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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
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pfeparation is entrusted to technical committees; any IEC National Committee interested in the subject deal

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatjon,comp
national electrotechnical committees (IEC National Committees). The object of IEC is to promate’interna
-operation on all questions concerning standardization in the electrical and electronic fields\To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Re
bblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG, 'Publication(s)”).

Ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the\dhternational Organizati
andardization (ISO) in accordance with conditions determined by agreement(etween the two organizatig

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,cemmittee has representation fro
terested IEC National Committees.

bmmittees in that sense. While all reasonable efforts are mafe to ensure that the technical content o
iblications is accurate, IEC cannot be held responsible for\the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
hnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
y IEC Publication and the corresponding national gr,regional publication shall be clearly indicated in the

C itself does not provide any attestation of conformity. Independent certification bodies provide confd
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

| users should ensure that they have the Tatest edition of this publication.

b liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees.and IEC National Committees for any personal injury, property damg
her damage of any nature ,whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
iblications.

tention is drawn to the\Normative references cited in this publication. Use of the referenced publicatidg
dispensable for the“cerrect application of this publication.

C draws attention to the possibility that the implementation of this document may involve the use

tent(s). IECtakes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
Ay be required to implement this document. However, implementers are cautioned that this may not repr
e latest\information, which may be obtained from the patent database available at https://patents.iec.ch
allmot-be held responsible for identifying any or all such patent rights.
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S 622771-318 has been prepared by subcommittee 1/C: Assemblies, of [EC technical
committee 17: High-voltage switchgear and controlgear. It is a Technical Specification.

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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This 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.

The 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.

This document should be read in conjunction with IEC TS 62271-5:2024, to which it refers and
h is applicable unless otherwise specified. In order to simplify the indication of

whic

ffering practices of a less permanent nature relating to the subject of this document.

lity date indicated on the IEC website under webstore.iec.ch in(the data related tg
ific document. At this date, the document will be

econfirmed,

ithdrawn, or

pvised.

ame

ses

committee has decided that the contents of this document will remain.unchanged until the

the

IM
th
of

t it contains colours which are considered to be useful for the correct understand
ts contents. Users should therefore print this document using a colour printer.

ORTANT - The "colour inside"” logo on,the cover page of this document indicates

ng
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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 Scope

This|part of IEC 62271 specifies requirements for gas-insulated metal-enclosed switchgepr in
whidgh the insulation is obtained, at least partly, by an insulating gas or gas mixture_other fthan
air af atmospheric pressure, for direct current of rated voltages including and above 100 kV\{, for
indopr and outdoor installation. This document includes rules for service conditions, ratings,
design, and construction requirements. Test requirements and criteria for proof for passing|type
and |routine tests are defined in this document for development and manufacturing of DC
swit¢hgear.

For the purpose of this document, the terms "DC GIS" and "DC switehgear" are used for("DC
gas-jnsulated metal-enclosed switchgear".

This|specification is applicable for both Line Commutated Conveérter (LCC) and Voltage Soufrced
Conyerter (VSC) for HVDC systems.

The|DC gas-insulated metal-enclosed switchgeat/covered by this document consists of
indiidual components intended to be directly connected together and able to operate only in
this manner.

This|document completes and amends, if\applicable, the various relevant documents applying
to thie individual components constituting DC gas-insulated metal-enclosed switchgear.

2 Normative references

The following documents are-referred to in the text in such a way that some or all of their content
condtitutes requirementsyof‘this document. For dated references, only the edition cited applies.
For lundated references, the latest edition of the referenced document (including [any
amepdments) applies.

IEC p0060-1:2Q10, High-voltage test techniques — Part 1. General definitions and |test
requirements

IEC p0085:2007, Electrical insulation — Thermal evaluation and designation

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

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

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

IEC TS 60815-1:2008, Selection and dimensioning of high-voltage insulators intended fon use
in pglluted conditions — Part 1: Definitions, information and general principles

IEC TS 60815-4:2016, Selection and dimensioning of high-voltage insulators intended fon use
in p@lluted conditions — Part 4: Insulators for d.c. systems

IEC p1869-14:2018, Instrument transformers — Part 14: Additional kéquirements for cufrent
transformers for DC applications

IEC p1869-15:2018, Instrument transformers — Part 15: Additional requirements for voltage
transformers for DC applications

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

IEC B2271-4, High-voltage switchgear and controlgear — Part 4: Handling procedures for gases
for ipsulation and/or switching

IEC TS 62271-5:2024, High-voltage ~$witchgear and controlgear — Part 5: Common
spedifications for direct current switchgear

IEC p2271-209:2019, High-voltage switchgear and controlgear — Part 209: Cable conneciions
for gas-insulated metal-enclosed switchgear for rated voltages above 52 kV — Fluid-filled| and
extryided insulation cables — Fluid-filled and dry-type cable terminations
IEC 62271-209:2019/AMD1:2022

IEC 2271-211:2044, High-voltage switchgear and controlgear — Part 211: Direct connegtion
between power.transformers and gas-insulated metal-enclosed switchgear for rated voltages
aboye 52 k\

IEC TR62271-306:2012, High-voltage switchgear and controlgear — Part 306: Guide to|lIEC
62211=100 |EC 62271-1 and other |[EC standards related to nlfnrnnfing current circuit=-breakers

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

(fix

ed gas method)

I[ECNEEE©5700-19-0372014, BUushings for DC application

FTerms and definitions

For fhe purposes of this document, the terms and definitions given in IEC TS,62271-5:2024

the

llowing, apply.

ISOjand IEC maintain terminology databases for use in standardization at the follo
addresses:

.
.
3.1

me
SWi

IBO Online browsing platform: available at https://www.is@.0rg/obp

IEC Electropedia: available at https://www.electropedialarg/

on
tal-enclosed switchgear and controlgear

and complete except for external connections

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

3.1
DC

met3

0
gas-insulated metal-enclosed switchgear

gas pr gas mixture other than air at atmospheric pressure and used for DC applications

Note [1 to entry: This term_generally applies to high-voltage switchgear and controlgear.

[SOWURCE: IEC 60050-441:1984, 441-12-05, modified — "or gas mixture" and "and used fof

appljcations" has-been added in the definition.]

3.1
DC

oB
as-insulated switchgear enclosure

partjof DC gas-insulated metal-enclosed switchgear retaining the insulating gas under the

scribed conditions necessary to maintain safrely the highest insulation level, proteciing

and

ving

tchgear and controlgear assemblies with an external metal enclosure intended to be earthed,

I-enclosed switchgear in.which the insulation is obtained, at least partly, by an insulating

DC

pre-

the

equipment against external influences and providing a high degree of protection to personnel

[SOURCE: IEC 62271-203:2022, 3.103, modified — Addition of "DC” in the main term and in the
definition.]

1

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 accordi
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
during maintenance and repair work.

ng to

e.g.,

[SOURCE: IEC 62271-203:2022, 3.104, modified — New reference to Table 1 of IEC TS 62271-

5:20E4 in Note 1 to entry.]

3.10
remopvable link

partjof the conductor which can easily be opened or removed in order to isolaté’two parts o
GIS[from each other

Note[l to entry: The open gap is designed to withstand the phase-to-earthc test voltages accordir
IEC T|S 62271-5:2024, Table 1.

f the

g to

[SOWURCE: IEC 62271-203:2022, 3.105, modified — In the definition, "separate" was replaced

with|"isolate"; addition of a new reference to Table in Note<} to entry; deletion of Note
entry.]

3.10
compartment
partjof DC gas-insulated metal-enclosed switchgear, which is gastight and enclosed

Note [ to entry: A compartment can be designated\by the main component contained therein, e.g., b
compjrtment.

[SOWURCE: IEC 62271-203:2022, 3.106,-modified — Addition of "DC" in the definition; deletiq
"circluit-breaker compartment" as amexample in Note 1 to entry.]

3.10

component

essgntial part of the main or earthing circuits of DC gas-insulated metal-enclosed switch
whidh serves a specific function

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

2 to

Lsbar

n of

gear

[SOURCE: JEC 62271-203:2022, 3.107, modified — Addition of "DC" in the definition; del¢tion

of "gircujt*breaker compartment", "switch", "fuse", "instrument transformer" as examples
addifion. of "DCVT" and "DCCT" as examples.]

and

3.108
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
adjacent compartments

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

two
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0

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.]

3.1

1

main-circuit

all tl|1e conductive parts of DC gas-insulated metal-enclosed switchgear included in a'gi
whidgh is intended to transmit electrical energy

[SOYRCE: IEC 60050-441:1984, 441-13-02, modified — "DC gas-insulated metal-encl
swit¢hgear" inserted after "parts of" and "an assembly" deleted.]

3.112

auxi

all t

intended to control, measure, signal and regulate

Note
auxili

[SO

Notq 1 to entry.]

3.1

enclosure design temperature

max

conditions

[SO

rela

Note

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

[SO

3.1
part

’I‘Iiary circuit

3.11
enclosure design pressure

e conductive parts of DC gas-insulated metal-enclosed switchigear included in a ci

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

URCE: IEC 62271-203:2022, 3.112, modified —-Addition of "DC" in the definition an

3

mum temperature that the encloslires can reach under specified maximum se

URCE: IEC 62271-203:2022,3.113]

ive pressure usedto determine the design of the enclosure

1 to entry: Itsdis\at least equal to the maximum pressure in the enclosure at the highest temperature th

JRCESIEC 62271-203:2022, 3.114, modified — Note 2 to entry deleted.]

rcuit

bsed

rcuit

and

din

vice

ht the

5

ition design pressure

relative pressure across the partition

Note
activi

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

ties.

[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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6

operating pressure
<pressure relief device> relative pressure chosen for the opening operation of pressure relief
devices

[SOURCE: IEC 62271-203:2022, 3.116]

3.11
rout

7
ine test pressure

<enclosures and partitions> relative pressure to which all enclosures and partitions are

subj

cted after manufacturing
te-a—aHe—MahRtHacttHRg

[SO

3.1

type test pressure
<eng¢losures and partitions> relative pressure to which all enclosures \and partitions

subj
[SO

3.11
frag
dam

[SO

3.12
disr

phenomena associated with the failure ofinisulation under electric stress, in which the disch

completely bridges the insulation undertest, reducing the voltage between the electrodg
zero|or almost zero

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

3.12(1

tranpport unit

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

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

3.12

JRCE: IEC 62271-203:2022, 3.117]

8

bcted for type test
JRCE: IEC 62271-203:2022, 3.118]

¢
mentation
nge to enclosure due to pressure rise with projectian of solid material

URCE: IEC 62271-203:2022, 3.119]

0
iptive discharge

are

arge
s to

eing

P

functional unit
part of metal-enclosed switchgear and controlgear comprising all the 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 intende

d, 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 (time dy)

thermal steady state is defined as when the increase of temperature rise does not exceed 1 K

DC gteady state is defined as when minimum 90 % of the resistive field distribution is reaghed

Note [l to entry: DC steady state is reached at the end of ‘the transition from a capacitive to a resistivel field
distribution in the DC GIS. Depending on insulating material preperties that are affected by temperature, electri¢ field

ion dp¢
perigd of time from direct voltage application to the DC steady state

S/IMP
simyltaneous stress consisting of the direct voltage and the lightning or switching impgulse
voltgge superimposed-upon it

4 Normal-and special service conditions

4.1 Normal service conditions

Subctause 4T of TEC TS 6227 1-5:2024 {5 appiicable, taking into account the recommended
values presented in Table 1 of this document.

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
Maximum (°C) +40 +40 +50 +50
SolafTadtatiom (Wm2) Notappticabte +660 Notappticabte 660
Altitdde (m) 1 000 1 000 >1 000 >1¢000
RUSICDdc @ reference is reference is Reference is Referencq is
made to made to made to made to
IEC TS 62271- | IEC TS 62271- | IEC TS 62271~ EC TS 62271-
5:2024, Clause | 5:2024, Clause | 5:2024, Clause 5:2024, Clause
B.2 B.2 B.3 B.3
Ice qoating (mm) Not applicable 20 Not applicable >20
Wind (m/s) Not applicable 34 Nopt applicable >34
Averfage humidity over 24 hours (%) 95 100 98 100
Conglensation or precipitation Occasional Yes Yes Yes
Abn¢rmal vibrations, shock or tilting Not applicable Not applicable Applicable Applicable

NOTJE The user’s specification can use any combination of normal{or special service conditions above.

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 4.

At ahy altitude the dielectric characteristics of the internal insulation are identical with those
meapured at sea-level. For this intefnal insulation no specific requirements concernind the
altityde are applicable.

Some items of a DC GIS such.@s pressure relief devices and pressure and density monitgring
devices can be affected by jaltitude. The manufacturer shall take appropriate measurges if
necgssary.

5 Ratings

5.1 General

Sub¢lause)5.1 of IEC TS 62271-5:2024 is applicable with the following addition:

sed

H +aal l £ 4l 4 £ H 'y £ ImVal + lata ol ol 1
J) altcyu varacsS Ul TS CUTITPUTTTTTIS TOTTmTy part— Ul Do yasThrouraltcyu TTCTar=<iToT

switchgear, including their operating devices and auxiliary equipment.

5.2 Rated direct voltage (U,4)

Subclause 5.2 of IEC TS 62271-5:2024 is applicable with the following addition:

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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Rated insulation level (Uyq, Uy, 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.

NOTE 2 The waveforms are standardized lightning impulse and switching impulse shapes, pending the results of

studid

NOTH

s on the ability of this equipment to withstand other types of impulses.

3 The choice between alternative insulation levels for a particular rated voltage for equipment can bé 1

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

switc

NOTH

5.4

Sub

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

Rated continuous current (1,4)

tlause 5.4 of IEC TS 62271-5:2024 is applicable with the following addition:

Son']je
ratedd continuous current. However, these values should also\bé selected from R10 series,|

5.5
5.5.1
Sub

5.5.1

Sub

5.5.1

Sub

5.5.4

Sub

5.6

Rated values of short-time withstand current
Typical waveform of short-circuit current

tlause 5.5.1 of IEC TS 62271-5:2024 is applicable.

' Rated short-time withstand direct current (1, 4)

tlause 5.5.2 of IEC TS 62271-5:2024 is applicable.

] Rated peak withstand’current (/,4)

tlause 5.5.3 of IEC TS 62271-5:2024 is applicable.

}  Rated duration of short-circuit (7,4)

tlause 5,5:4-of IEC TS 62271-5:2024 is applicable.

Rated supply voltage of auxiliary and control circuits (U,)

ased
e to

main circuits of DC GIS (e.g. busbars, feeder circuits, efc.) can have different valugs of

Subcrause 5.6 of IEC TS 62271-5:2024 S applicable.

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

note

s 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
Sub

6.3.1

To 6
requ

Eart

a) e
i
b) ¢
q

Furt

earthing devices for the duration of the work.on a circuit element previously earthed

ane
with

The
such

6.3.1
The

an &
fastg

The
elec

6.4

Earthi ¢ switel I trol .
tlause 6.3 of IEC TS 62271-5:2024 is applicable.

01 Earthing of the main circuit

nsure safety during maintenance work, all parts of the main circuityto.which acces
ired or provided shall be capable of being earthed.

ning can be made by:

arthing switches with a making capacity equal to the rated(peak withstand current, if t
5 still a possibility that the circuit connected is energised;

arthing switches without a making capacity or with a making capacity lower than the
eak withstand current, if there is certainty that the gircuit connected is not energised.

nermore, it shall be possible, after opening- the enclosure, to connect remov

arthing switch. The removable earthing, device shall have the relevant short-ci
stand capability and/or induced current.capability.

earthing circuit can be degradedafter being subjected to the short-circuit current.
event, it can be applicable to replace the earthing circuit.

02 Earthing of the enclosure

enclosures shall be,connected to earth. All metal parts which do not belong to a ma
uxiliary circuit shall'be earthed. For the interconnection of enclosures, frames,
ning (e.g. bolting-er welding) is acceptable for providing electrical continuity.

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

Auxiliary and control equipment and circuits

s is

here

ated

able
via
rcuit

\fter

n or
etc.,

and

Subclause 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.


https://iecnorm.com/api/?name=5072d115c232580b19f224c62c58874d

6.8

- 20 - IEC TS 62271-318:2024 © |IEC 2024

Manually operated actuators

Subclause 6.8 of IEC TS 62271-5:2024 is not applicable.

6.9

Operation of releases

Subclause 6.9 of IEC TS 62271-5:2024 is applicable.

6.10

Pressure/level indication

Subclause 6.10 of IEC TS 62271-5:2024 is applicable with the following addition:

The
mixt

For

The
cont
pres
of ga

NOTH

press

NOTEH
a buil

NOTEH
NOTH
is be

safet

NOTH
gas d

6.11
Sub

A co
the 1
from

For
ratin

performance of the DC GIS is dependent upon the gas density of the pure gas ot the]
ires.

DC GIS it is not sufficient to monitor the gas pressure without temperature ‘compensat

gas density or temperature compensated gas pressure in each-compartment sha
nuously monitored. The monitoring device shall provide at least“two alarm levels
sure or density (alarm and minimum functional pressure or density). The correct functio
s monitoring devices shall be able to be checked with the high-voltage equipmentin se

1 When the filling density differs between adjacent compartmenis, an additional alarm indicating
ure or density can be used, if the DC GIS design requires it.

2 Tolerances of the monitoring device, as well as possibl€ differences in temperature (e.g. inside/outs
ding) between the monitoring device and the volume of gds'be€ing monitored, can be considered.

3 Checking of gas monitoring can initiate wrong alarms which can initiate or inhibit switching operatior
4 |t is preferable for gas monitoring devices tesbe’placed as close as possible to the gas compartment
ng monitored to ensure measuring accuracy and minimum leakage, however consideration can be giy

and accessibility when choosing the locatien:

5 The preferred solution for checking“the gas monitoring device is to separate the density monitor fro
pmpartment without mechanically removing it from the DC GIS, in order to minimize gas losses.

Nameplates

tlause 6.11 of IEC T.S°62271-5:2024 is applicable with the following addition:

mmon nameplate-shall be provided to identify the DC GIS. It shall, as a minimum, d
atings listed in Clause 5 of this document. The common nameplate shall be clearly read
the position-of local operation side.

pach-individual device a nameplate according to its relevant document is required w
gs’are not detailed on the common nameplate.

gas

on.

| be

for
ning
vice.

over

de of

[

hich
en to

n the

etail
able

here

The

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

The 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

prov

ided 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);
° (-'Qrthing switches shall be prn\/idpd with Inr‘king devices to avoid npnning du ring
maintenance work.
6.13] Position indication
Sub¢lause 6.13 of IEC TS 62271-5:2024 is applicable with the following addition:
In |case of disconnector switch and earthing switch subclause 6.104.2| of
IEC TS 62271-314:2024 is applicable.
6.14] Degrees of protection provided by enclosures
Sub¢lause 6.14 of IEC TS 62271-5:2024 is applicable.
6.15( Creepage distances for outdoor insulators
Subg¢lause 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
Sub¢lause 6.16.1 of IEC TS 622%1-5:2024 is applicable with the following addition:
This|applies only to insulating and switching medium, not to operating medium of switchgear
and controlgear.
DC @IS shall be a.closed pressure system or a sealed pressure system.
Leakage losses and handling releases shall be considered separately. The objective s to
minimize-the release of gas in the atmosphere due to leakage and handling (see IEC 6227]-4).
The Leaus of—any—te hal—-be—invrestigated—earefuly—and—eerrective—actons—shall be

considered, especially

6.16.

\ alcan o
\VJ @4V fe ) vy \vA] CAIIy IUGI\CAHU =J
if it is

above the specified values.

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

equi

pment.
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permissible relative leakage rate F, 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.

Expected operation duration is typically 40 years under normal service condition as specified in Annex D.

NOTE 2 The global warming potential (GWP) of gases in DC GIS is the major reason for requiring low permissible
leakage rates. Solutions with alternative gases with GWP lower than 1 000 exist. GWP (100 years) of SFis 24 300

according to the IPCC — AR6 Climate Change 2021 [1] 2,

For mall gas compartments containing Tess than 1 kg gas, the permissible relative Teakage
rate |F, for type tests is specified as:

e 40,2 % per year for SFg, SF5 mixtures and for other gas mixtures with GWP 3-1.000.
6.16|4 Sealed pressure systems

Sub¢lause 6.16.4 of IEC TS 62271-5:2024 is applicable.

6.16101 Leakage

In agcordance with standardized procedure defined in Clause 10 of IEC TR 62271-306:2012
and [EC TR 62271-306:2012/AMD1:2018, the manufacturet shall demonstrate that the relative
leakpge 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 lifescycle gas-handling losses (including end of life
actiities). The manufacturer shall specify\test and maintenance procedures for minimjzing
gas-handling releases and shall identify the gas releases associated with each procedure,
Progedures for gas handling according to IEC 62271-4 shall be used.

6.17| Tightness for liquid systems

Sub¢lause 6.17 of IEC TS 62271-5:2024 is not applicable.

6.18| Fire hazard (flammability)

Sub¢lause 6.18"ef IEC TS 62271-5:2024 is applicable.

6.19| Electromagnetic compatibility (EMC)

Subclause 649 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 N

umbers in square brackets refer to the Bibliography.
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Corrosion

Subclause 6.21 of IEC TS 62271-5:2024 is applicable with the following addition:

The 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

Subclause 6.22 of IEC TS 62271-5:2024 is applicable.

6.101 General requirements for DC GIS

DC

earthing of connected cables, locating of cable faults, voltage tests on connected cablg
other apparatus and the elimination of dangerous electrostatic charges, can-be carried

safe

The
and

All components of the same type (rating, design and constructien, etc.) which can be repl

shal

The

6.102 Pressure coordination

The

conditions.

In sgrvice conditions, the mechanical stresses are associated with the internal pressure w
depg¢nds on the gas temperature.-=Consequently, the maximum pressure in service corresp

to th
and

Figu

IS shall be designed so that normal service, inspection and maintenance ‘Operati

y, after installation and extension.

design of the equipment shall be such that the agreed permitted movement of foundat
mechanical or thermal effects do not impair the assigned performance of the equipme]

be interchangeable.

pressure inside a DC GIS can vary frem the filling pressure p,, due to different se

e filling pressure at the maximum temperature the gas can reach due to continuous cu
service conditions (e.g.\temperature, solar radiation).

re 1 shows the various pressure levels and their relationship.

ons,
s or
out

ions
nt.

hced

various components contained within the enclosureare subject to their relevant documents
excgpt were modified by this document.
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hich
bnds
rrent
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Highest pressure

Type test pressure

Routine test pressure

Design pressure

Maximum pressure in service may
¢/ reach the design pressure

Maximum pressure

in service

Margin for pressure rise due to temperature rise
of gas caused by service conditions

Filling pressure p;e
¢/ Margin for pressure loss due to gas leakage

Alarm.pressure po
i/ Margin for pressure loss to allow for action

Minimum functional
pressure pyo

Lowest pressure
IEC

Figure 1 — Pressure coordination

and filling pressure p .

manufacturer shall propose the alarm-pressure p,, which is related to both the f
sure p., and the minimum functional pressure. The alarm pressure p,, will inform the
y gas leak. For DC GIS using gas-with a GWP > 1000, the filling pressure p,, and the a

der to make the user awaré,as soon as possible of gas losses.

[lation conditions (indoor, outdoor, direct solar radiations, ...), design and tolerances o
monitoring device-shall be taken into consideration.

time between-the alarm pressure p,, and the minimum functional pressure p.. al

ng this\period of time, the tolerances of the gas monitoring devices shall be taken
idenation.

6.10
6.10

manufacturer is responsible for choosing the minimum functional pressure for insulation

lling
user
farm

sure p,, shall be as close as’possible, considering the tolerances of the density sengors,

f the

ows

rate.
into

3~ Internal arc fault

3.1 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.

The very low probability of such an event shall be considered. Arrangements shall be made to
minimize the effects of internal faults on service continuity (e.g. high-speed protectian, remote
contfol, additional gas compartments). The internal arc shall not propagate into _adjacent| gas
compartments.

Aftefr such an event, an intervention will be necessary in order to isolate the/faulty compartment.
The [general partitioning of DC GIS design shall permit the restoration-of,the part of DC|GIS
whidh is not affected in order to satisfy the service continuity requirements when defined |(see
IEC 62271-203:2022, Annex F).

6.103.2 External effects of the arc
The [effects of an internal arc are:

e Qpressure 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
enclpsure without any fragmentation (by a‘suitable protective system). The duration of the arc
is rejated to the performance of the protettive system.

Table 2 gives the performance criteria depending on a dedicated Joule integral value of the
shorg-circuit current derived by ‘dpplying the Joule integral value E; = [i2dt for both alternating

and direct short-circuit current(see IEC TS 62271-5:2024, Clause D.6).

Table 2 — Performance criteria

Joulfle 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 relfef
devices

No fragmentation (burn-through ig

2. i - i
<800 (kA)*'s This corresponds to the back-up protection. acceptable)

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).

NOTE_3 Using an alternating current for testing, Annex C is applicable. If considering direct current for testing,
therelis currently insufficient experience to derive a calculation procedure.

The [duration of current without burn-through for different values of the short-circuit /AC ‘cufrent
can pe estimated from an acknowledged calculation procedure like CIGRE Technical'Brochure
602 [2], CIGRE Session 1998 — WG 21/23/33-03 [3] and RGE: 04/82 [4].

Heng¢e, Annex C is not applicable when using direct current for testing.

6.103.3 Internal fault location

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

6.1 OE Enclosures

6.104.1 General

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

6.104.2 Design of enclosures

The |design of the enclosure shall"be made in accordance with established documentg for
presgurized enclosures of gas+filled, high-voltage switchgear and controlgear with ipert,
non-corrosive, low pressurized gases. For further information, see EN 50052 [5], EN 50064 [6],
EN %0068 [7], EN 50069 [8])"Annex E provides further information about notes concerning
certain countries.

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).

Wheln 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 f{lling
rocess;

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 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.

6.10

6.1055.1 Design of partitions

Part|tions shall be used to separate compartments of the DC GIS and shall be gas 'tight such
that [contamination between adjacent compartments cannot occur. Partitions shall be made of
mategrial having insulating and mechanical properties so as to ensure properyoperation ovef the
lifetime of the DC GIS. Partitions shall maintain their dielectric withstand-S§trength at voltdges,
whigh can occur in service (including temporary and transient voltages) when contaminated by
by-products of gases and gas mixtures generated from normal load switching.

The |[design pressure of a partition is defined by the situation where the partition is pressurized
on gne side and maintenance is being carried out on the other side at atmospheric pressure
(e.g{ when maintenance is being carried out). In this case the pressure to be considered on the
presgurized side of the partition is the pressure at maximum ambient temperature with golar
radiation effects (where applicable) and rated continugus current (where applicable and without
time|limit). The pressure so derived is the design pressure of the partition.

During maintenance activities, the gas pressure-can be lowered to a specified and controlled
prespure. If this pressure is below the mifhimum 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
dervice pressure on the other, as part of the filling process; if there is a pressure differgntial
mitation, or a time limitation related to the pressure differential, these shall be clearly stated
y the manufacturerin the operating and maintenance manuals;

br non-symmetrical partitions, as far as the pressure on the partition is concerned] the
orst-case pressure direction;

[ ]
< —h f o wilieyd

[ ]
n

uperimposed loads and vibration;

]
—

he possibility of maintenance being carried out adjacent to a pressurized partition, |with
pécial care to avoid rupture of the partition and the risk of injuries for maintenance pe(l)ple.

4]

NOTE Enhanced pressure due to internal fault is not considered to establish the pressure design since in such
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:

e 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;

— repair;

ARTOTTOTOTT;

<+ on-site dielectric test;
o the effects of an arc inside a compartment are limited to that compartment (see‘6,103.]);

e (duration of unavailability in case of major failure shall be in accordance. with the usger’s
ervice continuity requirements;

7))

the gas or air of the compartment can be recovered, evacuated andcfilled in a reasonjable
time considering the gas handling devices available.
NOTH 2 For on-site dielectric tests (after maintenance, repair or extension), seg 11.101.2.

Part|tions are generally of insulating material. They are not intended to provide electrical safety
of personnel. For this purpose, other means such as separatirig by an isolating distance|and
earthing of the equipment can be used.

Part|tions provide mechanical safety against the gas’/pressure still present in the adjacent
compartment during maintenance, repair andyextension. During such activities, qther
mechanical stresses than pressure should be ¢considered on partitions, such as shock off any
piecg, or transient mechanical stresses from_conductors in order to define the safety rules|and
avoifl health risk for people.

Where a DC GIS bus-duct pass between indoor and outdoor locations (for example, DC|GIS
instglled within a building with outdoor bushings), the gas compartment can be provided wjith a
partition close to the wall, separating the compartment between the indoor and outfdoor
envifonments to prevent probléms arising from false alarms of the gas monitoring devices|and
condensation occurring due to'indoor and outdoor temperature differences.

Each compartment shallbe equipped with the following accessories:

o fllling valve;

e das monitoring device (see 6.10).

Dependingion the DC GIS design or on users request each compartment can be equipped|with
the 1|0I|owing accessories:

e pressure relief device (see 6.106.3);
e desiccant;

e internal arc fault location detector (see 6.103.3).

Figure 2 gives an example of an arrangement of enclosures and partitions for different types of
adjacent compartments.
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6.106 Pressure relief

6.106.1 General

Compartment Campartment 3 — —. -

Figure 2 — Example of arrangement of enclosures and gas compartments

IEC

Pregsure relief device includes both* pressure relief valves, characterized by an opening
prespure and a closing pressure; ahd non-reclosing pressure relief devices, such as diaphrggms
and pursting disks. Pressure relief devices in accordance with this subclause shall be arranged
so ds to minimize the danger*to an operator performing normal operating duties in thg DC
gas-jnsulated substation if. gases or vapours are escaping under pressure.

6.106.2 Non-reclosing pressure relief device

Since, after anarc due to an internal fault, the damaged enclosures will be replaced,

non-

reclgsing pressure relief devices shall only be proportioned to limit the external effects of the

arc (see 6.103.2).

6.10p.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.

After an opening operation, a pressure relief valve shall reclose before the pressure has fallen

to 75 % of the design pressure.

The filling pressure p., should be corrected to take into account the gas and ambient

temperature at the time of filling.
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6.106.4 Limitation of pressure rise in the case of an internal fault

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

NOTE 1 Using an alternating current for testing, calculation method of Annex C is applicable. For using a direct
current for testing, currently not sufficient experience is available to derive a calculation procedure.

The pressure rellef device shall be equped W|th a deflector in order to control the direction of

NOTH 2 Inthe case of an internal fault which causes yielding of the enclosure, enclosures of adjacent compartnents
can ble checked for absence of distortion.

6.107 Noise

During an operation, the level of noise emitted by the switchgear.should not exceed a spedified
valug defined by the user. The procedure of verification~~should be agreed between

6.108 Interfaces
6.108.1 General

In order to facilitate testing of DC GIS, isolating-or removable links can be included in the dgsign
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 ipolating link shall be designed to withstand the test voltages across isolating distance
accdrding 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.

The |isolating or_‘removable links shall be designed to withstand the test voltages of| the
components mentioned below.

Thosge interfaces connected to the DC GIS shall be capable of withstanding the maxi
pressure in service of the DC GIS Typical maximum pressures in serV|ce are up to 1,1
(abs

6.108.2 Cable connections
6.108.2.1 General
See IEC 62271-209.

NOTE A CIGRE Joint working group JWG B1/B3/D1.79 is developing recommendations for dielectric testing of
cable connection enclosures. Resulting technical brochure will give more information.

Those parts of the DC GIS, which remain connected to the cable, shall be capable of
withstanding the cable test voltages specified in the relevant cable standards for the same rated
voltage for equipment.
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Parts not capable of withstanding the cable test voltages should be equipped with removable
or isolating links.

During dielectric tests on cables in general, the adjacent parts of the DC GIS should be de-
energized and earthed, unless special measures are taken to prevent disruptive discharges in
the cable affecting the energized parts of the DC GIS.

The location of bushings for cable testing should be provided at the cable connection enclosure
or at the DC GIS itself (see IEC 62271-209) or (to reduce handling releases of gas) at the other
end of the cable.

6.10L3.2.2 Extruded insulation cable

Accarding to IEC 62895, the electrical tests after installation are direct voltage tests in $uch
casqg; part of the DC GIS in the vicinity of the cable termination can be subject 10 direct|test
voltgge of the cable. If it is not acceptable to apply direct cable test voltages’to the DC [GIS,
spedial provisions for cable testing shall be made (e.g. disconnecting facilitiessand/or incregsing
of the gas density for insulation).

6.108.2.3 Oil-filled cable

According to IEC 60141-1[9], CIGRE TB 841 [10], CIGRE TB,852 [11] and CIGRE TB 853|[12]
the ¢lectrical tests after installation are direct voltage tests, inésuch case; if it is not accepfable
to aIpIy direct cable test voltages to the DC GIS, special provisions for cable testing shall be
made (e.g. disconnecting facilities and/or increasing ofdhe gas density for insulation).

6.108.3 Direct transformer connections

In onder to facilitate testing of transformers, an-earthing switch, which can be insulated fronp the
DC IS enclosure and ground, can be included in the design of the bushing or the DC GI§.

NOTH 1 Opening of the DC GIS for the testing ‘af the transformer can then be avoided and reduce the gas handling
releases and the outage time of the equipment:

NOTH 2 Direct transformer connectionis Used in case of a bipolar HYDC scheme when DC GIS is applied between
line-side of converter transformer and(converter. See Annex G.

NOTH 3 For reference, see IEC 62271-211.
6.108.4 Bushings

IEC/|EEE 65700419-03 and IEC TS 60815-1 shall be used. See also IEC TS 60815-2 [13],
IEC TS 608153 }14] and IEC TS 60815-4.

6.1:r.5 Interfaces for future extensions

Whehsanh extension is planned, the locations of any possible future extension should be
considered and stated by the user in the document.

In the case of later extension with another DC GIS product and if requested by the user, the
manufacturer shall supply information preferably in the form of drawings giving sufficient
information to enable such an interface to be designed at a later stage. The procedure to ensure
confidentiality of the design details shall be agreed between the user and manufacturer. See
IEEE C37.122.6 [15].

The interface should concern busbars or busducts only, and not direct connections to "active"
devices such as circuit-breakers or disconnectors. If an extension is planned, it is recommended
that the interface incorporates facilities for installation and testing of the extension to limit the
part of the existing DC GIS to be re-tested and to allow the connection to the existing DC GIS
without further dielectric testing (see Clause B.3). It shall be designed to withstand the rated
insulation levels across the isolating distance.
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9 Interlocking

Disconnectors and earthing switches should be interlocked with associated equipment to

prev

ent unintended opening or closing.

7 Type tests

7.1

General

7.1.1 General remarks

Sub

For
and

If th

the
docd

NOTH
mixtu

In re

As a
rele
For

Unle
func
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Table 3 — Type tests

Mandatory type tests

Subclause
a) Tests to verify the insulation level of the equipment and dielectric tests on auxiliary circuits 7.2
b) DC insulation system test 7.2.101
c) Tests to prove the radio interference voltage (RIV) level (if applicable) 7.3
d) Tegts to prove the cqntir)uogs current of any part of the equipment and measurement of the 73and 7.4

resistance of the main circuit
e) [Teststo prove the rated peak and the rated short-time withstand current 75
f) Tests to verify the making and breaking capacity of the included switching devices 7.101
g) | Tests to prove the satisfactory operation of the included switching devices 7.102.
h) | Tests to prove the satisfactory operation at limit temperatures 7.102.2
i) Tests to prove the strength of enclosures 7.103
i) Verification of the degree of protection of the enclosure 7.6
k) | Gas tightness tests 7.7
1) Electromagnetic compatibility tests (EMC) 7.8
m) | Additional tests on auxiliary and control circuits 7.9
n) | Tests on partitions 7.104
0) | Tests to prove performance under thermal cycling and gas tightness tests on insulators 7.106
p) | Corrosion test on earthing connections (if applicable) 7.107
q) | 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 dug,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 7.2.10p
7.1.2 Information\for identification of test objects
Sub¢lause 7.1,2%f |EC TS 62271-5:2024 is applicable.
7.1.3 Information to be included in type-test reports
Sub¢ladse 7.1.3 of IEC TS 62271-5:2024 is applicable.
7.2 Dielectric tests

7.21 General

Subclause 7.2.1 of IEC TS 62271-5:2024 is applicable with the following addition:

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

Subclause 7.2.2 of IEC TS 62271-5:2024 is applicable with the following addition:
No atmospheric correction factors shall be applied for dielectric tests on DC GIS.

7.2.3 Wet test procedure

Subclause 7.2.3 of IEC TS 62271-5:2024 is not applicable but the following points shall 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
I[EC/IEEE 65700-19-03:2014.

7.2.4 Arrangement of the equipment

Sub¢lause 7.2.4 of IEC TS 62271-5:2024 is applicable.

7.2.% Criteria to pass the test
Subg¢lause 7.2.5 of IEC TS 62271-5:2024 is applicable with the(following addition.

C insulation system tests:

est procedure A of IEC 60060-1:2010 shall be used. The test procedure is recommended
br tests on degradable or non-self-restoring insdlation normally, but in the case of 4 DC
nsulation system test, if a flashover in the self-restoring insulation (gas) occurs, the electric
eld distribution could be changed. Therefore, the procedure A is chosen as mandatory
rocedure. The DC GIS has passed the impulse tests if the following conditions are fulfilled:

Oo—h = —=h 4

o Each series consists of at least 3 impulses;

¢ 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 |f no
indication of failure is obtained.

¢ A visual inspection of all insulator surfaces is mandatory. Flashover tracks areg not

allowed.
If any disruptive discharges occur during the type test series, it is recommended to usg all
posgible measures (€ven opening of the compartment) to find the location of flashover and to

analyse the reason\for it.

7.2.1 Application of the test voltage and test conditions
1

7.2.6. General

Subtlause 7.2 6 1 of IEC TS 62271-5:2024 is applicable with the 'Fnllnwing addition:

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.

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.
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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 voltage transducers and/or surge arresters shall be separately tested in accordance
the relevant documents.

7.2.6.2 General case

Subclause 7.2.6.2 of IEC TS 62271-5:2024 is applicable.

with

7.2.6.3 Special case
Sub¢lause 7.2.6.3 of IEC TS 62271-5:2024 is applicable with the following addition:

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.

7.2.7 Tests of switchgear and controlgear

7.2.71 General

Subg¢lause 7.2.7.1 of IEC TS 62271-5:2024 is applicable.

7.2.7.2 Direct voltage tests

Subg¢lause 7.2.7.2 of IEC TS 62271-5:2024 is applicable with the following modification.

The |test voltage shall be raised for each fest condition to the test value and maintained for
1 mip.

The main circuits of the DC GIS shall be subjected to direct voltage tests in dry conditions ¢nly.
The bushings shall be subjected to direct voltage tests in dry and wet conditions, as spedified
in IE|C/IEEE 65700-19-03:2014.

7.2.7.3 Switchingimpulse voltage tests

Subg¢lause 7.2.7.3.0f IEC TS 62271-5:2024 is applicable with the following addition:

The |main circuits of the DC GIS shall be subjected to switching impulse voltage tests ir] dry
conditions only.

The bushings—shaltbe-stubjectedtoswitchingimpuise—voltage-testsin-dryand-weteonditions.

7.2.7.4 Lightning impulse voltage tests

Subclause 7.2.7.4 of IEC TS 62271-5:2024 is applicable.

7.2.7.5 Superimposed impulse voltage tests

Subclause 7.2.7.5 of IEC TS 62271-5:2024 is applicable.

7.2.7.6 Polarity reversal tests

Subclause 7.2.7.6 of IEC TS 62271-5:2024 is applicable.
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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.

o | speciiied. polarity reversal test according 1o 7.£.7.0.

The [heating used shall be conductor heating, and the heating shall be generated withdirert or
altennating current; the results are generating the same heating. The thermal steady state will
nornmally be met after a test duration of five times the thermal time constant of the device upder
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 citeuit with a higher valgye of
currént, provided that sufficient test data is recorded to enable “calculation of thermal Jtime
congtant.

NOTHE 2 The electric field strength distribution is influenced by the temperature and the temperature distribption.
The JC insulation system test was introduced as a type test under high\load conditions (see 7.2.101). The dielectric
tests Junder high-load condition can be used to verify the dielectric-withstand behaviour during the transition phases
or in fase of doubt.

7.2.8 Artificial pollution tests for outdoor insulators

Sub¢lause 7.2.8 of IEC TS 62271-5:2024 is\applicable with the following addition:
This|test applies only to bushings.

7.2.9 Partial discharge tests

Sub¢lause 7.2.9 of IEC TS 62271-5:2024 is applicable with the following addition:

7.2.9.101 General

The |partial discharge test at ambient temperature and under zero load condition shall be
performed on these test objects which have successfully passed direct withstand voltage tgsts,
supgrimposed.voltage tests, and the switching and lightning impulse voltage tests.

D

It is preferred to carry out the test at alternating voltage stress including an alternating voltage
pre-stréss. If alternating voltage tests are not possible due to laboratory limitations, the partial
discharge test may be carried out at direct voltage.

Partial discharge tests shall be performed, and the measurement made in accordance with
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.
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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.

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 fpr
PD measurement voltage PD measurement
Upre-stress AC
. Upd-test AC Upre-stress DC Upd-test DC
(1 min)
(>1 min) (1 min) (>1 min)
Sing e-phase . Upre-stressAC = Upd-testAC =12 Urd Upre-stressDC = Upd—testDC =124 Urd
enclpsures design 1,5 U, 1,5 Uy
0 U, o U,

(phape-to-earth voltage)

the peak value of alternating pre-stress voltage Upre_stressAC = 1§ ®"U,, during type tests, rolitine

tests, and on-site tests to pre-stress the equipment before PD/measurements are made.

pre{stress AC

is the peak value of alternating test voltage U,
tests, routine tests and on-site tests.

1,2%/U,, for PD measurement during [type

pd-fest AC pd-testAC —

is the direct pre-stress voltage Upre_StreSSDC

before PD measurements are made.

prefstress bc = 1,5 x.Uy, during type tests to pre-stress the equipfent

is the direct test voltage U,

pd-testDC = 1,2 x Upyfor PD measurement during type tests, routine {ests
and on-site tests.

pd-fest DC

In addition, all components shall be tested in accordance with their relevant documents.

7.2.9.103 Maximum permissible\partial discharge intensity

The [maximum permissible partial discharge level shall not exceed 5 pC at the AC test voltage
spedified in Table 4.

The |values stated above applies to individual components as well as to the sub-assembli¢s in
whigh they are contained. However, some equipment, such as voltage transducers insulated
with|liquid, immérsed or solid, have an acceptable level of partial discharge in accordance|with
theirl relevant.document greater than 5 pC. Any sub-assembly containing components wjth a
permitted partial discharge intensity greater than 5 pC shall be considered acceptable if the
discharge level does not exceed 10 pC. Components for which higher levels are accepted shall
be tersted individually and are not integrated to the sub-assembly during test.

The direct voltage test shall be carried out at both positive and negative polarity. The pulse
train response defined in IEC 60270 is not appropriate for direct voltage tests. An accepted and
agreed-upon method shall be employed in order to clearly differentiate between PD within the
DC GIS under test from any external interference during the PD tests. Partial discharge shall
be measured and recorded at the test voltages defined in Table 4. The method of interpretation
shall be reported along with the measured values. In case of doubt, an AC PD measurement
according to the preferred method defined in Table 4 shall be additionally performed.

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.
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7.2.10 Dielectric tests on auxiliary and control circuits

Subclause 7.2.10 of IEC TS 62271-5:2024 is applicable.

7.2.11 Voltage test as condition check

Subclause 7.2.11 of IEC TS 62271-5:2024 is applicable with the following addition.

The test voltage shall be raised for each test condition to the test value and maintained for
1 min.

AnnJ;x E provides further information about notes concerning certain countries.

7.2.101 DC insulation system test
7.2.101.1 General

For

erification of the insulation system under high-load (HL) condition and\DC steady stafe, a

long|duration voltage test shall be carried out. Normally, for well-designed,systems using typical
cong-type or flat disk insulator geometries, the maximum electricAfield stress occurs on the
surface of the insulator under zero-load or high-load condition. This-is valid for both insulators

conductivity (duration dg 2 duration dpc). The aim of the DG ifisulation system test is to

the dielectric performance of DC GIS under high-load conditions. The worst-case load con
shal| be defined by simulations using the real insulator@eometry.

with|low electrical conductivity (duration dg < duration dpc) and insulators with high eIecj;icaI

rify
ition

The [duration of the test after reaching the thermal stability can be approximated with the

follolwing methods:

1)

2)

3)

Worst case approximation of DC steady.'state time calculated according to the following
dquation:

dDC = 2,3 Tm = 2,3 80:‘5}/0

where

7 is the dielectric time“constant;

m

gy is the vacuumpermittivity;

- is the relative permittivity of the insulator;

¢ is the\etectrical 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 relgivant
fpr.{the numerical model shall be provided. The scalability of the model shall be
demonsirated. Of importance are the eleciric Tield strengih, temperatures, and temperature
gradients; these parameters shall represent realistic service conditions.

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).
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Also, the surface conductivity of the insulating material shall be measured. If the charge
transport in the solid insulation is dominated by the bulk conductivity compared to the charge
transport 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).

It is the responsibility of the manufacturer to supply the relevant data and material properties.
Especially in the case of the third method, the electric field transition time dp is not directly

determined. In those cases, dpc is considered to be fulfilled if the rate of change of the
measured potential field is lower than 10 % of the initial rate (initial time delays shall be ignored).

The |electrical field transition could lead to long test durations, lasting from hours to moiths.
The linsulation system test shall be carried out once only, unless there is a substantial change
in the solid insulating system with respect to materials, manufacturing processes,Ceonstrucion,
design parameters, or requirements.

For the DC insulation system test, high load conditions shall be appliedn\The heating mefthod
used shall be conductor heating, and the heating shall be generated with” equivalent direft or
alterjnating current; the results are equivalent for both heating metheds-

The [test is valid and the relevant requirements are fulfilled by performing and passing ejther
one |of the alternative heating methods. For the insulation ‘system tests, a higher equivalent
diregt or alternating current (compared to the rated direct current) is allowed becausqd the
max|mum conductor temperature and maximum temperature drop across the insulation has to
be spfely achieved.

The thermal steady state will normally be met aftera test duration of five times the thermal jtime
congtant of the device under test. Duration dgfor 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 valye of
currgnt, provided that sufficient test data is recorded to enable calculation of thermal [time
congtant.

7.2.101.2 Test object

A minimum of 5 insulators (support and partition) of each type shall be tested.

For pther insulators'such as disconnector shafts, rods or tubes in minimum 3 samples shdll be
testad.

For purge jarrestors it is only necessary to verify the insulation performance of the interface
betweén, surge arrestor and DC GIS, if the design is different from the other insulators.

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
different superimposed impulse voltages (lightning or switching). The test can also be
performed using identical test objects.
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The electric field transition time under high load condition (HL) can be reduced by increasing the ambient

temperature, e.g. by enclosing the test device within an additional housing and providing means to circulate the air
to achieve homogeneous temperature distribution inside the housing.

The electric field transition time dp is to be defined by simulations and / or measurements

befo

re the DC insulation system test.

The test shall be carried out at direct voltage, lightning impulse and switching impulse rated
voltages according to sequence in Table 5:

Table 5 — Sequence of DC insulation system test

g
:
:
|,.
i
]
t
(

teady state temperature shall be reattained.

ue to laboratory constraints, it can be necessary to disconnect the test object from the direct voltage so
he direct(voltage drop at the test object shall not exceed 5 % of the test voltage while disconnecting. To \
he voltage on the test object during the disconnect interval, the direct voltage shall be measured (
dequate‘voltage measurement instruments. Alternatively, the electrical time constant of the whole test d¢
between the disconnecting points) could be measured before starting the test and used to calculate the

!

Test Conditions Load conditions Remark
Thermal pre-test Heating at defined HL thermal calibratipn®
temperature +5 K
Dielgctric pre-test PD test with alternating or ZL aceording 7.2.9 ©
direct voltage
Long-duration continuous direct voltage Rated direct voltage U, HL duration dp
test (One polarity, positive or
negative)
Supgrimposed lightning impulse voltage Rated LIWV values, HE 3 impulses® ¢ 49
test [bipolar and unipolar) superimposed to the rated
direct voltage U4
Supérimposed switching impulse voltage Rated SIWV values, HL 3 impulses®de[fo
test [bipolar and unipolar) superimposed to the rated
direct voltage U,
Long-duration continuous direct voltage Rated direct voltagé ¥}, HL duration dp
test (other polarity)
Supérimposed lightning impulse voltage Rated LIWWValues, HL 3 impulses® ¢ 49
test [bipolar and unipolar) superimposed\to the rated
direct \voltage U,
Supérimposed switching impulse voltage Rated"SIWV values, HL 3 impulses®e[io
test [bipolar and unipolar) superimposed to the rated
direct voltage U,
2  During the thermal calibration test, thé_current has to be determined for the maximum conductor tempergture
gnd maximum temperature drop across the solid insulators. This current has to be used for the long durgtion
oltage test. For the DC insulatiagn,system test, a higher equivalent direct or alternating current comparegd to
irect rated current is allowed; because the maximum conductor temperature and maximum temperature drop
cross the insulation shall be'safely achieved.
b efore starting the DC inSulation system test, further pre-testing under the responsibility of the manufacturer is
llowed.
¢ ecause of laboratery~constraints, it can be necessary to interrupt the heating of the test object. The maxijpum

eating interruption.time should be less than 60 min. After a heating interruption and before further tests| the

rce.
erify
sing
vice

test

oltage drop

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.

During the long duration voltage test, partial discharges, temperature (ambient and enclosure),
test current and test voltage should be monitored, and the measured data recorded. The
measured temperatures should be compared to data obtained from thermal calibration test. It
is also an advantage to apply arc detection and gas quality/pressure measurements.
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The

time between two successive impulses shall be not shorter than 1 min.

Generally, the verification of the dielectric performance under polarity reversals is covered by
superimposed voltage tests. Therefore, the time to change the polarity during the insulation
system tests could be chosen based on the possibilities and limitations of the laboratories

(hou

rs to months).

NOTE 2 The two test parts for the different polarities are independent tests.

If a breakdown or flashover occurs in a test object, the test of the affected direct voltage polarity
shall be repeated for this particular test object. If partial discharges higher than 5 pC are

dete
test

The
cond

a) 1

b) 1

c) T
t

7.2.1
This
enerf

is NG

NOTH
proto

The
DC

a) 1
b) 1

c) T
q

7.3
7.3.1
Sub

cted in the DC GIS during the steady state condition before the application of the imp
voltage, the location of the partial discharge shall be evaluated.

nsulation system test qualifies the insulators for DC applications provided thatithe follo
itions are fulfilled:

he rated direct voltage U,4 is not higher than that of the tested system:

he maximum conductor temperature is less than or equal to that of the tested system

he maximum temperature drop across the insulator is less4han or equal to that o
bsted system.

02 Long-term energized test

test is an optional test. The testing procedure .iS¢described in Annex F. The long-
gized test is intended to indicate the long-term-performance of the complete DC GIS
rmally to be completed after the type tests have-been carried out.

The long-term energized test is a long-term tesPdeveloped in the CIGRE TB 842 [16] and described
ype installation test. The naming has been adjusted to make it easier to understand.

long-term energized test additionally’ helps to qualify the manufacturer as a supplier
51S provided that the following conditions are fulfilled:

he rated voltage U,4 of thenDC GIS is not higher than that of the DC GIS tested.
he rated current /.4 of the*DC GIS is not higher than that of the DC GIS tested.

51S tested.
Resistance.measurement
Measurement of the resistance of auxiliary contacts class 1 and class 2

tlause)7.3.1 of IEC TS 62271-5:2024 is applicable

ulse

ving

the

term
and

as a

of a

he limiting temperature of the various parts in the DC GIS is not higher than that of the DC

7.3.2 Measurement of the resistance of auxiliary contacts class 3

Subclause 7.3.2 of IEC TS 62271-5:2024 is applicable

7.3.3 Electrical continuity of earthed metallic parts test

Subclause 7.3.3 of IEC TS 62271-5:2024 is applicable
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7.3.4 Resistance measurement of contacts and connections in the main circuit as

condition check

7.3.4.1 Resistance measurement test procedure

Subclause 7.3.4.1 of IEC TS 62271-5:2024 is applicable with the following addition:

a

The current used for the measurement shall be equal to or greater than 100 A direct current to

obta

in sufficient accuracy of the measurement.

If no-load operations cannot be made, then 3 measurements shall be made without no-load

oper

NOTH

sens
meas

7.3.4
Sub

7.3.4
Sub

NOTH
7.4
7.4.1

Sub

7.4.7

Sub

DC

ations of the switching devices.

It is recognised that for some tests, it is not practical (for example if gas handling is required betwesg

rs within the contact system) to make any no-load operations between each of the ‘three resist
rements.

meaTrements) nor possible (for example during continuous current test because of the presencélof tempe

.2 Making and breaking tests
tlause 7.3.4.2 of IEC TS 62271-5:2024 is applicable.

1.3 Other tests

tlause 7.3.4.3 of IEC TS 62271-5:2024 is applicable.

Switching of small DC currents are covered by IEC TS 62271-314.
Continuous current tests
Conditions of the test object

tlause 7.4.1 of IEC TS 62271-5:2024%s applicable.

4 Arrangement of the equipment

tlause 7.4.2 of IEC TS 62271-5:2024 is applicable with the following addition:

51S with single-pole. enclosures shall be single-pole tested with the test current flo

throigh the main conductor. The test current shall not return through the enclosure.

curr
adm
canr

WhT testing individual sub-assemblies, the neighbouring sub-assemblies should carry

nts which/~produce the power loss corresponding to the operating conditions.
ssible fo_simulate equivalent conditions by means of heaters or heat insulation if the
ot be ' made under actual conditions.

n the
ature
hnces

ving

the
It is
test

7.4.3—TFesteurrent-and-duration

7.4.31 Test on main circuit

Subclause 7.4.3.1 of IEC TS 62271-5:2024 is applicable.

7.4.3.2 Test on the auxiliary and control equipment

Subclause 7.4.3.2 of IEC TS 62271-5: 2024 is applicable.

7.4.4 Temperature measurement during test

Subclause 7.4.4 of IEC TS 62271-5:2024 is applicable.
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7.4.5 Resistance of the main circuit

Subclause 7.4.5 of IEC TS 62271-5:2024 is applicable.

7.4.6 Criteria to pass test

Subclause 7.4.6 of IEC TS 62271-5:2024 is applicable with the following addition:

Insulators for DC GIS are considered electrical insulation system (EIS) according to
IEC 60085:2007. The upper limit temperatures defined in IEC TS 62271-5 shall therefore be
applicable for the EIS and not for the electrical insulation material (EIM).

For
equi

NOTH

The
not ¢

permitted in the relevant document for those components.

NOTH 2 When applying a temperature rise equal to or higher than 65 K for,parts of the enclosure not accessi
the operator, every precaution can be taken to ensure that no damage<s Caused to the surrounding insu
matefials.

7.5 | Short-time withstand current and peak withstand current tests

7.5.1 General

Sub¢lause 7.5.1 of IEC TS 62271-5:2024 is apphicable.

7.5.2 Arrangement of the equipment.and of the test circuit

Sub¢lause 7.5.2 of IEC TS 62271-5:2024 is applicable with the following additions.

DC (
with

The
conr
GIS
com
usin

7.5.3

butdoor application, the manufacturer shall demonstrate that the temperature rise o
bment will not exceed the limit acceptable under the service condition chosen in/ Claus

1 The effect of solar radiation can be taken into account. See IEEE C37.24 [17].

overed by the scope of IEC TS 62271-5:2024 shall not exceed the temperature-rise |

51S with single-pole enclosurés shall be tested in a single-pole circuit with return curre
but return current in therenclosure.

tests shall be made on a representative assembly which should include all type
ections of boltedy.welded, plug-in or otherwise jointed sections to verify the integrity o
componentsqare’ joined together. Assemblies shall be tested such that specimens ¢

j configurations that provide the most severe conditions.

] Test current and duration

the
e 4.

temperature rise of components contained in the DC GIS which are(subject to documents

mits

ble to
ating

nt or

s of
fDC
f all

bonents andisub-assemblies of the design are subjected to the test. Tests shall be made

Subclause 7.5.3 of [EC TS 62271-5:2024 is applicable.

7.5.4 Conditions of the test object after test

Subclause 7.5.4 of IEC TS 62271-5:2024 is applicable.

7.5.101 Tests on the main circuits

After the tests, the resistance measurement shall not increase more than 20 % with respect to
its pre-test resistance measurement. Neither the components nor conductors within the
enclosure shall show any deformation or damage, which can impair the intended operation.

Short connections to voltage measurement devices shall be considered as part of the main
circuit, except for parts included in the voltage measurement device compartment.
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7.5.102 Tests on earthing circuits

The manufacturer shall demonstrate by tests or calculations the capability of earthing circuits
to withstand the rated short-time and peak withstand current of the system.

When verification tests are required by the user, earthing circuits of DC GIS which are factory
assembled and comprise earthing conductors, earthing connections and earthing devices shall
be tested as installed in the DC GIS with all associated components which can influence the
performance or modify the short-circuit current.

7.6 | Verification of the protection

7.6." General

Sub¢lause 7.6 of IEC TS 62271-5:2024 is applicable.

7.6.2 Verification of the IP coding
Sub¢lause 7.6.1 of IEC TS 62271-5:2024 is applicable withxthe following addition.

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

Whefre supplementary letter W is specified, it shall be checked by inspection, that the dgsign
doeg not contain places where significant aceumulation of water can be retained (to minimize
corrgsion).

7.6.3 Verification of the IK coding

Sub¢lause 7.6.2 of IEC TS 62271-5:2024 is applicable with the following addition:
Verification of IK coding is not ‘applicable to pressurized DC GIS enclosures.

7.7 | Tightness tests
7.7.1 General

Sub¢lause 771 of IEC TS 62271-5:2024 is applicable with the following addition:

The Imgasurement of gas tightness shall be performed as a type test to show that the relative
leakpge“rate complies with 6.16.101. The tightness test shall be performed at filling presture

Dre-

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.

7.7.2 Controlled pressure systems for gas

Subclause 7.7.2 of IEC TS 62271-5:2024 is applicable.
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7.7.3 Closed pressure systems for gas

Subclause 7.7.3 of IEC TS 62271-5:2024 is applicable with following addition.

The measurement of gas tightness shall be performed by cumulative method (Om described in

IEC

60068-2-17, test method 1).

7.7.4 Sealed pressure systems

Subclause 7.7.4 of IEC TS 62271-5:2024 is applicable.

7.7.9

Sub

7.8
Sub

Sub

7.9
Sub

7.10
Sub

7.10

Swit
mak
TS 6
they
arra

NOTEH
be gi
that,
7.10
7.10

Swit

] Liquid tightness tests
tlause 7.7.5 of IEC TS 62271-5:2024 is applicable.

Electromagnetic compatibility tests (EMC)
tlause 7.8 of IEC TS 62271-5:2024 is applicable with the following addition:

tlause 7.8.1.1 of IEC TS 62271-5:2024 applies only to bushings.

Additional tests on auxiliary and control circuits

tlause 7.9 of IEC TS 62271-5:2024 is applicable.

X-radiation test for vacuum interrupters

tlause 7.10 of IEC TS 62271-5:2024 is applicable.

1 Verification of making and breaking capacities

ching devices forming part of the main circuit of DC GIS shall be tested to verify their 1
ng and breaking capacities aceording to the relevant documents (IEC TS 62271-313,
2271-314, IEC TS 62271-315)-and under the proper conditions of installation and use
shall be tested as normally installed in the DC GIS with all associated components
ngement of which can influence the performance, such as connections, supports, etc.

In determining which:associated components are likely to influence the performance, special attentio
en to mechanical forces due to short-circuiting, to the possibility of disruptive discharges, etc. It is recog
n some cases, suchjinfluences can be quite negligible.

2 Mechanical and environmental tests

2.1 General

ated
IEC
i.e.
the

h can
nized

ching devices of DC GIS shall be submitted to mechanical operation and environm

ntal

testsTn accordance with their relevant documents (IEC TS 6227 1-313, IEC 1S 6227 1-3714, IEC
TS 62271-315) and shall be tested in a representative assembly of all associated components,
which can influence the performance, including auxiliary devices. All equipment shall withstand
the stresses caused by the operation of switching devices.

7.102.2 Mechanical operation test at ambient temperature

Before and after the mechanical operation tests, the measurement of gas tightness according
to 7.7 shall be performed to show that the leakage rate is not changed by influences caused by
the mechanical type tests.
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All switching devices fitted with interlocks shall be submitted to 5 operating cycles in order to
check the operation of the associated interlocks. Before each operation the interlocks shall be
set in the position intended to prevent the operation of the switching devices and one attempt
shall then be made to operate each switching device. During these tests only normal operating
forces shall be employed and no adjustment shall be made to the switching devices or interlocks.

7.10

2.3 Low- and high-temperature test

Operation tests at minimum and maximum temperature shall be performed in accordance with
the relevant apparatus documents.

7.10
7.10

Proag
are
cond

Prog

appf
EN §

7.10
The

The

Cast

o

NOTH
incre

Welded aluminium and welded steel enclosures

—

3 Proof tests for enclosures
3.1 General

f tests are made when the strength of the enclosure or parts thereof is not calculated. ]
performed on individual enclosures before the internal parts are added with te
itions based on the design pressure stresses.

f tests can take the form of either a destructive or a non-destructive pressure tes
opriate to the material employed. For further information, see<EN'50052 [5], EN 50064
0068 [7], EN 50069 [8].

3.2 Burst test procedure

pressure rise shall not be greater than 400 kPa/min:
pressure test requirements shall be at least as*follows:

aluminium and composite aluminium enclosures

ype test pressure = [ 3,5/ 0,7 ] x désign pressure

The value 0,7 has been included:té_cover the possible variability of production castings. This factor c
hsed to 1,0 if it can be justified by, spetial material tests.

ype test pressure =[\(2,3 / v) x (g;/ o) ] X design pressure

here

ection and\0,75 for visual inspection);

i is-the permissible design stress at test temperature;

[hey
5ting

, as
(6],

hn be

is the wélding coefficient (1 for ultrasonic or radiography inspection of 10 % of wellded

Fanis the permissible design stress at design temperature.

These factors are based on the minimum certified properties of the material used.

Addi

tional factors can be used taking into account the methods of construction.

Any enclosure remaining intact after these pressures have been reached shall not be used for
normal operation.
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7.103.3 Strain measurement test

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

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

Hyd

astatic pressure shall he npplipd gmdlmlly in steps of nlnlnrm(imsltply 10 % until the roi

itine

test pressure for the expected design pressure (see 8.101) is reached or significant yieldir
any part of the enclosure occurs.

Wheln either of these points is reached, the pressure shall not be increased further!

Stra|n readings shall be taken during the increase of pressure and repeated during pres
decrgase.

Indigation of localized permanent set can be disregarded provided’ there is no evideng
gengral distortion of the enclosure.

g of

sure

e of

If the curve of the strain/pressure relationship show a non-linearity, the pressure can be re-

appl

sucdessive cycles substantially coincide. If coincidencgé\is not attained, the design pressure
the fest pressure shall be taken from the pressure fange corresponding to the linear portiq

the ¢

the

If the final test pressure or the preSsure range corresponding to the linear portion of
straip/pressure relationship (see “above) is less than the routine test pressure, the deg
prespgure shall be calculated fromthe following equation:

whe

If thi routine test pressure is reached withinxthe linear portion of the strain/pressure relation

ed not more than five times until the loading and ynleading curves corresponding tg

urve obtained during the final unloading.

xpected design pressure shall be considered to be confirmed.

e
is the design pressure;
is the pressure at which significant yielding occurs or the pressure range correspon

two
and
n of

ship,

the
sign

ding

rt of

Gt

Oa

to the linear pnr’rinn of the Q’rrain/prnqenrn rnln’rinnehip of the most highly strained pa
the enclosure during final unloading (see above);

is the routine test pressure factor (see 8.101);

is the permissible design stress at test temperature;

is the permissible design stress at design temperature.

7.104 Pressure test on partitions

The purpose of this test is to demonstrate the safety margin of the partition submitted to
pressure in service condition. For further information see EN 50089 [18].

The partitions shall be installed as for the maintenance condition. The pressure shall rise at
a rate of not more than 400 kPa/min.
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bursting pressure shall be three times the design pressure.

7.105 Test under conditions of arcing due to an internal fault

024

Evidence of performance according to 6.103.2 shall be demonstrated by the manufacturer when

requ

ired by the user.

Evidence can consist of a test or calculations based on test results performed on a similar
arrangement or a combination of both.

Broc

For 1
the

direq
valu
redu
accq

ure 602 [2], CIGRE Session 1998 — WG 21/23/33-03 [3] and RGE: 04/82 [4].

nical

he convenience of testing, alternating test current can be used alternatiyely. In such a dase,

RMS value of the alternating current shall be not less than the ratedyshort-time withsit

rding to Table 2.

7.10

7.106.1 General

Tests on insulators (partitions and support insulators) shall be performed as in 7.106.2
7.106.3.
7.106.2 Thermal performance

The

Insulator tests

and

t current as defined in IEC TS 62271-5. The test duration can e one of the prefgrred
s of short-circuit duration given in IEC TS 62271-5:2024, 5.5.. The test duration cah be
ced to 0,3 s by increasing the test current to reach the equivalent Joule integral value

and

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.

to

The thermal cycle shall be as\follows:

a) 4 h at minimum ambient air temperature (for example —40 °C);

b) 4 h at room température;

c) 4 h atlimit of temperature according to Table 10 row 7 of IEC TS 62271-5:2024 (for example
1105 °C);

d) 4 h at reom temperature.

Insulators” for DC GIS are considered electrical insulation system (EIS) according

IEC p0085:2007. The upper limit temperatures defined in IEC TS 62271-5 are thergfore

applicable for the EIS and not for the electrical insulation material (EIM).

The given thermal cycle times do not include the necessary transition times to reach the stable

end

temperatures of steps a), b), c) and d).

After the test sequence, all insulators shall be tested in accordance with routine tests 8.2, 8.6

and

8.104.
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7.106.3 Tightness test for partitions

An overpressure withstand test shall be performed as described:

The design pressure of the partition shall be applied on one side of the partition while the
adjacent compartment is under vacuum to verify the tightness of a partition. Alternatively, the
pressure on one side of the partition shall be the design pressure of the partition plus 1 bar
while the adjacent compartment is at 1 bar. The pressure in both compartments shall be
measured over a period of 24 h.

Precautions shall be taken during test, as the test pressure across the partition is higher than
the design pressure of the partition.

At tHe end of the test, no damage shall be observed on the partition. A gas tightness test ghall
be performed in accordance with 7.7. The relative leakage rate shall not be greater thar the
defined value prescribed in 6.16.

7.107 Corrosion test on earthing connections

7.107.1 General

For jputdoor application, or on user’s request, a corrosion proof test shall be performgd in
accdrdance with this subclause.

The |tested sub-assemblies shall be representative of{a DC GIS arrangement, includingd the
deviges providing electrical continuity and earthingof the enclosure, flanges of enclosjures
whidgh can be part of the earthing system, the accessories (pressure monitoring device) and the
secdndary system as  described in 6.7 of |IEC TR 62271-306:2012 |and
IEC TR 62271-306:2012/AMD1:2018.

Testjng of one representative earthing cannection is considered to be sufficient.

7.10[7.2 Test procedure

The jtested sub-assembly shall(be submitted to environmental testing Ka (salt mist) according
to IHC 60068-2-11. The duration of the test is 168 h.

In afdition, for painted:'surfaces, the resistance to humid atmospheres containing sulphur
diox|de shall be tested“according to ISO 22479.

NOTH The CIGRE._working group WG B3.57 is working on lifetime management of outdoor DC GIS [19]| The
recommendatigns, of this CIGRE guide can be considered.

7.10[7.3 (Criteria to pass the test

The resistanee-of-the—earthing-of-the-enclosurermeasured-accordingto/3-+—shalnotineréase

19
more than 20 % after this test.

After the test, the dismantling of the assemblies shall not be affected. The degree of corrosion,
if any, should be indicated in the test report. If the surfaces are painted, no trace of degradation
shall be noticed.
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7.108 Corrosion tests on sealing systems of enclosures and auxiliary equipment
7.108.1 General

On user’s request, a corrosion proof test shall be performed in accordance with this subclause.

The tested sub-assemblies shall be representative of a DC GIS arrangement, including the
enclosures, auxiliary equipment (gas filling valves, viewports, pressure monitoring device,
pressure relief device, UHF sensor, etc.) and sealing systems (including dynamic sealings of
switching devices) as  described in 15.7 of IEC TR 62271-306:2012 and
IEC TR 62271-306:2012/AMD1:2018.

71 OL.Z Test procedure

The [tested sub-assembly shall be submitted to environmental testing Ka (salt mist)‘acconding
to IHC 60068-2-11. The duration of the test is 168 h.

Aftef the corrosion tests a gas tightness test shall be performed in accordahce with 7.7.

7.108.3 Criteria to pass the test

¢ Therelative leakage rate in the gas tightness test shall not be-greater than the defined value
frescribed in 6.16.

. isual inspection of flanges and sealing systems. Ifcorrosion is observed, it shall be
documented in the test report.

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

NOTH 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
Sub¢lause 8.1 of IEC TS 62271-5:2024 is applicable with the following addition:

For foutine tests technical grade SFg and its mixtures in accordance with IEC 60376 or lised
SFg fand its mixtures jn;accordance with IEC 60480, can be used. See 6.2.

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

the ¢haracteristics of the gas / gas mixture used for the routine testing shall be defined|and
docymented by the manufacturer of the DC GIS and documented in the routine test reportp.

The [roltine tests shall be performed on all components of a DC gas-insulated metal-enclpsed
switchgear and its controlgear. Depending on the nature of tests, some tests can be performed
on components, transport units or on the complete installation.
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The

following routine tests shall be carried out:

Subclause

a) Dielectric test on the main circuit 8.2

b) Tests on auxiliary and control circuits 8.3

C) Measurement of the resistance of the main circuit 8.4

d) Tightness test 8.5

e) Design and visual checks 8.6

f) Pressure tests of enclosures 8.101

9) Mechanical operation tests 8.102

h) Tests on auxiliary circuits, equipment and interlocks in the control 8.103

mechanism

i) Pressure test on partitions 8104
8.2 | Dielectric test on the main circuit
Sub¢lause 8.2 of IEC TS 62271-5:2024 is applicable with the following additions:
The ftests shall be performed at the minimum functional pressare“for insulation pme.
8.2.101 Alternating or direct voltage tests on the main-circuit
The | alternating or direct voltage test of DC GIS“shall be performed according to| the
requirements in 7.2.6.1 or 7.2.7.1 to earth, between poles (if applicable) and across the ¢pen
swit¢hing devices. The voltage test across the*gpen switching device can be carried out from
one pide of the switching device.
The ftest voltage shall be the rated directwithstand voltage divided by V2 for alternating vol|:age
test [or the rated direct withstand voltage for direct voltage test. The rated direct withstand
voltgges are specified in column 3.0f Table 1 in IEC TS 62271-5:2024.
The [test voltage shall be raised for each test condition to the test value and maintained for
1 mip.
8.2.102 Partial discharge measurement
The [measurement: of partial discharges shall be performed to detect possible material|and
manpufacturing\defects.
Part|al discharge tests shall be performed in accordance with 7.2.10.

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

routi

ne tests.

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

8.3

Tests on auxiliary and control circuits

Subclause 8.3 of IEC TS 62271-5:2024 is applicable.
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8.4 Measurement of the resistance of the main circuit

Subclause 8.4 of IEC TS 62271-5:2024 is applicable with the following addition:

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.

8.5 Tightness test
Subclause 8.5 of IEC TS 62271-5:2024 is applicable with the following addition:

The ftightness test shall be performed at filling pressure for insulation p.,, when thecdetegtion
method is by sniffing device.

The [maximum relative leakage rate F\g 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).

NOTHE The commonly used test method for gas-filled systems tested in factory @and-on-site is the probing test using
a sniffing device with the minimum sensitivity mentioned in IEC TS 62271-5;2024, 8.5.3. If a leak is detected, the
test i considered failed, and the test object will be repaired, or the leak wijllLbe quantified by using a cumujative
methpd. Leakage rate below 0,5 % per year per gas compartment are not\always easily possible to verify usinlg the
probipg test method.

8.6 | Design and visual checks

Sub¢lause 8.6 of IEC TS 62271-5:2024 is applicable:

8.101 Pressure tests of enclosures

Pregsure tests shall be made on enclosufres after complete machining.

The [standard test pressure shall be k times the design pressure, where the factor &

e is 1,3 for welded aluminium‘and welded steel enclosure,

e i§ 2 for cast aluminium.and composite aluminium enclosures.

The ftest pressure shall\be maintained for at least 1 min.
No rppture or pernmanent deformation should occur during this test.

8.10R Mechanical operation tests

Operation tests are made to ensure that the switching devices comply with the prescijibed
operatimgtonditionms—andthat thremectamnicatmtertocks work property:

Switching devices of DC GIS shall be submitted to a mechanical routine test in accordance with
their relevant documents. The mechanical routine tests can be made before or after assembly
of transport units.

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

NOTE Mechanical interlocks can be checked on-site depending on the size of delivered transport components.
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During these tests, which are performed without voltage on, or current in, the main circuits, it
shall be verified in particular that the switching devices open and close correctly within the
specified limits of the supply voltage and pressure of their operating devices.

8.103 Tests on auxiliary circuits, equipment and interlocks in the control mechanism

All auxiliary equipment shall be tested either by a functional operation or by verification of the
continuity of wiring. Settings relays or sensors shall be checked.

The electrical, pneumatic and other interlocks, together with control devices having a
etermined sequence of operations, shall be tested five times in succession in the intended

pre

cond
Duri

The
effeq
oper

8.104 Pressure test on partitions

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

For

The

9

9.1
Sub

Annégx D provides a summary of _the considerations for specifying ratings of switchgear

cont

NOTH
of a A
can g

9.2
Sub

The

itions of use and operation and with the most unfavourable limit values of auxiliary su
ng the test, no adjustment shall be made.

tests are considered to be satisfactory if the auxiliary devices have operated.properly,
t on the entire operating unit can be visually determined after the tests and if the forg
ate the switching device is practically the same before and after the tests.

he pressure test the partition shall be secured in exactly\the same manner as in servi

partition shall not show any sign of overstress oreakage.

Guide to the selection of switchgear and controlgear (informative)

General

tlause 9.1 of IEC TS 62271-5:2024s applicable with the following addition:

rolgear.

IEEE C37.122.1 [20] and CIGRE Technical Brochure 125 [21] describe the general guideline for the selq
C gas-insulated metal=enclosed switchgear above 52 kV and of 72,5 kV and above, respectively. Some of]
[so be referred to a-DC/GIS.

Selection.of rated values

tlause Q.2)of IEC TS 62271-5:2024 is applicable with the following addition:

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

bply.

if no
e to

and

ction
them

9.3

Cable-interface considerations

Subclause 9.3 of IEC TS 62271-5:2024 is applicable.

9.4

Continuous or temporary overload due to changed service conditions

Subclause 9.4 of IEC TS 62271-5:2024 is applicable.

9.5

Environmental aspects

Subclause 9.5 of IEC TS 62271-5:2024 is applicable.
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10 Information to be given with enquiries, tenders and orders (informative)

10.1

General

Subclause 10.1 of IEC TS 62271-5:2024 is applicable with the following addition:

Annex D defines, in tabular format, technical information to be exchanged between user and
supplier.

10.2

Sub

10.3

Sub
f) |1

11

1.1

Sub

11.2

Sub

11.3

Sub

11.4

Sub

11.5

Sub

In c3

this
and

Information with enquiries and orders

tlause 10.2 of IEC TS 62271-5:2024 is applicable.

Information with tenders
tlause 10.3 of IEC TS 62271-5:2024 is applicable with the following addition:

st of recommended tools that should be procured by the user.
Transport, storage, installation, operating instructions-and maintenance

General

tlause 11.1 of IEC TS 62271-5:2024 is applicable.

Conditions during transport, storage and installation

tlause 11.2 of IEC TS 62271-5:2024 is applicable.

Installation

tlause 11.3 of IEC TS 62271-5:2024 is applicable.

Operating instructions

lause 11.4 of IEC TS 62271-5:2024 is applicable.

Maintenance

lause 11.5 of\IEC TS 62271-5:2024 is applicable with the following addition:

se of leakage which cannot be easily repaired, temporary solutions for limiting or stop
eakage and allowing continuity of service should be recommended by the manufac
pgreed by the user until a repair is scheduled.

ping
urer

NOTE The direct voltage stress can cause charge accumulation on the surface of the insulating material of the
bushings. This can lead to increased dirt accumulation. The maintenance of bushings is described in IEC/IEEE
65700-19-03:2014, 11.6. The subclause shows special precautions which need to be observed related to cleanliness
of the surface.

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.
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These tests and verifications comprise:

Subclause
a) dielectric tests on the main circuits 11.101.2
b) dielectric tests on auxiliary circuits 11.101.3
C) measurement of the resistance of the main circuit 11.101.4
d) gas tightness tests 11.101.5
e) checks and verifications 11.101.6
f) gas quality verifications 11.101.7

To eLsure minimum disturbance, and to reduce the risk of humidity and dust entering encloeres
and thus preventing correct operation of the switchgear, no obligatory periodic inspeetions or
presgure tests concerning the enclosures are specified or recommended when theXDC GIS|is in
servjce. Reference shall be made, in any case, to the manufacturer’s installation, eperation and
maintenance manuals.

The [manufacturer and user should agree on a commissioning test plap'for'tests on-site.

11.101.2 Dielectric tests on the main circuits
11.101.2.1 General

Sincg it is especially important for DC GIS, the dielectric integrity shall be checked in ordgr to
elim|nate fortuitous causes (wrong fastening, damage~during handling, transportation, stofage
and |installation, presence of foreign bodies, etc.){which might in the future give rise tp an
internal fault.

Because of their different purpose, these tests shall not replace the type tests or the rodtine
testd carried out on the transport units\and, as far as possible, in the factory. They| are
supplementary to the dielectric routine tests with the aim of checking the dielectric integrity of
the gompleted installation and of detecting irregularities as mentioned above. Normally the
dielgctric test shall be made after tHee DC GIS has been fully installed and gas-filled at the f{lling
dengity preferably at the end of all site tests, when newly installed. Such a dielectric test is|also
recommended to be performed-after major dismantling for maintenance or reconditionirlg of
compartments. These tests_shall be distinguished by their progressive voltage increase,
performed in order to achieve some form of electrical conditioning of the equipment begfore
compmissioning.

The execution of.such site tests is not always practicable and deviations from the standard {ests
can pe accepted: The aim of these tests is to offer a final check before energizing. It is [very
impqrtant that'the chosen test procedure does not jeopardize sound parts of the DC GIS|see
Clause B=3.

In CIIUUOEIIB arll applupl;atc tcat Illcthud fUI cauh illd;v;dua= vaotl, a Qpcu;a= aglccnlcllt vda 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.

11.101.2.2 Test procedure

The DC GIS shall be installed completely and gas-filled at its filling density.
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Some parts can be disconnected for the test, either because of their high charging current or
because of their effect on voltage limitation, such as

e high voltage cables and overhead lines;

e main transformer,

e voltage transducers, and

e surge arresters.

NOTE

introd

uce faults after the tests are completed.

Ever

In th

de-gnergized and earthed during the dielectric test, unless special measures. are tak

prev
GIS.

Appl
after
to te
insta

One

a) H

In ag

for 1
serv
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dete
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b) H

y newly installed part of a DC GIS shall be subjected to a dielectric test on-site.

e case of extensions, in general, the adjacent existing part of the DC &IS$ sha

ent disruptive discharges in the extension affecting the energized part of, the existing

ication of the test voltage may be necessary after repair or mainténance of major par

installation of extensions. The test voltage can then be applied)to existing parts in @
5t all sections involved. In those cases, the same procedure,should be followed as for n
lled DC GIS.

of the following test procedures shall be chosen:

rocedure A (recommended for all voltage levels):
Alternating voltage test for a duration of \'min at the value of Upre-stress ac = 1,5x%
and

partial ~ discharge  measurements: according to  Table 4, however
Upd-test AC = 1,2 x Urd'

dition to the before mentioned ¢ests, a direct voltage test at 1,2 x U, (column 2 in Tab

h in the same polarity as used in service is recommended. If both polarities can occ
ce, each polarity shall betested for 1 h.

D measurement at U4 is also recommended since this measurement can be helpf

Frmining the need.for maintenance of the equipment after a period of service. For prad
cation of PD,measurements, see Annex B.

Proceduré®B- (alternative to procedure A):

Alterhating voltage test for a duration of 1 min at the value of Upre_stress ac = 1,5 %
and

In determining the parts which can be disconnected, attention is drawn to the fact that the reconnection can

| be
n to
DC

s or
rder
ewly

Urd;

with

e 6)
ur in

ul in
tical

Urd;

Partral—discharge—measurements——according—to abte4; hrowever

Upd-test ac = 1,2 X Urd

Lightning impulse tests with three impulses of each polarity and with the value spec
in Table 6, column (4).

with

ified

In addition to the before mentioned tests, a direct voltage test at 1,2 x Uyys (Column (2) in

Table 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.

A PD measurement at U,4 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

appl

ication of PD measurements, see Annex B.
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11.101.2.3 Test voltages
Considering that

e transport units have normally been subjected to routine test,

o the probability of disruptive discharges is higher for the complete installation than for
individual functional units,

o disruptive discharges in correctly installed equipment shall be avoided,

the test voltage for dielectric tests on-site shall be as shown in Table 6.

Table 6 — On-site test voltages

Rated voltage for On-site On-site .  Qyrgite
equipment shqrt-duratlon direct short-.duratlon alternating Ilghtnlng 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 1560

NOTIE 1 The on-site test voltages havesbeen calculated as follows:

Uygl (On-site test value) = U, x 0,8 (column (2))
Uye|(on-site test value) = Uy, / VZ (column (3))
Ups (on-site test value) = Up x 0,8 (column (4))

All yalues have been tounded up to the next higher modus 5 kV.

NOTIE 2 If othep-insulation levels than the rated values of Table 1in IEC TS 62271-5:2024 are specified, then the
on-sjte test voltage is calculated according to Note 1.

a8  |hstead'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
tb 8 us are acceptable. When using oscillating lightning impulse voltages, the front timg can
e extended to approximately 15 us.

NOTHE 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), beferehand a test|with
direct voltage stress is also required.
T

he existing experience refers to ripple factor lower than or equahto 3 %.
11.101.2.5 Voltage application

The [test voltage source can be connected to any convenient point of the conductor under fest.

It is| often convenient to divide the whole installationy of DC GIS into sections by opehning
discpnnectors for at least one of the following reasonfs:

e tp limit the capacitive load on the test voltage source;

e tp facilitate the location of disruptive djscharges;

—

o tp 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
discpnnector from the section under test, shall be earthed. Unless dismantled after routine| test
or ddiring maintenance, no dieleetric test across the open switching devices shall be carried out
on-sjte.

11.101.2.6 Assessment of the test

The |switchgear shall be considered to have passed the test if each section has withstood the
spedified test ¥oltage without any disruptive discharge.

In the event of a disruptive discharge occurring during dielectric tests on-site, the tests shqll be
repelated.

Guidelines on repetition tests are given in B.6.

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.

11.1044—Measurement-ef theresistance-of-the main-eireuit

Overall measurements shall be made on the complete installation, under conditions @s.similar
as ppssible to those of the routine test on transport units.

The [resistance measured shall not exceed the maximum values permitted for'the routine {ests
on tfansport units (see 8.4), taking into account the differences of the twao test arrangemients
(number of devices, contacts and connections, length of conductors, etc/)!

Resistance values between earthing switches shall be verified during on-site assembly|and
docymented in the project documentation.

11.101.5 Gas tightness tests

Sub¢lause 8.5 of IEC TS 62271-5:2024 is also applicable for on-site gas tightness tesfs. A
qualjtative gas tightness test shall be carried out on-all/field assembled connections.

A legdkage detector can be used. See appendixes-of IEC 62271-4.

11.101.6 Checks and verifications
The [following shall be verified:

a) donformity of the assembly with"the manufacturer's drawings and instructions;
b) gealing of all pipe junctions;and the tightness of bolts and connections;

c) donformity of the wiring with the diagrams;

d)

H
e) groper function‘of the control, measuring, protective and regulating equipment including
RHeating and dighting.

roper function of-the' electrical, pneumatic and other interlocks;

The |mechanical operation checks and tests shall be carried out according to the relgvant
docyments:. If verification is not specified, the manufacturer shall specify them in| the
commissjoning test plan.

11.101.7 Gas quality verifications

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
Clause 12 of IEC TS 62271-5:2024 is applicable with the following addition:

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.

13 Influence of the product on the environment

Clayse 13 of IEC TS 62271-5:2024 is applicable with following addition:

Local regulations can apply for handling releases during manufacturing, installatioh, onfsite
testq, repair, maintenance and end-of-life, see IEC 62271-4.

For ¢nvironmental aspects of gases and gas mixtures see CIGRE TechnigalBrochure 802 [13].



https://iecnorm.com/api/?name=5072d115c232580b19f224c62c58874d

IEC TS 62271-318:2024 © |IEC 2024 - 61—

Annex A
(normative)

Methods for alternating current testing of DC gas-insulated metal-

enclosed switchgear under conditions of arcing due to an internal fault

A1

General

The occurrence of an arc inside DC GIS due to an internal fault is accompanied by various

phyg

For
over
swit
can

This
effeq
cong

furthler information).

A.2

A.2.

Wheln choosing the object to be tested, reference shall be made to the design document

the
pres

In any case, the following points shall-be observed:

a)

q
d
f
b) t
|

—

c)

A.2.

ical phenomena.

hgear. Moreover, the materials involved can produce hot decompositiomproducts w
be discharged into the atmosphere.

annex takes into account the internal overpressure acting on the enclosure and the the
ts of the arc or its root on the enclosure. It does not cover:all"the effects which
titute a risk, such as toxic gases and their by-products (see“annexes of IEC 62271-

Short-circuit current arcing test

( Test arrangements

DC GIS. The compartments which appear-to have the least likelihood of withstanding
sure and temperature rise in the event of arcing shall be selected.

ach test can be carried out\on a test object not previously subjected to arcing tests.
bjects that have already.undergone arcing tests shall be restored so that the condition
rther arcing tests are neither aggravated nor eased,;

he test object shall.be fully equipped and arranged to include any protection device,
s pressure religfs) “short-circuiting devices, etc. provided by the manufacturer forn
mitation of the'effects of the arc.

he test object'shall be filled with normal insulating gas at filling pressure p.

P Current and voltage applied

bxample, the energy resulting from an arc developing in the enclosure will catse’intgrnal
pressure and local overheating, which will result in mechanical and thermal stressing of the

hich

rmal
can
1 for

5 for
the

Test
s for

such
the

A.2.

P General

Sing

le-pole enclosures shall be tested single-pole.

A.2.2.2 Voltage

The test can be made with an applied voltage lower than the rated voltage for equipment of the

test

object if the following conditions are met:

a) the arc current shall be practically sinusoidal;

b) 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 arc-
durrent has a peak value according to IEC TS 62271-5.

A.2.R.4 Duration of the test

The |current duration shall be such as to cover the back-up protection chosen on-the basjis of
the ¢xpected duration as determined by the protection devices. See 6.103.2.

A.2.B Test procedure
A.2.8.1 Test connections

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

Carg shall be taken to ensure that the connections do not’ease the test conditions. Generally,
the ¢nclosure is earthed on the same side of the test object into which the current is fed.

A.2.B.2 Arc initiation

The [arc shall be initiated by means of a metalpwire of suitable diameter.

The [point of initiation to be chosen is where the arc is likely to set up the rated stresses in the
test pbject. Generally, this will be achieved when the arc is initiated in the vicinity of a parfjition
furthest from the point of infeed and-yfurthest from the pressure relief device, if fitted.

NOTH The arc cannot be initiated by perforating the solid insulation.
A.2.8.3 Measurement and recording of the test performance
The [following parameters shall be plotted and recorded

e the current and'its duration

—

he arc voltage;

—

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

Qo

and, 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

The following information shall be given in the test report:

A.2.

The [test results can be extended to other enclosures of similar design but of different size
shape and/or to other test parameters by calculations.

A.3| Composite verification by calculation.and separate tests

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

relief devices;

Q)

—

ransducers for pressure measurements;

durrent, voltage, energy, pressure and times derived from the oscillograms;
Qrecise description of the test results and observations;

gther relevant remarks;

photographs of the conditions before and after the test.

b Extension of the test results

rrangement of the test connections, the point of initiation of the arc and the position olf the

and

The [manufacturer is responsible for demonstrating the validity of extrapolation of test results

for

inforimation with the calculation.

NOTH Information about experience of internaltarc tests and calculation principles are present in CIGRE Tech
BrocHure 602 [2], CIGRE Session 1998 — WG 21/23/33-03 [3] and RGE: 04/82 [4].

dther currents and other sizes of enclosures. The manufacturer shall provide all neces

sary

nical
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Annex B
(informative)

Technical and practical considerations of site testing

Test voltage generators

DC GIS installations have a relatively high load capacitance. This means that:

e impulse testing with standardized double exponential waveforms can be inefficient.du
the poor voltage utilization of the impulse generator.

The [following voltage-generating equipment can be used:

a) Alternating voltage sources

The
So

ttermating vottage tests, especiatty at tigher T 5, Tequire a high Teactive power,

he alternating voltage can be produced by:
test sets with a test transformer,
test sets with a variable resonant reactor for constant fréquency,
test sets with a constant resonant reactor for variablefréquency,

power or voltage transformers by energization/from the low-voltage side (entail
dismantling after testing).

The thermal stresses of the voltage source can be, taken into account especially when using vd
ormers

mpulse voltage sources

br double exponential waves are -ufiwieldy. Oscillating impulses can be produced wit
mpulse generator and a high-voltage coil connected to the switchgear to be tested to

damped series resonant cirteuit. Oscillating switching impulses can be produce
ischarging a capacitor into-the low-voltage side of a power, voltage or test transforme

Direct voltage sources

direct voltage testigenerator should be used. Discharging current should be limite
rotecting elementsto avoid damages of the test object and test equipment.

Locating.discharges

e of(thé possible means which can be tried are as follows:

e to

no

U7

Itage

or large installations and especially for high voltages for equipment, impulse generators

h an
form
il by
r.

d by

e are.different phenomena caused by discharges which can be helpful in locating them.

o d

4 4 el t : :
CLEeLUulm OTr mygrit ©iris S1uIT,

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

reas

ons.
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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 transported without dismantling or if dismantling is limited to very simple connections, and
subject to agreement between manufacturer and user, the site test can be carried out with
reduiced voltages.

Diregt voltage test with 1,1 x U,4; with a 10 min voltage application.

B.3.8 Testing at reduced gas density

Tests with reduced gas density are not generally advisable.

B.4| Partial discharge measurements

Part|al discharge measurements can be helpful in detecting\certain kinds of faults during| site
test§ and in determining the need for maintenance of the equipment after a period in seryice.
They are therefore a useful complement to dielectric{tests on-site but are often difficylt to
perform because of ambient disturbances.

If suph a test is possible and agreed upon, thendhe requirements given in 11.101.2.6 should be
applijed as far as possible.

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

B.5| Electrical conditioning

The [term "electrical conditioning" means a progressive application of an alternating or dtrect
voltgge either by stepstor'continuously. It can be performed by the manufacturer as part of the
gas-filling process pon-site in order to move possible particles towards areas with a low ffield
strength, where they’become harmless.

Electrical conhditioning is not a requirement and does not replace the alternating or direct voltage
test,| unless-the test voltage is increased up to the specified value. Nevertheless, a disruptive
discharge-should be reported to the user as it can result in a weakening of the insulation.

B.6 Repetition tests

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:

e 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
takif@ any necessary remedial action, the compariment should then be subjected 10| the
complete specified dielectric test once more.

B.6.2.2 Procedure b)

A digruptive discharge in the gas can be due to contamination or a surface imperfection which
can pe burned away during the discharge. It can be acceptable, therefore/that the test can be
repelated at the specified test voltage. Another test voltage can be agreed betWeen
manpfacturer and user before the site tests have been started.

NOTH 1 It is assumed that the manufacturer can satisfy the user that the gaseous insulation can be regardgd as
self-restoring for the arc energy dissipated in the discharge.

NOTHE 2 In the event of a disruptive discharge occurring during dielectric tests on-site, secondary dischargep can
occullin other parts of the test section.

If thg repetition test fails, again Procedure a) should)be’ followed.

B.7| Partial discharge detection method

B.7.1 General

For partial discharge detection on-site, the electrical VHF/UHF and the acoustic method caln be
used in DC GIS in addition to thevconventional method, according to IEC 60270. These| two
methods are less sensitive to.noise than the conventional measurement and can also be yised
for partial discharge monitoring in service. However, for these new methods the sensitivity
depgnds on the distance between the defect (signal source) and the sensor. Suifable
procedures for using the HF/UHF and acoustic method are available. They ensure that defects
cauding an apparent.charge of around a few pC can be found by such equipment. The prop¢sed
senditivity verificatioin can be easily performed on-site. The advantage of the two additional
methods is that the location of the defects can be detected. The methods and the interpretation
of the resultsi{can only be used by experienced personnel. The methods are still upder
invegtigation-and are not yet standardized.

B.7.p Conventional method according to IEC 60270

Electromagnetic interference from radio transmitters and other sources is picked up by open-
air bushings and lead to a PD measurement sensitivity of some tens of pC. For noise rejection,
analogue and digital filtering methods are available. Nevertheless, the use of such filtering tools
requires trained personnel and is a limitation in this procedure. In actual site conditions, a noise
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
approximately some tens of metres. The VHF/UHF signal is best taken from internal couplers,
but when these are not available, it is sometimes possible to use external couplers on windows
or partition and support insulator.

Due(to the complexity of the resonance patterns, the magnitude of the detected |PD signal
depe¢nds strongly on the location and, to a minor degree, on the orientation of the,defect and the
coupler. The VHF/UHF method can therefore not be calibrated as in}y for example,
the measuring circuit of IEC 60270. Instead, the sensitivity check in B.7.5 can’be performed.

The [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
to be at least as sensitive in detecting defects as the conventional method, and this is mainly
due [to the low external noise level. Tests in laboratories and(on-site have shown that gmall
critigal defects and even non-critical defects can be detected.

An accurate location of the defect can be obtained by using a broadband oscilloscope to
meapure the time interval between the signals arriving at adjacent couplers.

B.7.I Acoustic method
s

Acolstic signals (mechanical waves) are emitted from defects in a DC GIS mainly in two prifary
mechanisms: moving particles excite a mechanical wave in the enclosure when they impiinge
on iff whereas discharges from fixed defects create a pressure wave in the gas, which is fhen
trangferred to the enclosure. The_resulting signal will depend on the source and on| the
proplagating path. As the enclosures normally are made of aluminium or steel, the damping of
the gignals is quite small. HowevVer, there is a loss of energy when the signals are transmiitted
from| one part to another across a flange. Acoustic signals can be picked up by mears of
externally mounted sensors."Normally, either accelerometers or acoustic emission sensorg are
used and the test procedure consists of measuring between all flanges.

The [location of a defect can be found by searching for the acoustic signal with the highest
amplitude or bytime travel measurements with two sensors. Separation between different Kinds
of d¢fects is/pOssible by analysing the shape of the acoustic signal.

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

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

For the acoustic and the UHF method, the same technical principle is applied for the sensitivity
verification of partial discharge detection. First, an artificial acoustic or electrical pulge is
detefmined which emits a signal similar to that from a real defect that causes a definedevel of
appdrent charge (e.g. 5 pC or more) according to IEC 60270. Secondly, this artificialbpulge is
injedted during the commissioning test or operating conditions into the DC GIS in order to vierify
the detection sensitivity for the DC GIS and the associated measuring equipment. Iff the
stimplated signal can be measured at the adjacent sensor, the sensitivity verification has been
sucgessful for the DC GIS section between these sensors.

For {urther information, see IEC TS 62478 [33] and CIGRE Technical Brfochure 654 [22].



https://iecnorm.com/api/?name=5072d115c232580b19f224c62c58874d

IEC TS 62271-318:2024 © |IEC 2024 - 69 -

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):

Ap = Conripment== V]am “larc (C.1)
compartment
whefre
Ap is the pressure rise (MPa);
Tare is the arc fault current (kAgms);
Veonlpartment 1S the volume of the compartment (1);
tarc is the arc duration (ms);
Cequpment is the equipment factor.

The [value of the equipment factor Ceqyipment Shall betdemonstrated by the manufacturgr by
testg on similar equipment.

Formula (C.1) can be used to verify that the préssure will not exceed the type test pressufe of
the enclosures in case of an internal fault in a-gas compartment without a pressure relief deyice.
This|is verified if the maximum arc current'and arc duration (based on the performance of the
protective system) does not cause a pressure rise which exceeds the type test pressure of the
enclpsures.

NOTH For direct currents, the equivalent current according to the value of Joule integral is used.
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Annex D
(informative)
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Information to be given with enquiries, tenders and orders

General

This annex defines, in tabular format, the technical information to be exchanged between user
and supplier.

Refg

D.2

See
serv

ce conditions.

Normal and special service conditions

Table D.1 — Normal and special service conditions

rence to “supplier information” means that only the supplier provides this informaftion.

Clause 4. Table D.1 shows the technical information to be given régarding normal

and

Userdrequirements
(see Table 1)

Supplier propo

bals

Secd

ndary systefm

SerVjice condition Indoor or outdoor
Ambjent air temperature:

Minimum °C
Max{mum °C
Solaf radiation W/m?2
Altitide m
Pollytion (RUSCDdc) mm/kV
Ice qoating mm
Wing m/s
Humfidity %
Conglensation or precipitation

Vibration Class
Induped electromagnetic disturbance in kV
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