a sudden rain.
solar radiation doés not exceed a level of 1 000 W/m2;

NOTE 2 Details of'global solar radiation are given in IEC 60721-2-4 [38].

the altitude does not exceed 1 000 m;
the ambient air can be polluted by dust, smoke, corrosive gas, vapours or salt;

NOTE'3 Usually DC site severity is covered by a RUSCDDC of 60 mm/kV for non-HTM insulators and 45 mm/KV
for HTM insulators (reference Annex B (informative)).

h)

ICe COdlling does not exceed ZU mim,

the wind speed does not exceed 34 m/s;

NOTE 4 Characteristics of wind are defined in IEC 60721-2-2 [37].

the average humidity values given in 4.1.2 e) can be exceeded. Condensation or
precipitation can occur;

NOTE 5 Characteristics of precipitation are defined in IEC 60721-2-2 [37].

NOTE 6 The conditions of humidity are always the effect of a combination of relative humidity with other
environmental parameters, primarily temperature and rapid change of temperature.

vibrations due to causes external to the switchgear and controlgear or earth tremors do not
exceed the impact of vibrations caused by operation of the switchgear itself.
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4.2 Special service conditions

Subclause 4.2 of IEC TS 62271-5:2024 is applicable, taking into account the recommende
values presented in Table 1 of this document.

d

In the cases where higher than (>) is used in the table, the values shall be specified by the user

as described in IEC TS 62271-5:2024.

NOTE Seismic evaluation is part of IEC 62271-207.

4(2.1 General

from the normal service conditions given in 4.1, the user’s requirements shouldxrefer
standardized steps in 4.2.2 up to 4.2.7 if not provided by product standards.

Z

[OTE 1 Appropriate actions are also taken to ensure proper operation under such conditionsrof-other component|
ch as relays.

2]

Z

OTE 2 Detailed information concerning classification of environmental conditions jis given in IEC 60721-3-3 [4
indoor) and IEC 60721-3-4 [41] (outdoor).

A =

2.2  Altitude

Flor altitudes higher than 1 000 m, the equation provided in 4.5.1.1 b) of IEC TR 62271-306:201

[62] and in H.3.4 of IEC 60071-2:2018 shall be used, i.e™Jg = ¢"(H10008190) " \here fris t

altitude above sea level in m. Conservative values for the exponent m are stated in Table 4
IEC TR 62271-306:2012 [62]. For further details, see\H.4 of IEC 60071-2:2018.

NOTE 1 For internal insulation, the dielectric characteristics are identical at any altitude and no special precautioj
afe taken. For external and internal insulation, refer to</EC 60071-2:2018.

tHan 2 000 m. For higher altitudes, refer to IEC 60664-1 [31].
412.3 Exposure to pollution

Flor outdoor application ambient air that can be polluted by dust, smoke, corrosive gas, vapouf
0

H

TM insulators and 45 mm/kV for HTM insulators, more information can be found in Annex
(ipformative).

Flor indoor application, ambient air that can be polluted by dust, smoke, corrosive gas, vapout
of salt at a level that exceeds DC site severity covered by a RUSCDDC between 20 mm/kV an
3D mm/kV,more information can be found in Annex B (informative).

412.4 Temperature and humidity

When high-voltage switchgear and controlgear is expected to be used under conditions differe:l\t

NPOTE 2 For low-voltage auxiliary and control eguipment, no special precautions are taken if the altitude is lowg

[ salt at a level that exceeds' DC site severity covered by a RUSCDDC of 60 mm/kV for non-

(0]

4

[eXN7))

Frunstallation at a location where the ambient temperature can be different from the normal

service condition ranges stated in 4.1, the ranges of minimum and maximum temperature to b
specified should be:

a) -50 °C to 40 °C for extremely cold climates;

b) -40 °C to 40 °C for very cold climates;

c) -30 °C to 40 °C for cold climates;

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

e) -15 °C to 40 °C for moderate climates (indoor conditions);

f) -5 °C to 55 °C for very hot climates.

e
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In tropical indoor conditions, the average value of relative humidity measured during a period
of 24 h can be up to 98 %.

NOTE 1

atmospheric pressure can occur.

In certain regions with frequent occurrence of warm humid winds, sudden changes of temperature and/or

NOTE 2 For special indoor conditions with power electronics, a temperature range of +5 °C to +60 °C and a very

low humidity can be reasonable. Reference is made to IEC 111-1:2023, Table 2.

4.2.5

Standard switchgear and controlgear is designed for mounting on substantially level structure
ee from excessive vibration, shock, or tilting. Where any of these standard conditions,do.n
Kist, the requirements for the particular application should be specified by the user.

f
e

o —

c =

'S

=0 <

F

(2]

4(2.6

Exposure to abnormal vibrations, shock or tilting

Wind speed

2.7 Other parameters

41101 General

nstallations with other unusual forms of vibration shall be identified,~such as installations
ose proximity to mine blasting or mobile applications.

OTE Other relevant publications for seismic evaluations are IEEE 693 [68]\and IEEE C37.81 [69].

flthe wind speed is expected to be in excess of the narmal service wind speed of 34 m/s, th
ser should specify the requirements for a particulaf@pplication.

hen special environmental conditions prevail at the location where switchgear and controlges
hall be placed in service, they should bespecified by the user by reference to IEC 60721-1 [3%
EC 60721-2 (all parts) [36] and IEC 607V21-3 (all parts) [39].

Table 1 — Reference table of service conditions relevant to DC GIS

por installations where earthquakes are likely to occur, the severity level according\to a relevant
blication or specification should be specified by the user. In case of earthquake 'fisk, the usg
hould specify the operational requirements and admissible damage level.

Dt

r

=}

=4

=4
—_

Normal Special
Item
Indoor Outdoor Indoor Outdoor
Ambient air temperature:
:]jinimum (°C) -5 -25 -25 =50
aximum (°C) +40 +40 +50 +50
$olar(radiation (W/m?) Not applicable 1000 Not applicable >1 000
Altitude (m) 1 000 1 000 >1 000 >1 000
RUSCDdc @ reference is reference is Reference is Reference is
made to made to made to made to
IEC TS 62271- | IEC TS 62271- | IEC TS 62271- IEC TS 62271-
5:2024, Clause | 5:2024, Clause | 5:2024, Clause 5:2024, Clause
B.2 B.2 B.3 B.3
Ice coating (mm) Not applicable 20 Not applicable >20
Wind (m/s) Not applicable 34 Not applicable >34
Average humidity over 24 hours (%) 95 100 98 100
Condensation or precipitation Occasional Yes Yes Yes
Abnormal vibrations, shock or tilting Not applicable Not applicable Applicable Applicable

NOTE The user’s specification can use any combination of normal or special service conditions above.
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a8 Usually DC site severity is covered by a reference d.c. Unified Specific Creepage Distance, and
IEC TS 60815-4:2016 gives information on how to determine RUSCD y..

At any altitude the dielectric characteristics of the internal insulation are identical with those
measured at sea-level. For this internal insulation no specific requirements concerning the
altitude are applicable.

Some items of a DC GIS such as pressure relief devices and pressure and density monitoring
devices can be affected by altitude. The manufacturer shall take appropriate measures |if
necessary.

[3) ]

Ratings

()]

1 General

—

he common ratings of switchgear and controlgear assigned by the manufacturer, includin
heir operating devices and auxiliary equipment, shall be selectedfrom the following (g
pplicable):

Q =
wn Q

a) rated direct voltage (U,y);
b) rated insulation level (Uyq, Us and U, where applicable);

rated continuous current (/.4);

o O

rated short-time withstand direct current (/,4);

D

rated peak withstand current (Ipd);
f) rated duration of short-circuit (z,4);
g) rated supply voltage of auxiliary and‘control circuits (Uy,);

rated supply frequency of auxiliary and control circuits;
i)) rated pressure of compressed gas supply for controlled pressure systems.

o

j)| rated values of the components forming part of DC gas-insulated metal-enclose
switchgear, including-their operating devices and auxiliary equipment.

NOTE Other ratings candbe necessary and will be specified in the relevant IEC product standards.

ps)

atings define the.common specifications of the switchgear and controlgear that are necessaty
¢r adequate selection and use in a particular network. Other important characteristics of thie
r
r

wn =

vitchgear and" controlgear are defined in Clause 3, e.g., minimum functional pressure fq
nsulation;~some of which are included on the nameplate but are not ratings. Still oth
characteristics refer to installation, operation and maintenance; they are not considered gs
atings since they are related to the technology used for switchgear and controlgear. Examplgs
ncelude normal filling level or filling / alarm pressure (density) of fluids and tightness for liquids,
gas—and-vacuunTsystems:

=

5.2 Rated direct voltage (U,4)

Components forming part of the DC GIS can have individual values of rated voltage for
equipment in accordance with the relevant documents.

5.2.1 General

The rated direct voltage of HV switchgear and controlgear (U,q) is the highest direct voltage

pole to earth that include harmonics for which it is designed in respect of its insulation as well
as other characteristics, to operate as specified for the service life (lifetime).
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The typical system direct voltage (Utyp’d) is a system voltage in normal operation condition. This

is a rounded value that is derived as an average from multiple projects and typical values are
shown in Table 1. Depending on the configuration of the DC system, other values that do not
exceed the rated direct voltage might be reasonable. Voltage ripple and harmonics of the
system are included in the values given.

The rated direct voltage and the typical system direct voltage can differ from component-specific
voltages, e.g. rated voltage for transfer switches and rated voltage for bypass switch can be
different. Reference is made to IEC TS 62271-315 [3] and TS 62271-316 [4].

Z

OTE 1 The inclusion of voltage ripple and harmonics in the values is in line with CIGRE recommendations-[7p
d [73].

[

—

he rated direct voltages (U,q) are given in 5.2.2 below.

NOTE 2 The term “rated maximum voltage” used in most IEEE switchgear standards has the same meaning as the
grm “rated direct voltage” as used in this document.

—

5|2.2 Rated voltages

—_

D5 kV — 160 kV — 210 kV — 265 kV — 340 kV — 420 kV — 525 kV — 630 kV — 840 kV

Z

OTE Values for rated voltages lower than 100 kV cannot be defined adequately. The reason is the lack pf
plications or products. However, as an indication, for preferred voltages lower than 100 kV values are provided 3
guide in Annex C (informative).

[
2]

V)

5|3  Rated insulation level (Uyq, Uy, Us)

—

he insulation levels for rated voltages of 105kV and above should be selected from the
Feferred rated values given in Table 1.

o

s Z

OTE 1 Examples of preferred insulation levels.for rated voltages lower than 105 kV are given in Annex|C
hformative).

—

ithstand values given in Table 1.¢0ver the application of switchgear and controlgear undgr
brmal service conditions defined*in 4.1 including altitudes from sea level up to 1 000
owever, for testing purposesito verify a rating or capability, they shall be considered gs
sulation values at the standardized reference atmosphere temperature (20 °C), pressure
01,3 kPa) and humidity (41 g/m3) specified in IEC 60071-1:2019, 5.9.2. For special servide
bnditions, refer to IEC- TR 62271-306 [62].

O TS5 T3 <

Z

OTE 2 The normal environmental conditions and the standard reference atmospheric conditions are currently np
fated in IEC 60071-11:2022. In terms of these conditions, 5.9.1 and 5.9.2 of IEC 60071-1:2019 are applied in th
cument.

Q n
(2]

ODTE 3 The'insulation levels in Table 1 are considered being applicable in the temperature range of -40 °C up o
°C for.DC-systems. Reference is made to IEC 60071-1:2019, 5.9.1 for AC systems.

» Z

Therated withstand voltage values for lightning impulse voltage (Up), switching impulse voltage
(Tgiwiremrappticabte), and ditect vottage (U ;5 statt be sefectedwithout crossing thehorizomnta
marked lines in Table 1.

The superimposed voltage is a composite voltage consisting of the rated direct voltage U,4 and
the lightning impulse voltage U, or switching impulse voltage Ug, as shown in Figure 1.

The DC GIS comprises components having a definite insulation level. Although internal faults
can largely be avoided by the choice of a suitable insulation level, measures to limit external
overvoltages (e.g. surge arresters,) should be considered.

NOTE 1 Regarding the external parts of bushings (if any), see to IEC/IEEE 65700-19-03:2014.
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NOTE 2 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 3 The choice between alternative insulation levels for a particular rated voltage for equipment can be based

on insulation coordination studies, taking into account also the self-generated transient overvoltages due to

switching.

NOTE 4 Annex H provides further information about DC switchgear located on a neutral bus.

Table 1 — Preferred rated insulation levels

E—y-plea-l—' —Rated Rated-direet Rated-switehing—
ystem direct withstand voltage withstand voltage withstand voltage
direct voltage U, U,
voltage o Ugq
Utyp,d rd KV kV (peak value) kV (peak value)
KV kV
NOTE 1) (NOTE 2) Pole-to-earth, Pole-to-earth Across Pole-to- Across open
across open and across isolating earth switching devide
switching device | open switching distance? and/or isolating
and/or isolating device (NOTEZ4) distance?
distance
(NOTE 4)
(NOTE 3)
(1) (2) (3) 4) (5) (6) (7)
100 105 160 -- - 380 380(+105)
150 160 240 -- - 450 450(+160)
550 550(+210)
200 210 315 550 550(+210)
650 650(+210)
550 550(+265)
550 550(+265)
650 650(+265)
250 265 395
650 650(+265)
650 650(+265)
750 750(+265)
650 650(+340)
650 650(+340)
750 750(+340)
750 750(+340)
320 340 505 750 750(+340)
850 850(+340)
850 850(+340)
850 850(+340)
950 950(+340)
850 850(+420)
850 850(+420)
950 950(+420)
400 420 630 950 950(+420)
950 950(+420) 1 050 1 050(+420)
1175 1. 175(+420)
950 950(+525)
950 950(+525)
1050 1 050(+525)
1 050 1 050(+525)
1050 1 050(+525)
500 525P 790 1175 1 175(+525)
1175 1 175(+525)
1175 1 175(+525) 1 300 1 300(+525)
1425 1 425(+525)
1175 1 175(+630)
600 630 945 1175 1 175(+630)
1300 1 300(+630)
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4

Typical Rated Rated direct Rated switching impulse Rated lightning impulse
system direct withstand voltage withstand voltage withstand voltage
direct voltage U, Up
voltage U Ugq
Utyp’d rd KV kV (peak value) kV (peak value)
KV kV
(NOTE 1) (NOTE 2) Pole-to-earth, Pole-to-earth Across Pole-to- Across open
across open and across isolating earth switching device
switching device |open switching distance? and/or isolating
and/or isolating device (NOTE 4) distance?
dictance
““““““““ (NOTE 4)
(NOTE 3)
(1) (2) (3) (4) (3) (6) (%)
1300 1¢300(+630)
1300 1 300(+630)
1425 17425(+630)
1425 1425(+630)
1425 1 425(+630)
1 550 1 550(+630)
1,550 1 550(+840)
1550 1 550(+840)
1675 1 675(+840)
800 840 1260 1675 1 675(+840)
1675 1 675(+840) 1 800 1 800(+840)
1950 1 950(+840)
NPTE 1 The typical system direct voltage values in column (1)/are“feferred to IEC 60071-11:2022, Annex C.

OTE 2 The rated direct voltage U, , takes into account § %\of ripple and harmonics to the typical system dire,
ltage, based on that the ripples and harmonics are in\the range of 2 to 5 % of the typical system direct voltag

1]

s Z

P4

r¢ference is made to IEC TS 63014-1.

eference is made to CIGRE Technical Brochure 684 {(73}.

OTE 3 The rated direct withstand voltage U 4(s~150 % of the rated direct voltage U,, of the HVDC syster

=]

DTE 4 The values in column (4) and (6)\are mainly referred to IEC 60071-11:2022, Annex C.

In column (5) and (7), values in brackets are the rated direct voltage applied to the opposite terminal (combine
voltage). For multi-terminal grids-or other system configurations, where the full direct voltage can occur at tf
opposite terminal, the 100 % rated direct voltage shall be applied. For typical two terminal DC systems, whe
no higher values can occur at'the opposite terminal, the value of 10 % of rated direct voltage should be chose
For equipment not subjected to direct voltage at the opposite terminal, columns (5) and (7) are not applicable.

Instead of U,, = 525°kV rated direct voltage, U, = 550 kV can also be reasonable. Reference is made

IEC 60071-11:2022;-Annex C. In this case, the values in brackets of column (5) and (7) has to be adapted to tf
higher value of &/, and the rated direct withstand voltage in column (3) shall be re-calculated according

NOTE 2.
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Figure 1 — Schematic representation of superimposed impulse voltage tests

4 Rated continuous current (/,4)

—

his rating defines the value of d¢he current the switchgear and controlgear can carf
bntinuously for its service conditions (see Clause 4).

O

The values of rated continuous current should be selected from the R 10 series, specifie
i IEC 60059 [11].

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

NPOTE 2 Continuous current defined in this document does not include any harmonics or induced current.

o

S

-

ated continuous current. However, these values should also be selected from R10 series.

ome main)circuits of DC GIS (e.g. busbars, feeder circuits, etc.) can have different values ¢f

5
5
F

[5~" Rated values of short-time withstand current

.5.1 Typical waveform of short-circuit current

igure 2 shows typical waveforms of short-circuit current in an HVDC system.

The current waveform in Figure 2a) corresponds to a typical half-bridge MMC (Modular
Multilevel Converter), in a 2-terminal VSC HVDC and station switchgear in DC grids;

The current waveform in Figure 2b) corresponds to a typical LCC (Line Commutated
Converter), in a 2-terminal LCC HVDC,; A special case of LCC under DC fault, that generally
gives higher current stress, is discussed in Annex D (informative); This waveform also
applies to 2-terminal, full-bridge MMC HVDC systems;

The current waveform in Figure 2c) corresponds to a DC-line in HVDC system (2-terminal,
multi-terminal or DC grid) with at least one DC CB installed.


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

-50- IEC TS 62271-318:2024 EXV © IEC 2024

Annex D (informative) gives further information on the circuit topologies, assumptions, and
calculations.

In Figure 2c¢), the positive slope (Sp) is determined by the total series reactance in the fault path,
as shown in Figure D.5. A typical value is 2 kA/ms < Sp < 10 KA/ms.

NOTE The definition of typical waveform for DC short-circuit currents is in the scope of IEC TC 73 (Short-circuit
currents) activities. The definitions in 5.5 are provisionally provided by IEC TC 17 (High-voltage switchgear and
controlgear) for the purpose of this document, and will be updated when definitions from TC 73 become available.
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Figure 2 — Typical waveform of a short-circuit current in an HVDC system
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5.5.2 Rated short-time withstand direct current (I 4)

This rating defines the value of the short-circuit direct current that the switchgear and
controlgear can carry in the closed position during its rated duration (see 5.5.4) under its service
conditions (see Clause 4).

The value of rated short-time withstand direct current shall be determined so that it meets the
necessary thermal withstand capability considering the type of waveform shown in Figure 2.
D.4 gives the methodology for determining the value. The final value should be selected from
the R 10 series specified in IEC 60059.

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

o Z

5/5.3 Rated peak withstand current (Ipd)

—
Q.

his rating defines the peak value of the short circuit current. The value of rated peak withstan
Lirrent depends on the type of waveform. Annex D (informative) gives the details.

Q

—

he preferred value of rated peak withstand current is:
—{ for circuit in Figure 2a), 1,5 I;
—| for circuit in Figure 2b), 2,0 74;

—| for circuit in Figure 2c), Sp tpd-

o

where I; is diode bridge current feed for VSC conyerter in Figure 2a) (see D.1) and Sp an
fpg are positive slope and time to peak of short=€ircuit current time in Figure 2c), respectively
(see D.3).

>

n alternative value higher than above may, be chosen.

—

he time to peak short-circuit current,iis around 0,01 s for Figure 2a) and 0,07 s for Figure 2by)
hd 0,01 s for Figure 2c) but it will:d€épend on the operating time of DC CB and protection (¢r
bck-up protection) time. D.4 gives further information.

o Q

5/5.4  Rated duration ofshort-circuit (7, 4)

—

his rating defines the ‘interval of time for which the switchgear and controlgear can carry, iIn
he closed position,.a“current equal to its rated short-time withstand direct current.

—

—

he preferred Vvalue of rated duration of short circuit is:

—| for circuit in Figure 2a), 0,7 s;

—| for-circuit in Figure 2b), 0,7 s; In case of full-bridge MMC HVDC a much smaller value mdy
bethosen, depending on the DC circuit and the converter controller;

— for circuit In Figure 2c), 0,5 s.
An alternative value higher than above may be chosen.
5.6 Rated supply voltage of auxiliary and control circuits (U,)

5.6.1 General

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

— 53 —

The rated supply voltage should be selected from the standard values given in Table 2 and

Table 3.
Table 2 — Direct voltage of auxiliary and control circuits
Ua
24
48
60
110
125
220
250
Table 3 — Alternating voltage of auxiliary and<control circuits
Line Three-phase, three-wire or Single-phase, three<wire Single-phase, two-wire
number four-wire systems systems systems
\Y X \Y
(1) (2) (3) (4)
1 - 120/240 120
2 120/208 - 120
3 (220/380) - (220)
4 230/400 - 230
5 (240/415) - (240)
6 277/480 - 277
7 347/600 - 347
NOTE 1 The value 230/400'V indicated in line 4 of this table will be, in the future, the IEC standard voltags
eplacing the values 220/380 V and 240/415V in lines 3 and 5. The voltage variations of existing systemg
bt 220/380 V and 240/415 V will be brought within the range 230/400 V + 23/40 V. The reduction of this range wil
be considered in the'next and subsequent revisions.
NOTE 2 Thedower values in the column (2) of this table are voltages to neutral and the higher values are voltages
pbetween phdases. The lower value in the column (3) is the voltage to neutral and the higher value is the voltagg
between linés:
5z Rated Iy f £ il y trol ci it

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

5.8 Rated pressure of compressed gas supply for controlled pressure systems
Annex E provides further information about notes concerning certain countries.

The preferred values of rated pressure (relative pressure) are:

0,5 MPa -1 MPa - 1,6 MPa - 2 MPa - 3 MPa - 4 MPa.

NOTE A example of controlled pressure systems is pneumatic drive mechanism.
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6 Design and construction

6.1 Requirements for liquids in switchgear and controlgear

The manufacturer shall specify the type and the required quantity and quality of the liquid used
in switchgear and controlgear.

The manufacturer shall provide the user with necessary instructions for renewing the liquid and
maintaining its required quantity and quality (refer to 11.5.2) except for sealed pressure

4
Sy stems:

Flor oil-filled switchgear and controlgear, insulating oil complying with IEC 60296 shall be used.

6l2 Requirements for gases in switchgear and controlgear

—
o

he manufacturer shall specify the type and the required quantity, and qualityof the gas use
n switchgear and controlgear.

—
o

he manufacturer shall provide the user with necessary instructions-far renewing the gas an
aintaining its required quantity and quality (refer to 11.5.2 afiditem a) of 11.5.3). Th
requirement does not apply to sealed pressure systems.

3
»

0

For sulphur hexafluoride (SFg) filled switchgear and caentrolgear, SFg in accordance wi
IEC 60376 for new SFg and its mixture and IEC 60480 for reused SFg and its mixture shall

uped. For gas handling of switchgear and controlgear with gas, reference is made fo
IEC 62271-4.

[©]

n order to prevent condensation, the maximum allowable humidity content within gas-filled
vitchgear and controlgear at the filling density for insulation shall be such that the dew point

| filling pressure (density) for insulationvis not higher than -5 °C for a measurement at 20 °C
uring service life, refer to 11.3.6.

o 0 »n

3 Earthing of switchgearand controlgear

witchgear and controlgear:shall be provided with a reliable earthing point for connection of an
arthing conductor suitable for specified fault conditions. The connecting point shall be marked
ith the “protectivé\ earth” symbol, as indicated by symbol IEC 60417-5019:2006-08.
onductive parts of\the switchgear and controlgear intended to be connected to the earthinlg
ystem, can be designed to be part of the earthing circuit.

Q0O O

>

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

o O

gear—and f fon

[58] and IEC 61936-2:2015 [59] applies.

earth, Clause 10 of IEC 61936-1:2021
6.3.101 Earthing of the main circuit

To ensure safety during maintenance work, all parts of the main circuit to which access is
required or provided shall be capable of being earthed.

Earthing can be made by:
g) 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;

h) 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 energised.
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Furthermore, 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 capability.

The earthing circuit can be degraded after being subjected to the short-circuit current. After
such event, it can be applicable to replace the earthing circuit.

6.3.102 Earthing of the enclosure

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

—
o

he continuity of the earthing circuits can be ensured taking into account the) thermal an
ectrical stresses caused by the current they have to carry.

D

4 Auxiliary and control equipment and circuits
4.1 General

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

[oxN¢)) [=2) [=}]

uxiliary and control equipment and circuits shall operaté normally when the voltage measureld
uring operation at the supply terminals of the auxiliary-and control equipment and circuits:

Q >

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

o| is free of the voltage dips and intérruptions which exceed the limits declared by the
manufacturer according to IEC 61000-4-29 (DC supply voltage) and IEC 61000-4-11 (AC
supply voltage).

[o}

n case of supply interruptions (also during operations) that exceed the duration limits declare
y the manufacturer for normal operation:

O

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

¢| the manufacturer shall state the behaviour of the device when the supply voltage gefs
interrupted, (for example impact on internal energy storage);

o| the manufacturer shall state the behaviour of the device when the supply voltage returns;

¢| subsegquent actions shall only be completed in response to a new valid operational comman(d
(where applicable).

exceeds the declared limit.

NOTE 1 Possible actions can be:

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

j)  manual intervention such that the equipment achieves a defined, safe operating state for example open, closed,
charged, discharged;

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

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

Specific conditions are given in 6.9 of IEC 62271-1:2017 for shunt closing releases, shunt
opening releases and under-voltage releases.
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For supply voltages lower than the minimum stated above, precautions shall be taken to prevent
any damage to electronic equipment and/or unsafe operation.

Requirements for the interface with digital communication that ensure compliance with
IEC 61850 (all parts) [57] are detailed in IEC 62271-3 [61].

NOTE 2 The logical nodes in IEC 62271-3:2015 (XCBR, XSWI) and their additional data objects described in
Annex B of IEC 62271-3:2015 cover only some properties required by the electronic nameplates of some switchgear
and controlgear of the IEC 62271 series of standards. The other properties required for the physical nameplate,
tendering, quotation and ordering phases are not covered.

6[4.2 Protection against electric shock

421 Protection of auxiliary and control circuits from the main circuit

e suitably protected against disruptive discharge from the main circuit. Thiscis verified by

6

Auxiliary and control circuits that are installed on the frame of switchgear and controlgear sh4l
b

djelectric type tests specified in 7.2, see 7.2.5 f).

6(4.2.2 Safety clearance during service

Auxiliary and control circuits to which access is required during sérvice shall be accessible
wlithout the need to compromise clearances to hazardous parts.

6(4.3 Components installed in enclosures

6/4.3.1 Selection of components

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

Z

ODTE These internal conditions in control"cabinet for auxiliary and control circuits can differ from the externp
brvice conditions specified in Clause 4.

[

he loss of “suitable precautions” shall not cause failure of the auxiliary and control circui{s
ithin the enclosure or uptimely operation of the switchgear within the specified time. Selection
f components should take into account the temperature obtained in the cabinet of the control
hd auxiliary circuit.during a 2-hour period following the loss of the “suitable precautions” in
rder to ensure thé proper operation of switchgear and controlgear until the end of this 2-hour
eriod.

T O o s -

>

fter this 2:hour period non-operation is acceptable. If the loss of the “suitable precautions”
gnger than 2 h but does not exceed 24 h in total, the functionality of the switchgear an
bntrolgear shall come back to its original characteristics when the service conditions are
refcovered.

o =
[eNN7})

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

In the case of switchgear and controlgear designed for outdoor installation, suitable
arrangements (ventilation and/or internal heating, etc.) can be necessary to prevent harmful
condensation in auxiliary and control circuit enclosures.

6.4.3.2 Accessibility

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


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

IEC TS 62271-318:2024 EXV © |IEC 2024 - 57 —

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

Where a component needs adjustment during its service life, access shall be provided with
protection level of at least IP XXB, refer to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013.

6.4.3.3 Identification

should be placed on the component and on the fixed part where the component plugs in.

4.3.4 Requirements for auxiliary and control circuit components

4.3.4.1 General

—

Kists. Annex E (informative) is provided as a quick reference to miany of the compone

6

6

The auxiliary and control circuit components shall comply with applicable IEC standards if OT
: andards.

[=2]

4.3.4.2 Cables and wiring

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

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

_|

erminal blocks should be fixed. Cables between'two terminal blocks shall have no intermediate
blices or soldered joints.

n

Jables and wiring shall be adequatelytsupported and shall not rest against sharp edges.

—

he available wiring space for external connection shall permit spreading of the cores of multji-
bre cables and the proper termination of the conductors without undue stresses.

(@)

(@)

onductors connected t0o’ components mounted on doors shall be so installed that no
echanical damage ean-occur to the conductors as a result of movement of these doors.

3

[=2)

4.3.4.3 Terminals

f| facilities@re provided for connecting incoming and outgoing neutral, protective and PE
protective earthed neutral) conductors, they shall be situated in the vicinity of the associate
phase-conductor terminal.

—~~
o £

6l4-3-4.4  Auxiliary switches

Auxiliary switches shall be suitable for the number of operating cycles specified for the high-
voltage switching device to which they are linked.

Auxiliary switches which are operated in conjunction with the main contacts shall be positively
driven in both directions. An auxiliary switch can consist of a set of two one-way positively
driven auxiliary contacts (one for each direction).

6.4.3.4.5 Auxiliary and control contacts

Auxiliary and control contacts shall be suitable for the number of operating cycles specified for
the switching device. This requirement is verified by the mechanical endurance test of the high-
voltage switching devices to which they are linked.
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The operational characteristics of the auxiliary contacts that are made available to the user
shall comply with one of the classes shown in Table 4.

Examples of the use of the three contact classes are shown in Figure 3.

Table 4 — Auxiliary contact classes

Direct current

Class Rated Rated short- Breaking capacity
continuous time withstand
current current U,s48V 110V=U,s250V
1 10 A 100 A/30 ms 440 W
2 2A 100 A/30 ms 22 W
3 200 mA 1 A/30 ms 50 mA

NOTE 1 Control contacts which are included in a control circuit of a mechanical switching device can be covered
By this table.

NOTE 2 If insufficient current is flowing through the contact, oxidation can increasethe resistance. Therefore, &
rhinimum value of current is specified for class 1 contact.

NOTE 3 In the case of the application of solid state contacts, the rated ,short-time withstand current can b¢
neduced if current-limiting equipment, other than fuses, is employed.

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

NOTE 5 An auxiliary contact which complies with class 1, 2 or@3 for DC is normally able to handle corresponding
AC current and voltage.

NOTE 6 Breaking current at a defined voltage value between 110 V and 250 V can be deduced from the indicated
power value for class 1 and class 2 contacts (for example, 2 A at 220 V DC for a class 1 contact).

+V
Class 1 Class 2
@_____________\ ___________ \ _____________ \ Protection
. Class 3 relay
Main shaft |

mm Lo

-V
IEC

Figure 3 — Examples of classes of contacts

6.4.3.4.6 Heating elements

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

Where contact with a heater or shield can occur accidentally, the surface temperature shall not
exceed the temperature limits for accessible parts not to be touched in normal operation, as
specified in 7.4.6.
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6.4.3.5 Operation counter

Operation counters shall be suitable for their intended duty in terms of environmental conditions
and for the number of operating cycles specified for the switching devices.

6.5 Dependent power operation

A switching device arranged for dependent power operation with external energy supply shall
be able to switch its rated making and/or breaking currents (if any) when the voltage or the
pressure of the power supply of the operating device is at the lower of the limits specified
uhder 6.4.1 and 6.6.2 (the term “operating device” here embraces intermediate control relays
ahd contactors where provided).

Elxcept for slow operation during maintenance, the main contacts shall only moveyunder thie
aftion of the drive mechanism and in the designed manner. The closed or open position of t::l
main contacts shall not change as a result of loss of the energy supply or the se-application

the energy supply after a loss of energy, to the closing and/or opening devicé.

=~

6 Stored energy operation

6.1 General

6

6

Al switching device arranged for stored energy operation shall be capable of making and
breaking all currents up to its rated values when the energy storage device is suitably charged.
Eixcept for slow operation during maintenance, the majn\contacts shall only move under the
aption of the drive mechanism and in the designed manner, and not due to re-application of thle
e

hergy supply after a loss of energy (electric power ©r pressure supply).

Al device indicating when the energy storagé. device is charged shall be mounted on the
sitching device except in the case of an independent unlatched operation.

It shall not be possible for the moving contacts to move from one position to the other, unlegs
the stored energy is sufficient for satisfactory completion of the opening or closing operation.
Stored energy devices shall be able\to be discharged to a safe level prior to access.

6/6.2 Energy storage in gas receivers or hydraulic accumulators

When the energy storage_device is a gas receiver or hydraulic accumulator, the requiremen{s
f 6.6.1 apply at operating pressures between the limits specified in items a) and b).

o

)| External pneurnatic or hydraulic supply

Unless otherwise specified by the manufacturer, the limits of the operating pressure are
85 % and-110 % of their specified rated pressure.

Thesetimits do not apply when the gas receivers also store compressed gas for interruption.
m) Lompressor or pump integral with the switching device or the operating device

Thao limit
et

6.6.3 Energy storage in springs (or weights)

When the energy storage device is a spring (or weight), the requirements of 6.6.1 apply when
the spring is charged (or the weight lifted).

6.6.4 Manual charging

If a spring (or weight) is charged by hand, the direction of motion of the handle shall be marked.

The manual charging facility shall be designed such that the handle is not driven by the
operation of the switching device.
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he maximum actuating force required for manually charging a spring (or weight) shall not

exceed 250 N.

6.6.5 Motor charging

Motors, and their electrically operated auxiliary equipment for charging a spring (or weight) or
for driving a compressor or pump, shall operate satisfactorily between 85 % and 110 % of the
rated supply voltage (refer to 5.6), the frequency, in the case of AC, being the rated supply
frequency (refer to 5.7).
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Slubclause 6.8 of [IEC TS 62271-5:2024 is not applicable.

or electric motors, the limits do not imply the use of non-standard motors but only the selectidn
f a motor which at these values provides the necessary power, and the rated voltage of-the
otor does not need to be equal to the rated supply voltage of the auxiliary and contral Circuits.

6.6 Energy storage in capacitors

hen the energy storage is a charged capacitor, the requirements of 6.6.1 apply when the
pacitor is charged.

7 Independent unlatched operation (independent manual or power operation)

he mechanism shall not reach the energy release point of a.Clese operation if the switching
pbvice is in the closed state or of an open operation if it is open.

OTE 1 This requirement is to prevent the inadvertent, and potentially damaging, discharge of stored energy
painst an already closed or already open switching device.

shall not be possible to progressively store .enhergy by incomplete operations against gn
terlock, if supplied. During the operation, any:movement of the contacts prior to release of thle
hergy shall not reduce any electrically stressed gap to below that which will withstand rated
sulation levels.

or a switching device with short-circuit making capacity but no short-circuit current breaking
hpacity, a time delay shall be introduiced between the closing and opening operation. This time

elay shall be not less than the rated duration of the short-circuit (refer to 5.5.4).

OTE 2 The intention of the provision is to let the switching device “ride out” the short-circuit in the closed positign
til a back-up device safely clears the fault.

8 Manually operated actuators

9 Operation of releases

9.1 General

6

Seer6 4 1 for the basis of operation limits with respect to supply voltage

9.2 Shunt closing release

A shunt closing release shall be able to operate within a voltage range of the power supply,
measured at the input terminals, between 85 % and 110 % of the rated supply voltage of the
closing device (refer to 5.6), the frequency, in the case of AC, being the rated supply frequency
of the closing device (refer to 5.7).

6

9.3 Shunt opening release

A shunt opening release shall be able to operate under all operating conditions of the switching
device up to its rated short-circuit breaking current (if any), and between 70 % in the case of
DC — or 85 % in the case of AC — and 110 % of the rated supply voltage of the opening device
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measured at the input terminals (refer to 5.6), the frequency, in the case of AC, being the rated
supply frequency of the opening device (refer to 5.7).

6.9.4 Capacitor operation of shunt releases

When a rectifier-capacitor combination is provided as an integral part of the switching device
for stored energy of a shunt release, the charge of the capacitors derived from the voltage of
the main circuit or auxiliary supply, shall be sufficient for satisfactory operation of the release
5 s after the voltage supply has been disconnected from the terminals of the combination and
replaced by a short-circuiting link.

—

he voltages of the main circuit before disconnection shall be taken as the lowest voltage ¢f
the system associated with the rated voltage of the switching device. IEC 60038:2009 shall be
re¢ferred to for the relation between “highest voltage for equipment” and system voltages.

9.5 Under-voltage release

vitching device for all values of the voltage at its terminals below 35 % of its rated supply

6

When an under-voltage release is provided, it shall operate to open and prevent closing of thle
s

vpltage.

Bletween 70 % and 35 % of its rated supply voltage, the undér-voltage release can operate,
bening the switching device and preventing its closing.

o

@)

n the other hand, the under-voltage release shall not.operate to open the switching devide
hen the voltage at its terminals exceeds 70 % (AC<«r DC) of its rated supply voltage.

s

_|

he closing of the switching device shall be.possible when the value of the voltage at the
grminals of the release is equal to or greaterithan 85 % of its rated voltage.

—

(2]

10 Pressure/level indication

—

he performance of the DC GIS is:dépendent upon the gas density of the pure gas or the ggs
ixtures.

3

Flor DC GIS it is not sufficieat to monitor the gas pressure without temperature compensation

he gas density or temperature compensated gas pressure in each compartment shall be
bntinuously monitered. The monitoring device shall provide at least two alarm levels for
ressure or density(alarm and minimum functional pressure or density). The correct functioning
f gas monitoring devices shall be able to be checked with the high-voltage equipment in servige.

O T O -

P4

OTE 1 \When the filling density differs between adjacent compartments, an additional alarm indicating over
essuretor'density can be used, if the DC GIS design requires it.

©

NPOTE 2 Tolerances of the monitoring device, as well as possible differences in temperature (e.g. inside/outside pf
a

IS PN H L baot 4+ H'S H A H -tk 1 £ bai H'S =i I = =i
btttaing)between-the-monitoring-deviee-and-the—votume-ef gasbetng-monitered—eanbe—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 separate the density monitor from the
gas compartment without mechanically removing it from the DC GIS, in order to minimize gas losses.

6.10.1 Gas pressure

Closed pressure systems filled with compressed gas for insulation and/or operation and having
a minimum functional pressure for insulation and/or operation above 0,2 MPa (absolute
pressure), shall be provided with a device capable of monitoring the pressure (or density).
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he uncertainty of the gas monitoring device should be established and take into account

pressure coordination (filling, minimum functional and alarm pressure) and leakage rate.

6.10.2 Liquid level

A

device for checking the liquid level, with indication of minimum and maximum limits

permissible for correct operation, shall be provided. This requirement is not applicable to
dashpots or shock-absorbers.

6
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atings are not detailed on the common nameplate.

recommendations sheuld be considered as appropriate:

+H—Nameplates

common nameplate shall be provided to identify the DC GIS. It shall, as a minimum,-detdi
e ratings listed in Clause 5 of this document. The common nameplate shall be clearly, readable
om the position of local operation side.

or each individual device a nameplate according to its relevant document is)required where

he nameplates shall be durable and clearly legible for the lifetime ofithe DC GIS.

he manufacturer shall give information of the type, volume and’mass of the gas contained in
ach gas compartment as well as the total mass for the entire DC GIS installation either on the
bmeplate or on a label placed in a visible location. If required, more information shall be
Frovided in the instruction manual.

11.1 General

witchgear and controlgear (and their operating“devices where applicable) shall be provide
ith nameplates that contain the information required to identify the equipment, its ratings an
bpropriate operating parameters as specified in the relevant IEC standards.

o O

11.2 Application

able 5 shall be used where applicable if the product standard does not provide more specif|c
formation.

particular, the terminology, symbols and units given in the table shall be used as appropriat¢.
nnex F (informative) provides an extended list including non-rated values. The following

the type andumass of insulating fluid should be noted either on a nameplate or on a labg¢
placed inta\visible location;

it should*be stated whether pressures are absolute or relative values;

switehgear and controlgear installed outdoors or in high humidity should have nameplatgs
and have methods of attachment that are weather-proof and corrosion-proof;

e

g

for an operating device combined with a switchgear device, It may be sufficient 1o use only
one combined nameplate;

) nameplates should be visible in the position of normal service and installation;

technical characteristics on nameplates and/or in documents which are common to several
kinds of high-voltage switchgear and controlgear should be represented by the same
symbols;

) since other characteristics (such as type of gas or temperature limits) are specialized, they
shall be represented by the symbols which are used in the relevant standards.
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Table 5 — Nameplate information

Condition:
Item Symbol Unit (**) Marking only required
if
(1) (2) (3) (4) (3) (6)
1 Name of manufacturer X
2 Type designation and serial X
number
3 Rated direct voltage Uy kv X
4 Rated direct withstand voltage Uygq kV X
5 Rated lightning impulse withstand U KV X
voltage P
6 Rated switching impulse withstand U KV Y rated-direct voltage
voltage s 240.kV and above
7 Rated continuous current Iy A X
8 Rated short-time withstand direct Iy KA X
current
9 Rated peak withstand current Ipd kA X
10 Rated duration of short-circuit ted S X
11 Filling pressure for operation(*) Prm MPa X
12 Filling pressure for insulation(*) Pre MPa X
13 Alarm pressure for insulation(*) Pag MPa X
14 Alarm pressure for operation(*) Pam MPa X
Minimum functional pressure for
15 insulation and/or switching(*) Pme MPa X
Minimum functional pressure for
16 operation(*) Pmm MPa X
Rated supply voltage(s) of
auxiliary and control circuits. U
17| Specify DC / AC (with rated a v X
frequency)
18 Type and mass of fluid (liquid or M. K X
gas) for insulation f 9
Mass of,switchgear and
19 controlgear (including any fluid) M kg Y more than 300 kg
20 Yearof manufacture X
Minimum and maximum ambient o different from -5 °C
21 : C Y o
air temperature and/or 40 °C
*){ Absolute pressure (abs.) or relative pressure (rel.) to be stated on the nameplate.
T X =the marking of these vatues s mandatory, wWhere appticabie:

Y = conditions for marking of these values are given in column (6).

NOTE 1 The symbol in column (3) can be used instead of the terms in column (2) to be stated on the nameplate.

NOTE 2 When terms in column (2) are used, the word “rated” can be omitted.

6.12 Locking devices

Switching devices, the incorrect operation of which can cause damage or which are used for
assuring isolating distances, shall be provided with locking facilities (for example, provision for
padlocks).
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The following provisions are mandatory for apparatus installed in main circuits which are used
as isolating distance and earthing:

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

e earthing switches shall be provided with locking devices to avoid opening during
maintenance work.

613 Position indication

o

ndication of the actual position of the main contacts of the switching devices shall be previde
hless the contacts themselves are visible in all positions.

C

Py

equirements for position indicating devices are as follows:

it shall be possible to read the position-indicating device when operating lecally;

all stable positions such as open, closed and test positions shall be clearly indicated.

dentification of the open, closed and where appropriate earthed paositiohs should use symbo
nd/or colours defined by the relevant IEC publications: IEC 600Z3¥[14] for colours, IEC 6041
[27] for symbols and IEC 60617 [30] for diagrams.

Q
~N »

In case of disconnector switch and earthing&(switch subclause 6.104.2 ¢f
IEC TS 62271-314:2024 is applicable.

(2]

14 Degrees of protection provided by enclosures

(2]

14.1 General

—

he enclosures shall provide degrees of.prétection in accordance with 6.14.2 through 6.14.4.

6{14.2 Protection of persons against access to hazardous parts and protection of the
equipment against ingress of solid foreign objects (IP coding)

The degree of protection of persons and of equipment provided by an enclosure against acceds
tg hazardous parts of thesmain circuit, control and/or auxiliary circuits and to any hazardous
moving parts and against.ingress of solid foreign objects shall be at least IP1XB according fo
[EC 60529:1989, IEC'60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

6(14.3 Protection against ingress of water (IP coding)

Flor equipment of indoor installation, no minimum degree of protection against harmful ingregs
f water is )specified, i.e. the second characteristic numeral of the IP code is X according fo
EC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

= O

IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013. If it is provided with additional
protection features against rain and other weather conditions (supplementary letter W), the
performance refers to the situation with these features in place and shall be demonstrated
according to Annex G (normative) (see 7.6.1).

6.14.4 Protection against mechanical impact under normal service conditions
(IK coding)

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

For outdoor installation without additional mechanical protection, the minimum impact level shall
be IK10 according to IEC 62262:2002 (20 J).
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Insulators and bushings of high-voltage switchgear and controlgear are not subjected to this
requirement.

6.15 Creepage distances for outdoor insulators

Annex B (informative) gives general rules (included RUSCDDC) that assist in choosing
insulators which should give satisfactory performance under polluted conditions.

Th

wvhridin lotore

oo
Ty T o T ToTTatoToT

e general rules given in Annex B (informative) are applicable for glass, porcelain, composite
dh

Q

This applies to bushings only.

16 Gas and vacuum tightness

16.1 General

ther than ambient air, as an insulating, switching, combined insutating and switching, ¢
pberating medium.

-

6
6
The following specifications apply to all switchgear and controlgear that\dse vacuum or ga$
o

n

or vacuum tightness no leakage rate F shall be specified, instead the level of vacuum and the
kpected operating duration shall be given.

D

- Z

OTE 1 IEC TR 62271-306 [62] and CIGRE Brochure 430 [71] give,;some information, examples and guidance for
phtness.

—

—

he absolute leakage rate F shall not exceed the ‘specified value of the permissible leakage
rate Fy, at standardized ambient temperature of:20 °C.

>

n increased leakage rate at extreme temperatures is permissible, provided that this rate resefs
@ a value not higher than the permissible value Fy at standardized ambient temperature o¢f

D °C. The increased temporary leakage rate shall not exceed the values given in 7.7.1.

N =

Z

OTE 2 The average leakage rate ,observed during service life can be higher than the specified leakage rate dye
d the temporary increased leakage rate at temperatures above or below the standardized ambient temperature.

—

—

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

Q

DC GIS shall be\a/closed pressure system or a sealed pressure system.

—

pakage (losses and handling releases shall be considered separately. The objective is {o
inimizexthe release of gas in the atmosphere due to leakage and handling (see IEC 62271-4)).

3

The..cause of any leakage shall be investigated carefully, and corrective actions shall be
considered, especially if it is above the specified values.

6.16.2 Controlled pressure systems for gas

The tightness of controlled pressure systems for gas is specified by the number of
replenishments per day (V) or by the pressure drop per day (Ap). SFg gas and SFg mixtures are

not applicable for controlled pressure systems.

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

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

of each compartment. The maximum value under the standardized ambient temperature of
20 °C is 0,5 % per year irrespective of gas type.

NOTE 1 A lower SFg leakage rate can apply to meet some local or governmental regulations, e.g. 0,1 % per year.

The tightness characteristic of a closed pressure system and the time between replenishments
under normal service conditions shall bhe stated hy the manufacturer This time shall be at
Igast 10 years for maintenance planning purposes. Means shall be provided to enable.ggs
systems to be replenished while the equipment is in service.

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

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

The relative leakage rate from any single compartment of DC GIS to atmosphere and betwegn
cpmpartments shall not exceed 0,5 % per year for the expected operation duration of the
epuipment.

NOTE 1 Expected operation duration is typically 40 years under normal servicé.condition as specified in Annex [}.

The permissible relative leakage rate F\ g for type tests is specified as:

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

< 0,5 % per year for other gas mixtures with GWR. < 1 000.

P4

OTE 2 The global warming potential (GWP) of gases in D€ GIS is the major reason for requiring low permissibje
akage rates. Solutions with alternative gases with GWRlower than 1 000 exist. GWP (100 years) of SF¢ is 24 340

cording to the IPCC — AR6 Climate Change 2021 [#] 3,

Q.

oY)

T

or small gas compartments containing less than 1 kg gas, the permissible relative leakage
ate F g for type tests is specified as:

=

< 0,2 % per year for SFg, Skg'mixtures and for other gas mixtures with GWP > 1 000.

16.4 Sealed pressure systems

—

kpected operatingyduration shall be specified by the manufacturer and shall be at leas

6

The tightness of sealéd pressure systems is specified by their expected operating duration. Thie
e

2D years. Other (preferred values are 30 years and 40 years.

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

NOTE T For some designs verification of an expecied operating auration greater than 20 years can be impractical
for a type or routine test.

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

6.16.101 Leakage

In accordance with standardized procedure defined in Clause 10 of IEC TR 62271-306:2012
and IEC TR 62271-306:2012/AMD1:2018, the manufacturer shall demonstrate that the relative

3 Numbers in square brackets refer to the Bibliography.
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leakage rate from any compartment of DC GIS or between compartments complies with 6.16.3
or 6.16.4.

6.16.102 Gas handling

The DC 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.

6

G

o -

Slubclause 6.17 of IEC TS 62271-5:2024 is not applicable.

17 Tightness for liquid systems

18 Fire hazard (flammability)

ariety of designs and lack of acceptance criteria. The information, below is provided fq
uidance.

Foducts.

EC 60695-7 (all parts) [34] provides guidance on the minimization of toxic hazards due to firg
volving electrotechnical products.

19 Electromagnetic compatibility (EMC)

witchgear and controlgear shall be capable of satisfying the EMC tests specified in 7.8.

20 X-ray emission

acuum interrupters shall be designed in such a way that the acceptance criteria about X-rg
mission levels specified in @,10.3 are satisfied when subjected to the test specified in 7.10.

21 Corrosion

Due to the large pumber of parameters to be considered no standard requirements can be given.

eneral recommendations are given in [IEC TR 62271-306 [62].

blted.and screwed assemblies.

o technical requirement is defined for high-voltage switchgear and controldear due to the large

EC 60695-1 (all parts) [33] provides guidance for assessing the fire hazard of electrotechnical

his subclause is applicable te, vacuum interrupters used in switchgear and controlgeay.

he continuity of the earthing circuits shall be ensured taking into account the corrosion of

6

22" Filli 1 Is for i lati itchi T tion

—

Yy

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

In addition to the filling levels the following values shall be assigned by the manufacturer (when

a

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

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

6.101 General requirements for DC GIS

DC 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, after installation and extension.

T

e dpqign of the pnlllilnmpm‘ shall he such that the agrnnd pnrmiffnd movement of foundations

a

© >

o -

(2]

o -

—

q

oY)

-

hd mechanical or thermal effects do not impair the assigned performance of the equipment.

Il components of the same type (rating, design and construction, etc.) which can be.replacgd
hall be interchangeable.

he various components contained within the enclosure are subject to their relevant documenis
kcept were modified by this document.

102 Pressure coordination

he pressure inside a DC GIS can vary from the filling pressure, p., due to different servige
pnditions.

service conditions, the mechanical stresses are associatéd with the internal pressure whigh
epends on the gas temperature. Consequently, the maximum pressure in service corresponds
the filling pressure at the maximum temperature th€ gas can reach due to continuous curremt
hd service conditions (e.g. temperature, solar radiation).

gure 1 shows the various pressure levels atd their relationship.

Highest pressure

Type test pressure

Routine test pressure

Design pressure

Maximum pressure in service may
¢/ reach the design pressure

Maximum pressure
in service

of gas caused by service conditions

$/ Margin for pressure rise due to temperature rise

Filling pressure po

A Margin for pressure loss due to gas leakage

T

v

¢/ Margin for pressure loss to allow for action

Alarm pressure p

Minimum functional
pressure pyo

Lowest pressure
IEC

Figure 1 — Pressure coordination

he manufacturer is responsible for choosing the minimum functional pressure for insulation

Pme and filling pressure p,,.
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The manufacturer shall propose the alarm pressure p_, which is related to both the filling
pressure p., and the minimum functional pressure. The alarm pressure p,, will inform the user
of any gas leak. For DC GIS using gas with a GWP > 1000, the filling pressure p,, and the alarm
pressure p,. shall be as close as possible, considering the tolerances of the density sensors,
in order to make the user aware as soon as possible of gas losses.

Installation conditions (indoor, outdoor, direct solar radiations, ...), design and tolerances of the
gas monitoring device shall be taken into consideration.

he time between the alarm pressure p,, and the minimum functional pressure p.. allows

T
cprrective actions to be undertaken by the user and is dependent upon the gas leakage rat¢.
During this period of time, the tolerances of the gas monitoring devices shall be takén info
cpnsideration.

103 Internal arc fault

103.1 General

fobability. This results from the application of an insulating gas.-other than air at atmospher|c

6

6

Al fault leading to arcing within DC GIS built according to this documeént’has a very low order ¢f
Sressure which will not be altered by pollution, humidity or vermin.

O

C GIS shall be designed, manufactured and operated incorder to prevent the occurrence o¢f
nternal fault within DC GIS. All possible measures to keep ‘a very low probability of occurrenge
hall be taken such as:

w =

insulation co-ordination;

o| gas leakage limitation and control;
¢| control of gas quality;

o[ high quality of work on-site;

interlocking of switching device:

he very low probability of suchvan event shall be considered. Arrangements shall be made ﬂo
inimize the effects of interfial faults on service continuity (e.g. high-speed protection, remo

bntrol, additional gas compartments). The internal arc shall not propagate into adjacent g4
bmpartments.

0 03 -
»

he general partitioning of DC GIS design shall permit the restoration of the part of DC GlI
hich is notaffected in order to satisfy the service continuity requirements when defined (s
FC 62271-203:2022, Annex F).

fter such an eventy’an intervention will be necessary in order to isolate the faulty compartmer}.
e

s 4>

f==l

6/103:2 External effects of the arc

The effects of an internal arc are:

e pressure increase of gas (see Annex C),

e possible burn-through of enclosure.

The external effects of the arc shall be limited to the appearance of a hole or a tear in the
enclosure without any fragmentation (by a suitable protective system). The duration of the arc
is related to the performance of the protective system.

Table 2 gives the performance criteria depending on a dedicated Joule integral value of the
short-circuit current derived by applying the Joule integral value E; = [i2dt for both alternating
and direct short-circuit current (see IEC TS 62271-5:2024, Clause D.6).
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Table 2 — Performance criteria

Joule integral value (Ej) Explanation Performance criteria
No external effect other than the
< 320 (kA)?:s This corresponds to the main protection. operation of suitable pressure relief
devices
< 800 (kA)?:s This corresponds to the back-up protection. e TEG T (AL ITEUEl 2

acceptable)

» O Z

> =2

—

o >

q

k

—

S =Z

h

L

(=2

= 4

k

OTE 1 Energy limits have been calculated using the Joule integral according to IEC TS 62271-5:2024, Clause.D|6
bsed on performance criteria of IEC 62271-203:2022, 6.103.2. Value of 320 (kA)2:s was calculated by Ej = [1%dt fpr

kA RMS and 0,2 s. Value of 800 (kA)2-s was calculated by EJ. = [12d¢ for 40 kKA RMS and 0,5 s.

OTE 2 For current and expected near term implementations of HVDC, the short-circuit current issmuch lower thgn
AC systems.

he term "no fragmentation of the enclosure" is interpreted as follows:

no explosion of the compartment;

no solid parts flying off from the compartment.
xceptions are:

parts of the pressure relief device or parts installed in\these, if their ejection is directed;

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

dditionally, manufacturer and user can define aytime during which an arc due to an internf
ult up to a given value of short-circuit current\will cause no external effects. The definition ¢f
is time shall be based on test results or an acknowledged calculation procedure. See Equatio
C.1).

=]

OTE 3 Using an alternating current for testing, Annex C is applicable. If considering direct current for testing,
ere is currently insufficient experience to derive a calculation procedure.

he duration of current withoutbdrn-through for different values of the short-circuit AC curre:rt
An be estimated from an acknowledged calculation procedure like CIGRE Technical Brochune
D2 [2], CIGRE Session 4998 — WG 21/23/33-03 [3] and RGE: 04/82 [4].

ence, Annex C is not applicable when using direct current for testing.

103.3 Internalfault location

he manufacturer of the DC GIS should propose appropriate methods for the determination ¢f
e location of a fault, if required by the user.

6

104 Enclosures

6
T

.104.1 General

he enclosure shall be capable of withstanding the normal and transient pressures to which it

is subjected in service.

6

T
p

.104.2 Design of enclosures

he design of the enclosure shall be made in accordance with established documents for
ressurized enclosures of gas-filled, high-voltage switchgear and controlgear with inert,

non-corrosive, low pressurized gases. For further information, see EN 50052 [5], EN 50064 [6],

E

N 50068 [7], EN 50069 [8]. Annex E provides further information about notes concerning

certain countries.
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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).

When designing an enclosure, account shall also be taken of the following:

a) the possible recovery or evacuation 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 not
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 measuresi(e.g. filtgr
material to absorb humidity and decomposition products).

n determining the design pressure, the gas temperature shall be taken as the mean of the
pper limits of the enclosure temperature and the main circuit conductor temperature with rated
bntinuous current flowing unless the design pressure can be established from existing
bntinuous current test records.

O 0O C

T

or enclosures and parts thereof, the strength of which has\not been fully determined hy
hlculation, proof tests (see 7.103) shall be performed t6 demonstrate that they fulfil the
¢quirements.

= O

aterials used in the construction of enclosures shall be of known and certified minimum
hysical properties on which calculations and/or proof tests are based. The manufacturer shgll
e responsible for the selection of the materials and the maintenance of these minimur]n
roperties, based on certification of the..material supplier, or tests conducted by the
anufacturer, or both.

30T O T =2

(=2

105 Partitions

(2]

105.1 Design of partitions

Partitions shall be used to separate compartments of the DC GIS and shall be gas tight sugh
that contamination between-adjacent compartments cannot occur. Partitions shall be made ¢f
material having insulating-and mechanical properties so as to ensure proper operation over the
lifetime of the DC GIS. Partitions shall maintain their dielectric withstand strength at voltages,
which can occur in“service (including temporary and transient voltages), when contaminated Hy
bly-products of gasés and gas mixtures generated from normal load switching.

During maintenance activities, the gas pressure can be lowered to a specified and controlled
pressure. If this pressure is below the minimum 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 air in a gas compartment on one side of the partition with
service pressure on the other, as part of the filling process; if there is a pressure differential
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limitation, or a time limitation related to the pressure differential, these shall be clearly stated
by the manufacturer in the operating and maintenance manuals;

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

e superimposed loads and vibration;

o the possibility of maintenance being carried out adjacent to a pressurized partition, with
special care to avoid rupture of the partition and the risk of injuries for maintenance people.

Z

QTE Enhanced pressure due to internal fault is not considered to establish the pressure design since in such
iftuation, partition will be closely inspected and replaced if applicable.

(7]

(=2

105.2 Partitioning

—

he selection of the electrical single-line diagram is the primary consideration tofulfil servige
bntinuity requirements. Layout arrangements and introduction of dismantling)facilities wil
nfluence service continuity during maintenance, repair and extension.

(e

0

artitioning of a DC GIS is influenced by the service continuity, "réquirements during
aintenance, repair and extension. Local health and safety requirements shall also be
pnsidered, see Clause 12.

O 3

Annex F of IEC 62271-203:2022 provides guidance for specifying service continuity.

OTE 1 Annex F of IEC 62271-203:2022 applies to AC GIS. In principle, this guideline can also be applied to DIC
S.

Q=2

DC GIS shall be divided into compartments in sucki a*manner that:

e| during various activities requiring de-enerdization of parts of the DC GIS, compartmentsjo
be taken out of service comply with the-user’s service continuity requirements. The
activities include:

— maintenance;

— repair;

— extension;

— on-site dielectric test;

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

e| duration of unavailability in case of major failure shall be in accordance with the user|s
service continuity requirements;

o| the gas ortairof the compartment can be recovered, evacuated and filled in a reasonable
time copsidering the gas handling devices available.

NPTE 2 .For on-site dielectric tests (after maintenance, repair or extension), see 11.101.2.

Plartitions are generally of insulating material. They are not intended to provide electrical safefy

oFpersennel—Forthispurpose—othermeans—suehas—s
earthing of the equipment can be 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.

Where a DC GIS bus-duct pass between indoor and outdoor locations (for example, DC GIS
installed within a building with outdoor bushings), the gas compartment can be provided with a
partition close to the wall, separating the compartment between the indoor and outdoor
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environments to prevent problems arising from false alarms of the gas monitoring devices and
condensation occurring due to indoor and outdoor temperature differences.

Each compartment shall be equipped with the following accessories:

o filling valve;

e gas monitoring device (see 6.10).

Depending on the DC GIS design or on users request each compartment can be equipped with

fall A A
tl C TUINTOWIITY dLULTOoOUITITOS.

pressure relief device (see 6.106.3);

desiccant;

internal arc fault location detector (see 6.103.3).

-

gure 2 gives an example of an arrangement of enclosures and partitions for'different types ¢f
djacent compartments.

QD

| |
| |
| |
| |
| |
iRt
Air bushing . \
| |
| | Enclosures
| |
Partitions Partitions
Support Cast resin Inspection window
Mixed metal/ nsdlators
Compartment 1 cast resin ’
ﬂ )
</ > <> %
3 D <F-. &
kd 3] K f
Partitions
Pressure Compensator
relief device
Compartment 2 Compartment3 — — -

Figure 2 — Example of arrangement of enclosures and gas compartments

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 performing normal operating duties in the DC
gas-insulated substation if gases or vapours are escaping under pressure.
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6.106.2 Non-reclosing pressure relief device

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

6.106.3 Pressure relief valve

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.

>

fter an opening operation, a pressure relief valve shall reclose before the pressure has fallgn
@ 75 % of the design pressure.

—

—

he filling pressure p., should be corrected to take into account the gas-and ambient
g¢mperature at the time of filling.

—

106.4 Limitation of pressure rise in the case of an internal fault

on-reclosing pressure relief devices protect against overpressure in case of internal fault. F¢
hfety reasons and in order to limit consequences on DC GIS, it is recommended that eac
bmpartment be equipped with a non-reclosing pressure reliéf device, except for large volumsg
here the overpressure is self-limited to values which do.h¢t exceed the type test pressure.

s 0O wn Z (2]
[ =

—~

OTE 1 Using an alternating current for testing, calculation method of Annex C is applicable. For using a diret
rrent for testing, currently not sufficient experience is availablero derive a calculation procedure.

o=z

he pressure relief device shall be equipped with ‘a deflector in order to control the direction ¢f
mission to secure an operator working in accessible places for normal operation. In order o
void any pressure relief operation under n@rmal conditions, a sufficient difference is necessafy
etween the operation pressure of the pressure relief device and the design pressure. Moreovgr,
ansient pressure occurring during operation (if applicable) shall be taken into account when
btermining the operating pressure of the pressure relief device.

O ST d

=z

OTE 2 In the case of an internal fault'which causes yielding of the enclosure, enclosures of adjacent compartmengs
n be checked for absence of distortion.

o

6/107 Noise

o

During an operationythe level of noise emitted by the switchgear should not exceed a specifie
vhlue defined by the user. The procedure of verification should be agreed betweegn
manufacturer.and user (see IEC 61672-1 [29] and IEC 61672-2 [30]).

6/108 Interfaces

6/108.1 General

In order to facilitate testing of DC GIS, isolating or removable links can be included in the design
in each of the components mentioned below. This type of separation is preferable rather than
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 to Table 1 of IEC TS 62271-5:2024.

A removable link shall be designed to withstand the phase-to-earth test voltages according to
Table 1 of IEC TS 62271-5:2024.
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The isolating or removable links shall be designed to withstand the test voltages of the
components mentioned below.

Those interfaces connected to the DC GIS shall be capable of withstanding the maximum
pressure in service of the DC GIS. Typical maximum pressures in service are up to 1,1 MPa
(absolute) for SFg and up to 1,5 MPa (absolute) for other gases and gas mixtures.

6.108.2 Cable connections

6[108-2t—Generatl
Slee IEC 62271-209.

OTE A CIGRE Joint working group JWG B1/B3/D1.79 is developing recommendations for dielectric testing pf
ble connection enclosures. Resulting technical brochure will give more information.

Q=Z

hose parts of the DC GIS, which remain connected to the cable, shall~be capable o¢f
ithstanding the cable test voltages specified in the relevant cable standards-for the same rated
bltage for equipment.

< s 4

nvj

arts not capable of withstanding the cable test voltages should b&equipped with removable
[ isolating links.

o

During dielectric tests on cables in general, the adjacent\parts of the DC GIS should be dT
ehergized and earthed, unless special measures are taken to prevent disruptive discharges in
the cable affecting the energized parts of the DC GIS.

The location of bushings for cable testing shoulde provided at the cable connection enclosure
of at the DC GIS itself (see IEC 62271-209) or«(to reduce handling releases of gas) at the other
ehd of the cable.

108.2.2 Extruded insulation cable

6

According to IEC 62895, the electrical tests after installation are direct voltage tests in sudg
cpse; part of the DC GIS in thewicinity of the cable termination can be subject to direct te
vpltage of the cable. If it is hot acceptable to apply direct cable test voltages to the DC GIS
special provisions for cabletesting shall be made (e.g. disconnecting facilities and/or increasin
of the gas density for insulation).

Q P

6/108.2.3 Oil-filled cable

According todE€ 60141-1 [9] , CIGRE TB 841 [10], CIGRE TB 852 [11] and CIGRE TB 853 [12]
the electrical-tests after installation are direct voltage tests, in such case; if it is not acceptable
te apply-direct cable test voltages to the DC GIS, special provisions for cable testing shall be
made-(e.g. disconnecting facilities and/or increasing of the gas density for insulation).

640683 Directtransformerconmections

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

NOTE 1 Opening of the DC GIS for the testing of the transformer can then be avoided and reduce the gas handling
releases and the outage time of the equipment.

NOTE 2 Direct transformer connection is used in case of a bipolar HYDC scheme when DC GIS is applied between
line-side of converter transformer and converter. See Annex G.

NOTE 3 For reference, see IEC 62271-211.
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6.108.4 Bushings

IEC/IEEE 65700-19-03 and IEC TS 60815-1 shall be used. See also IEC TS 60815-2 [13],
IEC TS 60815-3 [14] and IEC TS 60815-4.

6.108.5 Interfaces for future extensions

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

manufacturer shall supply information preferably in the form of drawings giving sufficient
nformation to enable such an interface to be designed at a later stage. The procedure toensuie
cpnfidentiality of the design details shall be agreed between the user and manufacturer. Sde
IEEE C37.122.6 [15].

In the case of later extension with another DC GIS product and if requested by the user, t?}e

o -

he interface should concern busbars or busducts only, and not direct connections to "activ
bvices such as circuit-breakers or disconnectors. If an extension is plannged;it is recommend

—

d
hat the interface incorporates facilities for installation and testing of the extension to limit the
art of the existing DC GIS to be re-tested and to allow the connection‘to the existing DC GIS
ithout further dielectric testing (see Clause B.3). It shall be designed to withstand the rated
nisulation levels across the isolating distance.

5 ST

(2]

109 Interlocking

)

isconnectors and earthing switches should be interlocked with associated equipment fo
prevent unintended opening or closing.

7| Type tests

711 General
711.1 Basics

The type tests are for the purpose of proving the ratings and characteristics of switchgear an(d
bntrolgear, their operating devices and their auxiliary equipment. Each individual type test ¢r
type test sequence shall permade on test objects as defined in 3.2.1, in the condition as requirgd
9

d

[e]

for service (filled with the specified types and quantities of liquid or gas), with their operatin
devices and auxiliaryequipment, all of which in principle shall be in, or restored to, a new an
ean condition at(the beginning of each type test or type test sequence.

[¢]

Reconditioning*during individual type tests or test sequence may be allowed, according to the
rglevant |[EC product standards. The manufacturer shall provide a statement to the testing
Igboratery of those parts that may be renewed during the tests.

Tplerances on test quantities are listed in Table H.1.

Information regarding the extension of validity of type tests is given in Annex | (informative).

For type 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.

If the DC 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 DC GIS and documented in the type test reports.

NOTE A working group of IEC TC 10 is currently working on standardization of technical grade of SF, free gas
mixtures (IEC 63359 [34] and IEC 63360 [35]).
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In regard of gas handling, IEC 62271-4 shall be taken into account.

As a general rule, tests on DC GIS components should be carried out in accordance with their
relevant documents, 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 requirements are defined, type testing shall be carried out on a complete
functional unit. When this is impracticable, type tests can be made on representative assemblies
or sub-assemblies.

Blecause of the variety of types, ratings and possible combinations of components,|it|s

—

he type tests and verifications are listed in Table 3.

Table 3 — Type tests

impracticable to subject all arrangements of the DC GIS to type tests. The performancéof any
pprticular arrangement can be substantiated from test results obtained on representativie
apsemblies or sub-assemblies. The user and the manufacturer shall check that-tested su
apsemblies are representative of the users’ arrangement.

Mandatory type tests

Subclause
4) Tests to verify the insulation level of the equipment and dielectric‘te’sts on auxiliary circuits 7.2
) DC insulation system test 7.2.101
q¢) Tests to prove the radio interference voltage (RIV) level (if‘\applicable) 7.3
q) Tes_ts to prove the ct_)ntir)uogs current of any part of the equipment and measurement of the 73 and 7.4

resistance of the main circuit
4) Tests to prove the rated peak and the rated short-time withstand current 7.5
f) Tests to verify the making and breaking capacity of the included switching devices 7.101
d) Tests to prove the satisfactory operation of the included switching devices 7.102.1
) Tests to prove the satisfactory operation at limit temperatures 7.102.2
i Tests to prove the strength of enclosures 7.103
j Verification of the degree‘efiprotection of the enclosure 7.6
K)  Gas tightness tests 7.7
| Electromagnetic.eompatibility tests (EMC) 7.8
m) Additional tests pon auxiliary and control circuits 7.9
n) Tests on.patktitions 7.104
q) Tests to prove performance under thermal cycling and gas tightness tests on insulators 7.106
B) Corrosion test on earthing connections (if applicable) 7.107
qd)s{ X-radiation test procedure for vacuum interrupters (if applicable) 7.10
Type tests, when requested by the user

Subclause
r) Dielectric tests under high-load condition 7.2.7.101
s) Tests to assess the effects of arcing due to an internal fault 7.105
t) Corrosion tests on sealing systems of enclosures and auxiliary equipment 7.108

(if applicable)

u) Long-term energized test 7.2.102
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7.1.2 Information for identification of test objects

The manufacturer shall submit to the testing laboratory, drawings and other data containing
sufficient information to unambiguously identify by type the essential details and parts of the
switchgear and controlgear presented for test. A summary list of the drawings and data
schedules shall be supplied by the manufacturer and shall be uniquely referenced and shall
contain a statement that the manufacturer guarantees that the drawings or data sheets listed
are the correct version and represent the switchgear and controlgear to be tested.

The testing laboratory shall check that drawings and data sheets adequately represent the
epsential details and parts of the test object but is not responsible for the accuracy of tHe
detailed information.

Plarticular drawings or data required to be submitted by the manufacturer to the test)laboratofy
far identification of essential parts of test object are specified in Annex J (normative).

~

1.3 Information to be included in type-test reports

—

fove compliance with the ratings and the test clauses of the relevant standards and sufficie
nformation shall be included so that the essential parts of the test©Object can be identified.
pprticular, the following information shall be included:

©

he results of all type-tests shall be recorded in type-test reports containing sufficient data +o
[

=}

—| the manufacturer;

—| the type designation and the serial number of the test object;

—| the rated characteristics of the test object as spegified in the relevant IEC standards.;
—| the general description of the test object;

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

p=4

-

—| the general details of the supporting structure of the switching device or enclosed switchgeg
of which the switching device forms‘an integral part;

—| the details of the operating-méchanism and devices employed during tests, where
applicable;

—| photographs to illustrateAhie condition of the test object before and after test;
—| sufficient outline drawings and data schedules to represent the test object;

—| the reference numbers of all drawings including revision number submitted to identify thie
essential parts/ofithe test object;

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

—| statements of the behaviour of the test object during tests, its condition after tests and any
parts renewed or reconditioned during the tests;

—| \in“case of breaking operations with some specific technologies, non-sustained disruptivie
discharge can occur during the recovery voltage period. Their number is of no significance
to interpreting the performance of the device under test. They shall be reported in the test
report only in order to differentiate them from restrikes;

— records of the test quantities during each test or test duty, as specified in the relevant IEC
standards;

— the location, laboratory name where the tests were conducted and date of test.
7.2 Dielectric tests
7.21 General

Dielectric tests shall be performed in compliance with IEC 60060-1, unless otherwise specified
in this document.
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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

Reference shall be made to IEC 60060-1 regarding standard reference atmospheric conditions
and atmospheric correction factors.

For test objects where external insulation in ambient air is of principal concern, the atmospheric

L foct ) 2 ball ba onnlind
TP PTICTT

cprreetion etor cha
PrTrottom o CtoT— I orrait oT

No atmospheric correction factors shall be applied for dielectric tests on DC GIS.

The humidity correction factor k, shall be applied only for the dry tests wherg‘insulation in
ambient air is of principal concern.

For test objects having external and internal insulation, the correction factor K; shall be appli€d

fl its value is between 0,95 and 1,05. However, in order to avoidover-stressing of interna
insulation, the application of the correction factor K; may be omifted where the satisfactory

performance of external insulation has been established.

fl K; is above 1,0 then to fully test the external insulation system, the internal insulation will be
verstressed and steps may be necessary to preventioverstressing the internal insulatio
ystems. If K, is below 1,0 then to test the internal insulation system fully, the external insulatio
ill be overstressed and steps may be necesSary to prevent overstressing the externa
nsulation systems. Some methods are discussediin IEC 60060-1.

]
=]

n
>

s

T

or test objects having only internal insulation, the ambient air conditions are of no influenge
hd the correction factor K, shall not besapplied.

QO

Flor combined tests, parameter g shall be calculated considering the total test voltage value.

n

or cases where the equipment is installed where the maximum specified ambient alir
g¢mperature exceeds 40 ~C,-test voltages shall be corrected for the most stringent combination
f temperature and humidity. The combination of them provides the highest atmospher|c
prrection among other possible combinations of temperature and humidity under servige
bndition.

O 0 o0 &

OTE In valveshalls, a combination of a high temperature and a very low humidity can happen (see 4.2.2). As 3
ample, the<mest stringent combination of temperature and low humidity level can be such as 50 °C and 1 g/m
ther combinations are also possible.

=]

~ oo Z

2.3 Wet test procedure
Subctause 7-2-3 of tEC TS 6227 1-5:2024 s ot applicabte butthe fottowimgpoinmts—statt—be

noted:

o the wet test is applicable to outdoor bushings only;

e the test voltage and the test procedure shall be those specified in
IEC/IEEE 65700-19-03:2014.

7.2.4 Arrangement of the equipment

Dielectric tests shall be made on switchgear and controlgear completely assembled, as in
service with any supplementary insulation such as tape or barriers if stated in the installation
instructions; the outside surfaces of insulating parts shall be in clean condition.
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The test object shall be mounted for test with minimum clearances as specified by the
manufacturer if such surrounding influences the performance.

NOTE Each HVDC system pole usually maintains a sufficient clearance from each other.

Tests shall be performed with the test object installed at a height above ground equal to or less
than the height used in service.

If arcing horns or rings are part of the design for gradient distribution, they shall remain in

p

n

3 <o T a3

[ |

sitiom forthe testif ey die proposed ds overvoltage prOIECIiOﬂ devices forthe System, gy
are not part of the design of the test object and shall be not installed for tests.

or test objects using compressed gas for insulation, dielectric tests shall be performed at
inimum functional pressure (density) for insulation. The temperature and pressure \of the ggs
uring the tests shall be noted and recorded in the test report.

or dielectric testing of switchgear and controlgear incorporating vacuum, switching devices,
fecautions shall be taken to ensure that the level of possible emitted X-radiation during high-
pltage testing is within safe limits (see 7.10). National regulations can influence the safefy
easures established.

2.5 Criteria to pass the test

Direct voltage tests
The test object shall be considered to have passed the'test if no disruptive discharge occurs.

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

Impulse voltage tests

The test procedure B of 7.3.1.2 of*IEC 60060-1, adapted for test objects that have self
restoring and non-self-restoringsifrsulation, is the preferred test procedure. The test obje¢t
has passed the impulse tests-if the following conditions are fulfilled:

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

— no disruptive discharge on non-self-restoring insulation occurs. This is confirmed Ry
5 consecutjvesimpulse withstands following the last disruptive discharge.

This procedure leads to a maximum possible number of 25 impulses per series.
Superimpaosed impulse tests

The tést object shall be considered to have passed the tests if the following conditions arle
fulfitled.

<, pre-stress with rated direct voltage has been applied for 2 h, and no disruptive discharge

f)

OoCCuTsS,
— the number of disruptive discharges does not exceed two for each complete series;

— no disruptive discharge on non-self-restoring insulation occurs. This is confirmed by
5 consecutive impulse withstands following the last disruptive discharge.

This procedure leads to a maximum possible number of 25 impulses per series.

Polarity reversal tests

The test object shall be considered to have passed the test if no disruptive discharge occurs.
Voltage test as condition check

The test object shall be considered to have passed the test if no disruptive discharge occurs.
General comment
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— When testing switchgear and controlgear, the part of equipment through which the test
voltage is applied can be subjected to numerous test sequences to check the insulating
properties of other downstream parts of equipment (circuit-breakers, disconnectors,
other bays). It is recommended that parts be tested in sequence, starting with the first
connected part. When this part has passed the test according to the above-mentioned
criteria, its qualification is not impaired by possible disruptive discharges which could
occur in it during further tests on other parts.

These discharges can have been generated by accumulation of discharge probability
with the increased number of voltage applications or by reflected voltage after a
dicruntivia diccharaa At A ramanta lncaticon within tha aaninmant Tha radiicatha nrahahili y
disruptive-discharge-at-aromotelocation-within-the-equipment—Fo-reduce-the-probabih

of occurrence of these discharges in gas-filled equipment, the pressure of compartmenis
which are not subject of the test can be increased. Compartments at increased préssurle

should be clearly identified in the test report(s).

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

g) DC insulation system tests:

Test procedure A of IEC 60060-1:2010 shall be used. The test procedure is recommendeld
for tests on degradable or non-self-restoring insulation normally, but in the case of a DC
insulation system test, if a flashover in the self-restoring insulation)(gas) occurs, the electric
field distribution could be changed. Therefore, the procedure“A is chosen as mandatofy
procedure. The DC GIS has passed the impulse tests if the follewing conditions are fulfilled:

e Each series consists of at least 3 impulses;

e Three impulses of the specified shape and polarity at the specified withstand voltage
level are applied to the test object. The requirements of the test are satisfied if no
indication of failure is obtained.

e A visual inspection of all insulator surfaces is mandatory. Flashover tracks are n¢t
allowed.

fl any disruptive discharges occur during'the type test series, it is recommended to use 4|
bssible measures (even opening of thercompartment) to find the location of flashover and fo
halyse the reason for it.

O T

712.6 Application of the test-voltage and test conditions

712.6.1 General

istinction shall be made between the general case, where the three test voltages (pole-tq
eprth, across openp-switching device and across the isolating distance) are the same and the
special cases where the test voltages across the isolating distance is higher than the tesf-
vpltage pole ta.earth.

ome insulating materials retain a charge after a voltage application, and for these cases carne
shouldbe taken when reversing the polarity. To allow the discharge of insulating materials, thle
upe‘of-appropriate methods, such as the application of two impulses between 60 % and 80
of the rated withstand voltage in the reverse polarity before the test, is recommended.

o

When testing switchgear incorporating an open vacuum interrupter, for each polarity a maximum
of 25 preliminary impulses maybe performed at up to and including the rated withstand voltage.
The number and level of preliminary impulses shall be stated by the manufacturer. Breakdowns
that are observed during these preliminary tests shall be disregarded for the purpose of
withstand statistics used to determine pass or fail performance of the equipment.

The test voltages are specified in 7.2.7, 7.2.8 and 7.2.9.

Current transducers secondaries shall be short-circuited and earthed during dielectric testing.
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Attention shall be given to the possibility that switching devices, in their open position, can
result in less favourable field conditions. Under such conditions, the test shall be repeated in
the 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.

When voltage transducers and/or surge arresters forming an integral part of the DC GIS have
a reduced insulation level, they 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 \/nlfngp transducers and/or surge arresters shall be Qppnrn’mly tested in accaordance with
the relevant documents.

~

2.6.2 General case

ith reference to Figure 4, which shows a diagram of connection of a single polée switching
bvice, the test voltage shall be applied according to Table 6, as applicable.

o <=

Position Closed Open

A A
I O
Frame F T F T

— IEC
Figure 4 — Diagram of connections of a switching device

Table 6 — Test conditions in general case

Test condition Switching device Voltage applied to Earth connected to
1 Closed Aa F
2 Open A aF
3 Open a AF

NOTE Testcondition 3 can be omitted if the arrangement of the terminals is symmetrical with respect to the framq.

71263 Special cases

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 earthed or according to 7.2.6.2 of
IEC TS 62271-5:2024.

7.2.6.3.1 Impulse voltage tests across the isolating distance (or open switching

device)

In case of impulse voltage tests across the isolating distance (or open switching device), the
test voltage shall be applied according to Table 7, as applicable.
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Table 7 — Test conditions in case of impulse voltage tests across

the isolating distance (or open switching device)

Test condition

Main part

| Complementary part

Voltage applied to

Earth connected to

1
2

A

a

a

A

F
F

NOTE Test condition 2 can be omitted if the arrangement of the terminals is symmetrical with respect to the frame.

he rated impulse withstand voltage pole-to-earth constitutes the main part of the testoltage
hd is applied to one terminal; the complementary voltage is supplied by another voltage sourde
f the opposite polarity and applied to the opposite terminal. This complementary\voltage mgy
e either another impulse voltage, the peak of a power-frequency voltage or a-difect voltage.
he sum of the impulse voltage peak and the complementary voltage at the_instant of the pegk
f the impulse shall be equal to the total test voltage required with a tolerance of +3 %. The
name is earthed.

>0 oo o o

1

OTE To date, there is no design of disconnectors with solid insulating materialsybetween the isolating distanc
his means that surface and space charge effects can be largely excluded. Pfe-stressing with direct voltage is np
bcessary.

= 4

712.6.3.2 Superimposed impulse tests

n case of superimposed impulse voltage tests, the voltage shall be applied according to Table [8,
5 applicable.

QO

NOTE 1 This test applies to devices whose terminal is connected to high voltage side of grid system.

Table 8 — Test conditions in case,of superimposed impulse voltage tests

Test condition Earth connected to

1 Closed Aa F

Switching device Voltage applied to

NOTE 2 To date, there is no desigh of disconnectors with solid insulating materials between the isolating distanc.
This means that surface and spate charge effects can be largely excluded. Pre-stressing with direct voltage in opgn
p¢sition is not necessary.

712.7 Tests of (switchgear and controlgear

7(2.7.1 General

The test.voltage shall be applied according to Table 1. In the closed position, the tests shall ble
performed in condition 1 of Table 6. In the open position, the tests shall be performed as stated
belew-(but refer to 7.2.4).

7.2.7.2 Direct voltage tests

The test object shall be subjected to direct withstand voltage tests in accordance with
IEC 60060-1. The test shall be carried out at rated direct withstand voltage and ambient
temperature at positive and negative polarity. The test voltage shall be raised for each test
condition to the test value and maintained for 1 h.

The tests shall be performed in dry conditions and also in wet conditions for outdoor switchgear
and controlgear with external insulation.

The open switching device and/or isolating distance shall be tested in condition 2 and 3 of
Table 6.
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NOTE The direct voltage test is carried out to verify the withstand voltage under short-time loads. Possible DC
charging effects are verified by dielectric tests specified by the relevant product standards.

Modification:

The test voltage shall be raised for each test condition to the test value and maintained for
1 min.

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

o

The bushings shall be subjected to direct voltage tests in dry and wet conditions, as specifie
in IEC/IEEE 65700-19-03:2014.

2.7.3 Switching impulse voltage tests

witching impulse voltage tests are applicable for rated direct voltages U, of 210 KV and abov¢.

7
S
The test object shall be subjected to switching impulse voltage tests. (The tests shall be
performed with voltages of both polarities using the standardized switching impulse according
tg IEC 60060-1. For outdoor switchgear and controlgear with external insulation only, wet tes{s
shall be performed and dry tests may be omitted.

The open switching device shall be tested in condition 2 and 3 of\T'able 6. The isolating distande
shall be tested in condition 1 and 2 of Table 7.

—

he main circuits of the DC GIS shall be subjected to-switching impulse voltage tests in dfy
bnditions only.

(e

—

he bushings shall be subjected to switching impulse voltage tests in dry and wet conditions.

712.7.4 Lightning impulse voltage tests

—

he test object shall be subjected to lightning impulse voltage tests in dry conditions only. The
¢sts shall be performed with voltages of both polarities using the standard lightning impulde
2/50 us according to IEC 60060-1.

—_ —~

The open switching device'and/or isolating distance shall be tested in condition 1 and 2 ¢f
Table 7.

~

2.7.5 Superimposed impulse voltage tests

—

he test object.shall be subjected to superimposed impulse voltage tests. The tests shall b
erformed inthe closed position. When lightning impulse or switching impulse voltage is applie
he test object shall be in dry conditions only.

ke
o ®

—

Thel duration of pre-stress with the rated direct voltage shall be 2 h. This pre-stress shall be

bolied bhefore each sunerimposed impulse voltage test. A recharaina time of 2 h is necessat
g Lud Ll Ll ~J ~J -~

after changing the voltage waveform or disconnecting the test object from the DC source.

The tests have to be carried out for unipolar (same polarity) and bipolar (opposite polarity)
superposition of impulse voltage at the rated direct voltage as shown in Figure 1.

Each test series has at least 15 impulses. The time between two successive impulses shall be
not less than 1 minute. The superposition of an impulse wave on a direct voltage is obtained by
using a blocking capacitor or a sphere gap and a current limiting resistor, refer to Annex K
(informative). The waveform of impulse voltage shall be according to IEC 60060-1.
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7.2.7.6 Polarity reversal tests

Polarity reversal tests are applicable for LCC applications only. In case that there is no high
stressed solid dielectric material, this test may be omitted with an agreement between user and
manufacturer. The test object shall be subjected to polarity reversal tests in dry conditions and
also in wet conditions for outdoor switchgear and controlgear with external insulation.

The open switching device and/or isolating distance shall be tested in conditions 2 and 3 of
Table 6.

Z

OTE Superimposed impulse test on switchgear makes polarity reversal tests unnecessary.

gure 5 shows the test sequence for polarity reversal test. The duration of pre-stress with
25 times of the rated direct voltage shall be 7. After the polarity reversal, the duration of th

e
pposite test voltage shall be ¢,. After the complete procedure, an additional direct voltage
ress -1,25 x U,4 shall be added with duration #,. Preferred values for the dirations of eagh
e
d

ep are given in Table 9. If, due to capacitance of the test object, polarity'reversal cannot b
chieved within 2 min, the duration for polarity reversals shall be agreed between user an
anufacturer and the duration shall be stated in the test report.

IO 0 n 0 =T

A

+1,25U,4 i

Time

-1,25U4 p p

IEC

Figure'5 — Test sequence for polarity reversal tests

Table 9 — Test conditions for polarity reversal tests

Time Value
1 90 min
t, 45 min

Time duration for a

polarity reversal

<Z min

7.2.7.101 Dielectric tests under high-load condition

These tests are optional because these tests are covered by superimposed voltage tests along
with the DC insulation system test. In case of doubt only, the following dielectric tests under
high-load condition shall be carried out at ambient temperature and rated continuous direct
current or equivalent alternating current.

e Direct voltage test according to 7.2.7.2. The direct voltage shall be applied for a period of
1 min after thermal stabilisation (duration dg).

e Superimposed impulse voltage test according to 7.2.7.5.
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o |If specified: polarity reversal test according to 7.2.7.6.

The heating used shall be conductor heating, and the heating shall be generated with direct or
alternating current; the results are generating the same heating. The thermal steady state will
normally be met after a test duration of five times the thermal time constant of the device under
test.

NOTE 1 Duration dg for gas insulated components is typically in the range of some hours.

The time for the whole test can be shortened by preheating the circuit with a higher value of
clrrent, provided that sufficient test data is recorded to enable calculation of thermal time
cpnstant.

ODTE 2 The electric field strength distribution is influenced by the temperature and the temperature distributio
he DC insulation system test was introduced as a type test under high load conditions (see 7.2.101).. The dielectn
gsts under high-load condition can be used to verify the dielectric withstand behaviour during thectransition phasg
in case of doubt.

o 242
w o -

o

712.8 Artificial pollution tests for outdoor insulators

>

rtificial pollution tests are not required for insulators having creepage distances that aie
following the suggested values of 6.15 and Annex B (informative).

~

fl the creepage distances differ from the suggested values”given in Annex B (informativ
rtificial pollution tests shall be performed according to IECTS 61245, using the rated voItaJ
hd the application factors given in IEC TS 60815-4:2016:

L Q

Z

OTE IEC TS 61245 describes the test procedure only for nonsHTM insulators. No test procedure is available p
esent for HTM insulators.

e

—

his test applies only to bushings.

712.9 Partial discharge tests

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

712.9.101 General

The partial discharge test at ambient temperature and under zero load condition shall be
performed on those tést objects which have successfully passed direct withstand voltage test$
shiperimposed voltage tests, and the switching and lightning impulse voltage tests.

fl is preferredito carry out the test at alternating voltage stress including an alternating voltage
re-stress-If alternating voltage tests are not possible due to laboratory limitations, the parti
scharge-test may be carried out at direct voltage.

Q. T

Plartial discharge tests shall be performed, and the measurement made in accordance wil|h
IEC 60270.

The test can be carried out on assemblies or sub-assemblies of the equipment used for all
dielectric type tests.

In case of alternating voltage tests, the frequency shall be within the limits given by
IEC 60060-1:2010.

7.2.9.102 Test procedure

The applied direct or alternating voltage is raised to a pre-stress value and maintained at that
value for 1 min. Partial discharges occurring during this period shall be disregarded. Then, the
voltage is decreased to a specific value defined in Table 4.
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The extinction voltage shall be recorded.

Table 4 — Test voltage for measuring PD intensity

PD measurement at alternating voltage PD measurement at direct voltage
(preferred method)
Pre-stress voltage Test voltage for Pre-stress Test voltage for
PD measurement voltage PD measurement
Upre-stress AC
(4 min) Upd-test AC Upre-stress DC Upd-test DC
(>1 min) (1 min) (>1 min)
g ingle-phase . Upre-stressAC = Upd-testAC =12 Urd Upre-stressDC = Upd—testDC = k2% Ur
gnclosures design 15U 15U
(phase-to-earth voltage) e &
/pre_stress ac the peak value of alternating pre-stress voltage Upre-stressAC = 1,5 x U, during type.tests, routing

tests, and on-site tests to pre-stress the equipment before PD measurements aré-made.

/ is the peak value of alternating test voltage U,

tests, routine tests and on-site tests.

1,2 x U, for PD measurement during typ¢

pd-test AC pd-testAC —

U bre-stress DC is the direct pre-stress voltage Upre-stressDC = 1,5 x U, during type tests|to pre-stress the equipmentt

before PD measurements are made.

/ is the direct test voltage U,

pd-testDC = 1,2 x U, for PD measurement during type tests, routine test
and on-site tests.

pd-test DC

n addition, all components shall be tested in accordance with their relevant documents.

~

2.9.103 Maximum permissible partial discharge intensity

—

he maximum permissible partial discharge level shall not exceed 5 pC at the AC test voltage
becified in Table 4.

n

he values stated above applies to individual components as well as to the sub-assemblies in
hich they are contained. However, some equipment, such as voltage transducers insulated
ith liquid, immersed or solid, have an acceptable level of partial discharge in accordance with
eir relevant document greater than 5 pC. Any sub-assembly containing components with |a
ermitted partial dischargerintensity greater than 5 pC shall be considered acceptable if the
scharge level does not'exceed 10 pC. Components for which higher levels are accepted shgl
e tested individuallytand are not integrated to the sub-assembly during test.

OQT =35 5 -

he direct voltage test shall be carried out at both positive and negative polarity. The pulse
ain response.defined in IEC 60270 is not appropriate for direct voltage tests. An accepted and
greed-upon method shall be employed in order to clearly differentiate between PD within the

= -

O o gL

NOTE The interpretation of PD measurements at direct voltage stress is briefly touched upon in IEC 60270. The
two methods shown are pulse counting vs. PD-level and the other is accumulative pulse-count over a given time
interval, but at present can only be considered as a rough guide for evaluating DC PD. Much further investigation is
applicable for more rigorous clarification of acceptance level, count number (over time), and other acceptance criteria
for direct voltage applications. A further method to identify PD under direct voltage stress is the PSA method.

7.2.10 Dielectric tests on auxiliary and control circuits

The dielectric test on auxiliary and control circuits are covered under 7.9.5.
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7.2.11 Voltage test as condition check

When a dielectric test is required as condition check, a short-duration AC power-frequency

w

ithstand voltage test in dry condition shall be applied in accordance with IEC 60060-1. The

test voltage shall be raised for each test condition to the test value and maintained for 1 min.

T

he test voltage shall be the following value:
For isolating distances 100 % of the rated direct withstand voltages divided by\/ﬁ;

For other test situation 80 % of the rated direct withstand voltages divided by /2.

—

Z

o<

th

- -

~

he rated direct withstand voltages are specified in column 3 of Table 1.

o

OTE The reduction of the test voltage is motivated by the insulation coordination margin in the rated. withstar
Itages, which takes ageing, wear and other normal deterioration into account, and by the statistical nature of tH
hshover voltage.

(]

the closed position, the tests shall be performed in condition 1 of Table 6. Inithe' open position
e tests shall be performed in condition 2 and 3 of Table 6.

-

he test voltage shall be raised for each test condition to the testrvalue and maintained fq
min.

nnex E provides further information about notes concerning-certain countries.

2.101 DC insulation system test

2.101.1 General

or verification of the insulation system under:high-load (HL) condition and DC steady state, |a
ng duration voltage test shall be carried out<Normally, for well-designed systems using typic
bne-type or flat disk insulator geometries,; the maximum electric field stress occurs on the
irface of the insulator under zero-load*or high-load condition. This is valid for both insulatofs
ith low electrical conductivity (duratioh dg < duration dpc) and insulators with high electric

bnductivity (duration dg 2 duration,dpc). The aim of the DC insulation system test is to verity
n

e dielectric performance of DE€.GIS under high-load conditions. The worst-case load conditig
nall be defined by simulations- using the real insulator geometry.

he duration of the test-after reaching the thermal stability can be approximated with the
llowing methods:

Worst case approximation of DC steady state time calculated according to the followinlg
equation:

dDC = 2,3 Tm = 2,3 Sogr/O'

where

2)

T is the dielectric time constant;

m

g9 Is the vacuum permittivity;

&, is the relative permittivity of the insulator;

.
o is the electrical conductivity of the insulator.

Direct electric field simulation: a simulation verified by experiments (at least by means of
model arrangements) shall be used. Material and gas characterisations which are relevant
for the numerical model shall be provided. The scalability of the model shall be
demonstrated. Of importance are the electric field strength, temperatures, and temperature
gradients; these parameters shall represent realistic service conditions.
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3) Measurement of the direct potential field on the actual insulator surface in energized state
at different locations along the insulator radius. The temperature gradient across the
insulators shall represent the maximum temperature gradient (worst case) under service
conditions with tolerances lower than 20 %. The direct voltage during the measurement on
the actual insulator shall be representative for service conditions, which could be considered
as proven for a direct voltage higher than 80 % of the rated direct voltage. If the
measurements are only possible at lower direct voltages, the independence of the charging
duration on the voltage shall be verified by suitable tests.

The requirements are fulfilled by demonstrating method 1), or alternatively by methods 2) or 3).

Also, the surface conductivity of the insulating material shall be measured. If the charge
tnansport in the solid insulation is dominated by the bulk conductivity compared to thexCharge
tiansport caused by a surface conductivity, only the bulk material shall be taken into*account
for calculation of the dielectric time constant (in case of dominant bulk conductivity).

flis the responsibility of the manufacturer to supply the relevant data and material properties

m

specially in the case of the third method, the electric field transitiopytime dpc is not direct|y
etermined. In those cases, dpc is considered to be fulfilled if-the rate of change of the
easured potential field is lower than 10 % of the initial rate (initial-time delays shall be ignored)

3 o

he electrical field transition could lead to long test durations, lasting from hours to months.
he insulation system test shall be carried out once only, unless there is a substantial change
the solid insulating system with respect to materials, manufacturing processes, construction,

T

=

design parameters, or requirements.
Flor the DC insulation system test, high load conditions shall be applied. The heating method
uped shall be conductor heating, and the héating shall be generated with equivalent direct ¢r

Q

ternating current; the results are equivalént for both heating methods.

The test is valid and the relevant requirements are fulfilled by performing and passing either
ohe of the alternative heating methods. For the insulation system tests, a higher equivalent
djrect or alternating current (ceampared to the rated direct current) is allowed because the
maximum conductor temperaturé and maximum temperature drop across the insulation has fo
be safely achieved.

—

he thermal steady state will normally be met after a test duration of five times the thermal time
pnstant of the device under test. Duration dg4 for gas insulated components is typically in t

range of some_haours.

Q
[©]

The timefof the whole test can be shortened by preheating the circuit with a higher valuerrTf
clrrent,_provided that sufficient test data is recorded to enable calculation of thermal time
cpnstant.

7.2.101.2 Test object

A minimum of 5 insulators (support and partition) of each type shall be tested.

For other insulators such as disconnector shafts, rods or tubes in minimum 3 samples shall be
tested.

For surge arrestors it is only necessary to verify the insulation performance of the interface
between surge arrestor and DC GIS, if the design is different from the other insulators.
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7.2.101.3 Test sequence

The time span of the long-duration continuous direct voltage test as part of the DC insulation
system test (see Table 5) depends on the electric field transition time dpc and shall be

calculated before starting the tests. The electric field transition time itself depends on the local
temperature distribution and on the lowest temperature of the insulator.

The test can be divided into 2 to 4 test series with different direct voltage polarities (only positive
or negative direct voltage for the long duration continuous direct voltage test phase) and with

d

fferent sunerimnaosed imnulse voltaaes (lightnina or switchina)l The tost can also
g g g 9 \RaR ) 7

p

N
tg
td

< -

erformed using identical test objects.

OTE 1 The electric field transition time under high load condition (HL) can be reduced by increasing the‘ambient
mperature, e.g. by enclosing the test device within an additional housing and providing means to cifgulate the dir
achieve homogeneous temperature distribution inside the housing.

he electric field transition time dpc is to be defined by simulations and / orCmeasurements

efore the DC insulation system test.

he test shall be carried out at direct voltage, lightning impulse and switching impulse rate
bltages according to sequence in Table 5:

o

Table 5 — Sequence of DC insulation;system test

Test Conditions Load conditions Remark

Thermal pre-test Heating at defiped HL thermal calibration®

temperature £5K
Dielectric pre-test PD test with alteriating or ZL according 7.2.9 °

directivoltage
llong-duration continuous direct voltage Rated direct voltage U, HL duration dpq
test One_pojarity, positive or
p Y, P
negative)

$uperimposed lightning impulse voltage Rated LIWV values, HL 3 impulses®de 9
test (bipolar and unipolar) superimposed to the rated

direct voltage U,
$uperimposed switching impulse voltage Rated SIWV values, HL 3 impulses© e o
test (bipolar and unipolar) superimposed to the rated

direct voltage U4
llong-duration continuous direct voltage Rated direct voltage U, HL duration dp
test (other polarity)
$uperimposed lightning)impulse voltage Rated LIWV values, HL 3 impulses® 9
test (bipolar and unipplar) superimposed to the rated

direct voltage U4
$uperimposéd switching impulse voltage Rated SIWV values, HL 3 impulses®defo
test (bipalar and unipolar) superimposed to the rated

direct voltage U4

Q

During the thermal calibration test, the current has to be determined for the maximum conductor temperatur¢
and maximum temperature drop across the solid insulators. This current has to be used for the long duratio

voltage test. For the DC insulation system test, a higher equivalent direct or alternating current compared to
direct rated current is allowed, because the maximum conductor temperature and maximum temperature drop
across the insulation shall be safely achieved.

Before starting the DC insulation system test, further pre-testing under the responsibility of the manufacturer is
allowed.

Because of laboratory constraints, it can be necessary to interrupt the heating of the test object. The maximum
heating interruption time should be less than 60 min. After a heating interruption and before further tests, the
steady state temperature shall be reattained.

Due to laboratory constraints, it can be necessary to disconnect the test object from the direct voltage source.
The direct voltage drop at the test object shall not exceed 5 % of the test voltage while disconnecting. To verify
the voltage on the test object during the disconnect interval, the direct voltage shall be measured using
adequate voltage measurement instruments. Alternatively, the electrical time constant of the whole test device
(between the disconnecting points) could be measured before starting the test and used to calculate the test
voltage drop.
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€ The order of superimposed voltage tests is not of importance. It is possible to start with positive or negative
polarity. Moreover, the order of lightning or switching impulses could be chosen according to the laboratory
constraints.

The superimposed lightning and switching impulse voltage tests can also be carried out in separate test
sequences, if a long interruption time between lightning impulse voltage and switching impulse voltage testing
or vice versa becomes necessary. In this case, it shall be ensured that the DC steady state is obtained again
before superimposed impulse voltage testing.

9 If the rated lightning impulse voltage is 1,3 times of the rated switching impulse voltage or larger, superimposed

tests with switching impulse voltages are not mandatory.

)

uring the long duration voltage test, partial discharges, temperature (ambient and enclosure
¢st current and test voltage should be monitored, and the measured data recorded.) The
easured temperatures should be compared to data obtained from thermal calibration test. |
i also an advantage to apply arc detection and gas quality/pressure measurements,

—

3

7

The time between two successive impulses shall be not shorter than 1 min.

Qenerally, the verification of the dielectric performance under polarity reversals is covered b
shiperimposed voltage tests. Therefore, the time to change the polarity during the insulatio
system tests could be chosen based on the possibilities and limitations of the laboratorigs
(hours to months).

S <

NOTE 2 The two test parts for the different polarities are independent tests.

fla breakdown or flashover occurs in a test object, the test'of the affected direct voltage polarify
hall be repeated for this particular test object. If partial discharges higher than 5 pC arne
ctected in the DC GIS during the steady state condition before the application of the impulse
¢st voltage, the location of the partial discharge shall be evaluated.

oo w

—

he insulation system test qualifies the insulaters for DC applications provided that the following
pnditions are fulfilled:

O

a) The rated direct voltage U, is nothigher than that of the tested system.

b) The maximum conductor temperature is less than or equal to that of the tested system.

The maximum temperature“drop across the insulator is less than or equal to that of thle
tested system.

~

2.102 Long-term-.energized test

his test is an optional test. The testing procedure is described in Annex F. The long-term
hergized test is_intended to indicate the long-term performance of the complete DC GIS and
normally te.be'completed after the type tests have been carried out.

o @ -

P4

ODTE The.ong-term energized test is a long-term test developed in the CIGRE TB 842 [16] and described as|a
ototypeninstallation test. The naming has been adjusted to make it easier to understand.

©

The long-term energized test additionally helps to qualify the manufacturer as a supplier of [a
DC GIS provided that the following conditions are fulfilled:

a) The rated voltage U,4 of the DC GIS is not higher than that of the DC GIS tested.
b) The rated current /.4 of the DC GIS is not higher than that of the DC GIS tested.

c) The limiting temperature of the various parts in the DC GIS is not higher than that of the DC
GIS tested.

7.3 Resistance measurement
7.3.1 Measurement of the resistance of auxiliary contacts class 1 and class 2

One sample of each type of class 1 and class 2 auxiliary contacts shall be inserted into a
resistive load circuit through which flows a current of (10 £+ 2) mA when energized by a source
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0
having an open circuit voltage of 6 V DC with a relative tolerance of 15 % and the resistance

measured according to IEC 60512-2-2.

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

NOTE On contact materials, oxidation which decreases the effective current-carrying capabilities can occur. This
results in an increased contact resistance or even no conduction at very low voltage while no problems are observed
attghervottage—Thistestis-imterdedtoverify threcomntact performmarnce umder—thesetow=vottage tomditions—The
ag$sessment criterion takes into account the non-linearity of the resistance. The 50 Q value results from statisticpl
nsiderations and has already been taken into account by users.

(o]

713.2 Measurement of the resistance of auxiliary contacts class 3

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

ns O

—

he resistance of the closed class 3 auxiliary contacts shall not exceed 1 Q.

~

3.3 Electrical continuity of earthed metallic parts test

(6]

enerally visual inspection is sufficient to assess compliance_with requirements in 6.3.

However, as an alternative, the metallic components and)enclosures that can be touched during
brmal operating conditions and are intended to be-garthed may be tested at 30 A (DC) to the
arthing point provided. The voltage drop shall belower than 3 V.

(O]

NOTE Coating can be removed locally at measuring points.

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

713.4.1 Resistance measurement test procedure

=

hen resistance measurements are called for as a condition check after a specific test, thle
¢llowing procedure shall-berapplied.

—h

—

he resistance across'the contacts or connections being checked shall be measured before the
gst. The measuring)test points shall be the nearest accessible points to and on either side ¢f
he contacts or connections in question. An average value of the resistance shall be calculated
hsed on three\measurements. If the test object comprises switching devices, one no-load opgn
hd close Operation cycle shall be made on each device between each of the measurements.
fl the test-object comprises removable elements, one remove / replace cycle shall be made

O 0 T =« =
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T ASUTEITE attbemade with D€ atfuttratedcontinuouo OTTe =208 y
than or equal to 50 A or any convenient value of current between (and including) 50 A and the

rated continuous current if it is higher than 50 A.

NOTE In some designs only a few connections and/or contacts or complete pole are practically accessible for
measurement in the main circuit.

After the completion of the test, the resistance shall be measured again using the identical
procedure to that used for the resistance measurements made prior to the tests. Before this
resistance measurement, some conditioning of the contacts is acceptable based on the
manufacturer’s recommendations such as no-load operation cycles or the application of rated
continuous current for some time.
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The resistance measurements before and after shall be performed at ambient temperature with
a maximum difference of 10 K between the measurements. The resistance increase is
calculated by the difference between the average value of the measurements before and after
the test.

The current used for the measurement shall be equal to or greater than 100 A direct current to
obtain sufficient accuracy of the measurement.

If no-load operations cannot be made, then 3 measurements shall be made without no-load

. e el i 1 a
operatons ortne SWILLTTTY UTVILTS.

NPTE It is recognised that for some tests, it is not practical (for example if gas handling is required between the
easurements) nor possible (for example during continuous current test because of the presence of temperatu
s¢nsors within the contact system) to make any no-load operations between each of the thre€) resistancq
easurements.

wn @

713.4.2 Making and breaking tests

Flor making and breaking tests of any switching device, the resistance,condition check of the
test sample after completion of the test is considered to be satisfactory if the resistance increasle
determined in 7.3.4.1 is not greater than 100 %.

NOTE The acceptance criterion of 100 % increase in resistance as a condition check after making and breaking
tgst is a default value for this document. The criterion cannot be appropriate for all switchgear designs, e.g. designs
wjth parallel arcing and main contacts. In such cases, the relevant product-standards provide their own methods pr
clliteria for a condition check.

713.4.3 Other tests

Flor tests other than making and breaking tests, the resistance condition check of the test obje¢t
after completion of the test is considered to be satisfactory if the resistance increase determingd
in 7.3.4.1 is not greater than 20 %. If the resistance increase exceeds 20 % then a continuoys
chrrent test (7.4) is applicable to determiné if the test object can carry its rated continuoys
clrrent.

NOTE The acceptance criterion of 20 %-increase in resistance as a condition check after test is a default value fpr
tHis document. The criterion cannot be(appropriate for all switchgear designs, in which case, the relevant produf
sfandards provide their own methods or criteria for a condition check.

NOTE Switching of small DC-eurrents are covered by IEC TS 62271-314.
714 Continuous current tests
714.1 Condition-of the test object

The continueus current test of the main circuits shall be made on a test object, if applicabII,
with cleamcontacts and filled with the appropriate liquid or gas at the minimum functional
pressurex(or density) for insulation prior to the test.

7142 Arrangement of the equipment

The test shall be made indoors in an environment substantially free from air currents, except
those generated by heat from the test object. In practice, this condition is reached when the air
velocity does not exceed 0,5 m/s.

For continuous current tests of parts other than auxiliary equipment, the test object and their
accessories shall be mounted in all significant respects as in service, including all normal covers
of any part of the test object (including any extra cover for testing purpose, for example cover
surrounding a busbar extension), and shall be protected against undue external heating or
cooling.

When the test object, according to the manufacturer’s instructions, may be installed in different
positions, the continuous current tests shall be made in the most unfavourable position.
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These tests shall be made in principle on complete switchgear and controlgear but maybe made
on a single unit provided the influence of the other units is negligible.

For particularly large test objects for which the insulation to earth has no significant influence
on temperature rises, this insulation may be appreciably reduced.

Where temporary connections to the main circuit are used, they shall be such that there is no
significant difference in heat conducted away from, or conveyed to, the test object compared to
the connections intended to be used for service (see 7.4.4.2).

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

(2]

O

C GIS with single-pole enclosures shall be single-pole tested with the test current flowinlg
hrough the main conductor. The test current shall not return through the enclosure)

—

hen testing individual sub-assemblies, the neighbouring sub-assemblies, should carry the
Lrrents which produce the power loss corresponding to the operating” conditions. It |[s
dmissible to simulate equivalent conditions by means of heaters or heat insulation if the test
hnnot be made under actual conditions.

oO®Oo <

714.3 Test current and duration

714.3.1 Test on main circuit

—
o

he test shall be made at the rated continuous current{(7,4) of the switchgear and controlgea
he supply current shall be direct current with a ripple coefficient that does not exceed 5 %.

—

he test shall be made over a period of time sufficient for the temperature rise to reach a stable
hlue. This condition is deemed to be obtained when the variation of temperature rise does ntt
kceed 1 Kin 1 h. This criterion will normally be met after test duration of five times the thermal
ime constant of the test object.

=~ 0 < —

—
—h

he time for the whole test may _be shortened by preheating the circuit with a higher value
irrent, provided that sufficient-test data is recorded to enable calculation of thermal time
bnstant.

O 0

-

or the convenience of testing, alternating current may be used alternatively. In such a cas
he RMS value of theyalternating current shall be equal to the rated continuous current (Irdt.

requency of the ‘test current shall be recorded in the test report. Alternating current test |s
bplicable for devices except for semiconductor devices.

—

Q T

NOTE When)using alternating current, the power losses during the entire test duration will be greater than th
losses while tested with direct current. Measured temperature rise values by alternating current test is higher tha
tHese by direct current test caused by skin effect, by complex construction of switchgear and by material with irg
cpmponent.

53

7.4.3.2 Test of the auxiliary and control equipment

The test is made with the specified supply voltage (AC or DC), and for AC at its rated frequency

2
(tolerance J_r5 %).

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

Coils rated for continuous duty shall be tested over a period of time sufficient for the
temperature rise to reach a constant value. This condition is usually obtained when the
temperature variation does not exceed 1 Kin 1 h.
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For circuits energized only during operations, the tests shall be made under the following
conditions.

a) When the operating device has an automatic breaking device for interruption of the auxiliary
circuit at the end of the operation, the circuit shall be energized 10 times, for either 1 s or
until the automatic breaking device operates, the interval between the instant of each
energizing being 10 s or, if the construction of the operating device does not permit this,
the lowest interval possible.

b) When the operating device has no automatic breaking device for interruption of the auxiliary
circuit at the end of the npprafinn the test shall he made hy pnprgi7ing the circuit once for

duration of 15 s.

714.4 Temperature measurement during test
714.4.1 Ambient air temperature

The ambient air temperature is the average temperature of the air surroundingthe test obje¢t
(for enclosed switchgear and controlgear, it is the air outside the enclosure) (I shall be recorded
during the tests by means of at least three thermometers, thermocouples'af other temperaturg-
measuring devices equally distributed around the test object at about(the average height of ifs
clrrent-carrying parts and at a distance of about 1 m from the test object. The thermometers ¢r
thermocouples shall be protected against air currents and undue-influence of heat.

In order to avoid indication errors because of rapid temperature changes, the thermometers ¢r
thermocouples maybe put into small bottles containing about 0,5 | of oil.

Q.

During the last quarter of the test period, the change.of ambient air temperature shall not excee
11K in 1 h. If this is not possible because of unfavgurable temperature conditions of the teg
rgom, the temperature of an identical switchgear-and controlgear under the same conditions,
but without current, may be taken as a substitute'for the ambient air temperature. This additional
switchgear and controlgear shall not be subjected to an undue amount of heat.

—

—

he ambient air temperature during tests shall be more than 10 °C but shall not exceed 40 °C
ithout the consent of the manufactirer. No correction of the temperature-rise values shall be
ade for ambient air temperatures within this range and above.

3 =

714.4.2 Temperature of'test object

0

recautions shall be taken to reduce the variations and the errors due to the time lag betwesg
he temperature of the test object and the variations in the ambient air temperature.

—
=}

por coils, the_method of measuring the temperature rise by variation of resistance shall normally
e used. Other methods are permitted only if it is impracticable to use the resistance method

O T

—

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

easured with thermometers or thermocouples, or other sensitive devices of any suitable typT
p aced at the hottest accessible Ihnin'f

3

The surface temperature of a component immersed in a dielectric liquid shall be measured only
by thermocouples attached to the surface of this component. The temperature of the liquid
dielectric itself shall be measured in the upper layer of the dielectric.

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

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

b) good heat conductivity between the thermometer or thermocouple and the surface of the
part under test shall be ensured;
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c) when bulb thermometers are employed in places where there is any varying magnetic field,
it is recommended to use alcohol thermometers in preference to mercury thermometers, as
the latter are more liable to be influenced under these conditions.

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

The temperatures at the terminals of the main circuit and at the temporary connections at a
distance of 1 m from the terminals shall be measured. The difference in temperature rise shall
bt exceed 5 K.

>

However, if the temperature rise of the temporary connections at the distance of 1 m_frem the
términal of the main circuit exceeds by more than 5 K the temperature rise of the terminal, the
test can be considered as valid if all criteria to pass the test defined in 7.4.6 are/fulfilled.

~

4.5 Resistance of the main circuit

—

his subclause is only applicable for mechanical switching device.

>

measurement of the resistance of the main circuit shall be made-béfore the continuous curreft
gst, with the test object at the ambient air temperature according to the measurement
rocedure as defined in 7.3.4.

T =

he resistance value measured before the continuous-eurrent tests is made for comparisgn
etween the switchgear and controlgear type tested for continuous current and all othgr
vitchgear and controlgear of the same type subjected to routine tests (see Clause 8).

o -

n

714.6 Criteria to pass test

Insulators for DC GIS are considered™electrical insulation system (EIS) according fo
IEC 60085:2007. The upper limit temperatures defined in IEC TS 62271-5 shall therefore be

applicable for the EIS and not for thé’electrical insulation material (EIM).
Flor outdoor application, the_ manufacturer shall demonstrate that the temperature rise of the
efjuipment will not exceed the'limit acceptable under the service condition chosen in Clause 4.

NPTE 1 The effect of solar'radiation can be taken into account. See IEEE C37.24 [17].

he temperature _rise of components contained in the DC GIS which are subject to documen{is
bt covered by the scope of IEC TS 62271-5:2024 shall not exceed the temperature-rise limi
ermitted in_the'relevant document for those components.

S S5 -
77

=z

OTE 2_When applying a temperature rise equal to or higher than 65 K for parts of the enclosure not accessible o
He operator, every precaution can be taken to ensure that no damage is caused to the surrounding insulating
materials.

—

7.4.6.1 General

The test object has passed the test if the temperature rise of the parts of the test object for
which limits are specified, has not exceeded the values specified in Table 10.

If the insulation of a coil is made of several different insulating materials, the permissible
temperature rise of the coil shall be taken as that for the insulating material with the lowest limit
of temperature rise.

If the test object is fitted with various equipment complying with particular standards (for
example, rectifiers, motors, low-voltage switches, etc.), the temperature rise of such equipment
shall not exceed the limits specified in the relevant standards.
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In case alternating current is applied as a substitute of direct current, the test object is
considered to pass the test if the temperature rise does not exceed the relevant temperature
limit described in Table 10. Test results will be more severe when alternating current is used in
comparison to direct current. If the test object fails to pass the test with an alternating current,
the test may be repeated with a direct current; maintenance before repeating the test is allowed.

Table 10 — Limits of temperature and temperature rise for various parts, materials
and dielectrics of high-voltage switchgear and controlgear

ature of the parl" of the material and of the dielectric

Maximum-value

Refer to points 1, 2 and 3 in 7.4.6.2) (Refer to NOTE 1) Temperature Temperature rise at
ambient air temperature|
not exceeding 40°C
(NOTE, 2)
°C K
1 Contacts (refer to point 4)

Bare-copper or bare-copper alloy

— in OG (refer to point 5) 75 35

— in NOG (refer to point 5) 115 75

— inoil 80 40

Silver-coated or nickel-coated (refer to point 6)

— in OG (refer to point 5) 115 75

— in NOG (refer to point 5) 115 75

— inoil 90 50

Tin-coated (refer to point 6)

— in OG (refer to point 5) 90 50

— in NOG (refer to point 5) 90 50

— inail 90 50

3 Connection, bolted or the equivalent (refefto point 4)

Bare-copper, bare-copper alloy or bare=aluminium alloy

— in OG (refer to point 5) 100 60

— in NOG (refer to point 5) 115 75

— inoil 100 60

Silver-coated or nickel:coated (refer to point 6)

— in OG (refer to point 5) 115 75

— in NOG (refer to point 5) 115 75

— inoil 100 60

Tin-ceated

- N/ OG (refer to point 5) 105 65

=" in NOG (refer to point 5) 105 85

— inoil 100 60

3 All other contacts or connections made of bare metals
or coated with other materials

(Refer to point 7)

(Refer to point 7)

4 Terminals for the connection to external conductors by
screws or bolts (refer to points 8 and 14)

— bare 100 60

— silver or nickel coated 115 75

— tin-coated 105 65

— other coatings (Refer to point 7) (Refer to point 7)
5 OQil for oil switching devices (refer to points 9 and 10) 90 50
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Nature of the part, of the material and of the dielectric Maximum value
(Refer to points 1, 2 and 3 in 7.4.6.2) (Refer to NOTE 1) -
Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(NOTE 2)
°C K
6 Metal parts acting as springs (Refer to point 11) (Refer to point 11)
7 Materials used as insulation and metal parts in contact
with insulation of the following classes (refer to
pomt 12
- Y 90 50
- A 105 65
- E 120 80
- B 130 90
- F 155 115
— Enamel: oil base 100 60
synthetic 120 80
- H 180 140
— C other insulating material (Refer to point13) (Refer to point 13)
8 Any part of metal or of insulating material in contact with
. 100 60
oil, except contacts
9 Accessible surfaces (Refer to point 15) (Refer to point 15)
Surfaces of manual control components to be touched in
normal operation:
— Uncoated metal 55 15
— Coated metal 55 15
— Non metal 65 25
Other surfaces to be touched in normal operation but
not to be held continuously in the hand:
— Uncoated metal 65 25
— Coated metal 70 30
— Non metal 80 40
Surfaces not to be touchedin normal operation:
— Uncoated metal 80 40
— Coated metal 80 40
— Non metal 90 50
OTE 1 The“points referred to in this table are those in 7.4.6.2.
OTE 24*For switchgear and controlgear with special service conditions including a maximum temperaturg
ifferent from 40 °C, the maximum values of temperature applies and the maximum values of temperature rise ar¢
aleulated accordingly.

7.4.6.2 Particular points of Table 10

The following points are referred to in Table 10 and complete it.

Point 1 According to its function, the same part can belong to several categories as listed
in Table 10.

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

Point 3

Point 4

For vacuum switching devices, the values of temperature and temperature-rise
limits do not apply to parts in vacuum. The remaining parts shall not exceed the
values of temperature and temperature rise given in Table 10.

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

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

Point 5

a) for contacts, those of the surface material having the lowest value permitted in
item 1 of Table 10;

b) for connections, those of the surface material having the highest value
permitted in item 2 of Table 10.

NOG (Not Oxidizing Gases), for the purposes of this document, @re non-reactivie
gases that are considered as not accelerating ageing of contaets' by corrosion ¢r
oxidation, due to their chemical characteristics and demonstrated operational
records.

Recognized NOG are SFg, N5, CO,, CF,. They can he.used pure or as a mixture ¢f
various NOG.

OG (Oxidizing Gases), for the purposes of this"document, are reactive gases thIt
can accelerate ageing of contacts either Oy corrosion phenomena (presence ¢f
humidity) or by oxidation phenomena-{(mostly due to ambient air medium liKe
oxygen). Gases classified as OG argjyambient air, “dry” air, any gas not classifigd
as NOG and any mixture including.part of OG.

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

For description of these corrosion and oxidation phenomena, refer fo
IEC TR 60943 [45].

Due to the absence of corrosion and oxidation in NOG, a harmonization of the limif
of temperaturevfor different contact and connection parts in the case of g4
insulated switchgear appears appropriate.

n n

The permissible temperature limits for bare copper and bare copper alloy parts ar
equalto the values for silver-coated or nickel-coated parts in the case of NO
atmospheres.

[PA¢)

increase of the permissible temperatures is not applicable, even under the corrosion

In the particular case of tin-coated parts, due to fretting corrosion effects, gn
and oxidation free conditions of NOG. Therefore, the values for tin-coated parts je

Point 6

lower.

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

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

b) after the short-time withstand current test;

c) after the mechanical endurance test.

According to the relevant standard for each equipment. Otherwise, the contacts
shall be regarded as “bare”.
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Point 7 When materials other than those given in Table 10 are used, their properties shall
be considered, notably in order to determine the maximum permissible temperature
rises.

Point 8 The values of temperature and temperature rise are valid even if the conductor
connected to the terminals is bare.

Point 9 The temperature shall be measured at the upper part of the oil.

Ploint 10 Special consideration should be given when low flash-point oil is used in regard fo
vaporization and oxidation.

Ploint 11 The temperature shall not reach a value where the elasticity of the material |s
impaired.

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

)

oint 13 The temperature is limited only by the requirement not te cause any damage fto
surrounding parts.

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

Ploint 15 For further details regarding temperature limits for hot surfaces to be touched, refgr
to IEC Guide 117 [67].

715 Short-time withstand current and peak withstand current tests
715.1 General

he tests apply to the main circuits and where applicable, to the earthing circuits of the test
bject to demonstrate their ability tolcarry their rated peak withstand current and their thermal
ithstand capability for their rated~duration of short-circuit.

s O

—

he test may be performed_at*any convenient ambient temperature.

715.2 Arrangement of the equipment and of the test circuit

The test object shall be mounted on its own support(s) or on (an) equivalent support(s) and
installed with its*ewn operating device(s) as far as necessary to make the test representativie
for checking-mechanical and thermal effects of the test currents. It shall be in the closed positign,
where relevant.

ach\test shall be preceded by a no-load opening operation of the mechanical switching
pvice(s) (if any) and, with the exception of earthing switches, by measurement of the
resistance of the main circuit according to 7.3.4. The no-load opening operation shall be carried
out at the rated value of the supply voltage in the case of power operated devices and the
force/torque shall be measured in the case of dependent manually operated devices.

Q M

The distance between the terminals and the nearest supports of the conductors or the nearest
clamping points of cable on both sides of the test object shall be in accordance with the
instructions of the manufacturer.

The test arrangement shall be noted in the test report.

DC GIS with single-pole enclosures shall be tested in a single-pole circuit with return current or
without return current in the enclosure.
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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 DC
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.

7.5.3 Test current and duration

The peak current shall be not less than the rated peak withstand current (Ipd) and shall not

exceed a RO+ ',—',:‘ ava’® R-e-COoHe-6R+0 R-e-a-RHHacHUH-6 ars a-+HH-e—-01—J-OUHHe+H+6J |
[IPdt of the test current shall not be less than the specified value calculated by the specifi
waveform, peak current and duration, and shall not exceed by more than 10 % withoutt
cpnsent of the manufacturer.

NOTE The value of the Joule integral can be calculated by the specified waveform, peak current,)and duration by
huations indicated in D.6.

[

—

he following deviations are permitted:

a) if the decrement of the short-circuit of the test laboratory is suchthat the specified Joule
integral value cannot be obtained for the specified duration withrout applying initially an
excessively high current, the duration of the test may be increased appropriately to obtain
the specified joule integral value, provided that the value of'thé€ peak current is not less than
that specified and the duration is not extended to more,than 5 s;

b) if, in order to obtain the required peak current, the Joule integral value of the current |s
increased above the specified value, the duration of the test may be reduced accordingly;

c) multi-part test such as separation of the peak withstand current test and the short-time
withstand current test is permissible:

— for the peak withstand current test, 4he''time during which the short-circuit current |s
applied shall be not less than 0,3 s;

— for the short-time withstand curréent test, the time during which the short-circuit curremt
is applied shall be equal to thespecified duration. However, deviation in time according
to item a) is permitted;

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

n

or the convenience of testing, AC test current may be used alternatively. In such case, the
¢sts shall be made under_the following conditions:

—_

a) AC peak currentishall be not less than the rated peak withstand current (Ipd) and shall not
exceed it by more than 5 % without the consent of the manufacturer;

b) The value of the Joule integral [72dt of AC current shall be not less than the specified value
of DC-Joule integral value and shall not exceed it by more than 10 % without consent ¢f
the ‘manufacturer.

The following deviations are permitted:

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

b) if, in order to obtain the required peak current, the Joule integral value of the current is
increased above the specified value, the duration of the test may be reduced accordingly;

c) separation of the peak withstand current test and the short-time withstand current test is
permissible:
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— for the peak withstand current test, the time during which the short-circuit current is
applied shall be not less than 0,3 s;

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

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

7.5.4 Conditions of the test object after test

Af ’ . et I e ) ro—shati—t | £

perating normally and carrying its rated continuous current.

(@)

fl the mechanical switching device has a rated making and/or breaking capacity,|\then thle
pndition of the contacts shall not be such as to affect the performance materially atiany making
hd/or breaking current up to its rated value.

[VIKe)

—

he following steps are used to check these requirements:

a) a no-load opening operation of the mechanical switching device shall be performed in thle
same conditions as stated in 7.5.2 immediately after the test, and-the contacts shall opegn
at the first attempt;

b) except for earthing switches, the variation of the resistance of the main circuit shall be
checked according to 7.3.4;

c) visual inspection of the test object and the contacts {if not detrimental).
NOTE For semiconductor devices, reference is made to IEC 62501, 4.4.2 and 11 [64].

715.101 Tests on the main circuits

>

fter the tests, the resistance measurement shall not increase more than 20 % with respect {o
te pre-test resistance measurement. Neither the components nor conductors within the
hclosure shall show any deformation.or damage, which can impair the intended operation.

o =

Short connections to voltage measurement devices shall be considered as part of the main
clrcuit, except for parts included’in the voltage measurement device compartment.

715.102 Tests on earthing circuits

—

he manufacturer shall demonstrate by tests or calculations the capability of earthing circui{s
¢ withstand the rated short-time and peak withstand current of the system.

—

When verification tests are required by the user, earthing circuits of DC GIS which are factofy
apsembledyand comprise earthing conductors, earthing connections and earthing devices sh3|
b
p

b testedvas installed in the DC GIS with all associated components which can influence the
erformance or modify the short-circuit current.

After the test, the components or conductors within the enclosure shall not show deformation
or damages, which can impair the intended operation of the main circuit. Some deformation and
degradation of the earthing conductor, earthing connections or earthing devices is permissible,
but the continuity of the earthing circuit shall be preserved.

7.6 Verification of the protection
7.6.1 Verification of the IP coding

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

The tests shall, however, be made only if there are doubts regarding the compliance with these
requirements, they shall be performed in each position of the relevant parts as deemed
necessary.

When the supplementary letter W is used, test method given in Annex G (normative) shall be
app“cu'.

Vlerification of IP coding is not applicable to pressurized DC GIS enclosures.

Where supplementary letter W is specified, it shall be checked by inspection, thatythe design
dpes not contain places where significant accumulation of water can be retained/to minimize
cprrosion).

716.2  Verification of the IK coding

The requirements specified in 6.14.4 shall be demonstrated according'to IEC 62262:2002; tes{s
shall be performed on the enclosures of switchgear and controlgear fully assembled as undegr
service conditions.

fter the test, the enclosure shall show no breaks and ¢he“deformation of the enclosure shdll
bt affect the normal function of the equipment, reduce the insulating and/or creepage distancgs
r reduce the specified degree of protection against access to hazardous parts below the
ermitted values. Superficial damage, such as remeval of paint, breaking of cooling ribs or ¢f
milar parts, or depression of small dimension:can be ignored.

W T O3 >

—

he tests shall, however, be made only if there are doubts regarding the compliance with these
¢quirements, they shall be performed in“each position of the relevant parts deemed necessary.

-

>

uxiliary equipment such as meters, relays etc., which can form part of the enclosure |s
kempted from receiving impactslin this test.

D

<

erification of IK coding js not applicable to pressurized DC GIS enclosures.

~

7 Tightness tests

~

7.1 General

—

he purpose—of tightness tests is to demonstrate that the absolute leakage rate F does n¢t
kceed ‘the specified value of the permissible leakage rate Fy at standardized ambient

I~

emperature of 20 °C. Acceptable test condition is an ambient temperature in a range of 15 °C
up 0”30 °C.

o~ @

If tightness tests at the temperature limits of the service condition are required in the relevant
product standards, an increased leakage rate is permissible. The increased temporary leakage
rate shall not exceed the values given in Table 11.

Tightness test shall be performed with the same fluid and under the same pressure (density)
as used in service. If the fluid itself is not traceable additional traceable fluids may be added,
for example helium. The leakage test method shall have sufficient sensitivity; reference is made
to IEC TR 62271-306 [62].

Where possible, the tests should be performed on a complete system. If this is not practical,
the tests may be performed on parts, components or subassemblies. In such cases, the leakage
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rate of the total system shall be determined by summation of the component leakage rates using
the tightness coordination chart (refer to IEC TR 62271-306 [62]). The possible leakages
between subassemblies of different pressures shall also be taken into account.

The tightness test of switchgear and controlgear containing a mechanical switching device shall
be performed both in the closed and open position of the device, unless the leakage rate is
independent of the position of the main contacts.

Cumulative leakage measurement, which takes into account all the leaks from a given assembly

(e H 4l 1 1 4 I Hl [ ) 1 L ol 1 n
t( UcTicrimme T TTaRdytT Tdlo, STidll DT UsSTU T 1T LAICUTAtlUTT UT'TCdRdAytT TdlTS.

The type test report should include such information as:
—| description of the object under test, including its internal volume and the nature-of the filling
gas or liquid;

—| whether the object under test is in the closed or open position (if applicabley,

—| the pressures and temperatures recorded at the beginning and end_of the test and the
number of replenishments (if applicable);

—| the value of the ambient temperature during the test.

—| the cut-in and cut-off pressure settings of the pressure (or‘density) control or monitoring
device;

—| an indication of the calibration of the meters used to déetect leakage rates;
—| the results of the measurements;
—| the test gas and if applicable the conversion faetor to assess the results.

In general, for the application of an adéquate test method, reference is made fo
IEC 60068-2-17:1994.

Table 11 — Permissible leakage rates for gas systems

Tempeérature Permissible leakage rate
°C

Maximum service temperature (= 40 °C) 3Fp
Standardized ambient temperature (20 °C) Fy
Minimum sérvice temperature (any value down to and 3F
. h N p
including\-40 °C)

Minimum service temperature (any value below -40 °C) 6Fp

The measurement of gas tightness shall be performed as a type test to show that the relativie
gakage rate complies with 6.16.101. The tightness test shall be performed at filling pressurle

Pre

The type test shall be performed with representative types of DC GIS compartments comprising
sealings and accessories (e.g. gas filling valves, density monitors, 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.
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7

7.2 Controlled pressure systems for gas

Preferred method for checking the relative leakage rate F\, is by measuring the pressure drop

Ap over a time period ¢ that is of sufficient duration to permit a determination of the pressure
drop (within the filling and replenishing pressure range). A correction shall be made to take into
account the variation of ambient air temperature during the course of the test. During this period
the replenishment device shall be inoperative.

= N~
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here

is the test duration (h);

is the filling pressure (Pa);

is the replenishing pressure ¢ (Pa);

b is the pressure drop after time ¢ (Pa);
is the number of replenishments per day.

OTE The linearity of the formula is considered to be¢maintained provided that Ap is of the same order of magnitud
Py~ P

7.3 Closed pressure systems for gas
he test O, (Test method 1: cumulative test) described in IEC 60068-2-17:1994 is the preferre

etween replenishments ¢~ \"Detailed information about test procedure, sensitivity
easurement and example of calculation are also given in IEC TR 62271-306 [62].

Iternative methods of leak detection are also givenin [IEC TR 62271-306 [62] that may be use
measure the leakage rate, which allows in combination with the tightness coordination char
e calculation.of:

the retative leakage rate;

thetime between replenishments (without considering extreme temperature conditions
number of operations).

ethod to determine the relative leakage rate F,, in gas systems and calculate the tinle

(0]

o

= Q

The tightness test is considered to be successful when the measured leakage rate does not
exceed the permissible leakage rate stated in Table 11 within the limits of +10 %. This
inaccuracy of the measurement shall be taken into account when calculating the period of time
between replenishments.

The measurement of gas tightness shall be performed by cumulative method (Om described in
IEC 60068-2-17, test method 1).

7
T

.7.4 Sealed pressure systems

ightness tests on sealed pressure systems shall be as follows

a) Switchgear using gas
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The tests shall be performed according to the preferred method of 7.7.3.

b) Switchgear using vacuum interrupters

No specific tightness tests are required for vacuum interrupters since their tightness is
verified during manufacturing process and because they are considered to have a zero
leakage rate during their life. Nevertheless, instead of a tightness test, the vacuum integrity
shall be verified where specific standards ask for a tightness test as condition check (for
example mechanical test, low and high temperature tests, etc.).

The integrity of the vacuum can be verified by the dielectric condition check test, refer
ta 72 11

a o

A

—

—

7
7

g¢quires justification by the manufacturer,

7.5 Liquid tightness tests

he purpose of liquid tightness tests is to demonstrate that the total system leakagéxrate F,

pes not exceed the specified value Fj;q).

he object under test shall be as in service conditions with all its accessaries and its normal
Lid, mounted as close as possible as in service.

n increased leakage rate at extreme temperatures (if such tests @re‘required in the relevant
andards) and/or during operations is acceptable, provided that.this rate resets to the initial
hlue after the temperature is returned to normal ambient air temperature and/or after the
perations are performed. The increased temporary leakage rate shall not impair the safe
beration of the switchgear and controlgear.

he switchgear shall be observed over a period sufficient to determine a possible leak or the
fessure drop Apiq. In this case, the calculations-given in 7.7.2 are valid.

s an alternative, using liquids different fromithose in service or gas for the test is possible buit

he test report shall include such information as:

a general description of the 6bject under test;
the number of operations-performed;

the nature and pressure(s) of the liquid;

the ambient air temperature during test;

the results with.the switchgear device in closed and in open position (where applicable).
8 Electromagnetic compatibility tests (EMC)
8.1 Emission tests

841 Emission tests from the main circuits (radio interference voltage test, RIV)

S

ubclause 7.8.1.1 of IEC TS 62271-5:2024 applies only to bushings.

Radio interference voltage tests apply only to switchgear and controlgear having a rated direct
voltage of 210 kV and above, when specified in the relevant product standard.

T

T

est object shall be installed as stated in 7.2.4.

he test voltage shall be direct voltage and applied as follows.

a) in closed position, between the terminals and the earthed frame;
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b) in open position, if any, between one terminal and the other terminal connected to the
earthed frame and then with the connections reversed if the switching device is not
symmetrical.

The case, tank, frame and other normally earthed parts shall be connected to earth.

The test object shall be dry and clean and at approximately the same temperature as the room
in which the test is made. During the tests the test object shall be equipped with all accessories
such as grading elements, corona rings, high-voltage connectors, etc. which may influence the
radio interference voltage.

The measuring circuit (refer to Figure 6) shall comply with CISPR TR 18-2. The measuring
c|rcuit shall preferably be tuned to a frequency within 10 % of 0,5 MHz, but other frequencids
in the range 0,5 MHz to 2 MHz may be used, the measuring frequency being recorded. The
r¢sults shall be expressed in pV.
F O
4 M Test object
O—
s
R
9 /
R
L
Ry
|
Details of M
IEC

Key

F Filter

R The equivalent resistance of R, in series with the parallel combination of R, and the

equivalent resistance of the measuring set
Zg Either a capacitor or a circuit composed of a capacitor and an inductor in series
L The inductance used to shunt harmonic currents and to compensate for stray

capacitance at the measuring frequency

Figure 6 — Diagram of a test circuit for the radio interference voltage test

The preferred measuring impedances are those specified in CISPR publications. If measuring
impedances different from those specified in CISPR publications are used as an alternative,


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

- 108 — [IEC TS 62271-318:2024 EXV © |[EC 2024

they shall be from 30 Q up to 600 Q; in any case the phase angle shall not exceed 20°. The
equivalent radio interference voltage referred to 300 Q can be calculated, assuming the
measured voltage to be directly proportional to the resistance, except for test pieces of large
capacitance, for which a correction made on this basis can be inaccurate. Therefore, a 300 Q
resistance is recommended for switchgear and controlgear with bushings with earthed flanges
(for example dead tank switchgear and controlgear).

The filter F shall have high impedance at the measuring frequency, so that the impedance
between the high-voltage conductor and earth is not shunted as seen from the switchgear and
c'mtrnlgpar under test

NOTE 1 This filter also reduces circulating radiofrequency currents in the test circuit, generated by the high-voltag
trensformer or picked up from extraneous sources. A suitable value for its impedance has been found to be 107000
td 20 000 Q at the measuring frequency.

O @

ff shall be ensured by suitable means that the radio interference background tevel (rad
nterference level caused by external field and by the high-voltage transformer whe
agnetized at the full test voltage) is at least 6 dB below the specified radioyinterference lev
f the test object. Calibration methods for the measuring instrument and for the measurinig
rcuits are given in CISPR 16-1 (all parts) and CISPR TR 18-2 respectively.

o 3=
S O

[¢]

—

he following test procedure shall be followed.

nless otherwise specified by the relevant product standard, direct voltage of 1,1 x Uy, U,
being the rated direct voltage of the switchgear and caentrolgear, shall be applied to the te$
opject with both polarities and maintained for at least 5 fnih. A much longer test time than 5 m
i also applicable by agreement between user and, manufacturer.

S ~+~Q

NOTE 2 The test time of 5 min is based on IEC TS 63014-1. However, RIV behaviour and physical mechanisnps
(4§pace charges, ozone generation, etc.) with a DC applied voltage can be slightly different from that with an AC
applied voltage, especially for the polymeric insulated part subjected to direct voltage. In some cases, a long-tinj
sfich as one hour or three hours test is possible.

(0]

Als alternative method, RIV tests may be performed using an alternating voltage source 3§
described in IEC 60437, instead of difect voltage. In this case, the RMS value of the alternatin
v

bltage shall be the direct test woltage divided by V2.

Q »n

—

he test is passed, if thesradio interference level does not exceed 2 500 pV. In a long-time tesjt
he test is passed if no.more than 30 RIV pulses exceeding 2 500 pV are recorded during ary
D-min period of the.test. RIV pulses that are proven to be external to the test object shall be
sregarded.

Q W =~

As the radio interference level can be affected by fibres or dust settling on the insulators, it |s
permitted~{6 wipe the insulators with a clean cloth before taking a measurement. Thie
a
t

mospheric conditions during the test shall be recorded. If the measured RIV value is aboVe
he limit'and the relative humidity is above 80 %, the test is not conclusive and shall be repeated
withé relative humidity lower than 80 %.

7.8.1.2 Emission tests from the auxiliary and control circuits

Auxiliary and control circuits of switchgear and controlgear shall be subjected to
electromagnetic emission tests if they include electronic equipment or components. In other
cases, no tests are required.

For auxiliary and control circuits of switchgear and controlgear, the EMC requirements and tests
specified in this document have precedence over other EMC specifications.

The test shall be performed only on a representative auxiliary and control circuit, because the
single components are tested according to their relevant standards, if any.
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Electronic equipment, which is part of the auxiliary and control circuits, shall fulfil the
requirements with regard to radiated emission, as defined in CISPR 11:2015 for group 1,
class A equipment. No other tests are specified. A 10 m measuring distance may be used
instead of 30 m, by increasing the limit values by 10 dB.

7.8.2 Immunity tests on auxiliary and control circuits
7.8.2.1 General

Auxiliary and control circuits of switchgear and controlgear shall be subjected to
electromagnetic immunity tests if they include electronic equipment or components. In othgr
cpses no tests are required.

—

he tests shall be performed on a typical auxiliary and control circuit. Components shall comply
ith their relevant standards, if any.

s

—

he following immunity tests are specified:

—| electric fast transient/burst test (refer to 7.8.2.2). The test simulates\the conditions causegd
by switching in the auxiliary and control circuit;

o

—| oscillatory wave immunity test (refer to 7.8.2.3). The test simmulates the conditions cause
by switching in the main circuit.

NOTE Other EMC immunity tests do exist, but are not specified in this'case.

m
=

lectromagnetic immunity tests shall be made on complete auxiliary and control circuits g
ibassemblies. The tests can be made on

(2]

the complete auxiliary and control circuits;
subassemblies, such as central control cubicle, drive mechanism cubicle, etc.;

subassemblies within a cubicle, suchva@s’metering or monitoring system.

=

ndividual testing of subassemblies is‘strongly recommended in cases where long lengths
interconnections are required, or where significant interference voltages are expected betweegn
the subassemblies. Individual teSting is mandatory for each interchangeable subassembly.

—

he test voltage shall be-applied to the interface of the auxiliary and control circuits or tested
Libassembly.

n

—

he type test report)shall clearly state what system or subassembly has been tested.

~

8.2.2 Electrical fast transient/burst test

>

n electrical fast transient/burst test shall be performed in accordance with IEC 61000-4-4, wiﬂ
repetition rate of 5 kHz. The ports and interfaces shall be chosen in accordance wi
EC61000-6-2. The test voltage and coupling shall be chosen according to Table 12.

=g })
>0
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Table 12 — Application of voltages at the fast transient/burst test

Interface Relevance for equipment Test voltage Coupling
kV
Power port AC and DC power lines 2 CDN
Cabinet earth port 2 CDN
Signal port Shielded and unshielded lines, carrying 2 CCC
analogue and/or digital signals or equivalent coupling
methods

controrrnes

buses)

communication lines (for example data

measuring lines (for example current
transducers, voltage transducers)

Key

DN Coupling decoupling network.

CC Capacitive coupling clamp.

718.2.3

5 >

—

)

f +30 %.

o

3 -

Oscillatory wave immunity test

n oscillatory wave immunity test shall be performed, with shape and duration of the test voltage
n accordance with IEC 61000-4-18.

he ports and interfaces shall be chosen in accordatice with IEC 61000-6-2.

amped oscillatory wave tests shall be made-at 100 kHz and 1 MHz, with a relative tolerande

ests shall be made for both common, and differential mode. The test voltage and coupling
ethod shall be chosen according to’Table 13.

Table 13 — Application of voltage at the damped oscillatory wave test

signals
control lines

communication lines (for

Interface Relevance for equipment Test voltage Coupling
kV
Power port AC and DC power lines Differential mode: 1,0 CDN
Common mode: 2,5 CDN
Signal port Shielded and unshielded lines, Differential mode: 1,0 CDN
carrying analogue and/or digital
Common mode: 2,5 CDN

Or equivalent
coupling method

example data buses)

measuring lines (for example:
current transducers, voltage
transducers)

Key

CDN Coupling decoupling network.
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7.8.2.4 Behaviour of the secondary equipment during and after tests

The auxiliary and control circuits shall withstand each of the tests specified in 7.8.2.2
and 7.8.2.3 without permanent damage. After the tests it shall still be fully operational.
Temporary loss of parts of the functionality is permitted according to Table 14.

Table 14 — Assessment criteria for transient disturbance immunity

Function Criterion
FProtectiom, teteprotection A
Alarm B
$upervision B
ommand and control A
Measurement B
ounting A

Data processing

Il/lan-machine interface

fpr high-speed protective system A
fpr general use B
Information B
[Data storage A
FProcessing B
I}’Ionitoring B

B

B

$elf-diagnostics

FProcessing, monitoring and self-diagnostic functions which are on-line connected, and are part of command and
dontrol circuits, shall fulfil criterion A.

Key

A Normal performance within the specification limits;

B Temporary degradation or loss of function or performance which is self-recoverable.

7/8.3 Additional EMC tests on auxiliary and control circuits

718.3.1 General

—

he objectivetof the tests described below is to qualify the whole assembly without repeating
individualtest on components. Therefore, tests on components which comply with their relevant
IEC standards and with relevant rated values do not need to be repeated.

718.32 Ripple on DC input power port immunity test

This test shall be performed according to IEC 61000-4-17:1999. The test level shall be level 2,
and the frequency of the ripple is equal to three times the rated frequency of auxiliary and
control circuits.

The assessment criterion is: “normal performance within the specification limits” (criterion A).

7.8.3.3 Voltage dips, short interruptions and voltage variations on input power port
immunity tests

Voltage dips, short interruptions and voltage variations tests on AC power ports shall be
performed according to IEC 61000-4-11 and on DC power ports according to IEC 61000-4-29.
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The relevant acceptance criteria are present in 6.4.1.

7.9 Additional tests on auxiliary and control circuits
7.91 General

Tests on components, which comply with their relevant IEC standards and with relevant rated
values, shall not be repeated.

9.2 Functional tests

functional test of all auxiliary and control circuits shall be made to verify the proper functioning
f auxiliary and control circuits in conjunction with the other parts of the switchgear and
bntrolgear. The test procedures depend on the nature and the complexity of the auxiliary and
bntrol circuits of the device. They shall be performed with the upper and lower yalue limits ¢f
e supply voltage defined in 6.4.1.

000> N

—
=

-n

or auxiliary and control circuits, sub-assemblies and components, operation tests can b
mitted if they have been fully performed during a test applied to the'\whole switchgear an
bntrolgear or in relevant circumstances.

O O
o @

719.3 Verification of the operational characteristics of auxiliary contacts

~

9.3.1 General

>

uxiliary contacts, which are contacts included in auxiliary circuits, shall be submitted to the
gllowing tests unless the equipment has passed théavhole type tests as a functional unit.

—h

7(9.3.2 Auxiliary contact rated continuous, current

—

his test verifies the rated value of current which a previously closed auxiliary contact is capable
f carrying continuously.

(o]

he circuit shall be closed and opened by means independent from the contact under test. Test
focedures are described in 7.4¢3.2. The contact shall carry its class rated continuous current
ccording to Table 4 without.exceeding the temperature rise in Table 10 based on the contagt
aterial and the working environment.

30T A

~

9.3.3 Auxiliary ‘eontact rated short-time withstand current

—

his test verifies the value of current which a previously closed auxiliary contact is capable ¢f
arrying for a specified short period.

(¢

—

he circuit shall be closed and opened by means independent from the contact under test. The
bntaet shall carry its class rated short-time withstand current according to Table 4 for 30 m$
wlith’a'resistive load. The current value to be obtained shall be reached within 5 ms after current

+5

initiation. The tolerance on the test current amplitude is 0 % and the tolerance on the test

O

.. 410
current duration is +o %.

This test shall be repeated 20 times with a 1 min interval between each test. The contact
resistance value shall be taken before and after the tests at 50 % of the rated continuous current
in Table 4, with the contacts at ambient temperature for both measurements.

The test is passed:

— if the resistance increase is less than 20 %;
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— or, when the increase exceeds 20 %, if the continuous current test according to 7.4.3.2 is
performed successfully.

7.9.34 Auxiliary contact breaking capacity

This test verifies the breaking capacity of an auxiliary contact.

The circuit shall be closed by means independent from the contact under test. The contact shall
carry for 5 s and shall break the current associated with its class according to Table 4, with an
_ +10

Q

mplitude is +05 %.

Flor all classes, the circuit time constant shall be 20 ms with a tolerance of +20 %

his test shall be repeated 20 times with a 1 min interval between gach test. The recovely
bltage shall be maintained during each 1 min interval and for 300ms + 30 ms after the last
peration. The contact resistance value shall be taken before and after the tests at 50 % of thie
ated continuous current in Table 4, with the contacts at_ambient temperature for both
easurements. The resistance increase shall be less than 20 %: If the increase exceeds 20 %
en the continuous current test according to 7.4.3.2 shallbe-performed.

S 0 < -

=3

~

9.4 Environmental tests

~

9.4.1 General

L

eating elements, if any, shall be ready to operate except where otherwise stated.

—

he following tests are independent type-tests.

>

uxiliary and control circuits shall\be energised and shall remain in the operating conditig
uring and after the test until thé functional checks have been performed. At the end of the te$
uration, except for the vibration response test, auxiliary and control circuits shall be checke
@ ascertain whether they.are’capable of functioning in accordance with their design intent.

=+ 0 0 >
o =

fl other environmental tests than indicated under 7.9.4 are requested, due to special

ehvironmental conditions, then these tests should be performed according to IEC 60068-2 ({ll
pprts) [13] where_applicable.

7(9.4.2 Cold test

A cold test shall be performed according to test Ad of IEC 60068-2-1:2007, under the servide
c

pnditions specified in Clause 4. The test temperature shall be the minimum ambient ajir
tempe%#e—&nd—#re%&t—d-u*aﬂeﬂ—sha#—be%—h—al' -

7.9.4.3 Dry heat test

A dry heat test shall be performed according to test Be of IEC 60068-2-2:2007 according to the
configuration of auxiliary circuits, under the service conditions specified in Clause 4. The test
temperature shall be the maximum ambient air temperature and the test duration shall be 16 h.

7.9.4.4 Cyclic humidity test

A cyclic humidity test shall be performed according to test Db of IEC 60068-2-30:2005. The
upper temperature shall be the maximum ambient air temperature specified in Clause 4 and the
number of temperature cycles shall be two. Variant 2 may be used for the temperature fall
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period and recovery shall take place under standard atmospheric conditions. No special
precautions shall be taken regarding the removal of surface moisture.

7.9.4.5 Vibration tests

\

ibrations due to operation of the associated switchgear or controlgear are checked as follows.

A test is performed according to IEC 60255-21-1:1988. Vibration response test parameters
are those corresponding to severity class 1;

a

—h
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endurance tests in the complete switchgear and controlgear.

he auxiliary and control circuits shall withstand the vibration response test without permanent
bmage. After the test, it shall still be fully operational. Temporary loss of parts of the
nctionality is permitted during the test according to criteria stated in Table 13.

9.4.6 Condition check

=y

he power-frequency voltage withstand tests according to 7.9.5 shall be performed after eag
pe test, to confirm that there has been no reduction of performance\during testing.

the case the type tests of 7.9.4 are performed as test sequence-on the same test object, this
bndition check may be performed only once at the end.

9.5 Dielectric test

>

uxiliary and control circuits of switchgear and controlgear shall be subjected to short-duratig
bwer-frequency voltage withstand tests. Each tést'shall be performed:

between the auxiliary and control circuits;eonnected together as a whole and the frame o¢f
the switching device;

if practicable, between each part of the auxiliary and control circuits, which in normal use
can be insulated from the otherparts, and the other parts connected together and to thle
frame.

he power frequency tests shall be performed according to IEC 61180. The test voltage shdl
e 2 kV with duration of 1.minA.

DC test is acceptable by agreement of the manufacturer, the test voltage shall be 2,8 kV, with
duration of 1 min.

he auxiliarysand control circuits of switchgear and controlgear shall be considered to have
hssed thetests if no disruptive discharge occurs during each test.

motors and other devices such as electronic equipment used in the auxiliary and contro
reudits have already been tested in accordance with their own specification, they shall be

o O

7
7
7
T

T

sconnected for these tesis.

.10 X-radiation test for vacuum interrupters
.10.1  General requirements

.10.1.1  Condition of interrupter to be tested

ests on the X-radiation emission levels shall be performed on new vacuum interrupters.

here is no requirement to test switchgear and controlgear for X-radiation emission, where the

vacuum interrupter type has been successfully tested as a component.
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7.10.1.2 Mounting of specimen

The interrupter shall be mounted in a test fixture, designed so that the open contact spacing
can be set at the minimum distance when installed in the switchgear and controlgear.
Interrupters designed for operation in an insulating medium other than air (such as oil or SFg)

may be tested in such a medium, if necessary, to withstand the test voltage.

The container for the insulating medium shall be of an insulating material having radiation
attenuation no greater than that afforded by 9,5 mm thick methyl methacrylate. The insulating

medivm-between-the-interrupter and radiation-survevinstrument shall be-the-minimum-reguir
g Y <

for dielectric purposes.

7{10.1.3 Radiation survey instrument

>

radiofrequency shielded radiation survey instrument having the following minimum
becifications shall be used.

n

accuracy: capable of measuring from 5 uSv/h up to 150 uSv/h with an,accuracy of +25 %
along this range and with a response time not to exceed 15 s;

energy response range: at least 25 keV to 0,5 MeV.

Z

ODTE The selection of the radiation survey measuring instrument is related ‘to/the test voltage and sensitivity pf
he detector across the specified energy response range.

—

7{10.1.4 Location of radiation survey instrument

—

he sensing element of the radiation survey instrument-shall be positioned in the plane of the
bparable contacts and pointed at the contacts. Thepreferred distance between the measuring
nstrument and the wall of the vacuum interrupter is 1 m. However, any distance up to 15

ay be used in which case the instrument reading shall be adjusted by applying the inverge
uare law as follows:

w3 =0

R(1m)=R(d)xd? 3

3

here R(d) is the radiation\level measured, at the distance 4 (in m) from the external surface ¢f
he vacuum interrupter.

—
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Figure 7 — Test location of radiation survey instrument

10.2 Test voltage and measurement procedure

bntact spacing specified, and with.the radiation survey instrument in place (refer to Figure 7)),
voltage shall be applied across the interrupter contacts equal the rated direct voltage U4 ¢f

the switchgear and controlgear~After a minimum of 15 s, the X-radiation level on the radiatign
sprvey instrument shall be.according to 7.10.3.

7
With the interrupter mounted in a testfixture, with the contacts blocked open at the minimum
c
a

Next, the voltage across the interrupter contacts shall be raised to a value equal to the rated
djrect withstand voltage Uyy shown in Table 1 as appropriate. After a minimum of 15 s, the
X

-radiation level-on_the radiation survey instrument shall be recorded in the test report.

~

10.3 Acceptance criteria

—

he X-radiation emitted from vacuum interrupters shall not exceed 5 uySv/h at 1 m distance at
he rated direct voltage U,q.

—

For vacuum interrupters used in switchgear and controlgear that have a rated direct withstand
voltage less than or equal to 240 kV, the X-radiation emitted at the rated direct withstand voltage
Uyq shall not exceed 150 uSv/h at 1 m distance.

For vacuum interrupters in switchgear and controlgear that have a rated direct withstand voltage
greater than 240 kV, the X-radiation emitted at the rated direct withstand voltage Uyy shall be

measured. If the measured value exceeds 150 ySv/h at 1 m distance, then the actual value
shall be declared by the manufacturer.

NOTE 1 The declared value can be used to develop a safe working environment in accordance with local regulations
when performing a power frequency withstand test across open contact gaps of vacuum interrupters.

NOTE 2 The test duration can be longer than the voltage applied time in actual use.
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7.101 Verification of making and breaking capacities

Switching devices forming part of the main circuit of DC GIS shall be tested to verify their rated
making and breaking capacities according to the relevant documents (IEC TS 62271-313, IEC
TS 62271-314, IEC TS 62271-315) and under the proper conditions of installation and use, i.e.
they shall be tested as normally installed in the DC GIS with all associated components, the
arrangement of which can influence the performance, such as connections, supports, etc.

NOTE In determining which associated components are likely to influence the performance, special attention can
be given to mechanical forces due to short-circuiting, to the possibility of disruptive discharges, etc. It is recognized
that, T some Tases, SuciT Mftuences camm be quite negtgibte:

71102 Mechanical and environmental tests

71102.1 General

(0))

witching devices of DC GIS shall be submitted to mechanical operation and-environmenta
¢sts in accordance with their relevant documents (IEC TS 62271-313, IEC T§'62271-314, IEC
S 62271-315) and shall be tested in a representative assembly of all associated components
hich can influence the performance, including auxiliary devices. All equipment shall withstan
he stresses caused by the operation of switching devices.

— =

s
[o%

—

7{102.2 Mechanical operation test at ambient temperature

Before and after the mechanical operation tests, the measurement of gas tightness according
tg 7.7 shall be performed to show that the leakage rate is‘net changed by influences caused Hy
the mechanical type tests.

Alll switching devices fitted with interlocks shall bessubmitted to 5 operating cycles in order fo
check the operation of the associated interlocks. Before each operation the interlocks shall tle
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.

7{102.3 Low- and high-temperature test

(peration tests at minimum and-maximum temperature shall be performed in accordance with
the relevant apparatus documents.

71103 Proof tests for enclosures

103.1 General

Q<

re performed on individual enclosures before the internal parts are added with testin

7
Proof tests afeimade when the strength of the enclosure or parts thereof is not calculated. The
a
cpnditions-based on the design pressure stresses.

Proof tests can take the form of either a destructive or a non-destructive pressure test, gs
appropriate to the material employed. For further information, see EN 50052 [5], EN 50064 [6
EN 50068 [7], EN 50069 [8].

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:

Cast aluminium and composite aluminium enclosures

o type test pressure =[ 3,5/ 0,7 ] x design pressure
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NOTE The value 0,7 has been included to cover the possible variability of production castings. This factor can be

in

creased to 1,0 if it can be justified by special material tests.

Welded aluminium and welded steel enclosures

type test pressure = [ (2,3 / v) x (o;/ o,) ] x design pressure
where

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

—

>
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Blefore the test, strain gauges capable of indicating strains to 5 x 10~ mm/mm shall be affixed

Strain readings shall be. taken during the increase of pressure and repeated during pressure

oy is the permissible design stress at test temperature;

o,is the permissible design stress at design temperature.

hese factors are based on the minimum certified properties of the material used.
dditional factors can be used taking into account the methods of construction®

ny enclosure remaining intact after these pressures have been reachéd shall not be used fdq
brmal operation.

—

103.3 Strain measurement test

the case of a non-destructive pressure test using a straif) indication technique, the following
focedure shall be applied:

the surface of the enclosure. The number of gauges, their position and their direction shdll
e chosen so that principal strains and stressés.can be determined at all points of importange
the integrity of the enclosure.

ydrostatic pressure shall be applied gradually in steps of approximately 10 % until the routirle
st pressure for the expected desigm,pressure (see 8.101) is reached or significant yielding
ny part of the enclosure occurs.

=

hen either of these points s‘reached, the pressure shall not be increased further.

pcrease.

dication of localized permanent set can be disregarded provided there is no evidence o¢f
eneral distortion of the enclosure.

the curve of the strain/pressure relationship show a non-linearity, the pressure can be r
pplied not more than five times until the loading and unloading curves corresponding to twmo

d

the test pressure shall be taken from the pressure range corresponding to the linear portion of
the curve obtained during the final unloading.

If

the routine test pressure is reached within the linear portion of the strain/pressure 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 routine test pressure, the design
pressure shall be calculated from the following equation:

where
p is the design pressure;
p is the pressure at which significant yielding occurs or the pressure range corresponding

to the linear portion of the strain/pressure relationship of the most highly strained part ¢f
the enclosure during final unloading (see above);

k is the routine test pressure factor (see 8.101);
o} is the permissible design stress at test temperature;
o, Iisthe permissible design stress at design temperature.

~

104 Pressure test on partitions

—

he purpose of this test is to demonstrate the safety margin® of the partition submitted fo
pressure in service condition. For further information see EN-50089 [18].

—

he partitions shall be installed as for the maintenance condition. The pressure shall rise at
rate of not more than 400 kPa/min.

Q

—

he bursting pressure shall be three times the.design pressure.

71105 Test under conditions of arcing{due to an internal fault

m
=]

vidence of performance according t0,6.103.2 shall be demonstrated by the manufacturer whe
¢quired by the user.

-

m

vidence can consist of a test or calculations based on test results performed on a similar
rrangement or a combination of both.

oY)

flsuch a test is requited, the procedure shall be in accordance with the methods described in
nnex A.

>

NPTE Information about experience of internal arc tests and calculation principles are present in CIGRE Technich
Bfochure 602\J2], CIGRE Session 1998 — WG 21/23/33-03 [3] and RGE: 04/82 [4].

Flor the convenience of testing, alternating test current can be used alternatively. In such a casg,
the<RMS value of the alternatmg current shall be not less than the rated short-time withsta d

values of short CIrCUIt durat|on glven in IEC TS 62271-5: 2024 5.5. The test durat|on can be
reduced to 0,3 s by increasing the test current to reach the equivalent Joule integral value
according to Table 2.

7.106 Insulator tests
7.106.1 General

Tests on insulators (partitions and support insulators) shall be performed as in 7.106.2 and
7.106.3.
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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.

The thermal cycle shall be as follows:

a) 4 h at minimum ambient air temperature (for example —40 °C);
b) 2 h at room temperature;

c) 4 hatlimit of temperature according to Table 10 row 7 of IEC TS 62271-5:2024 (for example
+105 °C);

d) 2 h at room temperature.

Insulators for DC GIS are considered electrical insulation system (EIS) .according fo
IEC 60085:2007. The upper limit temperatures defined in IEC TS 62271-5- are therefore
applicable for the EIS and not for the electrical insulation material (EIM).

—

he given thermal cycle times do not include the necessary transition times to reach the stable

ehd temperatures of steps a), b), ¢) and d).
After the test sequence, all insulators shall be tested in accordance with routine tests 8.2, 816
ahd 8.104.

~

106.3 Tightness test for partitions

An overpressure withstand test shall be performedas described:

he design pressure of the partition shall be applied on one side of the partition while the
djacent compartment is under vacuum to_verify the tightness of a partition. Alternatively, the
fessure on one side of the partition shall*be the design pressure of the partition plus 1 bar
hile the adjacent compartment is at 1" bar. The pressure in both compartments shall be
easured over a period of 24 h.

3 =T 0 o

0

recautions shall be taken during test, as the test pressure across the partition is higher than
he design pressure of the partition.

—

t the end of the test, no damage shall be observed on the partition. A gas tightness test sh3l
e performed in acéerdance with 7.7. The relative leakage rate shall not be greater than the
efined value prescribed in 6.16.

o T >

71107 Cornrosion test on earthing connections

71107.1%—-General

-

oroutdoor application, or on user’s request, a corrosion proof test shall be performed |n
accordance withr this subclause:

The tested sub-assemblies shall be representative of a DC 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) and the
secondary system as  described in 15.7 of |IEC TR 62271-306:2012 and
IEC TR 62271-306:2012/AMD1:2018.

Testing of one representative earthing connection is considered to be sufficient.
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7.107.2 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.

In addition, for painted surfaces, the resistance to humid atmospheres containing sulphur
dioxide shall be tested according to ISO 22479.

NOTE The CIGRE working group WG B3.57 is working on lifetime management of outdoor DC GIS [19]. The
recommendations of this CIGRE guide can be considered.

71107.3 Criteria to pass the test

The resistance of the earthing of the enclosure, measured according to 7.3.1, shall notsincreage
more than 20 % after this test.

>

fter the test, the dismantling of the assemblies shall not be affected. The degree of corrosion
flany, should be indicated in the test report. If the surfaces are painted, no trace of degradation
nall be noticed.

w =

71108 Corrosion tests on sealing systems of enclosures and auxiliary equipment
7{108.1 General

dn user’s request, a corrosion proof test shall be performed.in accordance with this subclauseé.

The tested sub-assemblies shall be representativetof a DC GIS arrangement, including thle
ehclosures, auxiliary equipment (gas filling valves, viewports, pressure monitoring devic}
pressure relief device, UHF sensor, etc.) and.sealing systems (including dynamic sealings ¢f
siitching  devices) as  described in 15.7 of |IEC TR 62271-306:2012 and
IEC TR 62271-306:2012/AMD1:2018.

7|1108.2 Test procedure

The tested sub-assembly shall be submitted to environmental testing Ka (salt mist) accordinlg
¢ 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 7.7.

7|1108.3 Criteria topass the test

o| The relative leakage rate in the gas tightness test shall not be greater than the defined value
prescribed-in 6.16.

o| Visual inspection of flanges and sealing systems. If corrosion is observed, it shall be
documented in the test report.

o| .<Fhe degree of corrosion, if any, should be indicated in the test report.

NOTE The CIGRE working group WG B3.57 is working on lifetime management of outdoor DC GIS [19]. The
recommendations of this CIGRE guide can be considered.

8 Routine tests

8.1 General

The routine tests are for the purpose of revealing faults in material or construction. They do not
impair the properties and reliability of a test object. The routine tests shall be made wherever
reasonably practicable at the manufacturer's’ works on each apparatus manufactured. By
agreement, any routine test may be made on site.

The routine tests given in this document comprise:
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a) dielectric test on the main circuit in accordance with 8.2;

b) tests on auxiliary and control circuits in accordance with 8.3;

c) measurement of the resistance of the main circuit in accordance with 8.4;

d) tightness test in accordance with 8.5;

e) design and visual checks in accordance with 8.6.

A

dditional routine tests can be specified in the relevant IEC standards.

<0<

3

Fi

fi
th

o un -

—

SF¢ and its mixtures in accordance with IEC 60480, can be used. See-6:2.

hen switchgear and controlgear is not completely assembled before transport, separate tes{s
hall be made on all transport units. In this event, the manufacturer shall demonstrate “thee
hlidity of this test (for example, leakage rate, test voltage, resistance of part of the main<ircuit).

est reports of the routine tests are not required unless otherwise agreed upon‘between the
anufacturer and the user.

o

por routine tests technical grade SFg and its mixtures in accordance with/lEC 60376 or use

o

the DC GIS is designed to use any other gas than SFg, the necessary technical grade an

e characteristics of the gas / gas mixture used for the routine testing shall be defined an
bcumented by the manufacturer of the DC GIS and documented in the routine test reports.

o

he routine tests shall be performed on all components’of a DC gas-insulated metal-enclose
vitchgear and its controlgear. Depending on the nature of tests, some tests can be performe
h components, transport units or on the complefe installation.

[eNeN

he following routine tests shall be carried out:
Subclause

) Dielectric test on the main cireuit 8.2

D) Tests on auxiliary and control circuits 8.3

C) 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
n) Testson auxiliary circuits, equipment and interlocks in the control 8.103

mechanism
) Pressure test on partitions 8.104

8

It
a

.2 Dielectric test on the main circuit

is preferred to carry out the test at short-duration AC power-frequency voltage. Alternatively,
dry, short-duration direct voltage test may be applied. The test duration shall be 1 min. The

test procedure shall be according to IEC 60060-1 and to 7.2, except that each pole or transport
unit shall be tested. For sealed pressure systems, the test shall be made at the filling pressure
for insulation.

T

he test voltage shall be the rated direct withstand voltage divided by 2 for AC power-

frequency tests or the rated direct withstand voltage for DC tests. The rated direct withstand
voltages are specified in column 3 of Table 1.
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When the insulation of switchgear and controlgear is provided only by solid-core insulators and
air at ambient pressure, the voltage withstand test may be omitted if the dimensions between
the conductive parts — across open switching devices and between conductive parts and the
frame — are checked by dimensional measurements.

Bases for the checking of dimensions are the dimensional (outline) drawings, which are part of
the type test report (or are referred to in it) of the particular switchgear and controlgear.
Therefore, in these drawings all information necessary for dimensional checking including the
permissible tolerances shall be given.

—

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

2.101 Alternating or direct voltage tests on the main circuit

8

The alternating or direct voltage test of DC GIS shall be performed according to the
réquirements in 7.2.6.1 or 7.2.7.1 to earth, between poles (if applicable) and‘across the open
sitching devices. The voltage test across the open switching device can tbe carried out fro
ohe side of the switching device.

—

he test voltage shall be the rated direct withstand voltage divided by V2 for alternating voltage
¢st or the rated direct withstand voltage for direct voltage test. The rated direct withstan

—
o

vpltages are specified in column 3 of Table 1 in IEC TS 62271<5:2024.

The test voltage shall be raised for each test condition t0-the test value and maintained f¢r
1 min.

8/2.102 Partial discharge measurement

The measurement of partial discharges shallybe performed to detect possible material and
manufacturing defects.

Plartial discharge tests shall be performed in accordance with 7.2.10.

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

-

he test shall be carried~out on all components of a switchgear and controlgear. It can be
erformed on the complete switchgear and controlgear, if applicable, or on transport units g
h individual components. Tests on simple components containing no solid insulation can be
kcepted.

® 0T o
=

2]

3 Tests on auxiliary and control circuits

©
D

3.1 Inspection of auxiliary and control circuits, and verification of conformity to th
circuit diagrams and wiring diagrams

The nature of the materials, the quality of assembly, the finish and, if necessary, the protective
coatings against corrosion shall be checked. A visual inspection is also necessary to check the
satisfactory installation of the thermal insulation, if any.

A visual inspection of actuators, interlocks, locks, etc., shall be made.

Components for auxiliary and control circuits inside enclosures shall be checked for proper
mounting. The location of the means provided for connecting external wiring shall be checked
to ensure that there is sufficient wiring space for spreading of the cores of multi-core cables
and for the proper connection of the conductors.
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The conductors and cables shall be checked for proper routing. Special attention shall be given
to ensure that no mechanical damage can occur to conductors and cables due to the proximity
of sharp edges or heating elements, or to the movement of moving parts.

Furthermore, the identification of components and terminals and, if applicable, the identification
of cables and wiring shall be verified. In addition, the conformity of auxiliary and control circuits
to the circuit diagrams and wiring diagrams shall be checked.

8.3.2 Functional tests

Flunctional tests are specified, where relevant, in the relevant IEC product standards. \When
becified, they shall be made on all auxiliary and control circuits to verify the proper fungtigning
f auxiliary and control circuits in conjunction with the other parts of the switchgear and
bntrolgear. The test procedures depend on the nature and the complexity of the atxjliary and
bntrol circuits of the device.

O 0 0 W”w

(@)

peration tests on auxiliary and control circuits, subassemblies and components may b
mitted if they have been fully tested during a test applied to the whole switchgear an
bntrolgear.

O O
o

813.3 Verification of protection against electrical shock

Protection against direct contact with the main circuit and safe,accessibility to the auxiliary and
cpntrol equipment parts liable to be touched during normal operation shall be checked. The
preferred method is by visual inspection.

Where visual inspection cannot provide confirmation of the electrical continuity of earthed
metallic parts, the alternative procedure defined it 7.3.3 shall be applied.

8/3.4 Dielectric tests

dnly power frequency tests shall belperformed. This test shall be made under the same
cpnditions as those detailed in 7.9.5¢

The test voltage shall be 1 kV, with duration of 1 s.

8/4 Measurement of the resistance of the main circuit

This subclause is only."applicable for mechanical switch parts.

Flor the routinentest, the direct voltage drop or resistance of the main circuit shall be measured
uhder conditions as nearly as possible similar, with regard to ambient air temperature and poin{s
of measufement, to those under which the corresponding measurement before the continuoys
crrentstest was made. The test current shall be within the range stated in 7.3.4.

The-'measured resistance shall not exceed 1,2 x R, where R, is equal to the resistande
measured before the continuous current test.

In the case of assemblies, it is possible to calculate the expected resistance based on relevant
type tests.

Overall measurements are made on sub-assemblies or, on transport units in the factory. Overall
measurements shall be made in such a way that comparison with measurement taken on-site
after installation, during maintenance or repair of the installation is possible.
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8.5 Tightness test

T

he tightness test shall be performed at filling pressure for insulation p.,, when the detection

method is by sniffing device.

T

he maximum relative leakage rate F, of each compartment under the standardized ambient

temperature of 20 °C shall be 0,5 % per year (independent on type of gas and size of gas
compartment).

330 P ©© TIFL=Z

—

2]

o -

= 1

f

O

0O o

TE The commonly used test method for gas-filled systems tested in factory and on-site IS the probing test usir
sniffing device with the minimum sensitivity mentioned in IEC TS 62271-5:2024, 8.5.3. If a leak is detected;.tH
st is considered failed, and the test object will be repaired, or the leak will be quantified by using a cumutati
ethod. Leakage rate below 0,5 % per year per gas compartment are not always easily possible to verify using t
obing test method.

® O 0@

5.1 General

—

outine tests shall be performed to demonstrate the tightness criteria according to 6.16
mbient temperature with the switchgear parts, components or subassemblies at or above the
inimum functional pressure (or density) for insulation.

5.2 Controlled pressure systems for gas

he test procedure corresponds to 7.7.2.

5.3 Closed pressure systems for gas

he test may be performed at different stages of the'manufacturing process or of assembling
h site, on parts, components and subassemblies’.

or parts or subassemblies tested in factory, the cumulative test is the preferred method.

or gas-filled systems tested in factoryy the probing test using a sniffing device may be used.
any leak is detected, the test shallkbe considered to be failed or the leak shall be quantifigd
y using a cumulative method.

or routine tests at site, the(probing test using a sniffing device is the preferred method.
he sensitivity of thesniffing device shall be at least 108 Pa x m3/s.

5.4 Sealed\pressure systems
epending<on‘the insulation medium two situations are considered:

Switchgear and controlgear using gas

The preferred test procedure corresponds to 7.7.4, item a).

An alternative test procedure corresponds to the sealing tracer gas test with mass
spectrometer, refer to IEC 60068-2-17:1994.

b) Switchgear and controlgear using vacuum interrupters

8

The vacuum tightness shall be demonstrated by a dielectric test according to 7.2.11 carried
out after the mechanical routine test specified in the relevant product standards.

.5.5 Liquid tightness tests

Routine tests shall be performed at normal ambient air temperature with the completely
assembled switchgear and controlgear device. Testing of subassemblies is also permissible. In
this case, a final check shall be performed at site.
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he test methods correspond to those of the type tests (refer to 7.7.5).

8.6 Design and visual checks

T

he switchgear and controlgear shall be checked to verify its compliance with the purchase

specification, if any.

8.101 Pressure tests of enclosures

P

T

—

P

2]

O 0O

=)

k

o

M

o O
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o]

o >

T

ressure tests shall be made on enclosures after comnplete machininag
L 7

he standard test pressure shall be k times the design pressure, where the factor &

is 1,3 for welded aluminium and welded steel enclosure,

is 2 for cast aluminium and composite aluminium enclosures.

he test pressure shall be maintained for at least 1 min.
o rupture or permanent deformation should occur during this test.

102 Mechanical operation tests

o

peration tests are made to ensure that the switching devices comply with the prescribe
perating conditions and that the mechanical interlocks werk properly.

witching devices of DC GIS shall be submitted to a.mechanical routine test in accordance with
eir relevant documents. The mechanical routing tests can be made before or after assembly
f transport units.

addition, all switching devices fitted with mechanical interlocks shall be submitted to fiy
perating cycles in order to check the“operation of the associated interlocks. Before eag
peration one attempt shall be made-to operate each switching device as specified in 7.102.

>0 O

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

uring these tests, which.afe performed without voltage on, or current in, the main circuits, |it
hall be verified in particular that the switching devices open and close correctly within the
becified limits of the,supply voltage and pressure of their operating devices.

103 Tests on auxiliary circuits, equipment and interlocks in the control mechanism

Il auxiliary-equipment shall be tested either by a functional operation or by verification of thle
bntinuity of*wiring. Settings relays or sensors shall be checked.

he’ electrical, pneumatic and other interlocks, together with control devices having [a

p

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

conditions of use and operation and with the most unfavourable limit values of auxiliary supply.
During the test, no adjustment shall be made.

T

he tests are considered to be satisfactory if the auxiliary devices have operated properly, if no

effect on the entire operating unit can be visually determined after the tests and if the force to
operate the switching device is practically the same before and after the tests.

8
E

F

.104 Pressure test on partitions

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

or the pressure test the partition shall be secured in exactly the same manner as in service.
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The partition shall not show any sign of overstress or leakage.

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

9.1 General

Clause 9 gives general guidance on the appropriate selection of ratings and parameters
depending on the application to be covered by high-voltage switchgear and controlgear. A
summary of the considerations for specifying the ratings of switchgear and controlgear is
pfovided in Annex L (informative).

o

Annex D provides a summary of the considerations for specifying ratings of switchgear an
bntrolgear.

O

P4

ODTE |IEEE C37.122.1[20] and CIGRE Technical Brochure 125 [21] describe the general guideline for the selectidg
a AC gas-insulated metal-enclosed switchgear above 52 kV and of 72,5 kV and above, respeetively. Some of them
n also be referred to a DC GIS.

o O
=

2 Selection of rated values

9

The rated values should be chosen in accordance with this document having regard for t
characteristics of the system as well as its anticipated future{system development. A list
ratings is given in Clause 5.

= @

Flor most of the rated voltages, several rated insulationslevels exist to allow for application ¢f
djfferent performance criteria or overvoltage patterns, The choice should be made considering
the degree of exposure to fast-front and slow-frant overvoltage, the type of earthing of the
system and the type of overvoltage limiting<devices. Other parameters, such as local
afmospheric and climatic conditions and the use at altitudes exceeding 1 000 m, should also
be considered.

—

he duty imposed by fault conditions should be determined by calculating the fault currents at
he place where the switchgear and €ontrolgear is located in the system.

—

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

©

3 Cable-interface considerations

T

or connection to cables, the maximum temperature at the terminals at full continuous current
hould be below,the/temperature limits of the cable insulation and cable termination.

n

©

4 Continuous or temporary overload due to changed service conditions

M

quipment’could be required to carry a load current above its rated continuous current durin
shart) period of time or when ambient temperatures are favourable to do it provided th
g¢mperature does not exceed the maximum temperature value specified in Table 10; referenge
ismade to IEC TR 6227 1-3006 {627-

Q
O «Q

—

NOTE For certain switching devices the temporary overload could result in a load current that exceeds their
switching capability.

9.5 Environmental aspects
9.5.1 Service conditions

Selected switchgear and controlgear and its associated operating devices and auxiliary
equipment should be designed and validated to comply with at least the specific service
conditions required by the user or appropriate arrangements should be made.
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9.5.2 Clearances affected by service conditions

Where clearances can be compromised by environmental related changes in the service access
level (for example accumulation of snow, sand, etc.) the use of increased clearances should be
considered.

9.5.3  High humidity

For the normal service conditions present in 4.1.2 e), condensation can occasionally occur on,
or in, indoor switchgear and controlgear.

—

o withstand the effects of high humidity and condensation, such as breakdown of insulation ¢
brrosion of metallic parts, switchgear designed for such conditions should be used.

[e]
=

O

ondensation can be prevented by special design of the building or housing,-by suitable
entilation and heating of the station or by the use of dehumidifying equipment; Other options
nclude heaters with thermostats/humidistat inside the switchgear.

= <

High humidity can also be due to ground level rainwater or for cable-connected applications ¢f
upderground network applications from incoming cable raceways cenhected to switchgear.

9(5.4 Solar radiation

Under certain levels of solar radiation, appropriate measures, for example roofing, forced
ventilation etc., should be taken, or derating can be usged, in order not to exceed the specifigd
teamperature and pressure rise limits. Tests with’,simulated solar gain can be used fo
demonstrate if measures or derating are required.

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

he intention of this clause is to define information, which is necessary to enable the user ﬂo
ake an appropriate enquiry foryequipment and to enable the supplier to give an adequate
tender.

3

n

urthermore, it enables the user to make a comparison and evaluation of offers from different
Lippliers.

n

NIOTE The supplier_can either be a manufacturer or a contractor.

=

hen enquiring about or ordering an installation of switchgear and controlgear the followinlg
nformation)as a minimum should be supplied by the enquirer.

Annex L (informative) provides similar information items in a tabular form for ease of use.

Annex D defines, in tabular format, technical information to be exchanged between user and
supplier.

10.2 Information with enquiries and orders
The following information listed below, if applicable, should be given by the enquirer / user.

a) Particulars of the system as defined in Clause 3:

Nominal and highest voltage, normal current and maximum fault current. Unusual
characteristics of the system in which the equipment to be installed should be noted;

b) Service conditions if different from normal (refer to Clause 4):
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Any condition deviating from the normal service conditions or affecting the satisfactory
operation of the equipment.

In this case high-voltage switchgear and controlgear and associated operating devices and
auxiliary equipment should be designed and validated to comply with any special service
conditions required by the user, or appropriate arrangements should be made.

c) Particulars of the installation and its components:
1) indoor or outdoor installation;

2) unidirectional or bidirectional;

3) number of busbars, as shown in the single-line diagram;
4) rated direct voltage;

5) rated insulation level (Uyq, Up, Us when applicable);

6) rated continuous currents of busbars and feeder circuits;
7) rated short-time withstand direct current (1, 4);

8) rated peak withstand current (7,4);

9) rated duration of short-circuit (7,4) (if different from the preferrfed values given in 5.5.4

10) rated values of components (e.g. for DCVTs or DCCTscin an assembly, for individua
functional units of an assembly.);

11) degree of protection for the enclosure and partitions;
12) circuit diagrams.
d) Particulars of the operating devices:

1 type of operating devices;

N

rated supply voltage (if any);

w

rated supply frequency (if any);

o B~

)

)

)

) rated supply pressure (if any);

) special interlocking requirefents;
)

=)

number of available auxiliary contacts required (the user should state the conta¢t
performance required).

In addition to these items jthe enquirer should indicate every condition which might influende
the tender or the order, for example special mounting or installation conditions, the location ¢f
the external high-voltage connections or any specific rules for pressure vessels, requirements
for cable testing-and, if applicable, whether functionality shall be maintained after a seismjc
ejent or during and after a seismic event.

o

Informationyshould be supplied if type test reports or any other conformity assessment relatg
dpcument are requested.

103 Inf . ith tend

The following information listed below, if applicable, should be given by the manufacturer with
descriptive material and drawings.

a) Rated values and characteristics as enumerated in item c¢) of 10.2.

b) Constructional features, for example:

1 mass of the heaviest transport unit;

N

overall dimensions of the installation;

~ W

)
)
) arrangement of the external connections;
)  future extensions if applicable;

)

a

facilities for transport and mounting;
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6) mounting provisions;
7) accessible sides;
8) instructions for installation, operation and maintenance;

9) type of gas-pressure or liquid-pressure system;

10) filling level /pressure and minimum functional level / pressure;
11) volume or mass of fluid for the different compartments;

12) specification of fluid;

—

t

Q Q@

Qoo o 430

t

5 3

§
p

13) number of units in series, or, in parallel;
14) minimum clearance in air and safety boundaries in operation;

15) any special arrangements (cooling system, for example) to maintain_the ratgd
characteristics of the equipment at the required temperatures of the ambjent air.

Particulars of the operating devices:

1) types and rated values as enumerated in item d) of 10.2;

2) current or power for operation;

3) operating times.

List of recommended spare parts that should be procured by/the user.
Any other document or information requested in the enquiry.

list of recommended tools that should be procured by.the user.

1 Transport, storage, installation, operating instructions and maintenance

1.1 General

is essential that the transport, storage and installation of switchgear and controlgear, as wq|
5 their operation and maintenance insservice, is performed in accordance with instructions
ven by the manufacturer.

onsequently, the manufacturer,shall provide the appropriate version of the instruction manu
r the transport, storage, installation, operation and maintenance of switchgear and controlgear.
he instructions for the trafisport and storage should be given at a convenient time beforne
elivery, and the instructions for the installation, operation and maintenance should be given
y the time of delivery-at the latest. It is preferable that the operation manual be a separafe
bcument from the_installation and maintenance manual.

o

is impossible, here, to cover in detail the complete rules for the installation, operation an
aintenance '6f each one of the different types of apparatus manufactured, but the followin
formationyis given relative to the most important points to be considered for the instruction
rovided-by the manufacturer.

wn Q

1

1.2 Conditions during transport. storage and installation

A special agreement should be made between manufacturer and user if the service conditions
of temperature and humidity defined in the order cannot be guaranteed during transport, storage
and installation. Special precautions can be essential for the protection of insulation during
transport, storage and installation, and prior to energizing, to prevent moisture absorption due,
for instance, to rain, snow or condensation. Vibrations during transport should be considered.
Appropriate instructions should be given by the manufacturer.

S

pecial packaging should be proposed by the manufacturer for long term storage of parts for

maintenance needs according to customer specifications.
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11.3 Installation
11.3.1 General

For each type of switchgear and controlgear the instructions provided by the manufacturer shall
include at least the items listed below.

11.3.2 Unpacking and lifting

Each complete equipment shall be provided with adequate lifting facilities and labelled
(éxternally) to show the correct method of lifting. The equipment shall be labelled (externally)
tg indicate its maximum mass, in kg, when fully equipped. Special lifting devices shall

Apable of lifting the mass of each transport unit and special precautions shall be detailed in
the installation manual (for example lifting brackets/bolts that are not intended._to. be lefft
optdoors shall be removed at site).

(¢}

)

equired information for unpacking should be given.

-—

1.3.3 Assembly

=

hen the switchgear and controlgear is not fully assembled for transport, all transport uni{s
hould be clearly marked. Drawings showing assembly of these(parts should be provided with
he switchgear and controlgear.

= 0

-—

1.3.4 Mounting

nstructions for the mounting of switchgear and cordtrolgear, operating device and auxiliafy
quipment should include sufficient details ofylocations and foundations to enable site
feparation to be completed.

o O

—

hese instructions should also indicate:

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

11.3.5 Connections

nstructions should inelude information on:

o

—| connection of eonductors, comprising the necessary advice to prevent overheating an
unnecessary.strain on the switchgear and controlgear and to provide adequate clearange
distances;

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

—L_eonnection for earthing:

— auxiliary contacts available to the user.

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

For controlled and closed pressure systems filled with gas mixture, the percentage of the
different gases and their associated tolerances shall be defined by the manufacturer taking into
account handling and uncertainty of measurement. Appropriate gas filling procedures are
defined in IEC 62271-4.

During commissioning or maintenance, the maximum allowable humidity content within gas-
filled switchgear and controlgear filled with gas at the filling pressure (density) for insulation
shall be checked by dew point measurement. Appropriate correction factors shall be used for
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measurements performed at temperatures other than 20 °C according to the manufacturer’s
instruction manual.

T

he maximum allowable humidity content for equipment filled or re-filled with new or used gas

should be such that the dew point inside the switchgear compartment is not higher than

-10 °C for equipment with adsorber material;
-15 °C for equipment without adsorber material.
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sulation and at 20 °C.

OTE 1 These dew point values during commissioning are expected to give a dew point value lowerthan -5 9C
iring service life, for a measurement at 20 °C.

ODTE 2 The measurement of the dew point is specified at a given temperature due to the possible exchange pf
pter between gas and solid materials when the temperature changes, which could change the measured value.

OTE 3 An example of measurement and determination of the dew point is given in IEEE €37.122.5 [70].
1.3.7 Final installation inspection

structions should be provided for inspection and tests which, should be made after the
vitchgear and controlgear has been installed and all connections have been completed.

hese instructions should include:

a schedule of recommended site tests to establish correct operation;

—_

procedures for carrying out any adjustment ‘that can be necessary to obtain corre¢
operation;

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

o

a procedure for qualitative gas tightness test at site (sniffing test) on all field assembl¢
connections for closed pressure.systems, reference is made to 8.5.3;

instructions for final inspectién and putting into service.

uidance for electromagnetic’compatibility site measurements is given in Annex M (informative).

1.3.8 Basic inputtdata by the user
hese data should-include:

access limitations to the local site;

local. working conditions and any restrictions that can apply (for example, safety equipmen
normal working hours, union requirements for supervisor, manufacturer’'s and local
installation crew, etc.);

avaitabitity andcapacity of tiftimgandtamdtimgeguipmernt;

d) availability, number and experience of local personnel;

e) specific pressure vessel rules and procedures that can apply during installation and

commissioning tests;

interface requirements for high-voltage cables and transformers;

g) in the case of extensions to existing switchgear and controlgear:

1) provisions for the extension available within existing primary and secondary equipment;
2) in-service conditions or operating restrictions that apply;

3) safety regulations that locally apply.
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11.3.9 Basic input data by the manufacturer

These data should include:

a) space necessary for installation and assembly;

b) size and weight of components and testing equipment;

c) site conditions regarding cleanliness and temperature for clean installation and preparation

area,;
number and experience of local personnel required for installation;

o Q S 0 O
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time and activity schedules for installation and commissioning;

electric power, lighting, water and other needs for installation and commissioning;
proposed training of installation and service personnel;

in case of extension to existing switchgear and controlgear:

1) out-of-service requirements of existing components related to the instaltation schedulg¢;
2) safety precautions.

gas filling procedure (mixed gases) and dew point verification, if nécessary.

1.4 Operating instructions

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

>

a general description of the equipment with particular attention to the technical descriptio
of its characteristics and operation so that the usefhas an adequate understanding of the
main principles involved;

a description of the safety features of the equipment and the operation of the interlocks anld
padlocking facilities;

=}

as relevant, a description of the action tope taken to manipulate the equipment for operatig
isolation, earthing, maintenance, and testing;

as relevant, measures against cosrosion should be given.
1.5 Maintenance

case of leakage which cannot be easily repaired, temporary solutions for limiting or stopping
is leakage and allowing continuity of service should be recommended by the manufacturer
hd agreed by the user until a repair is scheduled.

ODTE The direct voltage stress can cause charge accumulation on the surface of the insulating material of th
ishings. This can'lead to increased dirt accumulation. The maintenance of bushings is described in IEC/IEH
700-19-03:2044,\11.6. The subclause shows special precautions which need to be observed related to cleanlinegs
the surface!

m o

1.5.1 «—General

heeffectiveness of maintenance depends mainly on the way instructions are prepared by the

1

anufacturer and implemented by the user:

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

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

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

b) type and required quantity and quality of gas to be used in switchgear and controlgear.


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

- 134 — [EC TS 62271-318:2024 EXV © |[EC 2024

11.5.3 Recommendations for the manufacturer

The manufacturer should be responsible for ensuring the continued availability of spare parts
required for maintenance for a period of not less than 10 years from the date of final
manufacture of the switchgear and controlgear.

The manufacturer should inform the purchasers of a particular type of switchgear and
controlgear about corrective actions required by systematic defects and failures detected in
service.

1)
2)
3)
4)
5)
6)

1)
2)
3)
4)
5)
6)

7)

» Z

1)
2)
3)

The manufacturer’s maintenance manual should include the following information listed below.

a) Extent and frequency of maintenance. For this purpose, the following factors should b
considered:

switching operations (current and number);
total number of operations;

time in service (periodic intervals);
environmental conditions;

activity after a seismic event (if applicable);

measurements and diagnostic tests, (if any).

b) Detailed description of the maintenance work:

recommended place for the maintenance work (indoor, outdoor, in factory, on site, etc.
procedures for inspection, diagnostic tests, examination, overhaul,

reference to drawings;

reference to part numbers;

use of special equipment or tools;

precautions to be observed (for example cleanliness and possible effects of harmf
arcing by-products);

lubrication procedures.

c) Comprehensive drawings, of the details of the switchgear and controlgear important fq
maintenance, with clear, identification (part number and description) of assemblie$
subassemblies and significant parts.

OTE Expanded detail \drawings which indicate the relative position of components in assemblies an
bassemblies are a gommon illustration method.

d) Limits of values, which can be measured during operation or routine maintenance an
tolerances-which, when exceeded, make corrective action necessary, for example:

préssures, density levels, gas mixtures tolerance;
insulating liquid or gas characteristics;
quantities and quality of liquid or gas (see IEC 60480 and IEC 62271-4 for SFg);

<

=

p

4)
5)
6)
7)
8)
9)

e) Specifications for auxiliary maintenance materials, including warning of known

dew point inside gas-filled switchgear compartment according to 11.3.6;
resistance and/or capacitance (of the main circuit);

operating times;

permissible erosion of parts subject to wear;

torques;

important dimensions.

compatibility of materials:

1)

grease,;

non-
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2) oil;

3) fluid;

4) cleaning and degreasing agents.

List of special tools, lifting and access equipment.

g) Tests after the maintenance work.

h) List of the recommended spare parts (description, reference number, quantities) and advice

-—

o =

—

f

35 3

-

o -

for storage.

N—Esti ; ) Hrted . e . . | t—an

established time schedule.

How to proceed with the equipment at the end of its operating life, taking into considératig
environmental requirements.

=)

1.5.4 Recommendations for the user

the user wishes to perform maintenance, the maintenance manual of the manufacturer should
e followed.

he user should record the following information:

the serial number and the type of the switchgear and controlgear;
the date when the switchgear and controlgear is put in_service;

the results of all measurements and tests including diagnostic tests carried out during thle
life of the switchgear and controlgear;

dates and extent of the maintenance work carried out;

=

the history of service, periodical records ofthe'operation counters and other indications (f¢
example short-circuit operations);

references to any failure report.

®

anufacturer by stating the special\circumstances and measures taken. Depending upon t
bture of the failure, an analysis of the failure should be made in collaboration with th
anufacturer.

case of failures and defects, the user should make a failure report and should inform tqe

1.5.5 Failure report

o

he purpose of theifailure report is to standardize the recording of the switchgear an
pntrolgear failures-with the following objectives:
to describethe failure using a common terminology;
to provide data for the user statistics;
to(provide a meaningful feedback to the manufacturer.

Thefollowinggivesguidanceonhowtemakeafallurereport
A failure report should include the points listed below.

a

) Identification of the switchgear which failed:
1) substation name;
2) identification of the switchgear (manufacturer, type, serial number, ratings);

3) switchgear technology (mechanical switching device, power electronic DC circuit-
breaker, hybrid DC circuit-breaker, vacuum, SFg, gas mixture, etc.);

4) location (indoor, outdoor);
5) enclosure;
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6) drive mechanism, if applicable (hydraulic, spring, motor, manual).
History of the switchgear:

1) date of commissioning of the equipment;

2) date of failure/defect;

3) total number of operating cycles, if applicable;

4) date of last maintenance;

5) details of any changes made to the equipment since manufacture;

>

6) total number of operating cycles since last maintenance;

7) condition of the switchgear when the failure/defect was discovered (in séefvice,

maintenance, etc.).
Identification of the subassembly/component responsible for the primary failure/defect:
1) high-voltage stressed components;
2) electrical control and auxiliary circuits;
3) drive mechanism, if applicable;
4) other components.
Stresses presumed to contribute to the failure/defect:
1) operation mistake or misuse of the equipment;
2) environmental conditions (temperature, wind, rain,.&now, ice, pollution, lightning, etc.)
Classification of the failure/defect:
1) major failure;
2) minor failure;
3) defect.
Origin and cause of the failure/defect;
1) origin (mechanical, electrical, tightness if applicable);

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

3) operation mistake or misuse.

Consequences of the failure or defect:

1) switchgear down-time, which is time interval during which an item is in a down state;
2) time consumption for repair;

3) labour cost;

4) cost\of'spare parts.

failure;report can include the following information:

drawings, sketches;

photographs of defective components;
single-line station diagram,;

operation and timing sequences;

records or plots;

references to maintenance or operating manuals.
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11.101 Tests after installation on-site
11.101.1 General

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

These tests and verifications comprise:

Subclause
) dielectric tests on the main circuits 11.101.2
D) dielectric tests on auxiliary circuits 11.101.3
C) measurement of the resistance of the main circuit 11.101-4
) gas tightness tests 11.104.5
) checks and verifications 11101.6
) gas quality verifications 11.101.7

Tlo ensure minimum disturbance, and to reduce the risk of humidity and dust entering enclosuregs
ahd thus preventing correct operation of the switchgear, no obligdtory periodic inspections ¢r
pressure tests concerning the enclosures are specified or recomfmended when the DC GIS is in
service. Reference shall be made, in any case, to the manufacturer’s installation, operation and
maintenance manuals.

—

he manufacturer and user should agree on a commissioning test plan for tests on-site.

11.101.2 Dielectric tests on the main circuits

11.101.2.1 General

Slince it is especially important for DC GIS, the dielectric integrity shall be checked in order o
eliminate fortuitous causes (wrong fastening, damage during handling, transportation, storage
hd installation, presence of foreign’bodies, etc.) which might in the future give rise to an
internal fault.

QD

Blecause of their different.purpose, these tests shall not replace the type tests or the routine
t@sts carried out on thé_transport units and, as far as possible, in the factory. They are
Lpplementary to the dielectric routine tests with the aim of checking the dielectric integrity ¢f
the completed instaltation and of detecting irregularities as mentioned above. Normally thle
electric test shallkbe made after the DC GIS has been fully installed and gas-filled at the fillinlg
density preferably’at the end of all site tests, when newly installed. Such a dielectric test is algo
recommended.;'to be performed after major dismantling for maintenance or reconditioning ¢f

n

o

cpmpartments. These tests shall be distinguished by their progressive voltage increasg,
performed~in order to achieve some form of electrical conditioning of the equipment before
cpmmissioning.

The execution of such site tests is not always practicable and deviations from the standard tests
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 DC GIS, see
Clause B.3.

In choosing an appropriate test method for each individual case, a special agreement can be
made in the interest of practicability and economy, considering the electrical power
requirements and the dimensions and weight of the test equipment.

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

T

S

he DC GIS shall be installed completely and gas-filled at its filling density.

ome parts 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 lines;

main transformer,

=

T O
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voltage transducers, and
surge arresters.

OTE In determining the parts which can be disconnected, attention is drawn to the fact that the reconnection can
troduce faults after the tests are completed.

very newly installed part of a DC GIS shall be subjected to a dielectric test on-site.

the case of extensions, in general, the adjacent existing part ofAthe DC GIS shall be
e-energized and earthed during the dielectric test, unless special measures are taken fo
revent disruptive discharges in the extension affecting the energized part of the existing DC
IS.

pplication of the test voltage may be necessary after repair-or maintenance of major parts ¢
fter installation of extensions. The test voltage can then\bé applied to existing parts in order
test all sections involved. In those cases, the same procedure should be followed as for newl|y
stalled DC GIS.

-

ne of the following test procedures shall be chosen:

) Procedure A (recommended for all voitage levels):

e Alternating voltage test for a duration of 1 min at the value of Upre-stress ac = 1,5 x U
and

e partial discharge measurements according to Table 4, however  with
Upd-test AC = 1,72 Urd'

~

addition to the before mentioned tests, a direct voltage test at 1,2 x U4 (column 2 in Table ¢

r 1 h in the same pelarity as used in service is recommended. If both polarities can occur
ervice, each polarityshall be tested for 1 h.

>

PD measurement at U,y is also recommended since this measurement can be helpful in

eterminingdthe need for maintenance of the equipment after a period of service. For practical
bplication‘of PD measurements, see Annex B.

(o2

I) Procedure B (alternative to procedure A):

* Alternating voltage test for a duration of T min at the value of Up e siress AC = 1.0 X Urds
and

. Fjartial discharge  measurements according to Table 4, however  with
Upd-testac = 1,2 x Ug

e Lightning impulse tests with three impulses of each polarity and with the value specified
in Table 6, column (4).

In addition to the before mentioned tests, a direct voltage test at 1,2 x Uyys (Column (2) in

T

able 6) for 1 h in the same polarity as used in service is recommended. If both polarities can

occur in service, each polarity shall be tested for 1 h.
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A PD measurement at U4 is also recommended since this measurement can be helpful in

determining the need for maintenance of the equipment after a period of service. For practical
application of PD measurements, see Annex B.

11.101.2.3 Test voltages

Considering that

transport units have normally been subjected to routine test,

[
=

the probability of disruptive discharges IS higher for the complete Installation than I
individual functional units,

disruptive discharges in correctly installed equipment shall be avoided,

—

he test voltage for dielectric tests on-site shall be as shown in Table 6.

Table 6 — On-site test voltages

Rated voltage for SRR DTEEE . o lonEle
equipment shqrt-duratlon direct short-.duratlon alternating Ilghtnmg impulse
withstand voltage withstand voltage withstand voltage
Urg Ugas Uys Ups
kV kV kV (RMS(value) kV (peak value)
(1) (2) (3) (4)
105 130 115 305
160 195 170 360
210 255 225 440
265 320 285 600
340 410 365 760
420 505 450 940
5252 635 560 1140
630 760 670 1240
840 1010 895 1 560

INOTE 1 The on-site test voltages have been calculated as follows:

Uyqs (On-site test value)s U,y x 0,8 (column (2))
Uy, (on-site test value) = Uy, / V2 (column (3))
UpS (on-sitestest value) = Up x 0,8 (column (4))

All valueshave been rounded up to the next higher modus 5 kV.

OFE.2’ If other insulation levels than the rated values of Table 1in IEC TS 62271-5:2024 are specified, then th
n-sité test voltage is calculated according to Note 1.

a8 Instead of U.q = 525 kV rated direct voltage, U , = 550 kV can also be applicable.

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

11.101.2.4 Voltage waveforms

For the choice of an appropriate voltage waveform, |IEC 60060-1 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 B.1.
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a) Alternating voltage tests

Alternating 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

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

Based on the existing experience, lightning impulse voltages with a front time extended\up
to 8 us are acceptable. When using oscillating lightning impulse voltages, the front time-cgn
be extended to approximately 15 us.

P4

OTE Reflections due to steep front waves in large installations can be taken into account.

c) Direct voltage tests
Direct voltage tests are less sensitive in detecting. Nevertheless, to minimize the risk of [a
dielectric breakdown after applying DC system voltage (at service), beforehand a test with
direct voltage stress is also required.
The existing experience refers to ripple factor lower than or equalito 3 %.

11.101.2.5 Voltage application

—

he test voltage source can be connected to any convenignt point of the conductor under test.

tf is often convenient to divide the whole installation”of DC GIS into sections by opening
sconnectors for at least one of the following reasons:

o

to limit the capacitive load on the test voltage source;

to facilitate the location of disruptive discharges;

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
djsconnector from the section under test, shall be earthed. Unless dismantled after routine te$t
of during maintenance, no dielectric test across the open switching devices shall be carried olit
oh-site.

—

1.101.2.6 Assessment of the test

—

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

n

n the event of a disruptive discharge occurring during dielectric tests on-site, the tests shall be
r¢peated.

Cuirlnl'
ot

If partial discharges are measured with the conventional method according to IEC 60270, the
maximum permissible intensity of partial discharge shall be 10 pC. The limit of 10 pC only
applies when the test is carried out with alternating voltage.

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 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 considers this possibility in the test sequence and is agreed between user and manufacturer.
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NOTE 3 |If VHF/UHF or acoustic partial discharge measuring methods are used, a calibration is not possible.
Instead, a sensitivity check according to B.7.5, IEC TS 62478 [33] and CIGRE Technical Brochure 654 [22] can be
performed.

11.101.3 Dielectric tests on auxiliary circuits

Subclause 8.3 of IEC TS 62271-5:2024 is applicable with the following addition:

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.

—

1.101.4 Measurement of the resistance of the main circuit

Qverall measurements shall be made on the complete installation, under conditions as ‘similar
5 possible to those of the routine test on transport units.

QD

—

he resistance measured shall not exceed the maximum values permitted for the routine tesis
h transport units (see 8.4), taking into account the differences of the two’test arrangemenf
mumber of devices, contacts and connections, length of conductors, etg.).

o
[

—~

o

esistance values between earthing switches shall be verified dgring on-site assembly an
bcumented in the project documentation.

Q 1

11.101.5 Gas tightness tests

Slubclause 8.5 of IEC TS 62271-5:2024 is also applicable for on-site gas tightness tests. A
glalitative gas tightness test shall be carried out on<all field assembled connections.

Al leakage 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 manufacturer'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 functionof the control, measuring, protective and regulating equipment includinlg
heating and lighting.

The mechanical operation checks and tests shall be carried out according to the relevant

dpcuments) ' If verification is not specified, the manufacturer shall specify them in the

o

bmmissioning test plan.

s G lit ificati

In order to get a reliable 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
IEC TS 62271-5:2024.

For checking the condition of the gas during service, reference is made to IEC 60480 for SFg
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.
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12 Safety

Working on gas compartments with adjacent compartments under full pressure according to
manufacturer safety procedures can require applying safety measures for workers. Local
regulations can apply.

12.1 General

High-voltage switchgear and controlgear, complying with the applicable IEC standards, can be
cpnsidered——safe—whern—instated—in—a t = stevant—nstattatior es—retudis
instructions provided by the manufacturers and used and maintained in accordance with-t
manufacturer's’ instructions (see Clause 11).

v oTCa W 1 V - O Cl 1 oG g

High-voltage switchgear and controlgear is normally only accessible by instructed’ persons.
Plerforming operations and maintenance is only allowed to skilled persons. Whén, unrestricted
afcess is available to switchgear and controlgear, additional safety features should be required.

High-voltage switchgear and controlgear in accordance with IEC offers ‘a-high level of safef
ith regard to external effects that might harm personnel, mainly because'the high-voltage par
chn be surrounded by an enclosure. Nevertheless, high power equipment, can comprise some
pptential risks, some examples are:

s
n <

—| the enclosures, if any, can be pressurized with gas;

—| pressure-relief devices can open due to exceptional'Conditions, e.g. resulting from gn
internal arc. In extreme circumstances, the arc can burn through the enclosures. Both result
in the sudden release of hot gas;

—| sudden events, which are in themselves with(Jow risk to humans, can alarm personnel and
lead to accidents (for example, a fall);

—-| commissioning, maintenance and extepsion activities can require special attention due fo
the complexity of the equipment and;ifs internal parts which are mostly not visible.

M

xperience has shown that human error is a factor that shall be considered (for example, closin
h earthing switch on an energized\conductor).

oY)
«Q

1R2.2 Precautions by manufacturers

—

he following list provides‘examples of precautions usually implemented by manufacturers.

=4

—| design and test\pressurized enclosures, pressure relief devices and relevant switchgeg
elements to international established standards;

—| provide adequate and easy means to check interlocking systems (the most reasonable way
to avoiddhuman error);

—| explain safe operation of the switchgear and controlgear clearly in instruction manual$.
Explain precautions to prevent improper operation and the consequences of impropgr
operation; T

— provide the user and/or contractor with appropriate information related to design of the
surrounding area, possibly ventilation and gas detection information, to minimize personnel
risks in case a failure occurs;

— provide safe procedures for dismantling and disposal.
12.3 Precautions by users
The following list provides examples of precautions that can be taken by users:

— limit access to the installation to people who are trained and authorized;

— keep operators and other personnel instructed regarding risks and safety requirements
including local regulations;
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m

—

o O

specially during maintenance, repair or extension work:

3 Influence of the product on the environment

ocumentation shall\include the following relevant information about the environmental impag¢t
f the switchgear:

keep switchgear and controlgear maintained and up to date in terms of technical standards,
especially interlocking and protection devices;

use remote control and have the interlocking system working as intended;

select equipment that minimizes the risk to personnel from improper operation (for example
earthing switches with short-circuit making capacity on lines, motor actuators to allow
remote operation);

coordinate the protection system with product properties (for example, do not reclose on
internal faults);

e ATE BT T BT oCedUTe S ComS daT o e a— : S tTTOTG
complex arrangement and operation of the switchgear and controlgear. Depending on-t

e

earthing of the switchgear and controlgear shall be achieved through connecting t
earthing point provided by the switchgear and controlgear to the system €arth (see 6.3 for
earthing point);

label equipment clearly for easy identification of individual devices and-gas compartmentq.

o

ensure that maintenance, repair and extension work is cartried out only by qualified an
trained personnel,

prepare a safety and protection plan for the work. Indicate who is responsible for planning,
implementing and enforcing safety and protection measures;

check interlocking and protection devices before starting;

pay special attention to manual operations, especially when the switchgear and controlgear
is energized;

inform personnel who can be near the,switchgear and controlgear before operating the
equipment (for example, a horn or flashing light);

mark emergency exits and keep passages clear of obstructions;

instruct the people involved how*to work safely in a switchgear and controlgear environment
and what to do in an emergency.

When fluids are used in switchgear and controlgear, instructions shall be provided in order
to allow,the user to:

1)~-minimize the leakage rate as far as is practicable;
2) control the handling of the new and used fluids. IEC 62271-4 is referred to gases fq

=

b)

msutatiomandfor switching:

Instructions concerning disassembly and end-of-life procedures for the different materials
of the equipment and indicate the possibility to recycle.

Local regulations can apply for handling releases during manufacturing, installation, on-site
tests, repair, maintenance and end-of-life, see IEC 62271-4.

For environmental aspects of gases and gas mixtures see CIGRE Technical Brochure 802 [13].
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Annex A
(informative)

Examples of HVDC side switchgear arrangement
for one pole in an HVDC substation

This annex provides examples of HVDC side switchgear arrangement for one pole in an HVDC
substat|on The upper side of Flgure A.1 shows an example for LCC, whereas the bottom side

pnfiguration. In addition to the switching devices shown in Figure A.1, there is a switching

s
c
device called paralleling switch used for multiterminal HVDC systems. For the details\of the
purpose or usage of each switch, references can be made to CIGRE Technical Brochure 683
[12], IEC 60633 and IEC TS 63014-1 [66].
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PLD HVDC
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Line Commutated Converter (LCC)
SD LD CB PLD .
% 1 /N HVDC pole line
Polel,____ SEsl \%PLES
i J i \ SPPD
i i + N
| | =~ RPES
i i LND ERTS LND
i i R\ N3
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Pole T ' NBED  \SPPD
NBD L HSES
| ‘ o LD CB PLD
: < ‘ ' s A/F/ﬂ—r HVDC pole line
i ! SD \ SES \ PLES
! ! 1 L
"""""""""" IEC
Voltage Sourced Converter (VSC)
Kepy
CD Converter Disconnector NBES Neutral Bus Earthing Switch
BPD Bypass Disconnector FES Filter Earthing Switch
- Filter Disconnector CES Converter Earthing Switch
5D Substation Disconnector SES Substation Earthing Switch
ImY L ImH ts DDLCC Dol D Uall = tlo [« H PN Y
LB Hre-Bisconneetot RPRES—ReoteRearaleling-FEarthing-Switeh
PLD Pole Line Disconnector NBS Neutral Bus Switch
LND Line to Neutral Disconnector MRTS Metallic Return Transfer Switch
NBD Neutral Bus Disconnector ERTS Earth Return Transfer Switch
NBED Neutral Bus Earthing Disconnector BPS Bypass Switch
ELD Electrode Line Disconnector HSES High Speed Earthing Switch
SPPD  Substation Pole Paralleling Disconnector CB Circuit Breaker

PLES Pole Line Earthing Switch

Figure A.1 — Example of HVDC side switchgear arrangement
for one pole in an HVDC substation
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Annex B
(informative)

Exposure to pollution

B.1 General

T

he quality of ambient air with respect to pollution by dust, smoke, corrosive and/or flammable

9
G
a

T

-5 C

f
B

M

—_—

i

B

hses, vapours, or salt is a consideration under normal and special service conditions (refer fo
lause 4). This annex defines recommendations for the minimum specific creepage distange
cross external insulation.

= ~

sed for AC. In particular no discrete site severity classes are used, but instead-a direct transf
om corrected site pollution severity to necessary USCD is employed. Reference is made
EC 60815-4.

he approach for DC insulator design and selection with respect to pollution is different to th;

.2 Minimum requirements for switchgear in normal service condition

=

outdoor normal service condition RUSCDDC of 60 mm/kV is often used for non-HT
sulators and 45 mm/kV is often used for HTM insulatorsz,in/indoor normal service conditign
ith uncontrolled environment (for example in indoor DCyafd) RUSCDDC between 20 mm/kV
hd 30 mm/kV satisfies the performance. Reference isggade to IEC 60071-11:2022.

EFC TS 60815-4:2016 gives information how {0 ‘ealculate USCD and to check the profile
brameters.

.3 Minimum requirements for switchgear in special service condition

indoor clean and controlled (valve hall) environment with humidity control RUSCDDC of
4 mm/kV is widely used. Reference is made to IEC 60071-11:2022.

or the other cases of special service condition (for example outdoor offshore and costal area
stallation), IEC TS 60815-4:2016 gives information on how to determine RUSCDDC.

FC TS 60815-4:2016 gives information on how to calculate USCD and to check the profile
Brameters.
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Annex C
(informative)

Preferred insulation levels for rated voltages lower than 105 kV

For possible future development of this document, and due to the lack of applications or
products, the following preferred insulation levels for rated voltages lower than 105 kV are given
as an indication. These values have been derived from pilot projects, products and values from
CIGRE Technical Brochure 793 [74].

Table C.1 — Preferred insulation levels for rated voltages lower than 105 kV.

Typical Rated Rated direct withstand voltage Rated lightning impulse

System direct Uyq withstand voltage

direct voltage U,

voltage Uy kV

Utyp.d v kV,
KV Pole-to-earth, Pole-to-earth and Across the

(NOTE 1) Across open switching device across open isolating distance?
and/or isolating distance switching device
(NOTE 2) (NOTE 3)

(1) (2) (3) “4) (5)
6 6,3 15 40 40(+6,3)
12 12,5 25 75 75(+12,5)
20 21 40 125 125(+21)
30 31,5 55 185 185(+31,5)
50 52,5 90 250 250(+52,5)
70 73,5 125 325 325(+73,5)

NOTE 1 The rated direct voltage U, takeg\into account 5 % of ripples and harmonics to the typical system
direct voltage, based on that the ripples@nd harmonics are in the range of 2 % to 5 % of the typical system
direct voltage. Reference is made to CIGRE Technical Brochure 684 [73] and the nominal voltage is referred
to IEC 60071-11:2022.

NOTE 2 For MVDC systems, the pole-to-earth over-voltage are limited to 1,7 times the rated voltage of the
MVDC system, reference is.made to CIGRE Technical Brochure 793 [74].

NOTE 3 The values for AC switchgear in IEC 62271-1 are referred to due to lack of sufficient data for DC
switchgear.

2 In column (5), yalues in brackets are the rated direct voltage applied to the opposite terminal (combined
voltage). Ror.multiterminal systems, where the full direct voltage can occur at the opposite terminal, the
100 %, rated direct voltage shall be applied. For two-terminal systems, where no higher values can occur
at the.opposite terminal, the value of 10 % of rated direct voltage is chosen.

Witlistand values given in Table C.1 cover the application of switchgear and controlgear under
normal service conditions defined Iin 4.1 including altitudes from sea level up to 1 000 m.
However, for testing purposes to verify a rating or capability, they shall be considered as
insulation values at the standardized reference atmosphere temperature (20 °C), pressure
(101,3 kPa) and humidity (11 g/m3) specified in 5.9.2 of IEC 60071-1:2019. For special service
conditions, refer to IEC TR 62271-306 [62].

NOTE 1 The normal environmental conditions and the standard reference atmospheric conditions are currently not
stated in IEC 60071-11:2022. In terms of these conditions 5.9.1 and 5.9.2 of IEC 60071-1:2019 are applied in this
document.

NOTE 2 The insulation levels in Table C.1 are considered being applicable in the temperature range of -40 °C up
to 40 °C for DC systems. Reference is made to IEC 60071-1:2019, 5.9.1 for AC systems,
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Annex D
(informative)

Short-circuit current in HVDC systems

D.1 VSC HVDC

Figure D.1a) shows considered 2-terminal VSC HVDC under DC fault, and Figure D.1b) shows
the diode bridge discharge circuit once AC CB opens. It is assumed that the fault is cleared,Hy
AC back-up protection. The worst case DC fault current occurs for DC fault at zero cable lenhgth.

AC. 3d PCC ki
’ Rac  Xac g
Vac ACCB Ty

= -fails
Xam \—I———l

IEC

YYY\—o
D Dy Ds e Lcable
Larm Larm Larm

]
Larm Lam Larm
Dy Dg Dg

Lg = Legple + 2/3Lgm
IEC

b) Circuit for determining discharge time constant

Figure D.1 — VSC HVDC under worst-case, pole-pole DC fault

The diode-bridge current feed is supplied from AC system with RMS line voltage 7., through
uivalent AC grid impedance of resistance R, and reactance X, (X,. = 2nfL,.) transformgr
of stepping ratio k; and reactance X;, VSC as diode bridge and DC fault path. Neglecting circuit

resistance, and assuming the DC voltage under fault is 0,05-0,1 pu, the DC fault current can be
approximated as (see [77]):

D

6V/ac /(4 3)

n\/(RaC )2 +(Xag + Xy + k¢ Xam /2)2

It =

(D.1)

The impact of AC system frequency f'is reflected in X,
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The rated duration of short circuit (#,4) is expressed as:

4 t+LS (D.2)
kd =& t—— .
Ry

Where ¢, is the duration of diode bridge current feed that is the interval of time from the fault
until AC CB opens, which is determined by back-up protection and typical value is 7, = 0,5s. Lg

and PI. are the imlnnrlanr‘n and rpeiq’rnnr‘p, rnqppr‘ti\/ply inthe DC fault current pnfh after AC C

opens.

0.2 LCC HVDC

Figure D.2 shows the considered LCC HVDC under a DC fault. NormallyL.CC convertgr
r¢sponds rapidly to DC fault using one of redundant LCC converter controllers (see Table 9 ¢f
16]). The LCC converter responds to nearby DC fault in the station by blockihg and bypassing.
his results in rapid LCC converter DC voltage reduction and application 'of negative DC voltage
hat leads to DC fault current extinction in 10 ms to 20 ms. A thyristor’failure does not affe¢t
CC converter operation because, they fail in short circuit and thereis a number of redundant
hyristors in each valve.

~ = 4

o

n Figure 2b) the LCC converter responds to nearby DC<fault in the station by blocking an
ypassing. This is self-protection LCC mechanism for extreme DC currents.

O

—

he rated duration of short circuit (¢,4) is expressed as:

L

Ikd =R_: (D.3)

=

here Ly and R; are the impedance and resistance, respectively, in the DC fault current path
fter LCC bypass, which resemblés the circuit in Figure D.1b).

QD

I
sD dc

I_E:MI__—I
ACSP gy, 1°C ki
® 1
“ LCcC - I I

operates

IEC

Lé

D.3 Special case of LCC HVDC DC faults — LCC as diode bridge

Figure D.3 shows the special case DC fault with LCC HVDC that can give much higher DC fault
current. This case is based on the following assumptions:

— DC fault occurs on the valve-side of DC smoothing inductor, like for example inadvertent
operation of bypass switch.

— The LCC converter is forced to operate as a diode bridge, to reduce semiconductor voltage
stresses. This is self-protection LCC operating mode for extreme DC currents.
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The diode bridge current feed is determined as:

6V /(413
n\/(RaC )2 + (Xac + X, )2

The preferred value for the rated peak withstand current is 107,4.

Iy = (D.4)

—

he preferred value for rated duration of short circuit is 0,5 s.

—

he time to peak short circuit current is 0,01 s.

>

n alternative value higher than above may be chosen.

AC 30 p  y PCC Jy

" | @
V.
ac AC CB X;

= - fails I I
LCC

- diode bridge EC
a) Circuit diagram
SA Ing
::; T ’ T T T T T T
LCC"as diode bridge
I ! hnnh AC CB opens. 1
I /
U u V VAVA‘JAVAVAV‘ VVIAS—
Irg
[pd L‘
- i f 1
—»—4—[ %
I T T T o | | -
Time

IEC
b) Typical DC fault current I4c response

Figure D.3 — Special case LCC HVDC under worst-case, pole-pole DC fault
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D.4 HVDC systems with DC circuit-breakers

Figure D.4 shows the considered DC system with Line Disconnector (LD) under short-time DC
fault current. The Station Disconnector (SD) shall be considered under the circuit in Figure D.1.
It is assumed that the fault is cleared by back-up protection (DC CB on adjacent DC lines and
AC CBs). The typical value for operating time of AC CB is #, = 0,05 s in this case. Figure D.5

shows the assumed simplified DC CB model (see [77]).

VSC

pPCC
AC, 39
Y Rac  Xac Ii;
V.
o ACCB

DC CB - operates

AC 30 gy PCC
V.
ac |AC CB- X %%

= operates

DC CB - operates

VSC

AC, 30 PCC
’ Rac  Xac
ACCB %%

N IEC

KRigure D.4 — HVDC system with DC circuit-breaker under worst-case, pole-pole DC fault

(&}
= Ipd
DC CB
L N
|
. | M - =] _I W/ |,
source | «SA % Jed | SA—\i
e VdcT ] 0 S S " Time

‘ Fauit ttosed—open
IEC

Figure D.5 — DC circuit-breaker simple model

The slope of DC line current rise will be the sum of currents slopes on each DC line:
S =(Sp1 + Sp2 + Sp3) (D.5)

Where S, Spp and Sy3 are slopes of current rise on each of the 3 DC lines.

p1
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Assuming that 7.4 = 0, and V4. = constant, the fault path resistance is zero, and the total

impedance in the fault path is L, the positive slope is defined, using the above DC CB model,
the base value for positive slope (Sp) is Vyc/L: The slope Sp2 will be the largest as only one

inductor (L) is placed in the current path. Because of voltage drop during the current rise interval,
and considering back-up protection time, typical value for slope of the local current is

"be "be
0,1—=<S8,, <05—== D.6
L P L (B-6)

=

hereas the slope on remaining DC lines will be lower:

14 1%
0,05-2C < 5,4 <0,3-2% (D.1)
L L
The rated duration of short circuit (#,4) is expressed as:
o L+ Lg D.8
=% (D.8)

=

here L+Lg and R; are the impedance and resistance, respectively, in the fault current path
fter AC circuit-breaker opens, and L is defined as in Figure D.1b).

QO

0.5 Calculation of the rated short-time withstand direct current

—

he value of the rated short-time withstand direct current (/4) is obtained by the following
formula.

here E; is Joule integral value as calculated in D.6. This means that /4 is the equivalent RMS
hlue of the short-cireuit. current in Figure 2, as shown in Figure D.6.

< =

A

Current

Fault Ik

Iy

0 tid Time
IEC

Figure D.6 — Equivalent fault current for calculation of
rated short time withstand direct current
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D.6 Calculation of Joule integral value (E))

Joule integral value is obtained by calculation as E;= [12d¢ based on relevant waveform indicated

in Figure 2a), 2b), 2c). Based on the simplification of the waveforms in Figure 2, the following
values for Joule integral are recommended:

teg — 1
— For the circuit in Figure 2a), E; = 24, +If2%

where the preferred value Oof duration ortne diode Dridge curtent teed (/) 15'U,0 5,
N _ 72 hd

—| For the circuit in Figure 2b), E; —Ipd? ,

where the preferred value of the duration of time to peak short-circuit current (tpd) is 0,07 §;

/]
—| For the circuit in Figure 2c), Ej = Ifztk +I§d%

—| For the LCC special case circuit, Ej = Ifztk

[e]

0,01 s, depending on the operating time of DC CB and protection (or back-up protection)
time. For the purpose of calculation of the necessary, thermal withstand capability of t

switchgear or controlgear, it should be 0,01 s, considering time to back-up protection.

where the duration of time to peak short-circuit current (tpd) ranges typically from 0,002 sj
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Annex E
(informative)

IEC TS 62271-318:2024 EXV © |EC 2024

References for auxiliary and control circuit components

Table E.1 is provided as a quick reference to many of the component standards. The latest

editions should be used.

Table E 4 Listofref I o " |

control circuit components

Device

IEC standard

Cables and wiring

Insulation of PVC wiring IEC 60227/ (all
parts))[+9]

Size and area of conductors IEC60228 [20]

Insulation of rubber cable IEC 60245 (all
parts) [21]

Identification

IEC 60445 [28]

Terminal blocks for round wire

IEC 60947-7-1 [51]

relays

ferminals Protective terminal blocks for round wire IEC 60947-7-2 [52]
Identification IEC 60445 [28]
All-or-nothing relays IEC 61810 (all
parts) [54]
Relays Voltage ratings and operating range of all-or-nothing IEC 61810-1 [55]

Performance of relay\contacts

IEC 61810-2 [56]

Contactors and motor starters

Electromechanical contactors for closing and opening
electrical cireuit

IEC 60947-4-1 [48]

Electromechanical contactors combined with relay for
short-cir€uit protection

IEC 60947-2 [46]

Motor starters (AC)

IEC 60947-4-1 [48]

AC semiconductor motor controllers

IEC 60947-4-2 [49]

Motor protective overload relays

IEC 60947-4-1 [48]

| ow-voltage switches

Low-voltage switches for motor circuits and
distribution circuits

IEC 60947-3 [47]

Manual control switches and push-buttons

IEC 60947-5-1 [50]

Pilot switches: pressure, temperature switches etc.

IEC 60947-5-1 [50]

Household humidity sensing controls

IEC 60730-2-13 [43]

Household switches

IEC 60669-1 [32]

Household thermostats

IEC 60730-2-9 [42]

Lever (toggle) switch

TEC 61020-1 [53]

Graphical symbols for manual switches

IEC 60417 [27]

Colours of lights for manual switches

IEC 60073 [14]

Low-voltage circuit-breakers
and low-voltage circuit-
breakers with residual current
protection

Requirements

IEC 60947-2 [46]

Low-voltage fuses

General requirements

IEC 60269-1 [22]

Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial
application) — Examples of standardized systems of
fuses A to K

IEC 60269-2 [23]
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Device

IEC standard

Low-voltage disconnectors

Requirements

IEC 60947-3 [47]

Motors

Requirements

IEC 60034-1 [6]

Meters

Analogue meters

IEC 60051-1 [7]

Ammeters and voltmeters

IEC 60051-2 [8]

Frequency meters

IEC 60051-4 [9]

Phase-angle and power-factor meters

IEC 60051-5 [10]

Lamp used as an indicator

Requirements

TEC 60Y47-5-T [oU]

Graphical symbols

IEC 60417 [27]

Colour lights

IEC 60073,[14]

Plugs, socket-outlets, and
Couplers

Requirements for plugs, sockets-outlet, industrial
cable couplers, appliance couplers

IEC 60309+1 [24]

Dimensional and interchangeability

IEC)60309-2 [25]

Household plugs, socket-outlets and couplers

IEC TR 60083 [16]

Other couplers and plugs

IEC 60130 (all
parts) [18]

Printed circuit-boards

Requirements

IEC 62326-1 [63]

Resistors Potentiometers IEC 60393-1 [26]
Resistors 1 W to 1 000 W IEC 60115-4 [17]
llumination lllumination fluorescents IEC 60081 [15]

lllumination for LED

IEC 62612 [65]

Tungsten filament lamps

IEC 60064 [12]

EC TR 62063 [60].

NOTE For electronic components used in auxiliary and control equipment additional information can be found in
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Annex F
(informative)

List of symbols

Description Symbol Subclause
Absolute leakage rate F 3.6.6.4
Absolute leakage rate liq 3.6.7.1
Alarm pressure (or density) for insulation and/or switching Pac (Pae) 3.6.5.3
Alarm pressure (or density) for operation Pam Pam) 3.6.5.4
Diode bridge current feed I 5.5.3
Duration of polarity reversal tests 4ty 7.247.6
Filling pressure P, 7.7.2
Filling pressure (or density) for insulation and/or switching Pre (BOhe) 3.6.5.1
Filling pressure (or density) for operation P e Pem) 3.6.5.2
Highest voltage for equipment U, 3.7.3
Joule integral value EJ. D.6
Main circuit resistance measured before continuous current test R, 8.4
Mass of switchgear and controlgear (including any fluid) M 6.11.2
Replenishing pressure Pm 7.7.2
Minimum functional pressure (or density) for insulation ‘@nd/or switching Prme (Pme) 3.6.5.5
Minimum functional pressure (or density) for operation Prm (Pmm) 3.6.5.6
Number of replenishments per day N 3.6.6.8
Number of replenishments per day liq 3.6.7.3
Permissible leakage rate Fy 3.6.6.5
Permissible leakage rate Foi) 3.6.7.2
Positive slope Sp 5.5.1
Pressure drop Ap 3.6.6.9
Pressure drop Apyq 3.6.7.4
Rated continlUous current Iy 5.4
Rated direet'withstand voltage Uyg 5.3
Rated-duration of short-circuit ted 5.5.4
Rated lightning impulse withstand voltage U, 5.3
Rated peak withstand current [pd 5.5.3
Rated short-time withstand direct current Iig 5.56.2
Rated supply voltage U, 5.6.2
Rated supply voltage of closing and opening devices and of auxiliary and U, 5.6
control circuits
Rated switching impulse withstand voltage U, 5.3
Rated direct voltage rd 5.2
Relative leakage rate rel 3.6.6.6
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Description Symbol Subclause
Time between replenishments t 3.6.6.7
Time to peak short-circuit current !pd 5.5.3
Type and mass of fluid (liquid or gas) for insulation M; 6.11.2
Typical system direct voltage U, 5.2.1
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Annex G
(normative)

Method for the weatherproofing test for outdoor
switchgear and controlgear

The switchgear and controlgear to be tested shall be fully equipped and complete with all covers,
screens, bushings, etc., and placed in the area to be subjected to with artificial precipitation.

rswitchgearandcontrolaearcomprising-severalfunctional units-a-minimum-of two-units-shall
N g g )

e used to test the joints between them.

O T

The artificial precipitation shall be supplied by a sufficient number of nozzles to produce |a
upiform spray over the surfaces under test. The various parts of the switchgear and controlgeir
may be tested separately, provided that a uniform spray is simultaneously applied also to bofh
of the following:

a) the top surfaces from nozzles located at a suitable height;

b) the floor outside the equipment for a distance of 1 m in front of therparts under test with thie
equipment located at the minimum height above the floar level specified by thle
manufacturer.

Where the width of the equipment exceeds 3 m, the spray may, be applied to 3 m wide sectior]s

n turn. Pressurized enclosures do not need to be submitted 1o artificial precipitation.

Elach nozzle used for this test shall deliver a squaresshaped spray pattern with uniform sprgy
djstribution and shall have a capacity of 30 I/min&3'l/min at a pressure of 460 kPa * 46 kPla
ahd a spray angle of 60° to 80°. The centre lines“of the nozzles shall be inclined downwards slo
that the top of the spray is horizontal as it is_directed towards the surfaces being tested. It |s
cpnvenient to arrange the nozzles on a vertical stand-pipe and to space them about 2 m apaft
(fefer to test arrangement in Figure G.1).

The pressure in the feed pipe of thethozzles shall be 460 kPa + 46 kPa under flow conditions.
The rate at which water is applied*to each surface under test shall be about 5 mm/min, and
epch surface so tested shall receive this rate of artificial precipitation for duration of 5 min. The
spray nozzles shall be at a distance between 2,5 m and 3 m from the nearest vertical surfade
uhder test.

ODTE When a nozzle in.accordance with Figure G.2 is used, the quantity of water is considered to be in accordange
th this document whenythe pressure is 460 kPa £10 %.

= Z

>

fter the test isscompleted, the equipment shall be inspected promptly to determine whether the
g¢llowing requirements have been met:

—h

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

no-water shall be visible on any internal electrical components and drive mechanisms of thle
equipment:

c) no significant accumulation of water shall be retained by the structure or other non-insulating
parts (to minimize corrosion).
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Figure G.1 — Arrangement for weatherproofing test
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Dimensions in millimetres
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Figure G.2 — Nozzle for weatherproofing test
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Annex H
(normative)

Tolerances on test quantities during tests

During type tests, the following types of tolerances can normally be distinguished:

tolerances on test quantities which directly determine the stress of the test object;

c >

—

tolerances on test conditions;

tolerances concerning parameters of measurement devices to be applied.

tolerance is defined as the range of the test value specified in the standard within“which thle

easured test value shall lie for a test to be valid. In certain cases, the test may-temain val

ven if the measured value falls outside the range: this is the case when itiwesults in a mor

bvere test condition.

ny deviation between the measured test value and the true test’value caused by the

hcertainty of the measurement are not taken into account in this respect.

he basic rules for application of tolerances on test quantities during type tests are as follows:

testing stations shall aim wherever possible for the test value specified;

d
e

b) the tolerances on test quantities specified shall be observed by the testing station. Highgr
stresses exceeding those tolerances are <¢ermitted only with the consent of thle
manufacturer;

c) where, for any test quantity, no tolerance-is'given within this document, or the standard fo
be applied, the type test shall be not less severe than specified. The upper stress limits are
subject to the consent of the manufacturer.

Table H.1 — Tolerances on test quantities for type test
Stibclause Description of Test quantity Specified test value Test Referenge
the test tolerances / to
limits of test
values
7.2 up to Dielectric tests
7.2.11
7.2.7.2 and | Direct voltage Test voltage Rated direct withstand | +1 % IEC 60040-
7.2.11 tests voltage 1
7.2.738 Switching impulse | Peak value Rated switching +3 % IEC 60040-
voltage tests impulse withstand 1
VU:tdsC
Front time 250 us +20 %
Time to half-value 2 500 ps +60 %
7.2.7.4 Lightning impulse [ Peak value Rated lightning impulse | +3 % IEC 60060-
voltage tests withstand voltage 1
Front time 1,2 ys +30 %
Time to half-value 50 us +20 %
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Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.2.7.5 Superimposed Test voltage Rated direct voltage 1 % IEC 60060-
impulse voltage (direct voltage) 1
tests - .
Test voltage Rated lightning impulse | Referred to
(Lightning impulse voltage) | withstand voltage lightning
impulse
voltage tests
Test voltage Rated switching Referred to
(Switching impulse voltage) |impulse withstand switching
voltage impulse
voltage tests
7.2.7.6 Polarity reversal Test voltage +1 %
tests
7.2.11 AC power- Test voltage (RMS value) | Rated short-duration +1 % IEC 60040-
frequency voltage power frequency 1
test withstand voltage
Frequency _ 45 Hz to 65
Hz
Wave shape Peak value / RMS valde +5 9
= [2
7.3.4 Measurement of DC test current, /. - S0A<Ipcs
the re;sistance of rated
circuits continuous
current ,
or 20 %,
+0 % of
I.<50A
7 .4 Continuous Ambient air velocity - <0,5m/s
current tests
Test current Rated continuous -0 %, +2 %
current o
These limits
shall be kept
only for the
last two
hours of
testing
period
Ambient air temperature 7, | -- 10°C<T, =
40 °C
7.4 Short-time Peak current Rated peak withstand -0 %, +5 %
withstand current current
and peak -
withstand current Value of Joule integral j.]2dt Value of Joule mtegral -0 %, +10 %
tests [2dt
Derived from the
prospective current
waveform
Short-circuit current Rated short-circuit Maximum 5 s
duration duration
7.8.1.1 Radio Test voltage 1 %
interference —
voltage tests Tune frequency of Within +10 %
measurement circuit of 0,5 MHz or
between
0,5 MHz to
2 MHz
7.8.2.3 Oscillatory wave Damped oscillatory wave Test frequency +30 % IEC 61000-
immunity test tests 100 kHz, 1 MHz 4-18
7.9.3.3 Auxiliary contact | Test current amplitude -0 %, +5 %

rated short-time
withstand current

Test current duration

-0 %, +10 %
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Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.9.3.4 Auxiliary contact | Test voltage amplitude -0 %,+10 %
breaking -
capability Test current amplitude -0 %, +5 %
Circuit time constant -0 %, +20 %
7.9.4.2 Cold tests Minimum and maximum - +3 K IEC 60068-
ambient air temperature 2-1: 2007
during tests
7.9.4.3 Dry heat test Minimum and maximum - +3 K IEG-60048-
ambient air temperature 2:2:,2001
during tests
7.9.4.4 Cyclic humidity Minimum temperature of +3 K IEC 60048-
test cycle 2-30: 2005
Maximum temperature of +2 K
cycle
7.9.4.5 Vibration IEC 60295-
response and 21-1: 1988
seismic tests
7.9.5 Power-frequency | Test voltage (RMS value) Rated short-duration +1 % IEC 60040-
voltage test power frequeney 1
withstand(voltage
Frequency - 45 Hz to
65 Hz
Waveshape Reak value / RMS value | 5 %
2
7.10.1.3 Radiation Accuracy measurementof +25 %
instrument radiation
Energy response | Accuracy measurement of +15 %

energy
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Annex |
(informative)

Extension of validity of type tests

1.1 General

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

—| for a change of construction detail, if the manufacturer can establish that this change |dogs
not influence the result of that individual type test;

—| for a change in the installation instructions, provided that the test conditions™are not
invalidated by the new instructions (e.g. see 1.2);

—| for covering other values of ratings for the same switchgear and controlgéar, if these nepv
ratings are covered by the tests already performed (e.g. see 1.3 or when lower performancegs
are requested).

Plarticular examples where extension of a type test may be used to validate design changes ¢r
other similar equipment, without repeating type tests, are given in‘the following subclauses. (It
should be noted that supporting evidence should be provided¢tovalidate such extensions ¢f
type tests.

2 Dielectric tests

Flor non-enclosed conductors, the dielectric tests ‘performed cover other dispositions having
ual or higher clearances to surroundings (e.gxheight above ground) and between conductors
flthe insulating materials and shapes of conductors and insulators are the same.

D

3 Short-time withstand current and peak withstand current tests

>

test performed in worst condition for instance with a rated short-time withstand direct curremt
(4<q), rated peak withstand current (Ipd) and rated duration of short-circuit (¢,4) covers equal ¢r

lgss values independently from which of the three waveforms, indicated in 5.5.1, has been used.

4 Electromagnetic immunity test on auxiliary and control circuits

Sljubassemblies.may be positioned in different places within the auxiliary and control circuits,
without invalidating the type test of the complete system, provided that the overall wiring length
anpd the number of individual wires connecting the subassembly to the auxiliary and control
clrcuitstis not greater than in the tested system.

Interchangeable subassemblies may he replaced by similar subassemblies without invalidati
the original type test, provided that:

«Q

— rules for design and installation given in IEC 61000-6-5 are followed;

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

— manufacturer’s design rules are the same as for the type-tested subassembly.

1.5 Environmental tests on auxiliary and control circuits

Environmental tests on auxiliary and control circuits do not need to be repeated if performance
requirements are validated during environmental tests on a whole switchgear and controlgear.
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Parts, or pieces of equipment, of auxiliary and control circuits validated in a given arrangement
are validated also when used in a different arrangement of auxiliary and control circuits
belonging to the same range of switchgear and controlgear equipment.

Tests performed with a given supply voltage for auxiliary and control circuit cover similar
auxiliary and control circuits designed for lower supply voltages.
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Annex J
(normative)

Identification of test objects

J.1 General

For identification of a test object, the following topics shall be covered.

J.2 Data

—| Manufacturer's name;
—| Type designation, ratings and serial number of apparatus;

—| Outline description of apparatus (including interlocking system, busbar system, earthing
system, and the arc extinguishing process);

—| Make, type, serial numbers, ratings of essential parts, where applicable (for example, drivie
mechanisms, interrupters, shunt impedances, relays, fuse linksginsulators);

—| Rated characteristics of fuse links and protective devices;

—| Whether the apparatus is intended for operation in the vertical and horizontal plane.
Jl3 Drawings

Table J.1 Drawing list.and contents

Drawings to be submitted Drawing content (as applicable)
$ingle-line diagram of main circuit Type designation of principal components
beneral layout Overall dimensions

Ffor an assembly it can be necessary to previde Supporting structure and mounting points
drawings of the complete assembly and 6f‘each

witching device. Enclosure(s)

Pressure-relief devices

Conducting parts of the main circuit

Earthing conductors and earthing connections
Electrical clearances:

— to earth;

— between open contacts

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

Location and type designation of insulators

| ocation-anditvne-desiagnation-of-inetrumant trancformarc

YPe=esy

Detailed drawings of insulators Material

Dimensions (including profile and creepage distances)

Arrangement drawings of cable boxes Electrical clearances
Principal dimensions
Terminals

Level or quantity and specifications of insulant in filled
boxes

Cable termination details
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Drawings to be submitted

Drawing content (as applicable)

Detailed drawings of parts of the main circuit and
associated components

Dimensions and material of principal parts

Cross-sectional view through the axis of main and arcing
contacts

Travel of moving contacts
Electrical clearance between open contacts

Distance between point of contact separation and end of
travel

AsSsembly of fixed and moving contacts
Details of terminals (dimensions, materials)
Identity of springs

Material and creepage distances of insulating.parts

Detailed drawings of mechanisms (including
qoupling and drive mechanisms)

Arrangement and identity of main componentssof the
kinematic chains to:

— main contacts;

— auxiliary switches;

— pilot switches;

— position indication.
Latching device

Assembly of drive,méechanism
Interlocking devices

Identity of.springs

Contral and auxiliary devices

Electrical diagram of auxiliary and control circuits
f applicable)

Type designation of all components
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Annex K
(informative)

Test circuit for superimposed impulse voltage tests

1 General

The superposition of an impulse wave on a direct voltage is obtained by using a blocking

- 0 —

q

o o

= 3

i
i

he choice of the blocking elements for the direct voltage has an influenceror’ the protectio
ffect and the waveform. Using blocking capacitors, the blocking capacitor and the test obje
rm a capacitive voltage divider as shown in Figure K.1. Therefore, thefated direct voltage U}y
hd the impulse voltage generator output can be added to receive approximately the amplitude
f the superimposed voltage.

chpacitor or a sphere gap and a current limiting resistor. The results according to both
pfocedures are considered equivalent (see CIGRE Technical Brochure 842 [75]).

.2 Test circuit using blocking capacitor

Current limiting Blocking
resister capacitor

rt=-=-=-=

Mixed divider
Impulse
generator

"
(8]
ko)
Ke)
(o]
o
]
'_

DC source
DC divider

Impulse divider

IEC

Figure K.1 — Test circuit for superimposed impulse tests using blocking capacitor

.3 Test circuit using sphere gap

npulse Voltage generator. Therefore, the amplitude of the composite voltage is equal to t
hpulse—generator output voltage in this case. On the other hand, the impulse volta
aveshape can be different from the standard LI or S| waveshape. In any case, attention sha

o =

c'paid to the design of the test circuits, and particularly the coupling elements.

S
”

y ignition/of\the sphere gap (see Figure K.2), the test object is directly connected to the

pEA]

=0
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Figure K.2 — Test circuit for superimposed impulse tests using sphere gap
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Annex L
(informative)

Information and technical requirements to be given

L.1 General

with enquiries, tenders and orders

-

o <

eliver this information.

Q>

andards.

[2]

LU.2 Normal and special service conditions (refer to Clause 4)

his annex provides a list of useful technical information items in a tabular form to be consideke
g@r possible exchange between user and supplier during contracting stage.

hen in the table "supplier information" is mentioned, this means that only the supplier shou

ttention should be paid to the fact that such table should be complemented ‘with informatio
nd characteristics relevant for the type of switchgear and controlgear considered; see produ

o

ct

User requirements Supplier proposals
$ervice condition Indoor or
outdoor

Ambient air temperature:

inimum °C
:Eaximum °C
$olar radiation WhHZ2
Altitude m
RUSCD for pollution mm/kV
Excessive dust or salt
Ice coating mm
Vind m/s
Humidity %

ondensation or precipitation

ibration Class
Induced electromagnetic disturbance in kV
duxiliary and)control circuits
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L.3 Ratings (refer to Clause 5)
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User requirements

Supplier proposals

qdpening devices and of auxiliary circuits

Rated direct voltage for equipment (U, 4) kV
Rated insulation levels pole to earth
Rated direct withstand voltage (U,,) KV
Rated switching impulse withstand voltage KV
(Ug)
Fltated lightning impulse withstand voltage kV
Up)

p
Ifated continuous current (7,4) A
Fltated short-time withstand direct current kA
o)
Ifated peak withstand current (Ipd) kA
FItated duration of short-circuit (z,4) s
Fltated supply voltage of closing and \%
qpening devices and of auxiliary and
dontrol circuits (U,)
Rated supply frequency of closing and Hz DC or 50 or 60

—

4.4 Design and construction (refer to Clause 6)

o be complemented with information provided by the relevant product standards.

User requirements

Supplier proposals

Number of units in series, or, in parallel

Mass of the heaviest transport unit

Mounting provisions

[ype of gas-pressure or liquid-pressure
bystem

Dverall dimensions of the'installation

Description by name‘and category of the
arious compartments

Rated fillingdevel and minimum functional
evel

L ow- and high-pressure interlocking and
monitaring devices

nterlocking devices

Degrees of protection

Arrangement of the external connections

Accessible sides

Volume of liquid or mass of gas or liquid
for the different compartments

Facilities for transport and mounting

Instructions for operation and
maintenance

Specification of gas or liquid condition
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L.5 System information

User information

Nominal voltage of system kV

Highest voltage of system kV

L.6 Documentation for enquiries and tenders

User requirements Supplier proposals

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

Single-line diagram

General arrangement drawings of
substation layout

Provisions for transport and mounting to
be given by the user

Foundation loading Supplier information

Gas schematic diagrams Supplier information

List of type test reports Supplier informatioh

List of recommended spare parts Supplier information
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E

Annex M
(informative)

Electromagnetic compatibility on site

MC site measurements are not type tests but can be performed in special situations:

where it is deemed applicable to verify that actual stresses are covered by the EMC severity
class of the auxiliary and control circuits;

M
b
te
in

S
a

(o]

S s o

=~ n -

g

0 -

» Z

r¢presentative number of both making and breaking operations should be chosen, with random

in order to evaluate the electromagnetic environment;
in order to apply proper mitigation methods, if applicable;

switching operations both in the main circuit and in the auxiliary and control cjrcuits. It is n@t
considered useful to test all auxiliary and control circuits in a substation under cénsideration.
A typical configuration should be chosen.

to record the electromagnetically induced voltages in auxiliary and control circaits, due io

easurement of the induced voltages should be made at representative ports in the interfage
ctween the auxiliary and control circuits and the surrounding network! for example, at the inpiit
rminals of control cubicles, without disconnection of the system. Instrumentation for recording
duced voltages should be connected as outlined in IEC TR 60816 [44].

witching operations should be carried out at normal operating voltage, both in the main circuiit
nd in the auxiliary and control circuits. Induced voltages” will vary statistically and thus |a

perating instants.

he switching operations in the main circuit shall be made under no-load conditions. The tes{
ill thus include the switching of parts of thesubstation but no switching of load currents an
b fault currents.

[eXN7))

o

he making operations in the main cifcuit should be performed with trapped charge on the Ioi
de corresponding to normal operating voltage. This condition can be difficult to obtain
sting, and, as an alternative, .the test procedure can be as follows:

—

discharge the load side.before the making operation, to assure that the trapped charge |[s
zero;

multiply recorded oltage values at the making operation by 2, in order to simulate the case
with trapped charge on the load side.

he switching ‘device in the primary system shall preferably be operated at rated pressure and
Lixiliary voltage.

OTE A~ \The most severe cases, with regard to induced voltages, normally occur when only a small part of|a
bstatioh is switched.

N

T o - . atly

for GIS installations.

T

he recorded or calculated peak value of induced common-mode voltage, due to switching in

the main circuit, should not exceed 1,6 kV for interfaces of the auxiliary and control circuits.
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(informative)

Standardization activities of HVDC

There are over 200 HVDC projects installed worldwide, and a number of projects is in plannin

g

stage. The applications of HVDC have been increasing in recent years, driven by the need to
mtegrate remote renewable sources, to strengthen network and to facrhtate controllable power

ahd size/weight, especrally in the offshore .HVDC term|naIs The first HVDC grid was install

ced of controllable power flow is increasing due to the requirements of thecintegration
regnewable and fluctuating power generation. The goals of today to reach COg né&utral electr

ctwork. HVDC will offer practical solutions. Space requirements for the HMDC converter stati
cluding the substation are not easy to fulfil on land and have high ¢0st impact for convert
ations to connect offshore wind farms.

= 5T

n

C power transmission systems use today voltage sourced eonverter technology (VSC) an
ne commutated converter technology (LCC) depending on their application in the networ
SC technology becoming the mainstream for applicationstin,the network while LCC technolog
used for very high voltages (up to 1 100 kV) and very_high currents (up to 6 000 A). Alon
ith this, plans for multiple terminals are in progress:

S <=0

O

C switching devices (AIS and GIS) and DC assémblies (GIS) are now under standardizatio
orks in SC 17A and SC 17C. This work ,in\TC 17 will provide common specifications f¢
bvices and assemblies of high-voltage application.

Q =

n addition to standardization for HV switchgear of TC 17 IEC documents of DC equipment an|
ystems are being promoted by othet/TCs.

n

in 2021, and it is projected that demands for multiterminal HYDC and HVDC grids will increaseg.

HVDC applications today and in future are seen in many different cases in the network. Ttl
n

bwer generation within the next decades will require more controllablehpower flow in ta

o

=3 D® O X O

o

g

= 5

—

he need for standardization of HV DC switchgear was discussed at the plenary meeting of t
vitchgear technical committee TC 17 and ad-hoc group Ahg 37 was established to investiga
he standardization requirements and a report was published in 2018.

= n

>

t the 2018 Korea-Busan plenary meeting, it was decided by TC 17, SC 17A and SC 17C
art standardization work of DC common requirements in TC 17, DC switchgear devices
C 17A and D€ switchgear assemblies in SC 17C.

[ X%

Blased on.this, in TC 17 a questionnaire was distributed (17/1052/Q) and the NP proposal w4
approved by P-member voting in May 2019. Then the dedicated WG was established in TC 1
te pfepare common specifications for DC switchgear.

Regarding the DC standard voltages, TC 8 provides the horizontal standard requirements for
DC networks, TC 99 defines the requirements for DC substations and TC 115 for DC
transmission systems. This Technical Specification provides rated and test voltage values for
insulation coordination as recommendations from the view of air and gas insulated switchgear

technology.

HVDC switchgear equipment today is designed following project specific requirements. In future
with more HVDC projects the requirement for standardized requirements will be more important

to gain from cost reductions coming with standard switchgear devices and assemblies. |
addition to cost reduction with standardization of equipment reliability, performance, an
delivery time will improve. Standardization will bring benefits to the market, manufacturers, an
testing laboratories.

n
d
d
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Annex A
(normative)

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

A.1 General

o -

O »w O M

oo -

—h

|

>

S =

k

©

In

> >

he occurrence of an arc inside DC GIS due to an internal fault is accompanied by various
hysical phenomena.

or example, the energy resulting from an arc developing in the enclosure will cadse intern
verpressure and local overheating, which will result in mechanical and thermal stressing of the
vitchgear. Moreover, the materials involved can produce hot decompositiomyproducts whig
An be discharged into the atmosphere.

=2

his annex takes into account the internal overpressure acting on the enclosure and the therm
ffects of the arc or its root on the enclosure. It does not cover‘all’the effects which can
bnstitute a risk, such as toxic gases and their by-products (see annexes of IEC 62271-4 fq
rther information).

=4

.2 Short-circuit current arcing test

2.1 Test arrangements

=

hen choosing the object to be tested, reference shall be made to the design documents f¢
e DC GIS. The compartments which appear’to have the least likelihood of withstanding the
ressure and temperature rise in the event.of arcing shall be selected.

any case, the following points shall;be observed:

each test can be carried outcon a test object not previously subjected to arcing tests. Test
objects that have already.undergone arcing tests shall be restored so that the conditions f¢
further arcing tests are:neither aggravated nor eased;

-

the test object shall be’fully equipped and arranged to include any protection device, sugh
as pressure reliefs, “short-circuiting devices, etc. provided by the manufacturer for thle
limitation of the effects of the arc.

the test object’shall be filled with normal insulating gas at filling pressure p,,.

2.2 Current and voltage applied
.2.2(1 General

A.2.2.2 Voltage

T

he 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
b

) the arc current shall be practically sinusoidal;
) the arc shall not extinguish prematurely.
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A.2.2.3 Current
a) AC component

The AC component at the beginning of the test shall lie within a +10 %, -0 % tolerance. 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.

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.

b) DC component

The instant of short-circuit making shall be chosen to ensure that the first loop of the_ar
current has a peak value according to IEC TS 62271-5.

>

.2.2.4 Duration of the test

—

he current duration shall be such as to cover the back-up protection chosen on,the basis ¢f
he expected duration as determined by the protection devices. See 6.103.2.

—

A.2.3 Test procedure
A.2.3.1 Test connections
The point of current infeed to be chosen is the one likely to result in' the most onerous condition.

(@)

are shall be taken to ensure that the connections do not '€ase the test conditions. Generall
he enclosure is earthed on the same side of the test object into which the current is fed.

—

>

.2.3.2 Arc initiation

—

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

—

he 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 partitio
furthest from the point of infeed andfurthest from the pressure relief device, if fitted.

>

NOTE The arc cannot be initiated.by perforating the solid insulation.

>

.2.3.3 Measurement and recording of the test performance

—

he following parameters shall be plotted and recorded

e| the current dnd its duration
o| the arc voltage;

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

andy,*when applicable

o 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.

A.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 Joule integral value 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.
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Projections of small parts, up to an individual mass of 60 g are accepted.

No fragmentation of the enclosure shall occur.

A.2.5 Test report

T

he following information shall be given in the test report:

rating and description of the test object, the materials of the enclosure and the conductors,

fq

@ Z

togetherwith—a—drawing—showing-the—main—dimensions—and-the—arrangement-of pressure
J 3 3 J ~

relief devices;

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

current, voltage, energy, pressure 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.

.2.6 Extension of the test results

o

he test results can be extended to other enclosures of similar design but of different size an
hape and/or to other test parameters by calculations.

.3 Composite verification by calculation and separate tests

he manufacturer is responsible for demonstrating the validity of extrapolation of test resul
r other currents and other sizes of enclosures. The manufacturer shall provide all necessaly
formation with the calculation.

(7]

OTE Information about experience of internal*arc tests and calculation principles are present in CIGRE Technicp
ochure 602 [2], CIGRE Session 1998 — W.G-21/23/33-03 [3] and RGE: 04/82 [4].



https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

- 178 — IEC TS 62271-318:2024 EXV © |[EC 2024

Annex B
(informative)

Technical and practical considerations of site testing

B.1 Test voltage generators

DC GIS installations have a relatively high load capacitance. This means that:

alternating voltage tests, especially at higher U4, require a high reactive power,

impulse testing with standardized double exponential waveforms can be inefficient‘due fo
the poor voltage utilization of the impulse generator.

—

he following voltage-generating equipment can be used:

a) Alternating voltage sources

The alternating voltage can be produced by:

o test sets with a test transformer,

o test sets with a variable resonant reactor for constant fréquency,
o test sets with a constant resonant reactor for variable frequency,

e power or voltage transformers by energization rom the low-voltage side (entails no
dismantling after testing).

=z

ODTE The thermal stresses of the voltage source can_be taken into account especially when using voltad
rensformers

,_,.
o

o

) Impulse voltage sources

For large installations and especiallyfof high voltages for equipment, impulse generatofs
for double exponential waves are unwieldy. Oscillating impulses can be produced with aJ:
impulse generator and a high-voltage coil connected to the switchgear to be tested to for

a damped series resonant circuit. Oscillating switching impulses can be produced hy
discharging a capacitor into.the low-voltage side of a power, voltage or test transformer.

c) Direct voltage sources

A direct voltage test(generator should be used. Discharging current should be limited Ry
protecting elements to avoid damages of the test object and test equipment.

B.2 Locating discharges

There are-different phenomena caused by discharges which can be helpful in locating thenp.
Slome of\the possible means which can be tried are as follows:

o| detection of light emission;

e measurement of audible noise and vibrations;
e recording and evaluation of electromagnetic transients following discharge;

e detection of decomposition products of the gas.
B.3 Special test procedures

B.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
reasons.
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For extensions the user should be responsible for any flashovers in the existing DC GIS and
the manufacturer of the extension equipment should be responsible for any flashovers in the
extension equipment.

B.3.2 Testing at reduced voltage

In accordance with the practice in some countries, DC gas-insulated metal-enclosed switchgear,
or at least one bay or an equivalent part of the DC GIS installation, can be assembled
completely at the factory and tested there at its full rated withstand voltages. If the tested units
are tran rted without dismantling or if dismantling is limited to very simpl tion nd

Direct voltage test with 1,1 x U,4; with a 10 min voltage application.

B.3.3 Testing at reduced gas density

—

ests with reduced gas density are not generally advisable.

B.4 Partial discharge measurements

tgsts and in determining the need for maintenance of the‘equipment after a period in servic
They are therefore a useful complement to dielectric ‘tests on-site but are often difficult
perform because of ambient disturbances.

Plartial discharge measurements can be helpful in detecting certain kinds of faults during si}e

flsuch a test is possible and agreed upon, then thie requirements given in 11.101.2.6 should be
pplied as far as possible.

Q

fiIVHF/UHF partial discharge measurings«tmethods are specified by the user, internal PD sensor
fe recommended.

QO
(@)

B.5 Electrical conditioning

—

he term "electrical conditioning" means a progressive application of an alternating or dire¢
Dltage either by steps-or continuously. It can be performed by the manufacturer as part of the
Bs-filling process enrsite in order to move possible particles towards areas with a low field
rength, where they become harmless.

wQa < -

M

lectrical conditioning is not a requirement and does not replace the alternating or direct voltage
ést, unless'the test voltage is increased up to the specified value. Nevertheless, a disruptive
scharge should be reported to the user as it can result in a weakening of the insulation.

o -

B-6—Repetitiontests
B.6.1 General

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

o the type of disruptive discharge (breakdown in self-restoring or non-self-restoring insulation)
if it can be identified (see Clause B.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.
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Consideration of these and any other relevant factors should allow a procedure to be
established and agreed between the manufacturer and user. A recommended procedure is
given below but should be treated only as a guide. Variations can be acceptable, depending on
the significance of the factors involved.

B.6.2 Recommended procedure
B.6.2.1 Procedure a)

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

B.6.2.2 Procedure b)

=y

Al disruptive discharge in the gas can be due to contamination or a surface imperfection whig
chn 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 cam be agreed betwee
manufacturer and user before the site tests have been started.

>

=z

OTE 1 It is assumed that the manufacturer can satisfy the user that the gasepus insulation can be regarded gs
bIf-restoring for the arc energy dissipated in the discharge.

(]

P4

OTE 2 In the event of a disruptive discharge occurring during dielectric tests on-site, secondary discharges cgn
cur in other parts of the test section.

o

flthe repetition test fails, again Procedure a) should'be followed.

.7 Partial discharge detection method

7.1 General

or partial discharge detection on-site, the electrical VHF/UHF and the acoustic method can be
sed in DC GIS in addition to the“conventional method, according to IEC 60270. These two
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vestigation~and are not yet standardized.

7.2 Conventional method according to IEC 60270

m

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
level below 5 pC is hard to achieve. Therefore, a totally encapsulated test circuit with a shielded
coupling capacitor directly connected to the DC GIS is preferable. In such a case, a sensitivity
below 5 pC is achievable for DC GIS with cable terminations and for DC GIS sections which are
separated by an open disconnector from open-air bushings.

B.7.3 VHF/UHF method

The discharge currents at the defects of DC GIS have rise times that can be less than 100 ps.
These defects cause electromagnetic transients with frequency content to above 2 GHz. The
resulting signals propagate within a DC GIS with the speed of light as electromagnetic waves.
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Reflections occur at the numerous discontinuities in the arrangement. Due to the finite
conductivity of the metallic conductors and losses at the dielectric surfaces, the propagating
signals are damped. The result is a complex resonance pattern of electromagnetic waves within
each 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 the frequency domain by means of couplers, which are usually of similar
design to capacitive couplers. As consequence of VHF/UHF signal attenuation, many couplers
can need to be installed in a DC GIS. The maximum distance between two adjacent couplers is
ll OxXimale ome en 0 me - ne - - (N4a pe aKen elan Alerna 0 ';7
but when these are not available, it is sometimes possible to use external couplers on windows
of partition and support insulator.

depends strongly on the location and, to a minor degree, on the orientation of thedefect and the
cpupler. The VHF/UHF method can therefore not be calibrated as in} for exampl
the measuring circuit of IEC 60270. Instead, the sensitivity check in B.7.5 ¢can-be performed.

Due to the complexity of the resonance patterns, the magnitude of the detected |PD sign{

e signal-to-noise-ratio and therefore, the sensitivity of the VHF/UHE ‘measuring device can
be improved by using suitable couplers, amplifiers and filters. The VHE/UHF method has proved
tg be at least as sensitive in detecting defects as the conventiopal*method, and this is mainly
due to the low external noise level. Tests in laboratories and<on-site have shown that smd|
clitical defects and even non-critical defects can be detected:

AIn accurate location of the defect can be obtained by using a broadband oscilloscope fo
easure the time interval between the signals arriving at adjacent couplers.

B.7.4 Acoustic method

Alcoustic signals (mechanical waves) are emitted from defects in a DC GIS mainly in two primafy

echanisms: moving particles excite a.mechanical wave in the enclosure when they impinge
oh it, whereas discharges from fixed defects create a pressure wave in the gas, which is then
tnansferred to the enclosure. The esulting signal will depend on the source and on thle
pfopagating path. As the enclosures normally are made of aluminium or steel, the damping of
the signals is quite small. HoweVver, there is a loss of energy when the signals are transmitted
from one part to another acress a flange. Acoustic signals can be picked up by means o¢f
ekternally mounted sensprs:"Normally, either accelerometers or acoustic emission sensors are
uped and the test procedure consists of measuring between all flanges.

—

e location of a(defect can be found by searching for the acoustic signal with the highe$
amplitude or by time travel measurements with two sensors. Separation between different kinds
of defects is passible by analysing the shape of the acoustic signal.

e signat’ from a bouncing particle is broadband (i.e. >1 MHz) and has a high amplitude
cpmpared with signals emitted from pre-discharges at fixed defects. The particle type signal wlll
be\spatially attenuated as it moves away from the source point. In general, two parameters ¢f
theacousti fonmatare importa O istype of defect—ampititude and o e isbeingthe
time between two consecutive impacts of the particle). These parameters are essential not only
for recognition of defect type but also for risk assessment.

Predischarge type signals from protrusions will be very wideband close to the source, but
because the gas acts as a low pass filter, the high frequencies are attenuated as the signal
propagates away from the source towards the enclosure. Normally, detected signals from
predischarge sources are limited to the frequency range below 100 kHz. The signal level is
found to be fairly constant within the same sections, and to drop some 8 dB once a flange is
crossed.

Bouncing 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.
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Sensitivity decreases with distance because the acoustic signals are absorbed and attenuated
as they propagate in the DC GIS. However, no direct correspondence between apparent
PD-level and acoustic signal level has been established. Acoustic measurement is immune to
electromagnetic noise in the substation. The acoustic sensitivity to bouncing particles is usually
much higher than the sensitivity of any other diagnostic method, when the sensor is placed
close to the defect. The acoustic method is therefore good for detecting the location of such
defects.

B.7.5 Sensitivity verification of acoustic and UHF method

verification of partial discharge detection. First, an artificial acoustic or electrical pulse |s
determined which emits a signal similar to that from a real defect that causes a defined\level ¢f
apparent charge (e.g. 5 pC or more) according to IEC 60270. Secondly, this artificial*pulse |[s
injected during the commissioning test or operating conditions into the DC GIS in_order to verify
the detection sensitivity for the DC GIS and the associated measuring equipment. If the
stimulated signal can be measured at the adjacent sensor, the sensitivity verifieation has begn
spiccessful for the DC GIS section between these sensors.

Flor the acoustic and the UHF method, the same technical principle is applied for the sensitivily

Flor further information, see IEC TS 62478 [33] and CIGRE TechnicalBrochure 654 [22].
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Annex C
(informative)

Calculation of pressure rise due to an internal fault

The pressure rise in a closed compartment filled with gas due to an internal fault can be
calculated according to (C.1):

o~ > =

N

(@)

=
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= T
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=z

i/

arc X1,

Ap = Cequipment X = (€11)

Vcompartment

here

D is the pressure rise (MPa);

. is the arc fault current (kAgms);
ompartment 1S the volume of the compartment (I);
- is the arc duration (ms);

equipment is the equipment factor.

he value of the equipment factor Ceqyipment Shall be-demonstrated by the manufacturer by
sts on similar equipment.

ormula (C.1) can be used to verify that the pressure will not exceed the type test pressure ¢f
e enclosures in case of an internal fault in acgas compartment without a pressure relief devicg.
his is verified if the maximum arc currentzand arc duration (based on the performance of the
fotective system) does not cause a pressure rise which exceeds the type test pressure of the
hclosures.

OTE For direct currents, the equivalent current according to the value of Joule integral is used.
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Information to be given with enquiries, tenders and orders

This annex defines, in tabular format, the technical information to be exchanged between user

D.1 General

aphd supplier.

R

0.2 Normal and special service conditions
S

n

Brvice conditions.

eference to “supplier information” means that only the supplier provides this information.

ee Clause 4. Table D.1 shows the technical information to be given regarding normal an

Table D.1 — Normal and special service conditions

User requirements
(see Table 1)

Supplier proposals

q

$ervice condition

Indoor or outdoor

A

mbient air temperature:

econdary system

inimum °C
:Eaximum °C
$olar radiation W/m?2
Altitude m
FPollution (RUSCDdc) mm/kV
Ice coating mm
Vind m/s
Humidity %
Condensation or precipitation

ibration Class
Induced electromagnetic disturbance in kV
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D.3 Ratings

- 185 —

See Clause 5. Table D.2 shows the technical information to be given regarding ratings.

Table D.2 — Ratings

User requirements

Supplier proposals

Nominal voltage of system kV
!thvd vettage-for-eqtipment{t—) L
r
ated insulation levels pole-to-earth
ated direct withstand voltage (Uy,) kV
ated switching impulse withstand voltage (U,) kV
ated lightning impulse withstand voltage (Up) kV
ated continuous current (/) A According to single-line
diagram
FIlated short-time withstand direct current (7, ,) kA
FItated peak withstand current (Ipd) kA
Iitated duration of short-circuit (z,4) 5
d{ated supply voltage of closing and opening \%
devices and of auxiliary and control circuits (U,)
Rated supply frequency of closing and opening Hz DC or 50 Hz or 60 Hz

devices and of auxiliary circuits
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See Clause 6. Table D.3 shows the technical information to be given regarding design and

construction.

Table D.3 — Design and construction

User requirements

Supplier proposals

Gas or gas mixture

Supplier information

handled during installation on-site

WMaximum relative gas leakage rate % [ year

frilling pressure p, MPa Supplier information

Mlarm pressure p_ MPa Supplier information

Minimum functional pressure p,_ MPa Supplier information

Design pressure of enclosures MPa Supplier information

Type test pressure of enclosures MPa Supplier information

Routine test pressure of enclosures MPa Supplier information
Dperating pressure of pressure relief device MPa Supplier information

Internal arc fault

Joule integral value (Ej) (kA)?-s

Duantity of gas of complete DC GIS at filling kg Supplier information

gressure p

Duantity of gas of the largest compartment at kg Supplier information

fijlling pressure p .

Maximum permissible gas dew point ) Supplier information
ecommendation for dew point measurement

qznd adequate correction

lllumber of gas compartments Supplier information

llength of longest section for transportation m

Veight of the heaviest piece of equipment to be kg

INoise

D.5 Bus ducts

Tlable D.4 shows the technical information to be given for bus ducts.

Table D.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
Resistance of conductor at f, Q/m Supplier information
Surge impedance Q Supplier information

D.6 Disconnector and earthing switch

Clause 10 of IEC TS 62271-314:2024 is applicable.



https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

IEC TS 62271-318:2024 EXV © |IEC 2024

D.7 Bushing

~ 187 -

Clause 6 of IEC 60137:2017 is tentatively applicable with the following additions and refer to
IEC/IEEE 65700-19-03 in terms of bushings for DC application. Table D.5 shows the technical

information to be given for bushings.

Table D.5 — Bushing

Outdoor-immersed bushing

User requirements Supplier proposal

L o A4 7.9047 0o o0
SCCTCEC OUTIOT . 2U T T, U-20U)

Type of internal insulation

Gas-insulated or
resin-impregnated paper

Type of external insulation

Porcelain or composite

Nominal specific creepage distance

mm/kV

$hed profile

Normal or alternating

FItated direct withstand voltage (Uy,)

kV As DC GIS or special

Fliated switching impulse withstand voltage (U,)

kV As DC GIS or special

Fltated lightning impulse withstand voltage (Up)

kV As DC GIS or special

Cantilever test load

antilever operation load

Type of line termination

Accordingto drawing

o=z

ause 6 of IEC 60137:2017.

D.8 Cable connection

O =0

e given for cable connections:

ODTE There is presently no IEC document for direct veltage bushings containing subclause corresponding

lause 10 of IEC 62271-209:2019¢is applicable with the following additions and refer
EC 62895 in terms of cables for BC application. Table D.6 shows the technical information

Table D.6 — Cable connection

User requirements Supplier proposals

Type-of.cable termination Fluid-filled or dry type

Supplier of cable insulator DC GIS or cable supplier

—

q Clause 10 of IEC 62271-209:2019.

NPTE A~ \There is presently no IEC document for direct voltage power cables containing subclause correspondirjg

b

enclosures [23]. Resulting technical brochure will give more information.

NOTE 2 A CIGRE Joint working group is developing recommendations for dieleciric testing of cable conneciion


https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

- 188 — IEC TS 62271-318:2024 EXV © |EC 2024

D.9 Transformer connection

Clause 9 of IEC 62271-211:2014 is applicable with the following additions and refers to
IEC/IEEE 60076-57-129 in terms of transformers for DC application. Table D.7 shows the
technical information to be given for transformer connections.

Table D.7 — Transformer connection

User requirements | Supplier proposals

Insulated junction between transformer tank and DC GIS enclosure | Yes or no

OTE There is presently no IEC document for direct voltage power transformers containing' subclauge
rresponding to Clause 9 of IEC 62271-211:2014.

Q =z

0.10 Current transducer

arkings described in 6.13 of IEC 61869-14:2018 are applicable with<the following additions.
able D.8 shows the technical information to be given for current transducers.

e i

Table D.8 — Current transducer

User requirements Supplier proposals
FRosition of current transducer According to single¢line diagram
Number of secondary outputs According to single-line diagram
hurdens and accuracy classes According tesingle-line diagram

w]

.11 Voltage transducer

arkings described in 6.13 of IEC61869-15:2018 are applicable with the following additions.
able D.9 shows the technical information to be given for voltage transducers.

o

Table D.9 — Voltage transducer

User requirements Supplier proposals
Fosition of voltageransducer According to single-line diagram
l}lumber of secandary outputs According to single-line diagram
dlurdens and accuracy classes According to single-line diagram
n-sitetest voltage kV Supplier information

D.12 Metal-oxide surge arrester

Annex D of IEC 60099-4:2014 is applicable for DC GIS arresters and refers to IEC 60099-9 in
terms of arresters for HVDC converter stations.

NOTE There is presently no annex in IEC 60099-9 corresponding to Annex D of IEC 60099-4:2014.
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D.13 Documentation for enquiries and tenders

Table D.10 shows the technical information to be given regarding documentation of enquiries
and tenders.

Table D.10 — Documentation for enquiries and tenders

User requirements Supplier proposals
Sl,ingle-line diagram
dtequirements for service continuity during maintenance,
repair, extension and on-site testing
General arrangement drawings of substation layout
Foundation loading Supplier information
Gas schematic diagrams Supplier information
list of type test reports Supplier information
list of recommended spare parts Supplier information
IDC GIS interface drawings (in case of later extension)



https://iecnorm.com/api/?name=ac4babd038aa77cee495d4dc277f7866

- 190 — IEC TS 62271-318:2024 EXV © |[EC 2024

Annex E
(informative)

List of notes concerning certain countries

Subclause

Text

5.8 and
6.104.2

National exceptions are required for Italy where rules for the design pressure is required by law.
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F.

T

Annex F
(informative)

Long-term energized test

1 Test objects

he DC GIS and accessories should be assembled in the manner specified by the

n

—

a

-

O T

o -

e¢commendations for the test:

anufacturer’s instructions with the appropriate grade and quantity of materials supplied.

.2 Test sequence

he test sequence should contain zero-load (ZL) and high-load (HL) conditions: After each HL
hd ZL long-term stress, superimposed voltage tests should be performed. Gener

Conductor heating with rated current of the system (alternating_current or representativie
alternating or direct current).

Enclosure/ambient temperature and PD should be monitored-and recorded.
Indoor or outdoor testing is possible at ambient temperature.
esting at ambient temperature means that the dielectric time constant could be highgr

pbmpared to the insulation system test if this test was carried out at maximum permissible
mbient temperature.

he following proposed test sequences are examples and should be considered for testing of |a
C GIS (Table F.1 or Table F.2).

Table F.1 — Test sequence for long-term energized test

HL 1
OC pol. Positive Negative
oltage Ur Ur Ur Ur
Days 2 |30 3 30 n 30 = 30 n
Yoad | £ |HL 3 HL o HL 5 HL 7
+ + + +
ZL
OcC pol. Resitive Negative
Vpltage Ur Us Us Us
Days 30 5 30 ® 30 o 30 ®
Load 7L S ZL o ZL 5 ZL 7
+ + + +
HL 2
DC pol. Positive Negative
voltage Ur Us Us Us é
=
Days 30 = 30 % 30 - 30 7 e
= = = = c
Load HL - HL ) HL — HL 7} o
+ + + + (@]

It is allowed to combine the superimposed lightning and the superimposed switching voltage testing. This results
in 60 days direct voltage testing and superimposed lightning and switching impulse testing. A resulting test
sequence is given in Table F.2.

It is allowed to change the sequence in Table F.1. This means the sequence of HL cycle 1, HL cycle 2 and ZL
cycle can be changed. Table F.1 starts the cycle with positive polarity and ends with negative polarity. It is
allowed to change this as well, even between the cycles. Table F.1 specifies superimposed impulse voltage
tests with lightning impulse first and switching impulse at the next sequence, but it is allowed to interchange
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lightning impulse and switching impulse. During superimposed impulse testing, the laboratory can decide in
which sequence unipolar or bipolar superimposed impulse voltage tests will be performed. Changes are possible
as long as all states in Table F.1 are reached and each long-term stress is finished with a superimposed voltage
test. A resulting test sequence is given in F.2.

Ur is equal to 1.2 x U,
+L1/-LI 3 superimposed impulse tests with +1,0 x U, and -0,8 x U,
3 superimposed impulse tests with +1,0 x U, and +0,8 x U,
or
3 SUpeTIimposed IMpUrse ests WIth - 1,0 X U, and 0,8 X U,
3 superimposed impulse tests with -1,0 x U, and -0,8 x Up
S1/-Sl 3 superimposed impulse tests with +1,0 x U, and -0,8 x Ug
3 superimposed impulse tests with +1,0 x U, and +0,8 x Ug
or
3 superimposed impulse tests with -1,0 x U, and -0,8 x Ug
3 superimposed impulse tests with -1,0 x U, and +0,8 x Ug
Pre-test: refer to F.3
Cond. refer to F.4
Check
Tlable F.2 shows an example of a modified test sequence for long-term energized test, in the
chse a total testing time of 60 days or a combined-testing of lightning impulse voltage an
sitching impulse voltage tests is preferred. Compared to Table F.1, the number of days wa

=

d
s
creased to 60 days. This is especially of interest if the insulation material has a very low
bnductivity. In order to achieve suitable impulse voltage testing, the superimposed lightning
hd switching impulse tests shall be performed directly after the 60 days.

[V e)

Furthermore, the sequence for HL. +>and ZL was changed in order to place the more critica
¢sts at the beginning of the long-térm energized test.

—

Table F.2 — Test sequence:for long-term energized test with combined switching and
lightning impulse voltage tests and changed sequence

ZL HL 1 ZL HL 1 HL 2

OC pol. negative negative positive positive negative positive
Voltage Ur U; U; U; U U; é
£
Days § 60 | » 5 60 | S 60 | m» 5 60 | S 60 | ®» T 60 | S :
; = = = < = < = < = < = < c
oltage)| £ [2ZL|® T |HL|® T |ZL |® T |HL |® T |HL|® T |HL|® 3 Q
+  + +  + +  + +  + +  + +  + O

F.3 Pre-test

The pre-test should ensure that the test object is in good condition before the main testing
starts. This defines the reference point for the long-term test and the condition check after the
test. The test procedure for test after installation on-site (11.101) should be used as reference
for pre-tests. Furthermore, the pre-test ensures that the test object is able to withstand the
alternating field stress. The following test sequence should be performed during the pre-test. A
summary is given in Table F.3.
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Table F.3 — Test procedure for the long-term energized test

Test Test criteria Current Voltage
1 Thermal-mechanical pre-stress Stationary, if maximum Iy OorIpe | O
temperature change of the test
object is £5 K within 1 h
2 Cooling down 24 h cooling 0 0
PD test At alternati direct volt
3 es alternating or direct voltage 0 Upre-stressAC‘ Upd-testAC
or
Unrn. tressDCY Unrl.h: tDC
. Su_peri_mpc_)sed lightning and No flashovers are allowed. 0 FL1/-LI
switching impulse test +SI1/-SI
F.4 Condition check
Fpllowing the conclusion of the long-term test, a condition check of the everall system should
be carried out to prove its integrity. A summary is given in Table F.4.
Table F.4 — Condition check for the long-term energized test
Test Test criteria Current Voltage
PD test At alternati direct volt
es alternating or direct voltage 0 Upre-stressAC‘ Upd-testAC
or
Upre-stressDC’ Upd-testDC
D Visual inspection | Opening of the test object and visual inspection 0 0
of parts
F.5 Success criteria, re-testing and interruptions
The criteria for a successful outcome of the long-term energized test is that all tests should
hpve been performed without breéakdown. If there is a breakdown in any part of the test object,
the complete long-term energized test should be repeated for that particular part of the test
opject.
Iff a breakdown of a_test object occurs causing an interruption to the ongoing testing of othgr
cpnnected test ohjéects, the test can be resumed after the failed test object is removed. The
cycle (long-term( siress and superimposed voltage test) should be repeated for the remaining
tgst objects.
fter anycinterruption, for example an interruption caused by external factors, the test can be

—

sumed. Following rules have to be applied:

During the Toad cycles, the following test interrupiions can be assumed:

e Interruption of the current source

e Interruption of the direct voltage

If the direct voltage is interrupted, the following procedure should be followed:

e If the interruption time 7,4 <40 min

If the interruption happens at the end of the cycle

Recharge the test object with minimum 2 h direct voltage U; (especially before
superimposed voltage testing)

If the interruption happens during the long-term cycle
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The total test time of the long-term cycle shall not be extended
If the interruption time 40 min < 7,4 < 3 days

— If the interruption happens at the end of the cycle

Recharge the test object with direct voltage, so that the remaining test time is minimum
3x1of

— If the interruption happens during the long-term cycle
Extend the total test time of the long-term cycle by #.¢

In
td

In
td
a

Blefore superimposed voltage testing, the current source can be switched off to protect th|

If the interruption time 7. is longer than ¢, > 3 days
— Repeat the long-term cycle
If the cumulated interruption time during the long-term cycle ¢ is longer than 6’days

— Repeat the long-term cycle

terruptions at the end of the cycle can occur in order to initiate the superimposed voltage
sting. The following are examples of scenarios which can occur:

Change of impulse voltage generator parameters during the testing, especially changing
from switching impulse voltage to lightning impulse voltage or.vice versa
Installation of coupling or blocking elements for the superimposed impulse voltage testing

Installation of external impulse voltage generator afce.g. bringing the impulse voltage
generator from a neighbouring laboratory

urther scenarios are possible, especially when using a spark gap as coupling element:

short voltage dip due to ignition of spark gap, when spark gap distance is adjusted

intentional reduction of direct voltage for pre-shots during set-up of the impulse generato
mainly for unipolar superimposed impulse voltage

-

terruptions due to the above-mentioned procedure during the superimposed impulse voltage
sting are not considered critical,\as long as the direct voltage is switched on again directly
fter an interruption; no need for recharging shall be considered in such cases.

ithin 2 h at maximum, No earthing of the test object or switching off the direct voltage sourg
allowed. If the carrent source is interrupted longer than 2 h, follow the same procedure as fq
terruptions of the direct voltage source as mentioned above. Instead of recharging with Uy,

e
Lrrent source from damage. In this case the superimposed voltage test should be performed
e
r

off andthe next load cycle is built up. There is no time restriction during this period.

heat the assembly with the testing current /5, respectively /pc.

o

ter the~load cycle and the superimposed voltage test, the direct voltage source is switchg
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Annex G
(informative)

Application of DC GIS under composite voltage
of alternating and direct voltage components

G.1 General

C technology with voltage-sourced converters (VSC) is known for efficient and reliable powir
nsmission. When it comes to high power, DC VSC bipolar systems have the advantage o¢f
ufilising a high voltage, i.e. £525 kV, and can therefore transmit more than 2 GW.

ufilized. Hence, DC GIS are applied in the DC switchgear. Within bipolar DC schemes, DC GlI
chn also be applied between the main transformers and the converters. At this point in bipol
C systems, the equipment is subjected to a composite voltage stress consisting of alternating
ahd direct voltage components.

Flor developing converter stations in the most space-saving way possible, DG,"\GIS can t]g
E

NOTE Subclause 9.2.2 of IEC 60060-1:2010 is applicable for definition of ‘voltage-components’.

.2 Composite voltage consisting of alternating and direct voltage
components

ithin bipolar DC systems, in the converter pole midpoint, a direct voltage of U 4/2 is present.

ue to the design specifics for VSC half-bridge converters, there is a superimposed alternating
pltage component at network fundamental frequency, which is in its peak value maintained gs
ose as possible to the crest value of the continuous operating voltage (CCQOV). The magnitude
f the alternating voltage component ig; basically driven by the converter transformer
nansformation ratio, the aim to utilize axmodulation index close to 1 for half-bridge convertels
nd the overlay of a third harmonic content.

O = O 0 <

NOTE Subclause 3.1.1 of IEC 60071-12:2022 [28] is applicable for definition of CCOV.

-

gure G.1 shows exemplarily;the composite phase-to-earth voltage at the converter side of the
ain transformers for Ug =525 kV. A direct voltage component of 525/2 kV is superimposed
d
S

o3

¢ an alternating voltage component with a frequency of 50 Hz and a corresponding thir
armonic. For furthér'consideration of the effect on the insulating system, the 3" harmonic
cglected, and a-simplified voltage form is utilized, reaching U = 525 kV.

35 I

A

500

400

Voltage, U (kV)

300

200

100

0 == >
0 2 4 6 8 10 12 14 16 18 20
Time, ¢ (ms)
Mixed voltage with 3rd harmonics ====- Mixed voltage simplified

IEC

Figure G.1 — Composite phase-to-earth voltage at midpoint of converter pole including
third harmonic content and simplified voltage curve
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G.3 Recommendation for application of DC GIS in bipolar DC schemes under
composite voltage stress

After direct voltage application, the electric field is evolving from a capacitive field distribution
to a resistive field distribution. The maximum electric field stress under composite voltage is
covered by the maximum electric field stress due to pure direct voltage with the same maximum
value. ‘Pure direct voltage’ includes the field transition after direct voltage application.

Hence, no additional testing is necessary for the application of an DC GIS in bipolar DC
sfhemes beiween main transiormer an converier, as long as ithe peak value of ihe
cpmposite voltage of alternating and direct voltage components is equal or lower than U 5 of

he tested DC GIS. Under this condition, this document is fully applicable.

—

» T

hme recommendation applies as long as the direct voltage component is roughly higher th
he alternating voltage peak voltage. For other ratios of alternating and-direct volta
bmponents, more investigations are needed.

—
>

or other applications with a different ratio of alternating and direct voltage components, tae

(e
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Annex H
(informative)

DC switchgear located on neutral buses

The switchgear located on neutral buses operates at lower direct voltage levels than the DC
system voltage. For this reason, in a 100 kV DC system with 105 kV of maximum direct voltage,
the rated direct voltage of a switchgear located in the neutral bus can be lower than 105 kV or
even lower than 100 kV. For definition of rated direct voltage and rated withstand voltages

IEC TS 62271-315:20—4, Table 1 can be used as reference.

4 Under preparation. Stage at the time of publication: IEC CDTS 62271-315:2024.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 318: DC gas-insulated metal-enclosed switchgear

for rated-voltages-including-and-above 100 kV
FOREWORD

1] The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internationpl
co-operation on all questions concerning standardization in the electrical and electronic fields. [To this end ard
in addition to other activities, IEC publishes International Standards, Technical Specifications{Technical Reportk,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC(Rublication(s)”). Thdqir
preparation is entrusted to technical committees; any IEC National Committee interested/ifn the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement-between the two organizations.

2] The formal decisions or agreements of IEC on technical matters express, aS-qearly as possible, an internationpl
consensus of opinion on the relevant subjects since each technical committee has representation from 3ll
interested IEC National Committees.

3] IEC Publications have the form of recommendations for international use and are accepted by IEC Nationpl
Committees in that sense. While all reasonable efforts are ma@e to ensure that the technical content of IEC
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] In order to promote international uniformity, IEC National’ Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence betwegn
any IEC Publication and the corresponding national orregional publication shall be clearly indicated in the lattdr.

5] IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services 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 its_directors, employees, servants or agents including individual experts arf
members of its technical committees’and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of the.'publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Oa s a

8] Attention is drawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for theveorrect application of this publication.

2]

9] IEC draws attention/to the possibility that the implementation of this document may involve the use of (@)
patent(s). IEC,takes no position concerning the evidence, validity or applicability of any claimed patent rights |n
respect thereof*As of the date of publication of this document, IEC had not received notice of (a) patent(s), whigh
may be required to implement this document. However, implementers are cautioned that this may not represept
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IHC
shallsnot be held responsible for identifying any or all such patent rights.

ECTS 62271-318 has been prepared by subcommittee 17C: Assemblies, of IEC technical

HoY 470 L1l Li I ol 4 Il [P = loso s 1 Q HrH 4
commtttee— 17 rmygr=vondyc swittiigcdl alffad CUOTTroigcdr. 1o d 1ouinitdlr opCuUIliCativult.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

17C/930/DTS 17C/937/RVDTS

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

The language used for the development of this Technical Specification is English.
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T

his document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in

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

T

he list of all parts of the IEC 62271 series under the general title, High-voltage switchgear and

controlgear, may be found on the IEC website.

T

his document should be read in conjunction with IEC TS 62271-5:2024, to which it refers and

- O

B

>

o -

»n n —

il;bil ib app“babic UII:UBB Ut:IUIVViDU DpUb;ﬂUd. ill UIUIUI tU D;Illp“fy t;IG ;Ildibdt;ull Uf

brresponding requirements, the same numbering of clauses and subclauses is used as in
EFC TS 62271-5:2024. Amendments to these clauses and subclauses are given under the same
Lmbering, whilst additional subclauses, are numbered from 101.

he reader's attention is drawn to the fact that Annex E lists all of the "in-some-country" clausgs
h differing practices of a less permanent nature relating to the subject of this*document.

he committee has decided that the contents of this document will remainsunchanged until the
ability date indicated on the IEC website under webstore.iec.ch in|the data related to the
pecific document. At this date, the document will be
reconfirmed,

withdrawn, or

revised.

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

Part 318: DC gas-insulated metal-enclosed switchgear
for rated voltages including and above 100 kV

—Seope

his part of IEC 62271 specifies requirements for gas-insulated metal-enclosed switchgear
hich the insulation is obtained, at least partly, by an insulating gas or gas mixture ather thq
r at atmospheric pressure, for direct current of rated voltages including and above 100 kV, fq
door and outdoor installation. This document includes rules for service conditions, ratings
esign, and construction requirements. Test requirements and criteria for prooffor passing type
nd routine tests are defined in this document for development and manufacturing of DC
vitchgear.

= 3 5

or the purpose of this document, the terms "DC GIS" and "DC switchgear" are used for "D
Bs-insulated metal-enclosed switchgear".

o

his specification is applicable for both Line Commutated Cohverter (LCC) and Voltage Source
onverter (VSC) for HYDC systems.

he DC gas-insulated metal-enclosed switchgear<covered by this document consists ¢f
dividual components intended to be directly cenhected together and able to operate only in
is manner.

his document completes and amends, if-applicable, the various relevant documents applying
the individual components constituting-DC gas-insulated metal-enclosed switchgear.

Normative references

he following documents are-feferred to in the text in such a way that some or all of their content
bnstitutes requirements.of this document. For dated references, only the edition cited applies.
or undated references, the latest edition of the referenced document (including any
mendments) applies:

EC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and te$t

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

|IEC60068-2-T1:202 7T, Environmental tesiing — Fart Z-T71. Tests — IeSt Ra. Salt mist

IEC 60068-2-17:2023, Environmental testing — Part 2-17: Tests — Test Q: Sealing

IEC/IEEE 60076-57-129:2017, Power transformers — Part 57-129: Transformers for HVDC
applications

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

IEC 60099-9:2014, Surge arresters — Part 9: Metal-oxide surge arresters without gaps for HVDC
converter stations
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IEC 60137:2017, Insulated bushings for alternating voltages above 1 000 V

IEC 60270:2000, High-voltage test techniques — Partial discharge measurements
IEC 60270:2000/AMD1:2015

IEC 60376:2018, Specification of technical grade sulphur hexafluoride (SFg) and
complementary gases to be used in its mixtures for use in electrical equipment

EC 60480:2019, Specifications for the re-use of sulphur hexafluoride (SF;) and its mixtures in
ectrical equipment

D

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended for uge
in polluted conditions — Part 1: Definitions, information and general principles

IEC TS 60815-4:2016, Selection and dimensioning of high-voltage insulators_intended for uge
in polluted conditions — Part 4: Insulators for d.c. systems

IEC 61869-14:2018, Instrument transformers — Part 14: Additional-requirements for currept
tnansformers for DC applications

IEC 61869-15:2018, Instrument transformers — Part 15: Additional requirements for voltage
tnansformers for DC applications

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

IEC 62271-4, High-voltage switchgear and controlgear — Part 4: Handling procedures for gasgs
fgr insulation and/or switching

IEC TS 62271-5:2024, High-voltage \switchgear and controlgear — Part 5: Comman
specifications for direct current swité¢hgear

IEC 62271-209:2019, High-voltage switchgear and controlgear — Part 209: Cable connectiorls
for gas-insulated metal-enclosed switchgear for rated voltages above 52 kV — Fluid-filled and
ektruded insulation cabl€s ~ Fluid-filled and dry-type cable terminations
IEC 62271-209:2019/AMD1:2022

IEC 62271-211:2044, High-voltage switchgear and controlgear — Part 211: Direct connectidn
between power. transformers and gas-insulated metal-enclosed switchgear for rated voltaggs
bove 52 kW

Q

IEC TR62271-306:2012, High-voltage switchgear and controlgear — Part 306: Guide to IELC
6pR27,1-100, IEC 62271-1 and other IEC standards related to alternating current circuit-breakefs
IEC.TR 62271-306:2012/AMD1:2018

IEC TS 62271-313, High-voltage switchgear and controlgear — Part 314: Direct current
disconnectors and earthing switches

IEC TS 62271-314:2024, High-voltage switchgear and controlgear — Part 314: Direct current
disconnectors and earthing switches
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IEC TS 62271-315:20—", High voltage switchgear and controlgear — Part 315: Direct current
(DC) transfer switches

IEC 62895:2017, High voltage direct current (HVDC) power transmission — Cables with
extruded insulation and their accessories for rated voltages up to 320 kV for land applications
— Test methods and requirements

ISO 22479:2019, Corrosion of metals and alloys — Sulfur dioxide test in a humid atmosphere
(fixed gas method)

EC/IEEE 65700-19-03:2014, Bushings for DC application

3| Terms and definitions

n

or the purposes of this document, the terms and definitions given in [IEC TS 62271-5:2024 and
he following, apply.

—

$0 and IEC maintain terminology databases for use in standardization at the following
dresses:

Q

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

IEC Electropedia: available at https://www.electropediga.org/

31101

metal-enclosed switchgear and controlgear
vitchgear and controlgear assemblies with an external metal enclosure intended to be earthed,
nd complete except for external connections

Q O

[POURCE: IEC 60050-441:1984, 441-12-045modified — The note was deleted.]

3(102

DC gas-insulated metal-enclosed:switchgear
metal-enclosed switchgear in which the insulation is obtained, at least partly, by an insulating
ghs or gas mixture other than'air at atmospheric pressure and used for DC applications

Npte 1 to entry: This term generally applies to high-voltage switchgear and controlgear.

$OURCE: IEC 60050-441:1984, 441-12-05, modified — "or gas mixture" and "and used for DC
applications" has been added in the definition.]

—

103

C gas-insulated switchgear enclosure
art of DC gas-insulated metal-enclosed switchgear retaining the insulating gas under the pre
cribed conditions necessary to maintain safely the hi protecting the

O »WT OW

[SOURCE: IEC 62271-203:2022, 3.103, modified — Addition of "DC” in the main term and in the
definition.]

T Under preparation. Stage at the time of publication: IEC CDTS 62271-315:2024.
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3.104

isolating link

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

Note 1 to entry: The open gap is designed to withstand the test voltages across isolating distance according to
IEC TS 62271-5:2024, Table 1.

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.

$OURCE: IEC 62271-203:2022, 3.104, modified — New reference to Table 1 of IEC TS 62271
2024 in Note 1 to entry.]

o/

3(105

removable link

pprt of the conductor which can easily be opened or removed in order to isolaté}two parts of the
dIS from each other

Z

pte 1 to entry: The open gap is designed to withstand the phase-to-earth~test voltages according fo
BC TS 62271-5:2024, Table 1.

[$POURCE: IEC 62271-203:2022, 3.105, modified — In the definition, "separate" was replaced
wlith "isolate"; addition of a new reference to Table in Note.1 to entry; deletion of Note 2 fo
eptry.]

3(106

cpmpartment

ppart of DC gas-insulated metal-enclosed switchgéar, which is gastight and enclosed

Z

bte 1 to entry: A compartment can be designated,'by the main component contained therein, e.g., busbar
cpmpartment.

$OURCE: IEC 62271-203:2022, 3.106;"*modified — Addition of "DC" in the definition; deletion ¢f
ircuit-breaker compartment" as an‘example in Note 1 to entry.]

3(107

cpmponent
epsential part of the mainjor earthing circuits of DC gas-insulated metal-enclosed switchgear
which serves a specific function

Npte 1 to entry: ExXamples for components are disconnector, switch, DCVT, DCCT, bushing, busbar.

[$OURCE: AEC 62271-203:2022, 3.107, modified — Addition of "DC" in the definition; deletign
of "circuit-breaker compartment", "switch", "fuse", "instrument transformer" as examples and
addition-of "DCVT" and "DCCT" as examples.]

3i108
support insulator
internal insulator supporting one or more conductors

[SOURCE: IEC 62271-203:2022-05, 3.108]

3.109

partition

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

[SOURCE: IEC 62271-203:2022-05, 3.109, modified — Addition of "DC" in the definition.]
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3.110

bushing

device that enables one or several conductors to pass through an enclosure and insulate the
conductors from it

[SOURCE: IEC 60050-471:2007, 471-02-01, modified — In the definition, "an enclosure"
inserted after "pass through" and "a partition such as a wall or a tank" deleted. Deletion of
Note 1 to entry and Note 2 to entry.]

3t

nlain circuit
all the conductive parts of DC gas-insulated metal-enclosed switchgear included in a circdit
which is intended to transmit electrical energy

[$OURCE: IEC 60050-441:1984, 441-13-02, modified — "DC gas-insulated metal-enclose
sitchgear" inserted after "parts of" and "an assembly" deleted.]

o

3(112

auxiliary circuit
all the conductive parts of DC gas-insulated metal-enclosed switChgear included in a circdit
intended to control, measure, signal and regulate

Npte 1 to entry: The auxiliary circuits of DC gas-insulated metal-entlesed switchgear include the control arjd
ayixiliary circuits of the switching devices.

[$OURCE: IEC 62271-203:2022, 3.112, modified —/Addition of "DC" in the definition and in
Note 1 to entry.]

3{113

enclosure design temperature
maximum temperature that the enclosures can reach under specified maximum servide
cpnditions

[$OURCE: IEC 62271-203:2022;,~3.113]

3(114
hclosure design pressure
¢lative pressure used to determine the design of the enclosure

- O

Z

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

«Q

[$OURCENEC 62271-203:2022, 3.114, modified — Note 2 to entry deleted.]

31145
partition design pressure
relative pressure across the partition

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

[SOURCE: IEC 62271-203:2022, 3.115, modified — In the definition, deletion of "used to
determine the design of the partition"; Note 2 to entry deleted.]
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3.116

operating pressure

<pressure relief device> relative pressure chosen for the opening operation of pressure relief
devices

[SOURCE: IEC 62271-203:2022, 3.116]

3.117

routine test pressure
<gTctosuTES andpartitions>—Tetative pressure towiich—aftt—enctosures amd—partitions—ane
sbibjected after manufacturing

[$OURCE: IEC 62271-203:2022, 3.117]

w

118

ype test pressure
enclosures and partitions> relative pressure to which all enclosures ,and partitions are
ibjected for type test

Al-b

n

[$OURCE: IEC 62271-203:2022, 3.118]

3{119
fragmentation
damage to enclosure due to pressure rise with projection of solid material

[$OURCE: IEC 62271-203:2022, 3.119]

3{120

diisruptive discharge

phenomena associated with the failure ofiinsulation under electric stress, in which the discharge
c

Z

pbmpletely bridges the insulation under test, reducing the voltage between the electrodes fo
ero or almost zero

[$OURCE: IEC 62271-203:2022; 3.120]

3{121

fansport unit
art of DC gas-insulated metal-enclosed switchgear suitable for shipment without being
smantled

QT =

[POURCE:IEC 62271-203:2022, 3.121, modified — Addition of "DC" in the definition.]

3{122

functional unit
pll_l_r_t_l_v_d_t_h—d_l_l—n'l‘h—ht_rar Of metal-enclosed switchgear and controlgear comprising a € components of the main

circuits and auxiliary circuits that contribute to the fulfiiment of a single function

Note 1 to entry: Functional units may be distinguished according to the function for which they are intended, for
example complete bay or functional parts of a bay like complete, disconnector, earthing switch, current transducer,
operating mechanism, enclosure, etc.

[SOURCE: IEC 60050-441:1984, 441-13-04, modified — "metal-enclosed" inserted after "part
of" and "an assembly of" deleted. In the note the examples have been exchanged with examples
relevant for GIS.]
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3.123

zero-load

ZL

no current flowing through conductor

3.124
high-load
HL
continuous heating period at rated continuous current, which duration is not less than the
thermal stabilization time (fimp r]q)

3l125

thermal stabilisation time
duration dgy

p

eriod of time from load current applied to reach thermal steady state

3(126

thermal steady state
thermal steady state is defined as when the increase of temperature-rise does not exceed 1 K
in1h

127
C steady state
C steady state is defined as when minimum 90 % of the r€&sistive field distribution is reachef

OO0 w

Npte 1 to entry: DC steady state is reached at the end of~the transition from a capacitive to a resistive fie|d
distribution in the DC GIS. Depending on insulating material,properties that are affected by temperature, electric fie|d
sfrength, etc., the transition to a resistive field distribution takes from hours to months.

3j128

e]ectric field transition time

duration dp¢

period of time from direct voltage application to the DC steady state

3(129
superimposed impulse voltage test
S/IMP
s|multaneous stress consisting of the direct voltage and the lightning or switching impulge
vpltage superimposed upon it

4 Normal«and special service conditions

41 Normal service conditions

ubelause 4.1 of IEC TS 62271-5:2024 is applicable, taking into account the recommend€gd

4.2 Special service conditions

Subclause 4.2 of IEC TS 62271-5:2024 is applicable, taking into account the recommended
values presented in Table 1 of this document.

In the cases where higher than (>) is used in the table, the values shall be specified by the user
as described in IEC TS 62271-5:2024.

NOTE Seismic evaluation is part of IEC 62271-207.
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Table 1 — Reference table of service conditions relevant to DC GIS

Normal Special
Item
Indoor Outdoor Indoor Outdoor
Ambient air temperature:
Minimum (°C) -5 -25 -25 -50
.43 AR <or“\ 40 40 50 50
$olar radiation (W/m?) Not applicable 1000 Not applicable >1 000
Altitude (m) 1 000 1 000 >1 000 >1 000
RUSCDdc @ reference is reference is Reference is Reference is
made to made to made to made to
IEC TS 62271- | IEC TS 62271- | IEC TS 62271~ IEC TS 62271-
5:2024, Clause | 5:2024, Clause | 5:2024, Clause 5:2024, Clause
B.2 B.2 B.3 B.3
Ice coating (mm) Not applicable 20 Not apflicable >20
Vind (m/s) Not applicable 34 Not applicable >34
Average humidity over 24 hours (%) 95 100 98 100
ondensation or precipitation Occasional Yes Yes Yes
Abnormal vibrations, shock or tilting Not applicable Not applicable Applicable Applicable

94 Usually DC site severity is covered by a
IEC TS 60815-4:2016 gives information on how to detefmine RUSCD 4.

reference “\dvc.

NOTE The user’s specification can use any combination of normahor special service conditions above.

Unified Specific Creepage Distance, and

A

n

altitude are applicable.
S

d

necessary.

5 Ratings

5{1 General

S

—

t any altitude the dielectric characteristics of the internal insulation are identical with tho
easured at sea-level. For this internal insulation no specific requirements concerning t

ome items of a DC GIS such as pressure relief devices and pressure and density monitorin
pvices can be affected by altitude. The manufacturer shall take appropriate measures

ubclause-5.1 of IEC TS 62271-5:2024 is applicable with the following addition:

)| .4ated values of the components forming part of DC gas-insulated metal-enclose
Qwitrhgpar, inr-lnriing their npprq’ring devices and sun(ilisnry pquipmnnf

5.2

Subclause 5.2 of IEC TS 62271-5:2024 is applicable with the following addition:

Rated direct voltage (U,4)

o

Components forming part of the DC GIS can have individual values of rated voltage for
equipment in accordance with the relevant documents.
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5.3 Rated insulation level (Uyg, Up, Us)

Subclause 5.3 of IEC TS 62271-5:2024 is applicable with the following addition:

The DC GIS comprises components having a definite insulation level. Although internal faults
can largely be avoided by the choice of a suitable insulation level, measures to limit external

overvoltages (e.g. surge arresters,) should be considered.

NOTE 1 Regarding the external parts of bushings (if any), see to IEC/IEEE 65700-19-03:2014.

Z

sfudies on the ability of this equipment to withstand other types of impulses.

w oz

itching.
NPOTE 4 Annex H provides further information about DC switchgear located on a neutral bus;

5|4 Rated continuous current (I,4)

ubclause 5.4 of IEC TS 62271-5:2024 is applicable with the following‘addition:

ome main circuits of DC GIS (e.g. busbars, feeder circuits, ete.) can have different values ¢f
rated continuous current. However, these values should alsg be selected from R10 series.

5|5 Rated values of short-time withstand current
5(5.1 Typical waveform of short-circuit currént
Slubclause 5.5.1 of IEC TS 62271-5:2024 is applicable.
5(5.2 Rated short-time withstand direct current (1,4)

Slubclause 5.5.2 of IEC TS 62271-5:2024 is applicable.

5(5.3 Rated peak withstand-current (/,4)
Subclause 5.5.3 of IEC TS5)62271-5:2024 is applicable.
5/5.4  Rated duration of short-circuit (7, 4)

Subclause 5.5'4 -of IEC TS 62271-5:2024 is applicable.

5|6 Rated supply voltage of auxiliary and control circuits (U,)

Slubelause 5.6 of IEC TS 62271-5:2024 is applicable.

OTE 2 The waveforms are standardized lightning impulse and switching impulse shapes, pending the results

OTE 3 The choice between alternative insulation levels for a particular rated voltage for equipment can bé base
insulation coordination studies, taking into account also the self-generated transient overvoltages due

o Q

5.7 Rated supply frequency of auxiliary and control circuits

Subclause 5.7 of IEC TS 62271-5:2024 is applicable.

5.8 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 5.8 of IEC 62271-1:2017 is applicable. Annex E provides further information about

notes concerning certain countries.
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6 Design and construction

6.1 Requirements for liquids in switchgear and controlgear

Subclause 6.1 of IEC TS 62271-5:2024 is applicable.

6.2 Requirements for gases in switchgear and controlgear

Subclause 6.2 of IEC TS 62271-5:2024 is applicable.

6}{3 Earthing of switchgear and controlgear

Slubclause 6.3 of IEC TS 62271-5:2024 is applicable.

6/3.101 Earthing of the main circuit

To ensure safety during maintenance work, all parts of the main circuit ¢g which access
g¢quired or provided shall be capable of being earthed.

—

m

arthing can be made by:

a) earthing switches with a making capacity equal to the rated‘peak withstand current, if ther
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 rate
peak withstand current, if there is certainty that thecircuit connected is not energised.

arthing devices for the duration of the work '‘@n a circuit element previously earthed v

=0 O M

ithstand capability and/or induced current_capability.

—

slich event, it can be applicable to réplace the earthing circuit.

6/3.102 Earthing of the enclosure

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

The continuity, of“the earthing circuits can be ensured taking into account the thermal an
electrical stresses caused by the current they have to carry.

6|4 _Auxiliary and control equipment and circuits

urthermore, it shall be possible, after openihg the enclosure, to connect removable

n earthing switch. The removable earthing,device shall have the relevant short-circdit

he earthing circuit can be degradedvafter being subjected to the short-circuit current. Aftgr

a

-

[oX

Slubclause 6.4 of IEC TS 62271-5:2024 is applicable.

6.5 Dependent power operation

Subclause 6.5 of IEC TS 62271-5:2024 is applicable.

6.6 Stored energy operation

Subclause 6.6 of IEC TS 62271-5:2024 is applicable.

6.7 Independent unlatched operation (independent manual or power operation)

Subclause 6.7 of IEC TS 62271-5:2024 is applicable.
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6.8 Manually operated actuators

S

ubclause 6.8 of IEC TS 62271-5:2024 is not applicable.

6.9 Operation of releases

S

ubclause 6.9 of IEC TS 62271-5:2024 is applicable.

6.10 Pressure/level indication

S

3 4

n

Z

Q =z

A
th
fn

F

—

atings«are not detailed on the common nameplate.

ubclause 6.10 of IEC TS 62271-5:2024 is applicable with the following addition:

he performance of the DC GIS is dependent upon the gas density of the pure gas or the ggs
ixtures.

or DC GIS it is not sufficient to monitor the gas pressure without temperature{compensation

he gas density or temperature compensated gas pressure in eachshcompartment shall be
bntinuously monitored. The monitoring device shall provide at least*two alarm levels for
ressure or density (alarm and minimum functional pressure or density). The correct functioning
f gas monitoring devices shall be able to be checked with the high-voltage equipment in servide

OTE 1 When the filling density differs between adjacent compartments, an additional alarm indicating over
essure or density can be used, if the DC GIS design requires it.

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

ODTE 3 Checking of gas monitoring can initiate wrong alarins which can initiate or inhibit switching operations.
OTE 4 |Itis preferable for gas monitoring devices to’be’placed as close as possible to the gas compartment whigh

being monitored to ensure measuring accuracy ahd minimum leakage, however consideration can be given
fety and accessibility when choosing the location.

o]

ODTE 5 The preferred solution for checking>the gas monitoring device is to separate the density monitor from the
hs compartment without mechanically removing it from the DC GIS, in order to minimize gas losses.

11 Nameplates

ubclause 6.11 of IEC TS 62271-5:2024 is applicable with the following addition:

common nameplate:'shall be provided to identify the DC GIS. It shall, as a minimum, detdi
e ratings listed.in.Clause 5 of this document. The common nameplate shall be clearly readable
om the position-of local operation side.

or each(individual device a nameplate according to its relevant document is required where

T

T

ernameplates shall be durable and clearly legible for the lifetime of the DC GIS

he 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 the entire DC GIS installation either on the
nameplate or on a label placed in a visible location. If required, more information shall be
provided in the instruction manual.
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6.12 Locking devices

Subclause 6.12 of IEC TS 62271-5:2024 is applicable with the following addition:

The following provisions are mandatory for apparatus installed in main circuits which are used
as isolating distance and earthing:

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

o[ earthing switches shall be provided with locking devices to avoid opening during
maintenance work.

6/13 Position indication

Slubclause 6.13 of IEC TS 62271-5:2024 is applicable with the following additien:

In case of disconnector switch and earthing switch subglause 6.104.2 of
IEC TS 62271-314:2024 is applicable.

6{14 Degrees of protection provided by enclosures

Slubclause 6.14 of IEC TS 62271-5:2024 is applicable.

6|15 Creepage distances for outdoor insulators

Slubclause 6.15 of IEC TS 62271-5:2024 is applicable with the following addition:
This applies to bushings only.

6|16 Gas and vacuum tightness
6{16.1 General
Slubclause 6.16.1 of IEC TS 62271-5:2024 is applicable with the following addition:

_|
=4

his applies only to insutating and switching medium, not to operating medium of switchgea
nd controlgear.

Q

DC GIS shall be,a\closed pressure system or a sealed pressure system.

—

cakage losses and handling releases shall be considered separately. The objective is o
inimize the release of gas in the atmosphere due to leakage and handling (see IEC 62271-4).

3

_|

he’ cause of any leakage shall be investigated carefully, and corrective actions shall be
chnsidered, especially if it is above the specified values

6.16.2 Controlled pressure systems for gas

Subclause 6.16.2 of IEC TS 62271-5:2024 is applicable.

6.16.3 Closed pressure systems for gas

Subclause 6.16.3 of IEC TS 62271-5:2024 is applicable with the following addition:

The relative leakage rate from any single compartment of DC GIS to atmosphere and between
compartments shall not exceed 0,5 % per year for the expected operation duration of the
equipment.
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NOTE 1 Expected operation duration is typically 40 years under normal service condition as specified in Annex D.

The permissible relative leakage rate F g, for type tests is specified as:

e <0,1 % per year for SFg, SF5 mixtures and for other gas mixtures with GWP > 1 000.
e <0,5 % per year for other gas mixtures with GWP < 1 000.

NOTE 2 The global warming potential (GWP) of gases in DC GIS is the major reason for requiring low permissib

le

leakage rates. Solutions with alternative gases with GWP lower than 1 000 exist. GWP (100 years) of SFis 24 300

a rnrr‘ling tothe |IPCC ARG Climate (‘hancn 2021 [1] 2

n

or small gas compartments containing less than 1 kg gas, the permissible relative leakag
ate F\ g for type tests is specified as:

-

< 0,2 % per year for SFg, SFg mixtures and for other gas mixtures with GWP .1"000.

[=2)

16.4 Sealed pressure systems

w

ubclause 6.16.4 of IEC TS 62271-5:2024 is applicable.

6{16.101 Leakage

In accordance with standardized procedure defined in Clause 10 of IEC TR 62271-306:201
apd IEC TR 62271-306:2012/AMD1:2018, the manufacturer 'shall demonstrate that the relatiy
lgakage rate from any compartment of DC GIS or betweeh.eompartments complies with 6.16
of 6.16.4.

16.102 Gas handling

ctivities). The manufacturer shall specifyytest and maintenance procedures for minimizin
hs-handling releases and shall identifysthe gas releases associated with each procedure.

Plrocedures for gas handling according to IEC 62271-4 shall be used.

6(17 Tightness for liquid systems

Slubclause 6.17 of IEC T'S 62271-5:2024 is not applicable.

6(18 Fire hazard(flammability)

Slubclause 6,18 of IEC TS 62271-5:2024 is applicable.

6l19 Electromagnetic compatibility (EMC)

6
The DC GIS shall be designed to minimize life)cycle gas-handling losses (including end of life
a
g

9

Slubclause 6.19 of IEC TS 62271-5:2024 is applicable.

6.20 X-Ray emission

Subclause 6.20 of IEC TS 62271-5:2024 is applicable.

2 Numbers in square brackets refer to the Bibliography.
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6.21 Corrosion

S

T

ubclause 6.21 of IEC TS 62271-5:2024 is applicable with the following addition:

he continuity of the earthing circuits shall be ensured taking into account the corrosion of

bolted and screwed assemblies.

6.22 Filling levels for insulation, switching and/or operation

»w O 0 O [<}]

Q -

© >

D

(2]

o -

Subclause 8 22 of IEC. TS 82271-5-2024 is applir‘ahln

101 General requirements for DC GIS

C GIS shall be designed so that normal service, inspection and maintenance ©perations,
arthing of connected cables, locating of cable faults, voltage tests on connected cables ¢r
her apparatus and the elimination of dangerous electrostatic charges, can-bé carried odit
hfely, after installation and extension.

he design of the equipment shall be such that the agreed permitted movement of foundations
hd mechanical or thermal effects do not impair the assigned perfaormance of the equipment.

o

Il components of the same type (rating, design and construction; etc.) which can be replace
hall be interchangeable.

he various components contained within the enclosure-are subject to their relevant documents
xcept were modified by this document.

102 Pressure coordination

he pressure inside a DC GIS can vary fream the filling pressure p., due to different servige
pnditions.

service conditions, the mechanic¢al stresses are associated with the internal pressure whigh
epends on the gas temperaturg.)Consequently, the maximum pressure in service corresponds
the filling pressure at the maximum temperature the gas can reach due to continuous curremt
hd service conditions (e.g:témperature, solar radiation).

gure 1 shows the yarious pressure levels and their relationship.
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Highest pressure

Type test pressure

Routine test pressure

- - - Design pressure
4 Maximum pressure in service may

reach the design pressire
Y

$/ Margin for pressure rise due to temperature rise

Maximum pressure
in service

of gas caused by service conditions

Filling pressure g
¢/ Margin for pressure loss due to gas leakage

Alarm pressure p
i/ Margin for pressure loss to allow for action

Minimum functional
pressure pyo

Lowest pressure
IEC

Figure 1 — Pressure coordination

he manufacturer is responsible for choosing thel minimum functional pressure for insulatio
e and filling pressure p,,.

he manufacturer shall propose the alarm, pressure p_, which is related to both the fillin
f any gas leak. For DC GIS using gas,with a GWP > 1000, the filling pressure p,, and the alar

order to make the user awaré.as soon as possible of gas losses.

Bs monitoring device shall be taken into consideration.
he time betwegn-the alarm pressure p,, and the minimum functional pressure p,. allow

uring this(period of time, the tolerances of the gas monitoring devices shall be taken in
bnsideration.

103, Internal arc fault

fessure p., and the minimum functionalpressure. The alarm pressure p,, will inform the usI:

fessure p,, shall be as close as“possible, considering the tolerances of the density sensor$

stallation conditions (indoor, outdoor, direct solar radiations, ...), design and tolerances of thie

prrective actions to be undertaken by the user and is dependent upon the gas leakage ratT.
(o

=}

p

S

6.103.1 General

A fault leading to arcing within DC GIS built according to this document has a very low order of
probability. 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.
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DC GIS shall be designed, manufactured and operated in order to prevent the occurrence of
internal fault within DC GIS. All possible measures to keep a very low probability of occurrence
shall be taken such as:

e insulation co-ordination;

e gas leakage limitation and control;

e control of gas quality;

e high quality of work on-site;

interlocking of switching device.

he very low probability of such an event shall be considered. Arrangements shall be made ﬂo
inimize the effects of internal faults on service continuity (e.g. high-speed protection, remo

bntrol, additional gas compartments). The internal arc shall not propagate into adjacent gqs
bmpartments.

o0 3 -

he general partitioning of DC GIS design shall permit the restorationyof. the part of DC GlI
hich is not affected in order to satisfy the service continuity requirements when defined (s
FC 62271-203:2022, Annex F).

fter such an event, an intervention will be necessary in order to isolate the faulty compartmer}
e

mes 2>

(=2)

103.2 External effects of the arc

—

he effects of an internal arc are:

pressure increase of gas (see Annex C),

possible burn-through of enclosure.

he external effects of the arc shall be limited to the appearance of a hole or a tear in the
hclosure without any fragmentation (by acsuitable protective system). The duration of the aillc
related to the performance of the protective system.

(|

7

Tlable 2 gives the performance critefia depending on a dedicated Joule integral value of the
short-circuit current derived by applying the Joule integral value E; = [i2dt for both alternating
ahd direct short-circuit current.(see IEC TS 62271-5:2024, Clause D.6).

Table 2 — Performance criteria

Uoule integral value (Ej) Explanation Performance criteria
No external effect other than the
< 320 (kA)2's This corresponds to the main protection. operation of suitable pressure relief
devices

No fragmentation (burn-through is
acceptable)

<800 (kA)?'s This corresponds to the back-up protection.

NOTE 1 Energy limits have been calculated using the Joule integral according to IEC TS 62271-5:2024, Clause D.6
based on performance criteria of IEC 62271-203:2022, 6.103.2. Value of 320 (kA)?-s was calculated by EJ. = [12dt for

40 kA RMS and 0,2 s. Value of 800 (kA)?-s was calculated by E = [12d¢ for 40 kA RMS and 0,5 s.

NOTE 2 For current and expected near term implementations of HVDC, the short-circuit current is much lower than
in AC systems.

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 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
(C.1).

Z

OTE 3 Using an alternating current for testing, Annex C is applicable. If considering direct current for testinp,
here is currently insufficient experience to derive a calculation procedure.

—

he duration of current without burn-through for different values of the short-circuit AG curre:l\t
in be estimated from an acknowledged calculation procedure like CIGRE Technical’Brochune
D2 [2], CIGRE Session 1998 — WG 21/23/33-03 [3] and RGE: 04/82 [4].

o0 -

Hence, Annex C is not applicable when using direct current for testing.

[=2)

103.3 Internal fault location

—

he manufacturer of the DC GIS should propose appropriate méthods for the determination ¢f
he location of a fault, if required by the user.

—

6/104 Enclosures
6/104.1 General
T

he enclosure shall be capable of withstanding.the normal and transient pressures to which |it
i subjected in service.

104.2 Design of enclosures

6

The design of the enclosure shall\be made in accordance with established documents for
pressurized enclosures of gas-filled, high-voltage switchgear and controlgear with inernt,
npn-corrosive, low pressurized gases. For further information, see EN 50052 [5], EN 50064 [6]
EIN 50068 [7], EN 50069 [8], Annex E provides further information about notes concerning
certain countries.

Z

ethods for the calculation of the thickness and the construction of enclosures either by weldinlg
I casting shall besbased on the design pressure (see definition in 3.114).

(o]

=

hen designing an enclosure, account shall also be taken of the following:

a) thewpossible recovery or evacuation gas or air in the enclosure as part of the normal fillinlg
process;

b/ the full differential pressure pnccihln across the enclosure walls or p:\rﬁfinhe'
7

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 not
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. filter
material to absorb 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.
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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.

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

)

artitions shall be used to separate compartments of the DC GIS and shall be gas ‘tight sug
hat contamination between adjacent compartments cannot occur. Partitions shall be made
aterial having insulating and mechanical properties so as to ensure proper operation over t
ifetime of the DC GIS. Partitions shall maintain their dielectric withstand strength at voltages$
hich can occur in service (including temporary and transient voltages)/\when contaminated Hy
y-products of gases and gas mixtures generated from normal load switching.

=5 =
® =T

o =

he design pressure of a partition is defined by the situation whete the partition is pressurized
h one side and maintenance is being carried out on the other'side at atmospheric pressune
€¢.g. when maintenance is being carried out). In this case the-pressure to be considered on the
ressurized side of the partition is the pressure at maximim ambient temperature with solar
adiation effects (where applicable) and rated continuous current (where applicable and witholit
ime limit). The pressure so derived is the design preSsure of the partition.

O =0 -

—. =

o

During maintenance activities, the gas pressure. can be lowered to a specified and controlle
pressure. If this pressure is below the minimum functional pressure the concerned ggs
cpmpartments shall be switched off. Warfing notices and gas handling procedures shall b
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 air in a gas compartment on one side of the partition Wilh

service pressure on thesother, as part of the filling process; if there is a pressure differential
limitation, or a time limitation related to the pressure differential, these shall be clearly statgd
by the manufacturer in the operating and maintenance manuals;

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

e| superimposed loads and vibration;

o| the possibility of maintenance being carried out adjacent to a pressurized partition, wilh
special care to avoid rupture of the partition and the risk of injuries for maintenance people.

NOTE” Enhanced pressure due to internal fault is not considered to establish the pressure design since in sug¢h
situation, partition 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 DC 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 of IEC 62271-203:2022 provides guidance for specifying service continuity.
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NOTE 1 Annex F of IEC 62271-203:2022 applies to AC GIS. In principle, this guideline can also be applied to DC
GIS.

DC GIS shall be divided into compartments in such a manner that:

during various activities requiring de-energization of parts of the DC GIS, compartments to
be taken out of service comply with the user’s service continuity requirements. These
activities include:

— maintenance;

m

= 0O

h

NOTE 2 For on-site dielectric tests (after maintenance, repair or extension), see(1#4101.2.

Plartitions are generally of insulating material. They are not intendéd to provide electrical safe
of personnel. For this purpose, other means such as separating by an isolating distance an
eprthing of the equipment can be used.

artitions provide mechanical safety against the das pressure still present in the adjaceI
bmpartment during maintenance, repair ands\extension. During such activities, othgr

void health risk for people.

prtition close to the wall, separating the compartment between the indoor and outdod
nvironments to prevent problems arising from false alarms of the gas monitoring devices an
bndensation occurring dueo indoor and outdoor temperature differences.

ach compartment shall.be equipped with the following accessories:

—__repair;

— extension;

— on-site dielectric test;

the effects of an arc inside a compartment are 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 andfilled in a reasonable
time considering the gas handling devices available.

o<

—

echanical stresses than pressure should be considered on partitions, such as shock of ary
ece, or transient mechanical stresses from cenductors in order to define the safety rules and

here a DC GIS bus-duct pass between indoor and outdoor locations (for example, DC GIS
stalled within a building with outdeof bushings), the gas compartment can be provided with fa
r
d

filling valve;

gas monitoting device (see 6.10).

epending)on the DC GIS design or on users request each compartment can be equipped with
e following accessories:

pressure relief device (see 6.106.3);

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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[ | Enclosures

Partitions Partitions
Support Cast resin Inspectioniwindow
Mixed metal/ insulators
Compartment 1 cast resin ’
R P
<l = - ]
Y i Bl = %
m R <. &
kd 3] ] K
Partitions
Pressure Compensator
relief device
Compartment 2 Compartment3 — — -

Figure 2 — Example of arrangement of enclosures and gas compartments

106 Pressure relief
106.1 General

ressure relief device includes both" pressure relief valves, characterized by an openin
ressure and a closing pressure; and non-reclosing pressure relief devices, such as diaphragm
nd bursting disks. Pressure relief devices in accordance with this subclause shall be arrange
b as to minimize the danger-to an operator performing normal operating duties in the D
bs-insulated substation if\gases or vapours are escaping under pressure.

Q v 0T T [<}] [<}]
[@ o7 (o]

6/106.2 Non-reclosing pressure relief device

Tnce, after an @rc due to an internal fault, the damaged enclosures will be replaced, non-
closing pressure relief devices shall only be proportioned to limit the external effects of the
afc (see 6.103.2).

—

6/106.3,"Pressure relief valve

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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