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FOREWORD

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

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internation
consensus of opinion on the relevant subjects since each technical commitiee has representation from 3
interested IEC National Committees.

IEC Publications have the form of recommendations for international” use and are accepted by IEC Nation
Committees in that sense. While all reasonable efforts are made 4o ‘ensure that the technical content of IH
Publications is accurate, IEC cannot be held responsible for,thevway in which they are used or for aj
misinterpretation by any end user.

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

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformi
assessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible for af
services carried out by independent certification'bodies.

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

No liability shall attach to IEC or its diréctors, employees, servants or agents including individual experts a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of the publieation, use of, or reliance upon, this IEC Publication or any other IH
Publications.

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

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

Y a

>3 a

o
=

Oa s a

o
~
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his ‘extended version (EXV) of the official IEC Standard provides the user with the fu
pntent of the Standard.

IEC TS 62271-316:2024 EXV includes the content of IEC TS 62271-316:2024, and the
references made to IEC TS 62271-5:2024.

T

he specific content of IEC TS 62271-316:2024 is displayed on a blue background.
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IEC TS 62271-316 has been prepared by subcommittee 17A: Switching devices, of IEC
technical committee 17: High-voltage switchgear and controlgear. It is a Technical Specification.

T

he text of this Technical Specification is based on the following documents:
Draft Report on voting
17A/1407/DTS 17A/1414/RVDTS

n

|

i

n C

» >

» n —

O Tnformation on the voting for Its approval can be found In the report on voiing ndicated
e above table.

=]

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

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

his document shall be read in conjunction with IEC TS 62271-5:2024, to which it refers, and
hich is applicable unless otherwise specified in this documeént. In order to simplify the
dication of corresponding requirements, the same numbering of clauses and subclauses s
sed as in IEC TS 62271-5. Modifications to these clauses/and subclauses are given under the
bme references whilst additional subclauses are numbered from 101.

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

he committee has decided that the contenis of this document will remain unchanged until the
ability date indicated on the IEC website’ under webstore.iec.ch in the data related to the
pbecific document. At this date, the dogument will be
reconfirmed,
withdrawn, or

revised.

MPORTANT < The "colour inside"” logo on the cover page of this document indicateq
that it contains colours which are considered to be useful for the correct understanding
pf its contents. Users should therefore print this document using a colour printer.
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T

INTRODUCTION to IEC TS 62271-5:2024

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

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

[¢) [e)¢))

S5 -

i

o

= =

aQ=a

—h

q

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

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

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

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

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

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

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

—

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

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

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

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

>

1

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

Part 316: Direct current by-pass switches and paralleling switches

1 Scope

is part of IEC 62271, which is a Technical Specification, is applicable to direct current(Dg
-pass switches (BPS) and paralleling switches (PS) designed for indoor or outdoor installatio
d for operation on HVDC transmission systems having direct voltages of 100 kV and abovg.

S —

o

itches other than mechanical switching devices used for the same applications specifie
re are not covered by this document.

Normative references

e following documents are referred to in the text in such a way thatsome or all of their content
nstitutes requirements of this document. For dated references, only the edition cited applies$.
r undated references, the latest edition of the referemced document (including any
endments) applies.

IEC 60038:2009, /IEC standard voltages

IEC 60050-151, International Electrotechnical Viocabulary (IEV) — Part 151: Electrical and
agnetic devices, (available at www.electropedia.org)

IEC 60050-441, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgea
cpntrolgear and fuses, (available at www.electropedia.org)

« ¥

IEC 60050-442, International.(Electrotechnical Vocabulary (IEV) — Part 442: Electrical
arcessories, (available at www.electropedia.org)

IEC 60050-461, International Electrotechnical Vocabulary (IEV) — Part 461: Electric cables,
(qvailable at www.electropedia.org)

IEC 60050-601, \-International Electrotechnical Vocabulary (IEV) — Part 601: Generatiop,
tlansmissiontand distribution of electricity — General, (available at www.electropedia.org)

IEC 60050-614, International Electrotechnical Vocabulary — Part 614: Generation, transmissign
ahd.distribution of electricity — Operation, (available at www.electropedia.org)

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

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

IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements
IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat
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IEC 60068-2-17:1994, Basic environmental testing procedures — Part 2-17: Tests — Test Q:
Sealing

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

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

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

EC 60071-11:2022, Insulation coordination — Part 11: Definitions, principles and rules-for
VDC system

I

EC 60071-12:2022, Insulation coordination — Part 12: Application guidelines forLCC HVD[C
bnverter stations

(9}

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

EC 60255-21-1:1988, Electrical relays — Part 21: Vibration, shock ;bump and seismic tests gn
easuring relays and protection equipment — Section One: Vibration tests (sinusoidal)

3

EC 60270, High-voltage test techniques — Partial discharge\measurements

EC 60296, Fluids for electrotechnical applications <)Mineral insulating oils for electrical
quipment

D

EC 60376, Specification of technical grade sulphur hexafluoride (SFg) and complementafy
ghses to be used in its mixtures for use in glectrical equipment

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

(%]

EC 60437, Radio interference test on high-voltage insulators

EC 60480, Specifications) for the re-use of sulphur hexafluoride (SFg) and its mixtures In
ectrical equipment

D

™

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

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
I[E€60529:1989/AMD1:1999
IEC60529719897/AMD 272013

IEC 60633:2019, High-voltage direct current (HVDC) transmission — Vocabulary

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

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

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

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

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

-~

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

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

EC 61180, High-voltage test techniques for low-voltage equipment — Definitions, test and
rocedure requirements, test equipment

ko]

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

o

EC 61810-7:2006, Electromechanical elementary relays — Part 7: Test and measuremept
rocedures

jo]

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

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

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

IEC TS 62274-5:2024, High-voltage switchgear and controlgear - Part5: Commdn
specifications-for direct current switchgear

EC 62271-102:2018, High-voltage switchgear and controlgear — Part 102: Alternating current
djsconnectors and earthing switches
IE€C 6227 1=1022018/AMDB 12622

IEC TS 62271-315:2024, High-voltage switchgear and controlgear — Part 315: Direct current
(DC) transfer switches

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

CISPR 16-1 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1: Radio disturbance and immunity measuring apparatus


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |[EC 2024 - 13 —

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-151,
IEC 60050-441, IEC 60050-442, IEC 60050-461, IEC 60050-601, IEC 60050-614,
IEC TS 62271-5 and IEC 60633, some of which are recalled hereunder, and the following apply.

$0 and IEC maintain terminology databases for use in standardization at the following
ddresses:

QD

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp

NIOTE Terms and definitions are classified in accordance with IEC 60050-441. Reference, from other parts thgn
IHC 60050-441 are classified so as to be aligned with the classification used in IEC 60050-44-.

1 General terms and definitions

3
3(1.1

switchgear and controlgear
general term covering switching devices and their combination with associated contrq|
measuring, protective and regulating equipment, alsoi@ssemblies of such devices an
efjuipment with associated interconnections, accessories; enclosures and supporting structurgs

Q.

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

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

=]

—

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

1.3

VDC system
ectrical power system\which transfers energy in the form of high-voltage direct current
ctween two or moretAC buses

O D T W

[$OURCE: IEC 60633:2019, 8.1]

1.4
VDC transmission system
VDC system which transfers energy between two or more geographic locations

T IO

[SOURCE: I[EC 60633:2019, 8.2]

3.1.5

two-terminal HVDC transmission system

HVDC transmission system consisting of two HVDC substations and the connecting HVDC
transmission line(s)

[SOURCE: IEC 60633:2019, 8.2.1]
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3.1.6

multiterminal HVDC transmission system

HVDC transmission system consisting of more than two separated HVDC substations and th
interconnecting HVDC transmission lines

[SOURCE: IEC 60633:2019, 8.2.2]

3.1.7
HVDC system pole

e

interconnecting transmission lines, if any, which during normal operation exhibit a commo
djrect voltage polarity with respect to earth

[$OURCE: IEC 60633:2019, 8.5]

3/1.8
VDC substation
VDC converter station

=)

pprt of an HVDC system which consists of one or more converter units installed in a sing!}e

lqcation together with buildings, reactors, filters, reactive power supply, control, monitorin
pfotective, measuring and auxiliary equipment

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

[$OURCE: IEC 60633:2019, 8.12]

311.9
VDC substation pole
ppart of an HVDC system pole which is contained within a substation

[$OURCE: IEC 60633:2019, 8.14]

ekternal insulation
djstances in atmospheric .aif;and along the surfaces in contact with atmospheric air of sol

afmospheric and other environmental conditions from the site

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

[$OURCE: IE€60050-614:2016, 614-03-02]

311.11
internal insulation

insulation of the equipment which are subject to dielectric stresses and to the effects ¢f

d

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

protected from the effects of atmospheric and other external conditions
[SOURCE: IEC 60050-614:2016, 614-03-03, modified — Addition of “parts of the”.]

3.1.12
degree of protection

extent of protection provided by an enclosure against access to hazardous parts, against

ingress of solid foreign objects and/or ingress of water and against mechanical impact

[SOURCE: IEC 60529:1989, 3.3, modified — Deletion of “verified by standardized test methods”

and addition of “against mechanical impact” after “water and”.]
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3.1.13

IP code

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

[SOURCE: IEC 60529:1989, 3.4]

3.1.14
D 4 cdredH I st to I

pfotection of persons against

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

—| approach to hazardous high-voltage live parts below adequate clearancé inside an
enclosure

Npte 1 to entry: This protection may be provided:

by means of the enclosure itself;

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

—

$OURCE: IEC 60529:1989, 3.6]

3{1.15

IK code

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

—

$OURCE: IEC 62262:2002, 3.3]

3{1.16

maintenance
cpmbination of all technical and management actions intended to retain an item in, or restore|it
tg, a state in which it can perforfas required

Npte 1 to entry: Management js-assumed to include supervision activities.

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

w

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

< <

Npte 1(toentry: This inspection is generally directed toward pressures and/or levels of fluids, tightness, position pf
rglay’s; pollution of insulating parts, but actions such as lubricating, cleaning, washing, etc. which can be carried ot
wjth\{he switchgear and controlgear in service are also included.

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

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

[SOURCE: IEC 62271-1:2017, 3.1.8]

3.1.18

diagnostic test

comparative test of the characteristic parameters of switchgear and controlgear to verify that it
performs its functions, by measuring one or more of these parameters

Note 1 to entry: The result from a diagnostic test can lead to the decision to carry out overhaul.
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[SOURCE: IEC 62271-1:2017, 3.1.9]

3.1.19

overhaul

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

S Z Q0 Z

g
[S

3

A

T Z

h

=

[
3

<

d

IS

3

major failure

minor failure

ss of ability to perform as required

OT

bte 1 to entry: A failure of an item is an event that results in a fault of that item: see fault (IEC 60050-192:201
p2-04-01).

bte 2 to entry: Qualifiers, such as catastrophic, critical, major, minor, marginal and.insignificant, can be used o
tegorize failures according to the severity of consequences, the choice and~definitions of severity criter
epending upon the field of application.

[V]

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

bOURCE: IEC 60050-192:2015, 192-03-01]

1.21

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

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

bOURCE: IEC 62271-1:2017,3.1.12]

1.22

=2

pf switchgear and controlgear> any failure of a constructional element or a subassembly whig
bes not cause a Mmajor failure of the switchgear and controlgear

bOURCE: JEC62271-1:2017, 3.1.13]

1.23

d

imperfection in the state of an item (or inherent weakness) which can result in one or more

fect

failures of the item itself, or of another item under the specific service or environmental or
maintenance conditions, for a stated period of time

[SOURCE: IEC 62271-1:2017, 3.1.14]

3

.1.24

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

N

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

the enclosure.
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[SOURCE: IEC 60050-441:1984, 441-11-13]

3.1.25

monitoring

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

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

[$OURCE: IEC 62271-1:2017, 3.1.16]

3(1.26
upervision
ctivity, performed either manually or automatically, intended to observe the state’of an item

[ORN7)

Npte 1 to entry: Automatic supervision may be performed internally or externally to the items«

[$OURCE: IEC 62271-1:2017, 3.1.17]

3(1.27
Unified Specific Creepage Distance
USCD
cfeepage distance of an insulator divided by the maximum operating voltage across the
insulator.

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

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

311.28

Reference DC Unified Specific Creepage Distance
uscbDC

vhlue of Unified Specific Creepage Distance for a DC system at a pollution site determined fromn
SDD and NSDD value corrected for NSDD, CUR, etc. according to IEC TS 60815-4:2016

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

[$OURCE: IEC 60815-4:2016, 3.1.2, modified — Replacement of “this document” with
“IEC 60815-4:20146"/]

ydrophobicity Transfer Material
T™

lymer materials which exhibit hydrophobicity and the capability to transfer hydrophobicity fo
theayer of pollution

Note 1 to entry: Further information on HTM is given in Annex A of IEC 60185-4:2016.

[SOURCE: IEC 60815-4:2016, 3.1.4, modified — Addition “of IEC 60815-4:2016” in Note 1 to
entry.]

3.1.30

multi-part test

series of tests which adequately demonstrate the specified performance, in the case that this
performance cannot be verified with a single test

Note 1 to entry: Multi-part tests are applicable for short-time withstand current and peak withstand current tests, as
well as for short-circuit making and breaking tests.
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Note 2 to entry: Because of, for example, limitations of test field, maybe not all parameters concerning test current,
test voltage or dissipated energy can be fulfilled in one test setup. In this case the test may be split in two or more
parts with same current stress but different voltages stresses or different energy dissipation devices to cover all
requirements. For each partial test of this series, the number of tests steps shall be the same as the number required
for the respective test-duty.

3.1.101

switchgear and controlgear

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

svitchgear and controlgear designed solely for installation within a buildingjofoother housin
here the switchgear and controlgear is protected against wind, rain, snow, abnormal dirt
deposits, abnormal condensation, ice and hoar frost

outdoor switchgear and controlgear
sitchgear and controlgear suitable for installation in the open air, i.e. capable of withstandinlg
wind, rain, snow, dirt deposits, condensation, ice and hoar frost

[$OURCE: IEC 60050-441:1984, 441-11-05]

(&)

1.104

mbient air temperature
émperature, determined under prescribed conditions, of the air surrounding the complefe
vitching device

n =+ Q

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

o=z

[$OURCE: IEC 60050-441;1984, 441-11-13, modified — "or fuses" removed in note 1 to entry

3{1.105

temperature rise
djfference between the temperature of the part under consideration and the ambient ajir
temperature

3(1.106

ekternal insulation

d[i ; L | al ‘ . it heric_air of salld
insulation of the equipment which are subject to dielectric stresses and to the effects of
atmospheric and other environmental conditions from the site

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

[SOURCE: IEC 60050-614:2016, 614-03-02]
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3.1.107

internal insulation

internal distances of the solid, liquid or gaseous insulation of equipment which are protected
from the effects of atmospheric and other external conditions

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

3.2 Assemblies of switchgear and controlgear

221

tJast object
efjuipment needed to represent the switchgear and controlgear for a particular type test

[$OURCE: IEC 62271-1:2017, 3.2.1]

w

3 Parts of assemblies

w

3.1
fansport unit
art of switchgear and controlgear intended for transportation without being dismantled

T =™

[$OURCE: IEC 62271-1:2017, 3.3.1]

3.2
usbar
gw-impedance conductor to which several electric cirCuits can be connected at separate poin{s

o O W

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

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

4 Switching devices

in Annex A (informative). This, subclause provides only the definitions of fundamental switchi
devices. Regarding each switching device, see IEC 60633, IEC TS 63014-1 and the releva
product standards.

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

—_

3{4.1

mechanical switching device
vitching devigce'designed to close and open one or more electric circuits by means of separable
cpntacts

n

Z

pte 1 torentry: Any mechanical switching device may be designated according to the medium in which its contacts
en,and close, e.g. air, SFG, oil.

o

[SOURCETEC60050-44 11984, 44 t-14-02}

3.4.2

DC circuit-breaker

type of switchgear used in an HVDC scheme, capable of making, carrying and breaking direct
currents and also making, carrying for a specified time and breaking in specified time direct
currents under specified abnormal circuit conditions such as those of short-circuit

3.4.3

disconnector

mechanical switching device which provides, in the open position, an isolating distance in
accordance with specified requirements
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Note 1 to entry: A disconnector is capable of opening and closing a circuit when either negligible current is broken
or made, or when no significant change in the voltage across the terminals of the disconnector occurs. It is also
capable of carrying currents under normal circuit conditions and carrying currents for a specified time under abnormal

conditions such as those of short-circuit.

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

3.44
earthing switch
mechamcal swrtchlng device for earthing parts of a circuit, capable of wrthstandmg for

quwed to carry current under normal condltlons of the C|rCU|t

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

[$OURCE: IEC 60050-441:1984, 441-14-11]

3(4.5

high-speed DC switch
type of switchgear used on an HVDC scheme, required to open or close-fapidly (< 1 s), includin
in some cases the need to commutate load current into a parallel conddcting path, but with n
requirement to interrupt fault or load current

bte 1 to entry: DC switchgear is usually based on a single-phase unit' of an AC circuit-breaker, appropriate
odified for their DC applications. Their capabilities to perform faster opening and closing than disconnect switchg
e used but the function of breaking short-circuit currents is not required”

©» 3z

[$OURCE: IEC 60633:2019, 9.20]

3/4.6

DC transfer switch

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

bly-pass switch

BPS

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

7

being taken backin service

—
A

$OURCE: |[E€60633:2019, 9.30]

3/4.8
paralleling switch

S

mechanical switching device intended Tor rapid configuration of a HVDC sysiem

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

[SOURCE: IEC TS 62271-316:20—, 3.4.104]

3.4.101
switching device
device designed to make or break the current in one or more electric circuits

[SOURCE: IEC 60050-441:2000, 441-14-01]

a
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3.4.102

mechanical switching device

switching device designed to close and open one or more electric circuits by means of separable
contacts

Note 1 to entry: Any mechanical switching device may be designated according to the medium in which its contacts
open and close, for example, air, SF, oil.

[SOURCE: IEC 60050-441:1984, 441-14-02]

3(4.103
bly-pass switch
PS
hjgh-speed DC switch connected across each converter unit in HVDC schemes usingymore than
ohe independent converter unit per pole, designed to close rapidly to bypass a,converter unit

—

hat is being taken out of service and commutate the current back into a conyerter unit that |s

being taken back in service
Npte 1 to entry: A BPS may also be used for prolonged shunting of the converter unit(s).
Npte 2 to entry: Figure 1 illustrates the position of the BPS.
Npte 3 to entry: BPS are most commonly used in LCC HVDC schemes.
HVDC line
BPS N
Converter CBPD
unit v
Midpoint
Converter
unit
N
BPS \' CBPD
Neutral bus
IEC

BY

K

BPS By-pass switch

BPD By-pass«diseonnector
N

OTE Figarev shows an example of the location of the BPS for one polarity only.

Figure 1 — Example of the location of BPSs in an HVDC transmission system

OURCE: IEC 60633:2019, 9.30, modified — The wording "converter valve group" and "group"
replaced with "converter unit" in the definition; Notes 1 and 2 to entry changed; Note 3 to entry
and Figure 1 added.]

—

3.4.104

paralleling switch

PS

mechanical switching device intended for rapid configuration of a HVDC system

Note 1 to entry: A PS can either be a converter paralleling switch or a line paralleling switch.
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3.4.105

converter paralleling switch

CPS

high-speed DC switch connected in series with each converter at the high-voltage DC terminal
in HYDC schemes where two or more converters are connected in parallel onto a common pole
conductor, designed to allow additional converter(s) to be connected in parallel or disconnected
without affecting the load current in the other converter

Note 1 to entry: Figure 2 illustrates the position of the CPS.

j CPS j CPS JLCPS JLCPS

Role 1
— 1 = S
Role 2 - ) . ) ) 1 .
o ~ N ~
? CPS Tf CPS >FCPS >FCPS
IEE
Key

CPS Converter paralleling switch

Figure 2 — Example of the location of a CPS in an,HVDC transmission system

—

$OURCE: IEC 60633:2019, 9.28, modified — Note 1 torentry changed and Figure 2 added.]

3/4.106

line paralleling switch
LPS

DC commutation switch placed in seriesZwith one or more high-voltage pole conductors,
allowing two or more lines to be connected in parallel or to revert to single-line operation while
cpnducting load current

Npte 1 to entry: Figure 3 illustrates the“position of the LPS.

DC conductor 1

LPS
Pole 1 ~ ~
DC conductor 2 —I_
pr— LPS = —_
Pole 2
[ N
DC conductor 3
LPS -
Key

LPS Line paralleling switch

Figure 3 — Example of the location of a LPS in an HVDC transmission system

[SOURCE: IEC 60633:2019, 9.29, modified — Note 1 to entry changed and Figure 3 added.]
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3.5 Parts of switchgear and controlgear

3.5.1
enclosure
housing affording the type and degree of protection suitable for the intended application

Note 1 to entry: Enclosures provide protection of persons or livestock against access to hazardous parts. Barriers,
shapes of openings or any other means (whether attached to the enclosure or formed by the enclosed equipment)
suitable to prevent or limit the penetration of the specified test probes, are considered as a part of the enclosure,
when they are secured in position either by means of interlocks, keys, or by hardware requiring a tool to be removed.
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3
hpzardous part

main circuit

bOURCE: IEC 60050-826:2022, 826-12-20, modified — Addition of Note 1 to entry.]

5.2

art that is hazardous to approach or touch
POURCE: IEC 60529:1989, 3.5]

5.3

pf a switching device> all the conductive parts of a switchingcdevice included in the circuit
hich it is designed to close or open

bOURCE: IEC 60050-441:1984, 441-15-02]

5.4

uxiliary circuit
pf a switching device> all the conductive parts.of a switching device which are intended to be
cluded in a circuit other than the main ciréuit, the earthing circuit and the control circuits ¢f
e device

pte 1 to entry: Some auxiliary circuits fulfil supplementary functions such as signalling, interlocking, etc., and, 3s
ch, they may be part of the control circuit\6f another switching device.

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

5.5

pntrol circuit

pf a switching device> all the conductive parts (other than the main circuit) of a switchin
cvice which are.in¢luded in a circuit used for the closing operation or opening operation, ¢
bth, of the device

S@

bOURCETEC 60050-441:1984, 441-15-03]

5.6

Cc

pntact

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

[SOURCE: IEC 60050-441:1984, 441-15-05]

3

5.7

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

[SOURCE: IEC 60050-441:1984, 441-15-10, modified — Deletion of “mechanically”.]
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3.5.8
control contact
contact included in a control circuit of a switching device and operated by this device

[SOURCE: IEC 60050-441:1984, 441-15-09, modified — Deletion of “mechanical” and
“mechanically”.]

3.5.9
auxiliary switch
< f d DVV;tb;Iillu dUV;bU DVVitbil bUIIta;Ilillg Ulic Ul 1T1UT¢C bUIItIU: dll\jIIUI au;\i“aly bUIItdbS

mechanically operated by a switching device

—

$OURCE: IEC 60050-441:1984, 441-15-11]

5.10

pntrol switch
for control and auxiliary circuits> mechanical switching device which serves the purpose of
pntrolling the operation of switchgear or controlgear, including\ signalling, electrical
terlocking, etc.

TO AN O W

=

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

[$OURCE: IEC 60050-441:1984, 441-14-46]

3(5.11

cpnnection
<polted or the equivalent> two or more conduetors designed to ensure permanent circuit
cpntinuity when forced together by means of serews, bolts or the equivalent

[$OURCE: IEC 62271-1:2017, 3.5.10]

315.12

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

—

$OURCE: IEC 60050-444:1984, 441-15-25]

315.13
monitoring device
device intended-to observe automatically the status of an item

[$OURCETIEC 62271-1:2017, 3.5.12]

3{5:14
pilot switch
non-manual control switch actuated in response to specified conditions of an actuating quantity

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

[SOURCE: IEC 60050-441:1984, 441-14-48]

3.5.15
partition
<of an assembly> part of an assembly separating one compartment from other compartments

[SOURCE: IEC 60050-441:1984, 441-13-06]
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3.5.16
actuator
part of the actuating system to which an external actuating force is applied

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

[SOURCE: IEC 60050-441:1984, 441-15-22]

3.5.17
splice
cpnnecting device with barrel(s) accommodating electrical conductor(s) with or witholit
dditional provision to accommodate and secure the insulation

QD

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

3(5.18

terminal

ppint of interconnection of an electric circuit element, an electric circuit orha network with other
electric circuit elements, electric circuits or networks

o

Npte 1 to entry: For an electric circuit element, the terminals are the points at'which or between which the relatq
ntegral quantities are defined. At each terminal, there is only one electric cufrent from outside into the element.

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

[$OURCE: IEC 60050-131:2002, 131-11-11]

3(5.19

rminal block
apsembly of terminals in a housing or body«efrinsulating material to facilitate interconnectio
between multiple conductors

-
>

[$OURCE: IEC 60050-581:2008, 581-26-26]

3(5.20

cpntactor

echanical contactor
echanical switching device having only one position of rest, operated otherwise than by handg,
Apable of making, carrying and breaking currents under normal circuit conditions including
perating overload-eonditions

00 3

Z

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

(]

F$OURCEIEC 60050-441:1984, 441-14-33, modified — Deletion of “Mechanical”’ in Note 1 fo
ntry(]

—

D

3.5.21

starter

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

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

[SOURCE: IEC 60050-441:1984, 441-14-38]
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3.5.22
vacuum interrupter

component being part of a switching device in which electrical contacts operate in a highly

evacuated, hermetically sealed environment

[SOURCE: IEC 62271-1:2017, 3.5.21]

3.5.23
operation counter
duVibU illd;bdtillg tilc IIUIIIIUCI Uf Upcldtilly byb:cb d IIIUb:IdIIibd: DVVitb:lilly UIUVibU :I

apcomplished

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

w

5.24
pil
bt of series-connected turns, usually coaxial

(22}

[$OURCE: IEC 60050-151:2001, 151-13-15]

w

5.25
uxiliary and control circuits
ntity of

D Q

—| control and auxiliary circuits, mounted on or adjacent to the switchgear or controlgea
including circuits in central control cubicles;

switchgear or controlgear;

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

[$OURCE: IEC 62271-1:2017, 3.5.24]

315.26

subassembly

<pf auxiliary and controlccircuits> part of auxiliary and control circuits, with regard to functio
of position, having its own interface and normally placed in a separate enclosure

[$OURCE: IEC 62271-1:2017, 3.5.25]

315.27
terchangeable subassembly
<pf auxiliary and control circuits> subassembly which is intended to be placed in varioJ

o

—| equipment for monitoring, diagnostics, etc¢that is part of the auxiliary circuits of the

bf

S

ppsitiens within an auxiliary and control circuits, or intended to be replaced by other simiIT

shbassemblies

-

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

[SOURCE: IEC 62271-1:2017, 3.5.26]

3.5.28
interlocking device

device which makes the operation of a switching device dependent upon the position or

operation of one or more other pieces of equipment

[SOURCE: IEC 60050-441:1984, 441-16-49]
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3.5.101

main circuit

<of a switching device> all the conductive parts of a switching device included in the circuit
which it is designed to close or open

[SOURCE: IEC 60050-441:1984, 441-15-02]

3.5.102
main contact

closed position, the current of the main circuit

[$OURCE: IEC 60050-441:1984, 441-15-07]

()

5.103
Fcing contact
bntact on which the arc is intended to be established

O 9Q

P4

pte 1 to entry: An arcing contact may serve as a main contact; it may be a separate’ contact so designed thatli
ens after and closes before another contact which it is intended to protect from(injury.

[e]

[$OURCE: IEC 60050-441:1984, 441-15-08]

3(5.104

nr" contact
ake contact

cpntrol or auxiliary contact which is closed when the main contacts of the mechanical switching

device are closed and open when they are open

—

$OURCE: IEC 60050-441:1984, 441-15-12]

5.105

b" contact
reak contact
bntrol or auxiliary contact which is open when the main contacts of a mechanical switching
bvice are closed and closed)when they are open

Q0 T

[$OURCE: IEC 60050-441:1984, 441-15-13]

315.106
release
<pf a mechahical switching device> device, mechanically connected to a mechanical switching
device, which releases the holding means and permits the opening or the closing of thle
sitching device

3.5.107

arc control device

device, surrounding the arcing contacts of a mechanical switching device, designed to confine
the arc and to assist in its extinction

[SOURCE: IEC 60050-441:1984, 441-15-18]

3.5.108

terminal

conductive part of a device, electric circuit or electric network, provided for connecting that
device, electric circuit or electric network to one or more external conductors
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Note 1 to entry: The term "terminal” is also used for a connection point in circuit theory.

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

3.5.109
enclosure

4

<of an assembly> part of an assembly providing a specified degree of protection of equipment
against external influences and a specified degree of protection against approach to or contact

with live parts and against contact with moving parts

[$OURCE: IEC 60050-441:1984, 441-13-01]

3(5.110
operating mechanism
ppart of the BPS or PS that actuates the main contacts

6 Operational characteristics of switchgear and controlgear

6.1
lependent power operation
pf a mechanical switching device> operation by means of energy-other than manual, wher

A QW w

»n =

blenoids, electric or pneumatic motors, etc.)
[$OURCE: IEC 60050-441:1984, 441-16-14]

3/6.2

stored energy operation

<pf a mechanical switching device> operation by means of energy stored in the dri
mechanism itself prior to the completion of the operation and sufficient to complete it und
predetermined conditions

Npte 1 to entry: This kind of operation may be&/subdivided according to:
the manner of storing the energy (spring, weight, etc.);

—| the origin of the energy (manual, electric, etc.);

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

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

3/6.3

independent tnlatched operation

stored energy-operation where energy is stored and released in one continuous operation sug
that the spéed and force of the operation are independent of the rate of applied energy

Npte’ 1 to entry: The energy stored for the operation may originate from the operator (manual) or a power source.

he completion of the operation is dependent upon the continuity of the power supply ({

&
O

—

>

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

3.6.4
positively driven operation

operation which, in accordance with specified requirements, is designed to ensure that auxiliary

contacts of a mechanical switching device are in the respective positions corresponding to th
open or closed position of the main contacts

Note 1 to entry: A positively driven operating device is made by the association of a moving part, linked mechanical

e

ly

to the main contact of the primary circuit, without the use of springs, and a sensing element. In the case of mechanical
auxiliary contacts, this sensing element can be simply the fixed contact, directly connected to the secondary terminal.
In the case where the function is achieved electronically, the sensing element can be a static transducer (optical,
magnetic, etc.) associated with a static switch, or associated with an electronic or electro-optic transmitting element.
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[SOURCE: IEC 60050-441:1984, 441-16-12, modified — Addition of Note 1 to entry.]

3.6.5 Terms and definitions relative to pressure (or density)

3.6.5.1

filling pressure for insulation and/or switching
Pre

filling density for insulation and/or switching

Pre

cpnditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or absolu
terms, to which the assembly is filled before being put into service, or automatically replenishe

O D =

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

6.5.2
Iling pressure for operation

—h W

m
Iling density for operation

==

m
ressure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 °C and
D1,3 kPa (or density), which may be expressed in relativer or absolute terms, to which the
hergy storage device is filled before being put into servicé,0or automatically replenished

O T

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

6.5.3
arm pressure for insulation and/or switching

pe
arm density for insulation and/or switching

3
a
p
a
Phe
p
o]
tq

ressure (in Pa), for insulation and/or for switching, referred to the standard atmospheric aJr
bnditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or absolu
rms, at which a monitoring.signal may be provided

[$OURCE: IEC 62271-1:2017, 3.6.5.3]

6.5.4
arm pressure(for operation

3
a
Phm
alarm density for operation
P
p
1

AMm
ressure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 °C an
D4y3’kPa (or density), which may be expressed in relative or absolute terms, at which [a
onmoring signal 1rom thne energy storage aevice may be proviaead

Q.

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

3.6.5.5

minimum functional pressure for insulation and/or switching

Pme

minimum functional density for insulation and/or switching

Pme

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

[SOURCE: IEC 62271-1:2017, 3.6.5.5]

3.6.5.6
minimum functional pressure for operation

Pmm
minimum functional density for operation

m
pressure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 2C.an
1P1,3 kPa (or density), which may be expressed in relative or absolute terms, at which' an
apove which rated characteristics of switchgear and controlgear are maintained and-atwhich
réplenishment of the energy storage device becomes necessary

[eNNe)

[

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

[$OURCE: IEC 62271-1:2017, 3.6.5.6]

6.6 Terms and definitions relating to gas and vacuum tightness

3
3/6.6.1

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

Npte 1 to entry: Examples of controlled pressure systems jare air-blast circuit-breakers or pneumatic driye
mechanisms.

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

[$OURCE: IEC 62271-1:2017, 3.6.6.1]

w

6.6.2
osed pressure system for gas
blume which is replenished.when needed by manual connection to an external gas source

< 0O

Npte 1 to entry: Example of clesed pressure systems are SF single-pressure circuit-breakers.

[$OURCE: IEC 62271-1:2017, 3.6.6.2]

3/6.6.3

spaled pressure system
v

o

[o}

blume for which no further liquid, gas or vacuum processing is required during its expecte
perating duration

Nbterl to entrv: Examnles of sealed nressure systems are vacuum-interrupters or some SE circuit-breakers
24 P g Y g (4]

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

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

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

3.6.6.4

absolute leakage rate of a gas

F

amount of gas escaped by time unit

Note 1 to entry: The absolute leakage rate is usually expressed in Pa x m3 x s°1.
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[SOURCE: IEC 62271-1:2017, 3.6.6.4]

3.6.6.5

permissible leakage rate of a gas

Fy

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

[$OURCETEC 62Z2771-T:2077, 3.6.6.5]

3/6.6.6

r¢lative leakage rate

Frel

apsolute leakage rate related to the total amount of gas in the system at filling“pressure («
density)

-

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

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

w

6.6.7

ime between replenishments
|

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

S~ e,

~

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

[$OURCE: IEC 62271-1:2017, 3.6.6.7]

3/6.6.8

number of replenishments per day of a gas
M
npmber of replenishments to.compensate the leakage rate F

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

—

$OURCE: IEC 6227%%-1:2017, 3.6.6.8]

6.6.9
essure drop of a gas

Q[>T W

op ef‘pressure in a given time caused by the leakage rate F, without replenishment

1:-20N0417 2 60 & Q]
U T, U 00T

3.6.6.10

tightness coordination chart

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

[SOURCE: IEC 62271-1:2017, 3.6.6.10, modified — Replacement of “and/or” with “or”.]
3.6.6.11

sniffing
action of slowly moving a leak meter sensing probe around an assembly to locate a gas leak
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[SOURCE: IEC 62271-1:2017, 3.6.6.11]

3

.6.6.12

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

[SOURCE: IEC 62271-1:2017, 3.6.6.12]

3
3
a
K
a

Z

[«

\

—

3/6.7.2
permissible leakage rate of a liquid
p(liq)
aximum permissible leakage rate specified by the manufacturer for a liquid pressure system

umber of replenishments per day of a liquid

ressure drop of a liquid

6.7 Terms and definitions relating to liquid tightness

6.7.1

psolute leakage rate of a liquid

iq

mount of liquid escaped by time unit

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

bOURCE: IEC 62271-1:2017, 3.6.7.1]

bOURCE: IEC 62271-1:2017, 3.6.7.2]

6.7.3

liq
Lmber of replenishments to compensate the leakage rate Fliq

bOURCE: IEC 62271-1:2017, 3:6.7.3]
6.7.4

Pliq
rop in pressure in a‘given time caused by the leakage rate Fliq without replenishment

bOURCE: IEC'62271-1:2017, 3.6.7.4]

6.104

<pf\a’mechanical switching device> transfer of the moving contact(s) from one position to gn

eration

adjacent position

Note 1 to entry: For a BPS or PS, this may be a closing operation or an opening operation.

Note 2 to entry: If distinction is necessary, an operation in the electrical sense, for example make or break, is
referred to as a switching operation, and an operation in the mechanical sense, for example close or open, is referred
to as a mechanical operation.

[SOURCE: IEC 60050-441:1984, 441-16-01, modified — "Circuit-breaker" in Note 1 to entry
changed to "BPS or PS".]
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3.6.102

o

perating cycle

<of a mechanical switching device> succession of operations from one position to another and
back to the first position through all other positions, if any

[SOURCE: IEC 60050-441:1984, 441-16-02]

3.6.103

(o]
<

perating sequence

F eyt : ‘ " : " e d—time

tervals
BOURCE: IEC 60050-441:1984, 441-16-03]

6.104

osing operation

pf a mechanical switching device> operation by which the device is brought from the ope
psition to the closed position

=}

bOURCE: IEC 60050-441:1984, 441-16-08]

6.105

<pf a mechanical switching device> operation by whichithe device is brought from the close
ppsition to the open position

[$OURCE: IEC 60050-441:1984, 441-16-09]

316.106

d
<

th

n

ening operation

[o}

pendent power operation
pf a mechanical switching device> operation by means of energy other than manual, wherne
e completion of the operation istdependent upon the continuity of the power supply (fo
blenoids, electric or pneumatic metors, etc.)

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

6.107

fored energy operation
peration by means of energy stored in the mechanism itself prior to the completion of the
peration and sufficient to complete it under predetermined conditions

pte 1 to entry® This kind of operation can be subdivided according to:

The-manner of storing the energy (spring, weight, etc.);

The origin of the energy (manual, electric, etc.);

rne mdanrer ol leledbillg tie eriergy (ridriudt, Blebl[ib, €lC.).

[SOURCE: IEC 60050-441:1984, 441-16-15]

3

C
<

.6.108
losed position
of a mechanical switching device> position in which the predetermined continuity of the main

circuit of the device is secured

[SOURCE: IEC 60050-441:1984, 441-16-22]
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3.6.109

open position

<of a mechanical switching device> position in which the predetermined clearance between
open contacts in the main circuit of the device is secured

[SOURCE: IEC 60050-441:2000, 441-16-23]

3.6.110
shunt release
retease cllclyiacu' Iuy a-sourceof vuitayc

Npte 1 to entry: The source of voltage may be independent of the voltage of the main circuit.

[$OURCE: IEC 60050-441:1984, 441-16-41]

6.111

hti-pumping device
evice which
prevents reclosing after a close-open operation as long as the device initiating closing [s
maintained in the position for closing

DO MW

b) prevents re-opening after an open-close operation as long as-the device initiating opening
is maintained in the position for opening

[$OURCE: IEC 60050-441:1984, 441-16-48, modified — itefrb) added.]

3/6.112

interlocking device

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

-

[$OURCE: IEC 60050-441:1984, 441-16-49]

3(6.113
witching
making and/or breaking operation of a mechanical switching device

n

7 Characteristic quantities

71

rated value

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

3
3

«Q

—

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

372

isolating distance
<of a mechanical switching device> clearance between open contacts meeting the withstand
voltage requirements specified for disconnectors

[SOURCE: IEC 60050-441:1984, 441-17-35, modified — Deletion of “of a pole” from the term
and replacement of “safety” with “withstand voltage”.]
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3.7.3
highest voltage for equipment

U,

m

greatest value of pole-to-earth voltage for which the equipment is designed in respect of its
insulation as well as other characteristics which relate to this voltage in the relevant equipment
standards

Note 1 to entry: Under normal service conditions specified by the relevant apparatus committee, this voltage can be
applied continuously to the equipment.

< Z

OoT® Z

[«

\

n A QW A

T

—

iode bridge current feed for VSC converter

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

7.4

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

pte 1 to entry: If a supply voltage is specified for instance in the supply contract, ther'it is called “declared supply
Itage”.

pte 2 to entry: The supply voltage of auxiliary and control circuits is measured at the circuit terminals of th
paratus itself during its operation, including, if necessary, the auxiliary resistors.or accessories supplied or require
the manufacturer to be installed in series with it, but not including the conductors for the connection to the
ectricity supply.

o

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

7.5

HVDC substation using VSC> steady-statecvalue of the short-circuit current supplied from AC
ystem through VSC diode bridge before AC circuit-breaker opens

gure 4, Figure 5 and Figure 6 illustrate some definitions of this subclause.

me quantities, see definitions 837.106 through 3.7.113, are expressed in milliseconds.
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4
>
11 ! Time
112
i
13 Lo
o
14 1516
IEC IEC
Opening operation Closing operation
Key
Closed position 9 Instant of arc extinction
4 Contact travel 10 Arcingdime;
B Open position 11  Make-time, 3.7.110
3 Current flow 12 <Pre-arcing time, 3.7.111
b Opening time, 3.7.106 13 “/Closing time, 3.7.109
] Commutation time, 3.7.108 14 Initiation of closing operation
y Initiation of opening operation 15 Instant of start of current flow
B Instant of separation of arcing contacts 16 Instant of contact touch

Figure 4 — BPS-and PS — Opening and closing operations



https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |[EC 2024 - 37 —

Figure 5 <\BPS and PS — Close-open cycle

1
| I |
| |
| | | |
| | | |
| | | |
| | | | 2
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
} t + 1
| T f T
| | 4 | | L
| | | | .
| I 5 I [ Zipte
[ [ o } Ll |
| [ | | |
| Lo 6 | [
| Fu| | |l
[ [ | | |
[ [ | | |
[ [ | | |
: 8 9 10 (O
7 12 -
Key
Closed position 7 Initiation of/Closing operation
4 Contact travel 8 Instant-of. start of current flow
B Open position 9 Instant of contact touch
1 Current flow 10 <nitiation of opening operation
b Close-open time, 3.7.112 11\" Instant of separation of arcing contacts
] Make-commutation time 12 Instant of arc extinction
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| | | |
| | | |
T T T T
| 4 | ! | 4 -
| | | | -
[ I 5 | I Time
| ¢ : t : L
| | | |
. Lo 6 | ol
| | : | : |
| | | |
¢ T ! | Ll
I I | | [
I | | | [
I (. | [y
1 1 | 11 | |
|
8 9 10 10
13 IEC
Key
( Closed position 8 Initiation of ‘@pening release
4 Contact travel 9 Separation of arcing contacts
B Open position 10  Arc¢extinction
1 Current flow 11, “Initiation of closing circuit
b Open-close time, 3.7.113 12" Instant of start of current flow
b Re-make time 13  Contact touch
y Reclosing time
Figure.6'— BPS and PS - Open-close cycle
3(7.101
rated value
glantity value assighed, generally by the manufacturer, for a specified operating condition of [a
cpmponent, deviee.or equipment
[$OURCE:4E€ 60050-441:2000, 441-18-35, modified — Note 1 to entry deleted.]
3(7.102
shart-time withstand current
clurrent that a circuit or a Qwitrhing device in the closed Innqitinn can carry dnring a qlnprifipd

short time under prescribed conditions of use and behaviour
[SOURCE: IEC 60050-441:1984, 441-17-17]

3.7.103

peak withstand current

value of peak current that a circuit or a switching device in the closed position can withstand
under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:1984, 441-17-18]
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3.7.104

applied voltage

<for a switching device> voltage which exists across the terminals of a switching device just
before the making of the current

[SOURCE: IEC 60050-441:1984, 441-17-24, modified — "of a pole" deleted from the definition.]

3.7.105
clearance

distancebetweentwoconductive partsatong=a-string-stretchred-the—shortestway -betweenthese

cpnductive parts

—

$OURCE: IEC 60050-441:1984, 441-17-31]

7.106

pening time
pf a mechanical switching device> interval of time between the specified instant of initiation ¢f
he opening operation and the instant when the arcing contacts have separated

A O W

—

Npte 1 to entry: The instant of initiation of the opening operation, i.e. the application of the opening command (fpr
example energising the release, etc.) is given in the relevant specifications.

[$OURCE: IEC 60050-441:1984, 441-17-36, modified — ("in all poles" deleted from the
definition.]

3{7.107

arcing time

nterval of time between the instant of the initiation of the arc and the instant of final afc
ktinction

o =

—

$OURCE: IEC 60050-441:1984, 441-1/-37, modified — The domain "of a pole or a fuseg"

deleted, and "in a pole or a fuse" and_%in that pole or that fuse" deleted from the definition.]
3(7.108
cpmmutation time

nterval of time between the beginning of the opening time of a mechanical switching devige
nd the end of the arcing time

o)

3(7.109

closing time
interval of timexbetween the initiation of the closing operation and the instant when the contact
tauch

(@)

[$OURCE: IEC 60050-441:1984, 441-17-41, modified — "in all poles" deleted from the
efinition.]

o

3.7.110

make-time

interval of time between the initiation of the closing operation and the instant when the current
begins to flow in the main circuit

[SOURCE: IEC 60050-441:1984, 441-17-40]
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3.7.111

pre-arcing time

interval of time between the initiation of current flow during a closing operation and the instant
when the contacts touch

Note 1 to entry: The pre-arcing time depends on the instantaneous value of the applied voltage during a specific
closing operation and therefore can vary considerably.

3.7.112

close-open time
ifterv i W i W ] ari i i e
instant when the arcing contacts have separated during the subsequent opening operation

—

$OURCE: IEC 60050-441:2000, 441-17-42, modified — "in the first pole" and "ip, all poles$'
eleted from the definition.]

o

()

7.113

pen-close time
nterval of time between the instant when the arcing contacts have separated and the instant
when the contacts touch during a reclosing operation

5 O

bte 1 to entry: Unless otherwise stated, it is assumed that the closing release incorporated in the BPS or PS
ergised at the instant when the contacts have separated during opening. This represents the minimum open-clog
ne.

()

-0 =
o

—

7.114

pntinuous current
Urrent that the main circuit is capable of carrying €ontinuously under specified conditions ¢f
5e and behaviour

C O 0 W

3(7.115

temporary current
clrrent that the main circuit is capable_of carrying temporarily under specified conditions of uge
ahd behaviour

3/7.116
nsulation level
bt of withstand voltages-specified which characterise the dielectric strength of the insulation

0 =

—

$OURCE: IEC 60050-614:2016:2016, 614-03-23]

7.117

irect withstand voltage
hlue of disect voltage that the insulation of the given equipment can withstand during tes{s
ade under specified conditions and for a specified duration

o W

3 <

3L7:118

impulse withstand voltage
highest peak value of impulse voltage of prescribed form and polarity which does not cause
breakdown of insulation under specified conditions

[SOURCE: IEC 60050-442:2014, 442-09-18]
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3.7.119

commutation
transfer of current between any two paths with both paths carrying current simultaneously during
this process

Note 1 to entry:

between a converter arm and a by-pass arm, or between any two paths in the circuit.

[SOURCE: IEC 60633:2019, 5.6]

317.120

initiation of (opening or closing) operation

instant of receipt of command for operation at the control circuit

3[8 Index of definitions

A

Absolute [eakage rate ..o A N 3.6.6.4 and 3.6.7 1

o3 U = | o | S S 3.5.16

Alarm pressure (or density) for insulation and/or switching ...........\QO 3.6.513

Allarm pressure (or density) for operation ............ccooviiiiiii T 3.6.54

Ambient air temMpPerature ... T 3.1.24

Auxiliary and control CirCuits ........c..covveiieiiiiii a8 3.5.25

Auxiliary circuit (of @ switching deViCe)........c.iiiiiiii e 3.54

AUXIlIary CONtACT ... e 3.5)7

Aluxiliary switch (of a mechanical switching deviCe)/........coooiiiiiiiiii 3.5)9
'a" contact, make contact 3.5.104
Ambient air temperature 3.1.104
Anti-pumping device 3.6.111
Applied voltage 3.7.104
Arc control device 3.5.107
Arcing contact 3.5.103
Arcing time 3.7.107

B

BIUS DA .. T e 3.3)2

Bl -PaSS SWIT R . T e 3.447
'b" contactbreak contact 3.5.108
BPS 3.4.103
Break/contact 3.5.112
Break-time 3710
By-pass switch 3.4.103

Commutation may occur between any two converter arms, including the connected AC phases,
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C
Closed pressure System fOr Gas .. ... 3.6.6.2
Lo 11 P 3.5.24
Connection (bolted or the equivalent)...........cooiiii e 3.5.11
Contact (of a mechanical switching deViCe)........coiuiiiiiiiii e 3.5.6
Control circuit (of @ SWItChiNG deVICE).......iiuiiiii e 3.5.5
CoNtrOl CONTACT ..o e 3.5.8
Control switch (for control and auxiliary CirCuitS) .........coooiiiiiiiiii e 3.5.10
Jontrolled pressure System fOr gas .. ... 3.6.6/1
Qumulative leakage measurement ... ... 3.616.1[2
Clearance 357105
Closed position 3.6.108
Close-open time 3.7.112
Closing operation 3.6.104
Closing time 3.7.109
Commutation 3.7.119
Contact 3.5.105
Continuous current 3.7.114
Converter paralleling switch 3.4.105
CPS 3.4.105
D
[ (O o1 oT UL o] Y= = PR 3.4)2
DC transfer SWItCh ... s e 3.4)6
D oY Y o O PP 3.1.23
Degree of proteCtion ... 3.1.12
Dependent power operation (of aymechanical switching device)...........ccooiviiiiiiiiinenne. 3.6/1
DagNOSTIC 1O ...t A e 3.1.18
Diode bridge current feed for’'VSC CONVEIter........oiiiuiiiiii e 3.75
[ (1=YoTo] o] o T=T o (o] o 3.413
Direct withstand voltage 3.7.117
Dependent power-operation 3.6.106
E
Elarthing SWItCRN ..o e e 3.444
BN G O S U .o e 3.5/1
EIXEErNal iNSUIAtioN ... e 3.1.10
Enclosure <of an assembly> 3.5.109
External insulation 3.1.106
F
L Y| P 3.1.20
Filling pressure (or density) for insulation and/or switching ............cc.coooiiiiiiiiiiin. 3.6.5.1

Filling pressure (or density) for operation...........cooiiiii i 3.6.5.2
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H
L ==Y o [TV E= 0 o X o S 3.5.2
Highest voltage for eqUIPMENt.. ... e 3.7.3
High-speed DC SWILCN.....iuiiiii e e e e e e 3.4.5
HVDC substation (HVDC converter station) ..........coooiiiiiii e 3.1.8
HVDC SUDSTatioN POl ... e 3.1.9
L VI T O3 =3 1Y o o PR 3.1.3
L YA T O V3 =T 4 I o Yo = PP 3.1.7
HVDC transSmisSSiON SYSTeIM ... e e e e et e 344
Hydrophobicity Transfer Material ... 3+1.29
I
1 oo o 1= 0 P 3.1.15
Independent unlatched operation ... D 3.6J3
Interchangeable subassembly (of auxiliary and control circuits) .................i0 . 3.5.27
Interlocking deviCe ..o e e A N 3.5.28
Internal iNSUIation ... R 3.1.1|1
[P COAE .o e M 3.1.13
Igolating distance (of a pole of a mechanical switching device) . t.oooiiiiiiiiiiiiiin. 3.7§2
mpulse withstand voltage 3.7.118
ndoor switchgear and controlgear 3.1.102
nitiation of (opening or closing) operation 3.7.120
nsulation level 3.7.116
nterlocking device 3.6.112
nternal insulation 3.1.107]
L
| ine paralleling switch 3.4.106
| PS 3.4.106
M
Main circuit (of @ SWItChING dEVICE) ......iviiiii e 3.53
1Y E YT aLe=T aF= T g Lo = S e PSPPSR 3.1.16
Major failure«(of switchgear and controlgear) .........coooiiiiiiii e 3.1.21
(Mechanical) CONTACTOr. ... e 3.5.20
Mechanical SWItChiNG AEeVICE ......uiee e 3.4
Minimum functional pressure (or density) for insulation and/or switching........................ 3.6.5/5
Minimum functional pressure (or density) for operation ..................cocoiii. 3.6.516
Minor failure (of switchgear and controlgear) ...... ..o 3.1.22
Y oY o 11 (o] ¥ o e [PPSR PPN 3.1.25
MONITOIING GEVICE. e ittt 3.5.13
U o 2= o 1= Y= PP 3.1.30
Multiterminal HVDC transmission SYSIemM . ... 3.1.6
Main circuit 3.5.101
Main contact 3.5.102
Make contact 3.5.111
Make-time 3.7.110

Mechanical switching device 3.4.102
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N
Nominal direCt VOITAGE . ... e 3.1.2
Number of replenishments per day.........oooiiiii i, 3.6.6.8 and 3.6.7.3
o
L@ ToT=T = 14 o] I e70 YU T 1 | = 3.5.23
L@ XY o o= T | 3.1.19
Opening operation 3.6.105
Dpening time <of a mechanical switching device> 3.7.106
Dpen position 376.109
Dpen-close time 3.7.113
Dperating cycle 3.6.102
Dperating mechanism 3.5.110
Dperating sequence 3.6.103
Dperation 3.6.101
Dutdoor switchgear and controlgear 3.1.103
P
Plaralleling sWitCh ... 8 3.4)8
Plartition (0f @an @sSembIy) ... e 3.5.15
Plermissible leakage rate.........c.ooovviiiiiiiiin Sl 3.6.6.5 and 3.6.7f2
PlIOt SWITCH L. T 3.5.14
Plosition iINAICating AeVICE.. ..o e e ettt e e e e e e 3.5.12
Plositively driven Operation ... ... 3.6/4
Plressure drop ..o A 3.6.6.9and 3.6.74
Plrotection provided by an enclosure against access to hazardous parts ......................... 3.1.14
Paralleling switch 3.4.104
Peak withstand current 3.7.103
Pre-arcing time 3.7.111
PS 3.4.104
R
Rated Value ... e 3.7/1
Reference DE.Uhified Specific Creepage Distance ...........coooiiiiiiiiii e 3.1.28
Relative 1eakage rate ... 3.6.66
Ratedvalue 3.7.101
Release 3.5.10
S
Sealed PreSSUIe SYSTEM ... e 3.6.6.3
T 0111 T PPN 3.6.6.11
ST o] o= 3.5.17
ST €= o £ PP 3.5.21
Stored energy operation (of a mechanical switching device) .........ccooviiiiiiiiiiiii i 3.6.2
Subassembly (of auxiliary and control CirCuits).........coiiiiiii i 3.5.26
ST U1 o 1Y VA7 [ o PP RPRN 3.1.26
Supply voltage (of auxiliary and control CirCUitsS) ..o 3.7.4

Switchgear and CONTrOIGEAT ... iu i e e 3.1.1
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Short-time withstand current 3.7.102
Shunt release 3.6.110
Stored energy operation 3.6.107
Switchgear and controlgear 3.1.101
Switching 3.6.113
Switching device 3.4.101
T
LI =1 01 = PPN 3.5
TIErMINAl DIOCK ... e e 3!5.1
TSt OB CT e ) 3.2]
Tightness coordination chart ... ... 3.6.6.1
Time between replenishments. ... 3.6.6
THaNSPOIt UNit ..o 3.3]
Two-terminal HVDC transmission System.........cooiiiiiiiiiiinii e I 3.1.
Temperature rise 3.1.105
Temporary current 3.7.115
Terminal 3.5.108
U
Unified Specific Creepage Distance ..........cccovvviiii s L 3.1.2
Vv
R/ = Lo WU g T T L= U L= e 3.5.2
A/ (ET U= LI T 1= o X< o1 T Y o PN 3.1.1

4 Normal and special service'conditions

41 Normal service conditions
41.1 General

Unless otherwise specified, high-voltage switchgear and controlgear, including the operatin
devices and the _auxiliary equipment which form an integral part of them, are intended to b
uped in accordance with their rated characteristics and the normal service conditions liste
in4.1.

Jperation"under normal service conditions is considered to be covered by the type test
ccording to this document and the relevant product standard.

QD

O -~ NO =~ O

o O® «Q

[

4.1.2 Indoor switchgear and controlgear

The normal service conditions for indoor switchgear and controlgear are:

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

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

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

e
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NOTE 1 Usually DC site severity is covered by a RUSCDDC between 20 mm/kV and 30 mm/kV (reference
Annex B (informative)).

e) the conditions of humidity are as follows;

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

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

— the average value of the relative humidity, over a period of one month, does not exceed
Q0 %:

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

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

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

f) vibrations due to causes external to the switchgear and controlgear,or'earth tremors do n¢t
exceed the impact of vibrations caused by operation of the switchgear itself.

IS

1.3 Outdoor switchgear and controlgear

—

he normal service conditions for outdoor switchgear and controlgear are:
a) the ambient air temperature does not exceed 40 °C<and its average value, measured over
a period of 24 h, does not exceed 35 °C;

the ambient air temperature does not drop belew)=25 °C;

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

b) solar radiation does not exceed a level.of*1 000 W/m?2;

NOTE 2 Details of global solar radiation are'given in IEC 60721-2-4 [38].
the altitude does not exceed 1 Q00 m;
the ambient air can be polluted by dust, smoke, corrosive gas, vapours or salt;

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

e) ice coating does not exceed 20 mm;
fy the wind speed-does not exceed 34 m/s;

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

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

-

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

d rapid change of temperature.

o o O > a a a

environmental parameters, primarily temperature an

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

4.2 Special service conditions
4.2.1 General

When high-voltage switchgear and controlgear is expected to be used under conditions different
from the normal service conditions given in 4.1, the user’s requirements should refer to
standardized steps in 4.2.2 up to 4.2.7 if not provided by product standards.
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NOTE 1 Appropriate actions are also taken to ensure proper operation under such conditions of other components,
such as relays.

NOTE 2 Detailed information concerning classification of environmental conditions is given in IEC 60721-3-3 [40]
(indoor) and IEC 60721-3-4 [41] (outdoor).

4.2.2 Altitude

For altitudes higher than 1 000 m, the equation provided in 4.5.1.1 b) of IEC TR 62271-306:2012

[62] and in H.3.4 of IEC 60071-2:2018 shall be used, i.e. ky =¢"710008150) \yhore 1 is the

abte—4—of

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

NPTE 2 For low-voltage auxiliary and control equipment, no special precautions are taken if the (altitude is lower
than 2 000 m. For higher altitudes, refer to IEC 60664-1 [31].

2.3 Exposure to pollution

[ salt at a level that exceeds DC site severity covered by a RUSCDDC of 60 mm/kV for non-
TM insulators and 45 mm/kV for HTM insulators, more information can be found in Annex B
(informative).

4

Flor outdoor application ambient air that can be polluted by dust, smoke,/corrosive gas, vapouls
o]

H

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

[eXN7)

24 Temperature and humidity

brvice condition ranges stated in 4.1, the ranges of minimum and maximum temperature to be

4

Flor installation at a location where the ambient temperature can be different from the normal
S

specified should be:

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

c) -30 °C to 40 °C for cald climates;

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

e) -15 °C to 40 2C_for moderate climates (indoor conditions);
f) -5 °C to 55\2C for very hot climates.

In tropicalindoor conditions, the average value of relative humidity measured during a perigd
of 24 h«ean be up to 98 %.

Z

ODTE”1 In certain regions with frequent occurrence of warm humid winds, sudden changes of temperature and/pr
mospheric pressure can occur.

V)

NOTE 2 For special indoor conditions with power electronics, a temperature range of +5 °C to +60 °C and a very
low humidity can be reasonable. Reference is made to IEC 111-1:2023, Table 2.

4.2.5 Exposure to abnormal vibrations, shock or tilting

Standard switchgear and controlgear is designed for mounting on substantially level structures,
free from excessive vibration, shock, or tilting. Where any of these standard conditions do not
exist, the requirements for the particular application should be specified by the user.

For installations where earthquakes are likely to occur, the severity level according to a relevant
publication or specification should be specified by the user. In case of earthquake risk, the user
should specify the operational requirements and admissible damage level.
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Installations with other unusual forms of vibration shall be identified, such as installations in
close proximity to mine blasting or mobile applications.

NOTE Other relevant publications for seismic evaluations are IEEE 693 [68] and IEEE C37.81 [69].
4.2.6 Wind speed

If the wind speed is expected to be in excess of the normal service wind speed of 34 m/s, the
user should specify the requirements for a particular application.

412.7 Other parameters

=
=

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

—_

- 0

[3,]

Ratings

[2)]

1 General

Py

atings define the common specifications of the switchgear and gontrolgear that are necessaiy
¢r adequate selection and use in a particular network. Other/important characteristics of thie
itchgear and controlgear are defined in Clause 9, some, of which are included on the
ameplate but are not ratings. Still other characteristics\defer to installation, operation and
d
e

S5 W =h

aintenance; they are not considered as ratings since they are related to the technology use
gr switchgear and controlgear. Examples include normal filling level or filling / alarm pressur
density) of fluids and tightness for liquids, gas andvacuum systems.

a3

—

a

1.101 By-pass switches (BPSs)

—

he characteristics used to determine rated’values of a BPS and its operating mechanism an(d
uxiliary equipment are the following:

o)

a) direct voltage across the open\BPS (BPS open). This voltage depends on the number o¢f
converter units in series;

direct voltage from terminatto earth (BPS open). This voltage depends on the configuratign
of the BPS and its copnection to the HVDC system. Examples of possible configurations arle
given in Annex C;

b) insulation level Uy, Us, Up). The considerations provided under a) also apply to thle
insulation level;

c) continuousieurrent (I,4) or its temporary current (I;);
d) shortstime withstand direct current (/,.4);

e) peéak withstand current (Ipd);

f__duration of short-circuit (r.r\u.)'

7/

g) supply voltage of auxiliary and control circuits (Uy);

h) supply frequency of auxiliary and control circuits.


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |[EC 2024 -49 —

5.1.102 Parallelling switches (PSs)

The characteristics used to determine rated values of a PS and its operating mechanism and
auxiliary equipment are the following:

a) direct voltage (U,q);

b) insulation level (Uyy, Us, Up);

c) continuous current (Z4);

d

o< o

L Z

—

D Z

g

A

SNOrt-trme withstanda direct currernt de),

peak withstand current (Ipd);

duration of short-circuit (z,4);

supply voltage of auxiliary and control circuits (Uy,);
supply frequency of auxiliary and control circuits;

commutation current (for LPS only, see 3.4.106).

2 Rated direct voltage (U,q)

2.1 General

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

ble to earth that include harmonics for which it is designéd in respect of its insulation as we
5 other characteristics, to operate as specified for the'service life (lifetime).

he typical system direct voltage (Utyp,d) is a system voltage in normal operation condition. Th

a rounded value that is derived as an average from multiple projects and typical values ar
hown in Table 1. Depending on the configuration of the DC system, other values that do n
kceed the rated direct voltage might ke reasonable. Voltage ripple and harmonics of t
ystem are included in the values given.

he rated direct voltage and the typical system direct voltage can differ from component-specif
bltages, e.g. rated voltage for\transfer switches and rated voltage for bypass switch can b
fferent. Reference is made-t6 IEC TS 62271-315 [3] and TS 62271-316 [4].

d [73].
he rated direct(voltages (U,q4) are given in 5.2.2 below.

OTE 2 Theerm “rated maximum voltage” used in most IEEE switchgear standards has the same meaning as th
rm “rateddirect voltage” as used in this document.

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

D O

a

cross open switch and to earth. Therefore, different rated voltages are defined for BPSs

s BPSs are installed in parallel with a converter unit, the rated voltage of a BPS is differe:l\;

earth in open position and across the open BPS.

PSs usually have same rated voltages across open switching device and to earth in both (open
and closed) positions.

In some applications PSs not intended for rapid configuration of the HVDC system are
connected in series with a disconnector that always operates and with a short time delay after
the PS, to reduce the duration of voltage stress across the open PS. For such applications, a
lower value of the rated direct voltage across the open PS can be chosen, whereby dielectric
capabilities and creepage distance across open switching device are reduced.

Such applications are subject to agreement between user and manufacturer (see also Clause 9).
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2.101 Rated direct voltage to earth (U,4,)

Subclause 5.2.2 of IEC TS 62271-5:2024 is applicable with the following addition.

For PS this rating is applicable for both open and closed position.

For BPSs this rating is applicable for the open position only and may be specified for one or
both terminals. If the arrangement of the terminals is not symmetrical with respect to the frame,
the rating is applicable for the terminal which is designed for the highest direct voltage to earth.

T

5

S

—_

[V

o

= Z

O TS5 T3 <

Z

|

o wn

B Z

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

OTE Values for rated voltages lower than 100 kV cannot be defined adequately. The reason is the lack pf

© manufacturer mustin this tase specify which terminat the rating 15 assigned to.

2.102 Rated direct voltage across open switching device (U,4,)

ubclause 5.2.2 of IEC TS 62271-5:2024 is applicable.

2.2 Rated voltages

2]

plications or products. However, as an indication, for preferred voltages lower-than 100 kV values are provided 4
guide in Annex C (informative).

3 Rated insulation level (Uyq, Uy, Us)

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

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

ithstand values given in Table 1 coveri\the application of switchgear and controlgear undgr
brmal service conditions defined inw4.1 including altitudes from sea level up to 1 000
owever, for testing purposes to verify a rating or capability, they shall be considered gs
sulation values at the standardized reference atmosphere temperature (20 °C), pressur
01,3 kPa) and humidity (11,gim3) specified in IEC 60071-1:2019, 5.9.2. For special servide
bnditions, refer to IEC TR 62271-306 [62].

[©]

—

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

[

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

he rated'withstand voltage values for lightning impulse voltage (Up), switching impulse voltage
/s )(When applicable), and direct voltage (Uyq4) shall be selected without crossing the horizonta

.
(
N

arkeéd lines in Table 1.

T

he superimposed voltage is a composite voltage consisting of the rated direct voltage U,4 and

the lightning impulse voltage U, or switching impulse voltage Ug, as shown in Figure 1.
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Table 1 — Preferred rated insulation levels

Typical Rated Rated direct Rated switching impulse Rated lightning impulse
system direct withstand voltage withstand voltage withstand voltage
direct voltage U U,
voltage Ugq
Utyp,d Urg KV kV (peak value) kV (peak value)
kV kv
(NOTE 1) (NOTE 2) Pole-to-earth, Pole-to-earth Across Pole-to- Across open
across open and across isolating earth switching device
Switching device | open switching distance? and/or 1solatin
and/or isolating device (NOTE 4) distance?
distance
(NOTE 4)
(NOTE 3)
(1) (2) (3) (4) (3) (6) (7)
100 105 160 -- -- 380 380(+105)
150 160 240 -- -- 450 450(+160)
550 550(+210)
200 210 315 550 550(+210)
650 650(+210)
550 550(+265)
550 550(+26%5)
650 650(+265)
250 265 395
650 650(+265)
650 650(+265)
750 750(+265)
650 650(+340)
650 650(+340)
750 750(+340)
750 750(+340)
320 340 505 750 750(+340)
850 850(+340)
850 850(+340)
850 850(+340)
950 950(+340)
850 850(+420)
850 850(+420)
950 950(+420)
400 420 630 950 950(+420)
950 950(+420) 1 050 1 050(+420)
1175 1 175(+420)
950 950(+525)
950 950(+525)
1 050 1 050(+525)
1 050 1 050(+525)
1050 1 050(+525)
500 525b 790 1175 1 175(+525)
1175 1 175(+525)
1175 1 175(+525) 1300 1 300(+525)
1425 1 425(+525)
1175 1 175(+630)
1175 1 175(+630)
1300 1 300(+630)
1 300 1 300(+630)
600 630 945 1300 1 300(+630)
1425 1 425(+630)
1425 1425(+630)
1425 1 425(+630)
1 550 1 550(+630)
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P4

rg

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

OTE 2 The rated direct voltage U, , takes into account 5 % of ripple and harmonics to the typical system dire

ltage, based on that the ripples and harmonics are in the range of 2,t0.5' % of the typical system direct voltag
pference is made to CIGRE Technical Brochure 684 [73].

S =2

OTE 3 The rated direct withstand voltage U, is 150 % of the.rated direct voltage U,, of the HVDC syster
ference is made to IEC TS 63014-1.

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

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

Instead of Uyg = 525 kV rated direct Voltage, Uyg = 550 kV can also be reasonable. Reference is made

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

NOTE 2.

D

=]
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Figure 1 — Schematic representation of superimposed impulse voltage tests

5/3.101 Rated insulation level to earth (Uyge; Upes Use)

he standard values of insulating levels for the rated voltage in 5.2.101 shall be selected in
able 1 of IEC TS 62271-5:2024.

— -

or BPSs this rating is applicable for the open position only and may be specified for one ¢r
bth terminals. If the arrangement of the terminals is not symmetrical with respect to the framI
he rating is applicable forthe terminal which is designed for the highest direct voltage to earth.
The manufacturer must in this case specify which terminal the rating is assigned to.

o T

—

—

he insulating«devels shall be selected from Columns (3), (4) and (6).

=z

OTE U4, is'the rated direct withstand voltage to earth, Upe is the rated lightning impulse withstand voltage o
irth and:&,  is the rated switching impulse withstand to earth.

(0]

5/3.102 Rated insulation level across open switching device (Uyyo, Upos Uso)

The standard values of insulating levels for the rated voltage in 5.2.102 shall be selected in
Table 1 of IEC TS 62271-5:2024.

The insulating levels shall be selected from Columns (3), (4) and (6).

NOTE U,,, is the rated direct withstand voltage across open contacts, Upo is the rated lightning impulse withstand
voltage across open contacts and U is the rated switching impulse withstand voltage across open contacts.

5.4 Rated continuous current (/,4)

This rating defines the value of the current the switchgear and controlgear can carry
continuously for its service conditions (see Clause 4).
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he values of rated continuous current should be selected from the R 10 series, specified

in IEC 60059 [11].

NOTE 1 The R 10 series comprises the numbers 1 - 1,256-1,6 -2-2,5-3,15-4 -5 - 6,3 — 8 and their products
by 10",

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

5.4.101 Rated temporary current (Z;)

T 1< laicd tUIleUIdIy L,uncnt ib tilc bullcllt d BPS Cdlilt Ldity UIUI;IIQ SG IlIiII Ulldcl apcuifc
cpnditions.

NPOTE In normal operation the BPS is not carrying any current, however in some cases a BPS can be designed [o
carry continuous current (for example when by-pass disconnectors are not used).

o >

I

oo =z

5 Rated values of short-time withstand current

5.1 Typical waveform of short-circuit current

gure 2 shows typical waveforms of short-circuit current in an HVDC (system.
The current waveform in Figure 2a) corresponds to a typical half-bridge MMC (Modular

Multilevel Converter), in a 2-terminal VSC HVDC and station_switchgear in DC grids;

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

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

o

nnex D (informative) gives further informyation on the circuit topologies, assumptions, an
blculations.

Figure 2c), the positive slope (Sp) is’determined by the total series reactance in the fault path
5 shown in Figure D.5. A typicakvalue is 2 kA/ms < Sp < 10 kA/ms.

=

OTE The definition of typical .wayeform for DC short-circuit currents is in the scope of IEC TC 73 (Short-circyi
rrents) activities. The definitions in 5.5 are provisionally provided by IEC TC 17 (High-voltage switchgear arj
ntrolgear) for the purpose of\this document, and will be updated when definitions from TC 73 become available.

o



https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |[EC 2024 - 55—

SA
3 I_pd T T T T T
| |Capacitive | | | ]
discharge AC CB opens
L It / | |
Diode bridge
5 current feed | T a
I DC system energy discharge
(cables, inductors, ...)
il
L H pd | I | §
kg
0 - ' =
Time
IEC
a) 2-terminal VSC HVDC without DC CB
£
5 T T r T
©| d  LcCblockand
) a— | bypass | ! ! A\ .
DC system.energy
i discharge 1
- tpd | . 'AN 4
lkd
0 L F 1 Il >
Time
IEC
b) 2-terminal LCC HVDC without DC CB
&A
oL | Back-up| T T ]
B ng . ‘/DC CBs open
i AC CB open |
e
o
“ DC system energy
3 RN discharge i i T
o
- (n -
Ik
- ol / o
Irg Hfpd | 1
>l kd|
Time
IEC

c) HVDC system (or DC grid) with DC CB

Figure 2 — Typical waveform of a short-circuit current in an HVDC system
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5.5.2  Rated short-time withstand direct current (I 4)

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

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

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

o Z

5/5.3 Rated peak withstand current (Ipd)

—
Q.

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

Q

—

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

—| for circuit in Figure 2c), Sp tpd-

o

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

>

n alternative value higher than above may, be chosen.

—

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

o Q

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

—

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

—

—

he preferred Vvalue of rated duration of short circuit is:

—| for circuit in Figure 2a), 0,7 s;

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

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

5.6.1 General

Several auxiliary voltages can be used on a single type of switchgear and controlgear.


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |IEC 2024

5.6.2 Rated supply voltage (U,)

— 57—

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

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

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

5.8 Rated pressure of compressed gas supply for controlled pressure systems
The preferred values of rated pressure (relative pressure) are:

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

NOTE A example of controlled pressure systems is pneumatic drive mechanism.
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5.101 Rated commutation current

At present there are no ratings available for the rated commutation current.

5.102 Rated operating sequence
The operating sequence of a BPS and PSis C —¢t— O — " — C, where

O represents an opening operation;

C represents a closina operation:
™ 0 ™ 4

Time ¢ depends on the time used to reconfigure the HVDC system. This time can tjl‘e
anywhere between several seconds to several hours. For the purposes of standardisation,
a value of 30 s is suggested;

Time ¢" is the time required to detect an unsuccessful commutation. " is more than'the oper
close time and less than T, (see 6.102.7 of IEC TS 62271-315:2024).

ODTE The operating sequence is based on the assumption that the BPS or PS recloses_after an unsuccessfu
mmutation.

Q =z

6 Design and construction

(=2)

1 Requirements for liquids in switchgear and controlgear

—
Q.

he manufacturer shall specify the type and the required quantity and quality of the liquid use
n switchgear and controlgear.

—

he manufacturer shall provide the user with neeé€ssary instructions for renewing the liquid and
aintaining its required quantity and quality;\(refer to 11.5.2) except for sealed pressuie
ystems.

® 3

n

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

6l2 Requirements for gases in-switchgear and controlgear

—
o

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

—
[o}

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

3
»

—

0

For sulphur hexafluoride (SFg) filled switchgear and controlgear, SFg in accordance wi
IEC 60876 for new SFg and its mixture and IEC 60480 for reused SFg and its mixture shall

uped. -For gas handling of switchgear and controlgear with gas, reference is made
|EC62271-4

o

In order to prevent condensation, the maximum allowable humidity content within gas-filled
switchgear and controlgear at the filling density for insulation shall be such that the dew point
at filling pressure (density) for insulation is not higher than -5 °C for a measurement at 20 °C
during service life, refer to 11.3.6.

6.3 Earthing of switchgear and controlgear

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

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

NOTE For guidance on the connection of the earthing point of the switchgear and controlgear to the main station
earth, Clause 10 of IEC 61936-1:2021 [58] and IEC 61936-2:2015 [59] applies.

6

Oy O

o >

Auxiliary and control equipment and circuits

where shunt opening and closing releases are used, appropriate measures shall be, takgn
in order to avoid damage on the releases when permanent orders for closing or opening are
applied. For example, those measures may be the use of series control contacts ‘arrangeld
so that when the BPS or PS is closed, the close release control contact ("b" centact or bregk
contact) is open and the open release control contact ("a" contact or make contdct) is closedl,
and when the BPS or PS is open, the open release control contact is gpen and the close
release control contact is closed;

where auxiliary switches are used as position indicators, they shalkindicate the end positio
of the BPS or PS at rest, open or closed. The signalling shall be'sustained;

>

connections shall withstand the stresses imposed by the BPSyor PS, especially those due
to mechanical forces during operations;

where special items of control equipment are used, 4¢hey shall operate within the limif
specified for supply voltages of auxiliary and control ¢ircuits, switching and/or insulating an
operating media, and be able to switch the loads which are stated by the manufacturer ¢f
the BPS or PS;

special items of auxiliary equipment such . as liquid indicators, pressure indicators, reIin
valves, filling and draining equipment, heating and interlock contacts shall operate within
the limits specified for supply voltages of auxiliary and control circuits and/or within the limi{s
of use of interrupting and/or insulating~and operating media;

[eNN7)

where anti-pumping devices are part of the BPS or PS control scheme, they shall act gn
each control circuit, if more thanone is installed.

4.1 General

Ut not limited to, electronic controls, supervision, monitoring and communication.

uring operation.at the supply terminals of the auxiliary and control equipment and circuits:

witchgear and controlgeat include all auxiliary and control equipment and circuits, includin

uxiliary and conttol equipment and circuits shall operate normally when the voltage measureg

is withing5 % to 110 % of rated supply voltage (U,);
in the*case of DC, a ripple voltage is not greater than 5 % of Uy;

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

manufacturer according to IEC 61000-4-29 (DC supply voltage) and IEC 61000-4-TT (AC
supply voltage).

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

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

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

the manufacturer shall state the behaviour of the device when the supply voltage returns;
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e subsequent actions shall only be completed in response to a new valid operational command
(where applicable).

The fulfilment of the above conditions can be demonstrated at any convenient dip duration that
exceeds the declared limit.

NOTE 1 Possible actions can be:

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

b manualintervention such that the eauinment achieves a defined safe oneratina state for examnle onen claosed
R Y ™ =) g g Y ’

charged, discharged;

c] completing the action after giving another command for the same switching operation that was interrupted:

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

Slpecific conditions are given in 6.9 of IEC 62271-1:2017 for shunt closing réleases, shunt
opening releases and under-voltage releases.

For supply voltages lower than the minimum stated above, precautions shallbe taken to prevent
ahy damage to electronic equipment and/or unsafe operation.

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

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

6(4.2 Protection against electric shock

6/4.2.1 Protection of auxiliary and control circuits from the main circuit

Aluxiliary and control circuits that are installed on the frame of switchgear and controlgear shgll
be suitably protected against disruptive“discharge from the main circuit. This is verified Qy
djelectric type tests specified in 7.2,;see 7.2.5 f).

6(4.2.2 Safety clearance during service

Aluxiliary and control cireuits” to which access is required during service shall be accessible
without the need to compromise clearances to hazardous parts.

6(4.3 Components installed in enclosures

6/4.3.1 Selection of components

Al compenents used in the auxiliary and control circuits shall be designed or selected to be
operational with their rated characteristics over the full range of service conditions inside

QD

Lixdliary and control circuits enclosures. Suitable precautions (for example, heaters, ventilators
insulation, etc.) should be taken to ensure that those service conditions essential for proper
operation of relays, contactors, low-voltage switches, meters, operation counters, push-buttons,
etc. are maintained.

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

The loss of “suitable precautions” shall not cause failure of the auxiliary and control circuits
within the enclosure or untimely operation of the switchgear within the specified time. Selection
of components should take into account the temperature obtained in the cabinet of the control
and auxiliary circuit during a 2-hour period following the loss of the “suitable precautions” in
order to ensure the proper operation of switchgear and controlgear until the end of this 2-hour
period.
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After this 2-hour period non-operation is acceptable. If the loss of the “suitable precautions” is
longer than 2 h but does not exceed 24 h in total, the functionality of the switchgear and
controlgear shall come back to its original characteristics when the service conditions are
recovered.

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

In the case of switchgear and controlgear designed for outdoor installation, suitable
a Idllyclllclltb (VUIIti:dtiUII dIIUIIIUI iIItUIIId: :cht;lly, Utb.) vdall ;JU Nnelcoodry tU pIUVCIIt :IdlIIIfJI
cpndensation in auxiliary and control circuit enclosures.

4.3.2 Accessibility

o

etween 0,4 m and 2 m above the floor, ground or operating platform néermally used hy

6
Jlosing and opening actuators and emergency shut-down system actuators shall“be locate
b
operating personnel.

ther actuators should be located at such a height that they can be easily operated. Indicating
bvices should be located at such a height as to be readily legible,

Q 0O

=

here a component needs adjustment during its service life, ‘access shall be provided with
rotection level of at least IP XXB, refer to IEC 60529:1989,1EC 60529:1989/AMD1:1999 and
EC 60529:1989/AMD2:2013.

i)

6/4.3.3 Identification

>

dentification of components installed in enclasures shall be in agreement with the indicatio
h the wiring diagrams and drawings. If a component is of the plug-in type, an identifying mark
hould be placed on the component and onythe fixed part where the component plugs in.

[2Ke]

4.3.4 Requirements for auxiliary and control circuit components

4.3.4.1 General

—

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

6

6

The auxiliary and control ciretit components shall comply with applicable IEC standards if onle
2 andards.

614.3.4.2 Cables and wiring

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

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

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

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

The available wiring space for external connection shall permit spreading of the cores of multi-
core cables and the proper termination of the conductors without undue stresses.

Conductors connected to components mounted on doors shall be so installed that no
mechanical damage can occur to the conductors as a result of movement of these doors.
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6.4.3.4.3 Terminals

If facilities are provided for connecting incoming and outgoing neutral, protective and PEN
(protective earthed neutral) conductors, they shall be situated in the vicinity of the associated
phase conductor terminal.

6.4.3.4.4 Auxiliary switches

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

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

(2]

4.3.4.5 Auxiliary and control contacts

>

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

< =+

—
—

he operational characteristics of the auxiliary contacts that.are/made available to the use
nall comply with one of the classes shown in Table 4.

n

m

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

Table 4 — Auxiliary contact classes

Direct'\current

Class Rated Rated short- Breaking capacity
continuous time withstand
current current U,s48V 1M0VsU, 5250V

1 10 A 100°A/30 ms 440 W

2 2A 100 A/30 ms 22 W

3 200 mA 1 A/30 ms 50 mA
NOTE 1 Control contacts which are included in a control circuit of a mechanical switching device can be covered
By this table.
NOTE 2 If insufficient current is flowing through the contact, oxidation can increase the resistance. Therefore, &

minimum value of current is specified for class 1 contact.

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

TOTE 4) For all classes, breaking capacity are based on a circuit time constant of 20 ms with a tolerance of +2% %

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

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

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

MmOt
Power load Contactor
coil

-V
IEC

Figure 3 — Examples of classes of contacts

(2]

4.3.4.6 Heating elements

>

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

=

here contact with a heater or shield can occur accidentally;the surface temperature shall ngt
kceed the temperature limits for accessible parts not to<be touched in normal operation, ds
becified in 7.4.6.

(2K ¢)

(2]

4.3.5 Operation counter

(@)

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

QO

5 Dependent power operation

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

D C T T > [=2)

ction of the driveymechanism and in the designed manner. The closed or open position of the
ain contacts._shall not change as a result of loss of the energy supply or the re-application ¢f
e energy‘supply after a loss of energy, to the closing and/or opening device.

xcept for slow opération during maintenance, the main contacts shall only move under t::le

S 3 90mMm

>

BPS or PS arranged for dependent power opening with external energy supply shall also be
hpable of closing immediately (i.e. without additional delay) following the opening.

(¢}

6.6 Stored energy operation
6.6.1 General

A switching device arranged for stored energy operation shall be capable of making and
breaking all currents up to its rated values when the energy storage device is suitably charged.
Except for slow operation during maintenance, the main contacts shall only move under the
action of the drive mechanism and in the designed manner, and not due to re-application of the
energy supply after a loss of energy (electric power or pressure supply). A BPS or PS arranged
for stored energy closing shall also be capable of closing immediately following the opening
operation.
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A device indicating when the energy storage device is charged shall be mounted on the
switching device except in the case of an independent unlatched operation.

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

6.6.2 Energy storage in gas receivers or hydraulic accumulators

oo

haon thao anarayv ctaraan daviic
et oo gy Storage—aevice—s

f 6.6.1 apply at operating pressures between the limits specified in items a) and b).

aac-rocaivaraorhudeaulico aoniimlatar tha roaciranan S
gooT e eV e Oy G e oo t oSt e e gqur e et

(@)

a) External pneumatic or hydraulic supply

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

These limits do not apply when the gas receivers also store compressed gas-for interruption.
b) Compressor or pump integral with the switching device or the operating’ device
The limits of operating pressure shall be stated by the manufacturer,

(2]

6.3 Energy storage in springs (or weights)

=

hen the energy storage device is a spring (or weight), thesrequirements of 6.6.1 apply when
he spring is charged (or the weight lifted).

—

6/6.4 Manual charging

fla spring (or weight) is charged by hand, the diréction of motion of the handle shall be marked.

—

he manual charging facility shall be designed such that the handle is not driven by the
peration of the switching device.

o

—

he maximum actuating force requited for manually charging a spring (or weight) shall n¢t
kceed 250 N.

)

6/6.5 Motor charging

p=4

Motors, and their electrically operated auxiliary equipment for charging a spring (or weight) d
for driving a compressor or pump, shall operate satisfactorily between 85 % and 110 % of the
ated supply voltage (refer to 5.6), the frequency, in the case of AC, being the rated supply
frequency (refer\to 5.7).

—

>

Flor electricymotors, the limits do not imply the use of non-standard motors but only the selectio
f a metorwhich at these values provides the necessary power, and the rated voltage of the
otof. does not need to be equal to the rated supply voltage of the auxiliary and control circuits.

30

6.6.6 Energy storage in capacitors

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

6.7 Independent unlatched operation (independent manual or power operation)

Subclause 6.7 of IEC TS 62271-5:2024 is not applicable as this type of operation is not used in
HVDC systems.
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6.8 Manually operated actuators

Subclause 6.8 of IEC TS 62271-5:2024 is not applicable as this type of operation is not used in
HVDC systems.

6.9 Operation of releases
6.9.1 General

See 6.4.1 for the basis of operation limits with respect to supply voltage.

9.2 Shunt closing release

easured at the input terminals, between 85 % and 110 % of the rated supply voltage of the
osing device (refer to 5.6), the frequency, in the case of AC, being the rated supply frequenqy

6
A shunt closing release shall be able to operate within a voltage range of the power suppl
|
c
of the closing device (refer to 5.7).

9.3 Shunt opening release

6

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

6/9.4 Capacitor operation of shunt releases

When a rectifier-capacitor combination is providéd as an integral part of the switching devige
far stored energy of a shunt release, the charge of the capacitors derived from the voltage Jf
the main circuit or auxiliary supply, shall be sufficient for satisfactory operation of the releage
5|s after the voltage supply has been disConnected from the terminals of the combination an(d
réplaced by a short-circuiting link.

_|

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

- —~

9.5 Under-voltage.release

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

6

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

vpltage.

Between-7/0 % and 35 % of its rated supply voltage, the under-voltage release can operatg,
benjng the switching device and preventing its closing.

o

On the other hand, the under-voltage release shall not operate to open the switching device
when the voltage at its terminals exceeds 70 % (AC or DC) of its rated supply voltage.

The closing of the switching device shall be possible when the value of the voltage at the
terminals of the release is equal to or greater than 85 % of its rated voltage.

6.10 Pressure/level indication
6.10.1 Gas pressure

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


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

- 66— IEC TS 62271-316:2024 EXV © |IEC 2024

The uncertainty of the gas monitoring device should be established and take into account

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

All BPSs or PSs having an energy storage in gas receivers or hydraulic accumulators (see 6.6.
of IEC TS 62271-5:2024) and all BPSs or PSs except sealed pressure devices, usin

2
g

compressed gas for switching (see 6.103) shall be fitted with a locking device set to operate at,

or within, the appropriate limits of pressure stated by the manufacturer.

6.10.2 Liquid level

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

p
dpshpots or shock-absorbers.

6/11 Nameplates

| The nameplates of a BPS or PS and their operating devices shall be marked’ in accordang
with Table 1;

o| Coils of operating devices shall have a reference mark permitting-the complete data to b
obtained from the manufacturer;

¢| Releases shall bear the appropriate data.

Table 1 — Nameplate informadtion

ermissible for correct operation, shall be provided. This requirement is not applicable fo

S

Abbreviation | Unit | BPS | ps| Operating _ Condition:
device Marking only required if
1 2 3 4 5 6 7

Manufacturer X X X

[ype designation and serial X X X

humber

Rated direct voltage Uy kv X

- To earth 2 Uge kV X Y Different from U,

- Across open switch Uigg kV X Y Different from U,

Rated lightning impulse o

vithstand voltage p S X

- To earth 2 Upe kV X Y Different from U,

- Across opep.switch Upo kV X Y Different from U,

Rated switching‘impulse U

vithstand voltage S S S

S Te'earth 2 Uge kV X Y Different from Uy

- Across open switch Ugo X Y Different from U

Rated direct withstand o RV e

voltage dd

- To earth 2 Uqyde X Y Different from U

- Across open switch Uido X Y Different from U,

Rated continuous current 14 A Y X Rating is assigned
For BPSs when a

Rated temporary current I A X temporary current is
assigned

Duration of temporary current min X Different from 30 min

R_ated short-time withstand Iy KA X X

direct current
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Rated peak withstand current lpd kA X

Rated duration of short-circuit | #xq s Y Y Different from 1 s

Rated supply voltage of
auxiliary and control circuits Vv

Ua (X)
Specify DC/AC (with rated Hz
frequency)
Filling pressure for operation P MPa (X)
Filling pressure for insulation | 5
hnd/or switching € vime WA A
Mass M kg Y Y Y More than 300 kg
[ype and mass of fluid (liquid M, kg Y v Contains fluid
br gas) for switching
Rated operating sequence X X
¥ ear of manufacture X X
Minimum and maximum Y v v Different from

bmbient air temperature <5 °C and/or 40 °C

Reference to this document X X X

K = the marking of these values is mandatory; blanks indicate the value zero.
X) = the marking of these values is optional.
¥ = the marking of these values is in accordance with the conditions in.cofumn 7.

For BPSs this rating applies to the open position only.

NOTE 1 The abbreviation in column 2 can be used instead-of the terms in column 1. When terms in column 1
hre used, the word "rated" need not appear.

NOTE 2 The BPS or PS can have different insulation levels to earth and across open contacts (see 6.101).

(=2)

5 -

i

M

>

11.1 General

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

[eNeN

11.2 Application

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

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

recommendations should be considered as appropriate:

placed in a visible location;

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

c) switchgear and controlgear installed outdoors or in high humidity should have nameplates

and have methods of attachment that are weather-proof and corrosion-proof;

d) for an operating device combined with a switchgear device, it may be sufficient to use only

one combined nameplate;

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

technical characteristics on nameplates and/or in documents which are common to several
kinds of high-voltage switchgear and controlgear should be represented by the same
symbols;
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g) since other characteristics (such as type of gas or temperature limits) are specialized, they
shall be represented by the symbols which are used in the relevant standards.

Table 5 — Nameplate information

Condition:
Item Symbol Unit (**) Marking only required
if
(1) (2) (3) (4) (3) (6)
1 Name of manufacturer X
Type designation and serial
2 X
number
3 Rated direct voltage U4 kV X
4 Rated direct withstand voltage Uyg kV X
5 Rated lightning impulse withstand U KV X
voltage P
6 Rated switching impulse withstand U KV Y rated direct voltage
voltage N 210 kV and above
7 Rated continuous current Ly A X
8 Rated short-time withstand direct Iy KA X
current
9 Rated peak withstand current Iog kA X
10 Rated duration of short-circuit ted s X
11 Filling pressure for operation(*) Prm MPa X
12 Filling pressure for insulation(*) Pra MPa X
13 Alarm pressure for insulation(*) Pae MPa X
14 Alarm pressure for operation(*) Pam MPa X
Minimum functional pressure for
15 insulation and/or switching(*) Pme MPa X
Minimum functional pressure for
16 operation(*) Pmm MPa X
Rated supply voltage(s) of
auxiliary and control circuits. U
17| Specify DC [ AC (with rated a v X
frequency)
Type and_mass of fluid (liquid or M
18 gas) forinsulation f kg X
Mass of switchgear and
19 controlgear (including any fluid) M kg Y more than 300 kg
20 Year of manufacture X
Ny Minimum and maximum ambient on v different from -5 °C
= air temperature ) and/or 40 °C

(*) Absolute pressure (abs.) or relative pressure (rel.) to be stated on the nameplate.
(**) X =the marking of these values is mandatory, where applicable.

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

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

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

Switching devices, the incorrect operation of which can cause damage or which are used for
assuring isolating distances, shall be provided with locking facilities (for example, provision for
padlocks).

6.13 Position indication

Indication of the actual position of the main contacts of the switching devices shall be provided
unless the contacts themselves are visible in all positions.

Requirements for position indicating devices are as follows:

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

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

dentification of the open, closed and where appropriate earthed positions should use symbols
ahd/or colours defined by the relevant IEC publications: IEC 60073 [14] fer-.cOlours, IEC 60417
[27] for symbols and IEC 60617 [30] for diagrams.

(2]

14 Degrees of protection provided by enclosures

2]

14.1 General

_|

he enclosures shall provide degrees of protection in accordance with 6.14.2 through 6.14 .4,

6/14.2 Protection of persons against access 4o, hazardous parts and protection of thle
equipment against ingress of solid foreign objects (IP coding)

The degree of protection of persons and of equipment provided by an enclosure against acceds
tg hazardous parts of the main circuit, cofitrol and/or auxiliary circuits and to any hazardoys
nmoving parts and against ingress of solidforeign objects shall be at least IP1XB according fo
IEC 60529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

(2]

14.3 Protection against ingress of water (IP coding)

n

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

o O

F==mai

FC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013. If it is provided with addition
fotection features against rain and other weather conditions (supplementary letter W), t
erformafce refers to the situation with these features in place and shall be demonstrate
ccording to Annex G (normative) (see 7.6.1).

quipment for ©utdoor installation shall be at least IPX3 according to IEC 60529:198}

I
e
d

O T T

61444 Protecti inst hanical i I I | . liti
(IK coding)

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

For outdoor installation without additional mechanical protection, the minimum impact level shall
be IK10 according to IEC 62262:2002 (20 J).

Insulators and bushings of high-voltage switchgear and controlgear are not subjected to this
requirement.
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6.15 Creepage distances for outdoor insulators

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

The general rules given in Annex B (informative) are applicable for glass, porcelain, composite
and hybrid insulators.

For BPSs the creepage distance to earth and across open switching device shall be calculated

b Ee-c—O0H A€ ea—atHe ortage < A O C REa—3 C eSPe e 2p eepage

djstance for a BPS terminal-to-earth shall be calculated from each terminal with the relevanmt
rated voltage on the terminal and with the switch in open position.

16 Gas and vacuum tightness

16.1 General

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

-

6
6
The following specifications apply to all switchgear and controlgear thaf use vacuum or gas
o

n

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

D

OTE 1 IEC TR 62271-306 [62] and CIGRE Brochure 430 [71] givetsome information, examples and guidance fpr
hhtness.

=z

—

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

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

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

N =

Z

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

—_
(V]

16.2 Controlled pressure systems for gas

6
The tightness of _controlled pressure systems for gas is specified by the number J)f
r¢plenishments per-day (N) or by the pressure drop per day (Ap). SFg gas and SFg mixtures a

npt applicablefor controlled pressure systems.

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

6/16.3_ Closed pressure systems for gas

I'he tightness of closed pressure sysiems for gas Is speciiied by the relative leakage raie I

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

NOTE 1 A lower SF leakage rate can apply to meet some local or governmental regulations, e.g. 0,1 % per year.
The tightness characteristic of a closed pressure system and the time between replenishments
under normal service conditions shall be stated by the manufacturer. This time shall be at
least 10 years for maintenance planning purposes. Means shall be provided to enable gas
systems to be replenished while the equipment is in service.

NOTE 2 The term “in service” implies “under live conditions”.
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NOTE 3 Manufacturer’s instructions and the user’s operating practices provide guidance for replenishing gas.

6.

16.4 Sealed pressure systems

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

The tightness of gas insulated switchgear and controlgear shall be designed in a way to ensure

th

at the minimum functional pressure (density) shall not be attained before the expected end of

—
O

o Z

o - 2] (2]

(2]

—

=~ O

q

-

o _Q

NOTE 1 For some designs verification of an expected operating duration greater than 20 years can be impracticp

OTE 2 Sealed SFy switchgear and controlgear is considered to have insignificant SF; lpsses (less thgn

he following specifications apply to all switchgear and controlgear.that use liquids as insulatin
I combined insulating and switching, or operating medium with*or-without permanent pressurg.

he permissible leakage rate F,

¢fers to leakage outside of the closed system:

e. I'he manutacturer shall specity a permissible leakage rate.

r a type or routine test.

1 % per year) during their expected operating duration.
17 Tightness for liquid systems
17.1  General

g,

17.2 Leakage rates

p(liq) for liquid shall be indicated by the manufacturer. A cleqr

stinction shall be made between internal and extérpal tightness where internal tightness refers
leakage between two compartments within.a“single closed system and external tightnegs

total tightness (sealed pressure system): no liquid loss can be detected;
relative tightness: slight loss is ac¢eptable under the following conditions:
- the leakage rate, Fj;q shall be less than the permissible leakage rate, Fjiq);

— the leakage rate, Fjj,.shall not increase with time or in the case of switching devices
with number of operations;

— theliquid leakage 'shall not cause malfunction of the switchgear or controlgear, nor causle
any injury to operators in the normal course of their duty.

18 Fire hazard (flammability)

o technicahrequirement is defined for high-voltage switchgear and controlgear due to the large
briety of designs and lack of acceptance criteria. The information below is provided fd
lidance:

-

 SNE0695- (23] id id E ing the fire | E hnichl

products.

IEC 60695-7 (all parts) [34] provides guidance on the minimization of toxic hazards due to fires
involving electrotechnical products.

6.19 Electromagnetic compatibility (EMC)

S

witchgear and controlgear shall be capable of satisfying the EMC tests specified in 7.8.
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6.20 X-ray emission

This subclause is applicable to vacuum interrupters used in switchgear and controlgea

4

r.

Vacuum interrupters shall be designed in such a way that the acceptance criteria about X-ray

emission levels specified in 7.10.3 are satisfied when subjected to the test specified in 7.10.

6.21 Corrosion

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

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

22 Filling levels for insulation, switching and/or operation

6
The pressure (or density) or liquid mass shall be assigned by the manufacturer. Thepressur

if filled before being put into service.

n addition to the filling levels the following values shall be assigned by the manufacturer (whe
pplicable):

Q

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

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

6101 Design of BPSs and PSs
6{101.1 BPSs
Fligure 1 shows a case where two BPSs.are installed to by-pass and insert two converter unit

o —

hse where two BPSs bridge two converter units of one pole. Each BPS consists of tw
vitching units in series.

(2]

BPS1
HVDC line —] — —

Midpoint
BPS2
[ I — Neutral

bus

¢r density) of gas is referred to atmospheric conditions of 20 °C at which gas-fillédyswitchgear

n the case illustrated in Figure 1 the’BPS bridges one converter unit. Figure 7 illustrates thle

e

>

()

IEC
Figure 7 — Example of two series connected BPSs

In the case illustrated in Figure 7 the voltage between the HVDC line and the neutral bus i
shared by four switching units.

S
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Grading elements, if used, can consist of resistors or a combination of resistors and capacitors,
but not capacitors alone. They do not necessarily have to be fitted in the same enclosure (i.e.
can be in separate units).

NOTE In case grading elements are used in Figure 7, the voltage across each BPS is 50 % of the voltage of the
HVDC line and the voltage across the post insulator of BPS1 is 75 % of the voltage of the HVDC line, whereas the
voltage across the post insulator of BPS2 is 25 % of the voltage of the HVDC line.

A

s can be seen, the voltage of a BPS depends on the voltage of the HVDC line, number of

converter units per pole and number of series connected switching units.

6
=

QD

(2]

=~ n >

k

o

w4

a o

<

BPSs and PSs provided with heaters shall be désigned to permit an opening or closin

101.2 PSs

Ss are used for rapid configuration of a multi-terminal HVDC transmission system. Examplgs
Fe given in Figure 2 and Figure 3.

102 General requirement for operation

BPS or PS, including its operating devices, shall be capable of completing its operatin
bquence given in 5.102 in accordance with the relevant provisions of6.5 to 6.10 and 6.103 fg
e whole range of ambient temperatures within its minimum and maximum air temperature g
efined in Clause 4 of IEC TS 62271-5:2024.

= @

[

his requirement is not applicable to auxiliary manual operating devices; where provided, these
hall be used only for maintenance and for emergency opetation on a dead circuit.

D ©

peration at the minimum ambient air temperatureswhen the heaters are not operational for
inimum time of 2 h.

103 Pressure limits of fluids for operation

—

he manufacturer shall state the maximum and minimum pressures of the fluid for operation
hich the BPS or PS is capableof performing according to its ratings and at which the
ppropriate low and high-pressure interlocking devices shall be set (see 6.10).

104 Time quantities

efer to Figure 4, Figure 5 and Figure 6.

alues may be assigned to the following time quantities:
opening-time (no-load);
closing time (no-load);
close-open time (no-load);

open-close time (no-load)

T

commutation time (if applicable, see also 7.102).
ime quantities are based on:

rated supply voltages of closing and opening devices and of auxiliary and control circuits
(see 5.6);

rated supply frequency of closing and opening devices and of auxiliary circuits (see 5.7);
filling levels for insulation and/or operation (see 6.22);

an ambient air temperature of 20 °C + 5 °C.
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Static mechanical loads

Outdoor BPSs and PSs shall be designed to withstand and operate correctly when mechanically
loaded by stresses resulting from ice, wind and connected conductors. If required, this capability
is demonstrated by means of calculations.

S

ome examples of static forces due to wind, ice and weight on flexible and tubular connected

conductors are given as guidance in Table 2.

n

= -

k

han caloulatina tha ctraccnc racultina fram 1an and vaind tha 10a ~coatina Aand vaind
e Carourat gt e—otr oo CoTeouTrtmg— T O 1ot a—wir St e C—Soatrg—ara e

W Py
hall be in accordance with 4.1 of IEC TS 62271-5:2024.

he tensile force due to the connected conductors is assumed to act at the outermast end ¢f
e BPS or PS terminal.

Table 2 — Examples of static horizontal and vertical forces for static terminal load

Rated voltage Rated current Static horizontal force Static vertical force
range range Fy,
U, I, Longitudinal Transversal F,,
FthA FthB
kV A N N N
105 to 160 1 250 to 2 000 600 200 1 000
210 to 420 1 600 to 4 000 1500 500 1250
525 to 840 2 000 to 4 000 2 000 660 1500
7| Type tests
71 General
7111 Basics
The type tests are for the purpase of proving the ratings and characteristics of switchgear an(d
cpntrolgear, their operating devices and their auxiliary equipment. Each individual type test ¢r
type test sequence shall bemade on test objects as defined in 3.2.1, in the condition as requirgd
for service (filled with the-specified types and quantities of liquid or gas), with their operating
devices and auxiliary‘equipment, all of which in principle shall be in, or restored to, a new an(d
clean condition atihe beginning of each type test or type test sequence.

R

F:

relevant |EC product standards.

econditioning\during individual type tests or test sequence may be allowed, according to the
The manufacturer shall provide a statement to the testing
boratory-of those parts that may be renewed during the tests.

T

plerances on test quantities are listed in Table H.1.

Information regarding the extension of validity of type tests is given in Annex | (informative).

T

T

he type tests for BPSs or PSs are listed in Table 3.

olerances on test quantities are given in Annex A.

A new or refurbished BPS or PS may be used for each of the tests specified in Table 3.

T

he responsibility of the manufacturer is limited to the declared values and not to those values

achieved during the type tests.


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |[EC 2024 -75 —

The expanded uncertainty of a complete measuring system for determination of the ratings shall
be <5 %, evaluated with a coverage probability of 95 % corresponding to a coverage factor
k = 2 under the assumption of a normal distribution.

NOTE Procedures for the determination of the uncertainty of measurements are given in ISO/IEC Guide 98-3 [1]2.

A change in the auxiliary and control circuit does not constitute an alternative operating
mechanism.

Table 3 — Mandatory type tests

Preferred type tests 2 Subclauses

Dielectric tests 7.2

Resistance measurement 7.3

Continuous current test (PS only) 7.4

Temporary current test (BPS only) 7.4.101

$hort-time withstand current and peak withstand current tests 7.5

Additional tests on auxiliary and control circuits 7.9

Mechanical operation test at ambient temperature 7:101.2

Qurrent commutation tests 7.102

9 Mandatory type tests are required for all BPSs and PSs regardless of rated(veltage, design or intended usg.
Other type tests are required for all BPSs and PSs where the associated rating’is specified, for example RIV i§
required only for rated voltages of 210 kV and above.

Type tests depending on requirements Condition requiring(type test Subclauses
Electromagnetic compatibility tests (EMC) U,y 2210 kV 7.8
ontinuous current test On BPSs when a continuous current 7.4
rating is assigned
erification of the protection Assigned IP and IK class 7.6
Tightness test Controlled, sealed or closed pressure 7.7
systems
EMC tests Electronic equipment or components 7.8
are included in the auxiliary and control
cireuit
-ray radiation test Vacuum interrupters 7.10
low and high temperature tests If ambient air temperature is different 7.101.3
from -5 °C and/or +40 °C
Humidity test Insulation subject to voltage stress and | 7.101.4
condensation
Test to prove operation under-severe ice Outdoor BPS or PSs with moving 7.101.5
gonditions external parts

1.2 Information: for identification of test objects

7

The manufacturer shall submit to the testing laboratory, drawings and other data containinlg
spifficient information to unambiguously identify by type the essential details and parts of the
sitchgear)and controlgear presented for test. A summary list of the drawings and dafa
sthedules shall be supplied by the manufacturer and shall be uniquely referenced and shdll
cpntain’a statement that the manufacturer guarantees that the drawings or data sheets listed
afe\the correct version and represent the switchgear and controlgear to be tested.

The testing laboratory shall check that drawings and data sheets adequately represent the
essential details and parts of the test object but is not responsible for the accuracy of the
detailed information.

Particular drawings or data required to be submitted by the manufacturer to the test laboratory
for identification of essential parts of test object are specified in Annex J (normative).

2 Numbers in square brackets refer to the Bibliography.
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7.1.3 Information to be included in type-test reports

The results of all type-tests shall be recorded in type-test reports containing sufficient data to
prove compliance with the ratings and the test clauses of the relevant standards and sufficient
information shall be included so that the essential parts of the test object can be identified. In
particular, the following information shall be included:

— the manufacturer;
— the type designation and the serial number of the test object;

4l " ! 1 " . bl " n o 4 3l [ 4 1 PR ol S 1 1
- Uic TalcU LIdldCLTTISULS UT TNT ICoL UDJTLL 4S5 SPTUITITU TIT T TTITVAITU TE'L Sldlludius.,

—| the general description of the test object;

p=4

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

=4

—| the general details of the supporting structure of the switching device or enclosed switchgeg
of which the switching device forms an integral part;

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

—| photographs to illustrate the condition of the test object before and,‘after test;
—| sufficient outline drawings and data schedules to represent the, test object;

—| the reference numbers of all drawings including revision-number submitted to identify thie
essential parts of the test object;

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

—| statements of the behaviour of the test object during tests, its condition after tests and any
parts renewed or reconditioned during the tests;

—| in case of breaking operations with some specific technologies, non-sustained disruptivie
discharge can occur during the recoyéry voltage period. Their number is of no significange
to interpreting the performance of the device under test. They shall be reported in the tet
report only in order to differentiate them from restrikes;

)

—| records of the test quantities-during each test or test duty, as specified in the relevant IE
standards;

—| the location, laboratory.name where the tests were conducted and date of test.

Flurther details relating to records and reports of type tests are given in Annex B.

712 Dielectric tests

~

2.1 General

(W)
o

ielectricstests shall be performed in compliance with IEC 60060-1, unless otherwise specifie
n this.document.

No tests are required for the BPS in closed position.

NOTE When the BPS is in closed position, the voltage stresses are substantially lower than the ratings assigned in
open position (since a converter unit is by-passed) and therefore the dielectric stresses terminal to earth in closed
position are covered by the tests in open position.

7.2.2 Ambient air conditions during tests

Reference shall be made to IEC 60060-1 regarding standard reference atmospheric conditions
and atmospheric correction factors.

For test objects where external insulation in ambient air is of principal concern, the atmospheric
correction factor K; shall be applied.
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The humidity correction factor k, shall be applied only for the dry tests where insulation in
ambient air is of principal concern.

For test objects having external and internal insulation, the correction factor K, shall be applied
if its value is between 0,95 and 1,05. However, in order to avoid over-stressing of internal
insulation, the application of the correction factor K; may be omitted where the satisfactory
performance of external insulation has been established.

I I\t ;O dbUVC 1,0 thcll tU fu“y tcot thc UAtCIIIa: illeu:at;uu DyDtCIII, thc ;Iltcllld: ;IIOU:Gt;UII VV;“ e
ojerstressed and steps may be necessary to prevent overstressing the internal insulatio
systems. If K, is below 1,0 then to test the internal insulation system fully, the external insulatig
W

ill be overstressed and steps may be necessary to prevent overstressing thejexterna
nsulation systems. Some methods are discussed in IEC 60060-1.

>0 5

T

or test objects having only internal insulation, the ambient air conditions are-of no influenge
hd the correction factor K; shall not be applied.

oY)

Flor combined tests, parameter g shall be calculated considering the‘total test voltage value.

T

or cases where the equipment is installed where the maximum specified ambient ajir
g¢mperature exceeds 40 °C, test voltages shall be corrected(for the most stringent combination

—

of temperature and humidity. The combination of them{provides the highest atmospheric
cprrection among other possible combinations of temperature and humidity under servige
cpndition.

OTE In valve halls, a combination of a high temperatureand a very low humidity can happen (see 4.2.2). As 4
ample, the most stringent combination of temperature.and low humidity level can be such as 50 °C and 1 g/m
ther combinations are also possible.

=1

~ oo Z

2.3 Wet test procedure

=

hen a wet test is required, the standard wet test procedure given in IEC 60060-1 shall be
¢llowed.

—h

712.4 Arrangement of the'equipment

)

ielectric tests shall be made on switchgear and controlgear completely assembled, as in
ervice with any supplementary insulation such as tape or barriers if stated in the installatign
nstructions; the outside surfaces of insulating parts shall be in clean condition.

= »

—

he test object shall be mounted for test with minimum clearances as specified by the
manufactdrer if such surrounding influences the performance.

N[OTE,".Each HVDC system pole usually maintains a sufficient clearance from each other.

Tests shall be performed with the test object installed at a height above ground equal to or less
than the height used in service.

If arcing horns or rings are part of the design for gradient distribution, they shall remain in
position for the test. If they are proposed as overvoltage protection devices for the system, they
are not part of the design of the test object and shall be not installed for tests.

For test objects using compressed gas for insulation, dielectric tests shall be performed at
minimum functional pressure (density) for insulation. The temperature and pressure of the gas
during the tests shall be noted and recorded in the test report.
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For dielectric testing of switchgear and controlgear incorporating vacuum switching devices,
precautions shall be taken to ensure that the level of possible emitted X-radiation during high-
voltage testing is within safe limits (see 7.10). National regulations can influence the safety
measures established.

7.2.5 Criteria to pass the test

Direct voltage tests
The test object shall be considered to have passed the test if no disruptive discharge occurs.

restoring insulation occurs, this test shall be repeated in the same test condition witha
intermediate cleaning and the test object shall be considered to have passed this| tegt
successfully if no further disruptive discharge occurs.

Impulse voltage tests

The test procedure B of 7.3.1.2 of IEC 60060-1, adapted for test objects-that have self-
restoring and non-self-restoring insulation, is the preferred test procedure. The test obje¢t
has passed the impulse tests if the following conditions are fulfilled:

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

— no disruptive discharge on non-self-restoring insulation occurs. This is confirmed Hy
5 consecutive impulse withstands following the last disruptive discharge.

This procedure leads to a maximum possible number ©of. 25 impulses per series.
Superimposed impulse tests

The test object shall be considered to have passed the tests if the following conditions arle
fulfilled.

— pre-stress with rated direct voltage has.been applied for 2 h, and no disruptive dischardge
occurs;

— the number of disruptive discharges does not exceed two for each complete series;

— no disruptive discharge on-mon-self-restoring insulation occurs. This is confirmed Hy
5 consecutive impulse withstands following the last disruptive discharge.

This procedure leads to a maximum possible number of 25 impulses per series.
Polarity reversal tests

The test object shall be considered to have passed the test if no disruptive discharge occur$.
Voltage test as-condition check
The test objectshall be considered to have passed the test if no disruptive discharge occurs.
General-comment

— When testing switchgear and controlgear, the part of equipment through which the test
voltage is applied can be subjected to numerous test sequences to check the insulating
properties of other downstream parts of equipment (circuit-breakers, disconnectors,
other bays). It is recommended that parts be tested in sequence, starting with the first

connected part. When this part has passed the test according to the above-mentioned
criteria, its qualification is not impaired by possible disruptive discharges which could
occur in it during further tests on other parts.

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

— A disruptive discharge to the auxiliary and control circuits shall be considered as a
failure.
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For metal enclosed BPSs or PSs tested with test bushings that are not part of the BPS or PS,
flashovers across the test bushings shall be disregarded, but each failed test shall be repeated.
In case the test bushings continue to fail they shall be replaced.

7.2.6 Application of the test voltage and test conditions
7.2.6.1 General

Distinction shall be made between the general case, where the three test voltages (pole-to-
earth, across open switching device and across the isolating distance) are the same and the
becial cases where the test voltages across the isolating distance is higher than the test-
bltage pole to earth.

< 0

ome insulating materials retain a charge after a voltage application, and for thesercases care
hould be taken when reversing the polarity. To allow the discharge of insulating-materials, thee
se of appropriate methods, such as the application of two impulses between-60"% and 80 %o
f the rated withstand voltage in the reverse polarity before the test, is recommended.

oc wym

hen testing switchgear incorporating an open vacuum interrupter, for €ach polarity a maximu
f 25 preliminary impulses maybe performed at up to and including thie rated withstand voltag¢.
he number and level of preliminary impulses shall be stated by themanufacturer. Breakdowns
at are observed during these preliminary tests shall be distegarded for the purpose o¢f
ithstand statistics used to determine pass or fail performanee of the equipment.

S 4H40 <

s

712.6.2 General case

Slubclause 7.2.6.2 of IEC TS 62271-5:2024 is not applicable.

With reference to Figure 4, which shows a diagram of connection of a single pole switching
device, the test voltage shall be applied according to Table 6, as applicable.

Position Closed Open

A A
I O
Frame F T F T

— IEC
Figure 4 — Diagram of connections of a switching device

Table 6 — Test conditions in general case

Test condition

Switching device

Voltage applied to

Earth connected to

1
2
3

Closed
Open
Open

Aa
A

a

F
aF
AF

NOTE Test condition 3 can be omitted if the arrangement of the terminals is symmetrical with respect to the frame.
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With reference to Figure 4 of IEC TS 62271-5:2024, which shows a diagram of connection of a
single pole switching device, the test voltage shall be applied according to Table 4, Table 5 or
Table 6 as applicable.

It is recognized that it might not be possible to perform tests on a BPS in a test laboratory which
fully corresponds to service conditions. Therefore, alternatives for dielectric tests are provided
for BPSs depending on the product configuration and the test setup of the laboratory.

Alternative 1 is a test setup to test the BPS using one voltage source only.

o >

>

t

< Q

Iternative 2 is not applicable for BPSs connected to the\neutral.

is allowed to perform the complete set of withstand tests with a combination of both
ternatives, for example impulse voltage withstand tests according to Alternative 1 and dire¢t
bltage withstand tests according to Alternative:2.

Iternative 2 is a test setup to test the relevant BPS by applying voltage to both terminals willh
he of the following methods:

Voltage distribution method. This is achieved by including the complete BPS gonfiguratign
as seen between the pole bus and the neutral. This means that all BPSs fér the relevant
pole shall be included in the test set-up. If the BPSs are equipped with grading elements, |it
is permitted to replace the BPSs not subjected to type-test with its (their),grading elements
or equivalent components to ensure that the applied voltage will stress both terminals
correctly;

Method with two voltage sources. This is achieved by applying(@,voltage on both termina
using two separate voltage sources. In this case the main part applied consist of the rate
withstand voltage to earth and the complementary part consist of a direct voltage, alternating
voltage or impulse voltage with the same polarity as the main part.

[eNN7))

Table 4 — Test conditions in general case for BPSs according to Alternative 1

Test condition Switching device Voltage applied to | Earth connected to Test voltage
1a Open AP F 5.3.101
Rated withstand voltage
to earth
2 Open A aF 5.3.102

Rated withstand voltage
across open switching
device

3¢ Open A AF 5.3.102

Rated withstand voltage
across open switching
device

BPSs connected to the neutral may be tested as per test condition 2 but with terminal a connected to earth. Ir]

this case all other test conditions may be omitted.

In test condition 1 terminal A defines the terminal assigned for the highest voltage to earth. Terminal a is in
this test condition floating, i.e. not connected to a voltage source or earth. This test is a verification of the
insulation terminal to earth based on the system insulating level and not intended to verify the insulation across
the open switching device.

Test condition 3 can be omitted if the arrangement of the terminals is symmetrical with respect to the frame.
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Table 5 — Test conditions in general case for BPSs according to Alternative 2

Test condition Switching device Voltage applied to Earth connected to Test voltage

1 Open A and a? F 5.3.101

Rated withstand
voltage to earth

2 Open A AF 5.3.102

Rated withstand
voltage across open

switching device

The test voltage to be applied on terminal a should be such that the voltage difference between terminals A
and a is equal to the rated withstand voltage across open switching device.

Table 6 — Test conditions in general case for PSs

Test condition Switching device Voltage applied to Earth connected to Test voltage

1 Closed Aa F 5.3.101

Rated withstand
voltage to earth

2 Open A aF 5.3.102

Rated withstand
voltage across open
switching device

3a Open A AF 5.3.102

Rated withstand
voltage across open
switching device

Test condition 3 can be omitted if the arrangement ofsthe terminals is symmetrical with respect to the frame.

7

7

—

4

Slubclause 7.2.6.3 of IEC TS 62271-5:2024 is applicable to PSs only.

2.6.3 Special cases

2.6.3.1 Impulse voltage tests across the isolating distance (or open switching
device)

case of impulse voltage tests across the isolating distance (or open switching device), the
st voltage shall be)applied according to Table 7, as applicable.

TFable 7 — Test conditions in case of impulse voltage tests across
the isolating distance (or open switching device)

Main part | Complementary part
Earth connected to

Test condition
Voltage applied to

1 A a F
2 a A F

NOTE Test condition 2 can be omitted if the arrangement of the terminals is symmetrical with respect to the frame.

The rated impulse withstand voltage pole-to-earth constitutes the main part of the test voltage
and is applied to one terminal; the complementary voltage is supplied by another voltage source
of the opposite polarity and applied to the opposite terminal. This complementary voltage may
be either another impulse voltage, the peak of a power-frequency voltage or a direct voltage.
The sum of the impulse voltage peak and the complementary voltage at the instant of the peak
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of the impulse shall be equal to the total test voltage required with a tolerance of £3 %. The
frame is earthed.

NOTE To date, there is no design of disconnectors with solid insulating materials between the isolating distance.
This means that surface and space charge effects can be largely excluded. Pre-stressing with direct voltage is not
necessary.

7.2.6.3.2 Superimposed impulse tests

In case of superimposed impulse voltage tests, the voltage shall be applied according to Table 8,

as annlicabla
P pPreaoe-

NIOTE 1 This test applies to devices whose terminal is connected to high voltage side of grid system.

Table 8 — Test conditions in case of superimposed impulse voltage tests

Test condition Switching device Voltage applied to Earth-connected to

1 Closed Aa F

OTE 2 To date, there is no design of disconnectors with solid insulating materials between the isolating distanc
his means that surface and space charge effects can be largely excluded. Pre-stressing with direct voltage in opg
sition is not necessary.

1

T HZ
=]

712.7 Tests of switchgear and controlgear
712.71 General

Slubclause 7.2.7.1 of IEC TS 62271-5:2024 is not.applicable.

—

he test voltage shall be applied according«oyTable 1 of IEC TS 62271-5:2024 based on the
ated insulating levels assigned in 5.3.101and 5.3.102.

—

—

he tests shall be performed with thé‘test conditions stated in 7.2.7.2, 7.2.7.3 and 7.2.7.4
¢spectively.

—

712.7.2 Direct voltage tests

EC 60060-1. The test shall be carried out at rated direct withstand voltage and ambie
mperature at positive and negative polarity. The test voltage shall be raised for each tes
cpndition to the test/value and maintained for 1 h.

he test object shall be)subjected to direct withstand voltage tests in accordance wilh
t

o= |

—

he tests shall be performed in dry conditions and also in wet conditions for outdoor switchges
hd controlgear with external insulation.

QD
=

Thel open switching device and/or isolating distance shall be tested in condition 2 and 3 ¢f
Thblé 6

NOTE The direct voltage test is carried out to verify the withstand voltage under short-time loads. Possible DC
charging effects are verified by dielectric tests specified by the relevant product standards.

The BPS and the PS shall be tested with the test conditions described in 7.2.6.2.

7.2.7.3 Switching impulse voltage tests

Switching impulse voltage tests are applicable for rated direct voltages U,4 of 210 kV and above.

The test object shall be subjected to switching impulse voltage tests. The tests shall be
performed with voltages of both polarities using the standardized switching impulse according
to IEC 60060-1. For outdoor switchgear and controlgear with external insulation only, wet tests
shall be performed and dry tests may be omitted.
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T

he open switching device shall be tested in condition 2 and 3 of Table 6. The isolating distance

shall be tested in condition 1 and 2 of Table 7.

P

Ss shall be tested with the test conditions described in 7.2.6.2. For outdoor BPSs or PSs dry

tests shall be performed using voltage of positive polarity only.

7.

T

2.7.4 Lightning impulse voltage tests

1

T
T

te
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BIPSs and PSs shall be tested as per 7.2.6.2. In addition, the open switching‘device shall be

Slubclause 7.2.7.5 of IEC TS 62271-5:2024 is not applicable.

he test object shall be subjected to lightning impulse voltage te
= 1

o ==V =V h
LS AL uny TP C

Cl
oo o TP eTToTTeT WA vvuuv OTIooTTT PVIUIILIUU H51 LT ]

2/50 us according to IEC 60060-1.
he open switching device and/or isolating distance shall be tested in condition 1hand 2 ¢f
able 7.

sted as per 7.2.6.3.1.

2.7.5 Superimposed impulse voltage tests

2.7.6 Polarity reversal tests

olarity reversal tests are applicable for LCC applications only. In case that there is no high
ressed solid dielectric material, this test may be omitted with an agreement between user and
anufacturer. The test object shall be subjected to.polarity reversal tests in dry conditions anld
so in wet conditions for outdoor switchgear and‘controlgear with external insulation.

he open switching device and/or isolating;distance shall be tested in conditions 2 and 3 ¢f
able 6.

OTE Superimposed impulse test on switchhgear makes polarity reversal tests unnecessary.

gure 5 shows the test sequehce for polarity reversal test. The duration of pre-stress with
25 times of the rated diregt,voltage shall be ;. After the polarity reversal, the duration of th

e
pposite test voltage shall*be ¢,. After the complete procedure, an additional direct voltage
ress -1,25 x U,4 shall be added with duration #,. Preferred values for the durations of eagh
e
d

ep are given in Table 9. If, due to capacitance of the test object, polarity reversal cannot b
chieved within(2ymin, the duration for polarity reversals shall be agreed between user an
anufacturer_and the duration shall be stated in the test report.
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Llnless otherwise specified by the relevant product standard, partial discharge tests are not
r
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Figure 5 — Test sequence for polarity reversal tests

Table 9 — Test conditions for polarity reversal tests

Time Value
14 90 min
t, 45.min

Time duration for a

; <2 min
polarity reversal

2.8 Artificial pollution tests for outdoor insulators

rtificial pollution tests are not required for insulators having creepage distances that afe
llowing the suggested values of 6.3#5'and Annex B (informative).

~

the creepage distances differ’from the suggested values given in Annex B (informativ
rtificial pollution tests shall-be performed according to IEC TS 61245, using the rated voItaJ
nd the application factors given in IEC TS 60815-4:2016.

OTE IEC TS 61245 describes the test procedure only for non-HTM insulators. No test procedure is available pat
esent for HTM insulators.

29 Partial.discharge tests

quired“When tests are required, the measurements shall be made according to IEC 60270

7
T

7

540 Dielectri i I Lcircui

he dielectric test on auxiliary and control circuits are covered under 7.9.5.

.2.11 Voltage test as condition check

When a dielectric test is required as condition check, a short-duration AC power-frequency
withstand voltage test in dry condition shall be applied in accordance with IEC 60060-1. The
test voltage shall be raised for each test condition to the test value and maintained for 1 min.

T

he test voltage shall be the following value:
For isolating distances 100 % of the rated direct withstand voltages divided by v/2;

For other test situation 80 % of the rated direct withstand voltages divided by /2.
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T

he rated direct withstand voltages are specified in column 3 of Table 1.

NOTE The reduction of the test voltage is motivated by the insulation coordination margin in the rated withstand
voltages, which takes ageing, wear and other normal deterioration into account, and by the statistical nature of the
flashover voltage.

In the closed position, the tests shall be performed in condition 1 of Table 6. In the open position,
the tests shall be performed in condition 2 and 3 of Table 6.

7.3 Resistance measurement

7

a0

h

m

=
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g¢sistive load circuit through which flows a current of (10 £ 2) mA when energized-by, a sourde

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

ne sample of each type of class 1 and class 2 auxiliary contacts shall be insertedvinto |a

. o . . 0 .
aving an open circuit voltage of 6 V DC with a relative tolerance of 15 % and the resistande

easured according to IEC 60512-2-2.

he resistance of the closed class 1 and class 2 auxiliary contacts shall.not exceed 50 Q undegr
ese measuring conditions.

OTE On contact materials, oxidation which decreases the effective cuprent=carrying capabilities can occur. Thjs
sults in an increased contact resistance or even no conduction at verydow.voltage while no problems are observgd
higher voltage. This test is intended to verify the contact performan€e’ under these low-voltage conditions. The
sessment criterion takes into account the non-linearity of the resistance. The 50 Q value results from statisticpl
nsiderations and has already been taken into account by users.

3.2 Measurement of the resistance of auxiliary contacts class 3

=y

ne sample of class 3 auxiliary contacts shall\be inserted into a resistive load circuit throug
hich flows a current < 10 mA when energized by a source having an open circuit voltage
30 mV DC and the resistance measuredaccording to 4.12 of IEC 61810-7:2006.

he resistance of the closed class 3@uxiliary contacts shall not exceed 1 Q.

3.3 Electrical continuity of earthed metallic parts test

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

owever, as an alternative, the metallic components and enclosures that can be touched during
brmal operating conditions and are intended to be earthed may be tested at 30 A (DC) to the
arthing point provided. The voltage drop shall be lower than 3 V.

OTE Coating can be removed locally at measuring points.

3.4 Resistance measurement of contacts and connections in the main circuit as a

condition check

7

.3.41 Resistance measurement test procedure

When resistance measurements are called for as a condition check after a specific test, the
following procedure shall be applied.

T

he resistance across the contacts or connections being checked shall be measured before the

test. The measuring test points shall be the nearest accessible points to and on either side of
the contacts or connections in question. An average value of the resistance shall be calculated
based on three measurements. If the test object comprises switching devices, one no-load open
and close operation cycle shall be made on each device between each of the measurements.
If the test object comprises removable elements, one remove / replace cycle shall be made
between each of the measurements.
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The measurements shall be made with DC at full rated continuous current (-20 % to 0 %) if less
than or equal to 50 A or any convenient value of current between (and including) 50 A and the
rated continuous current if it is higher than 50 A.

NOTE In some designs only a few connections and/or contacts or complete pole are practically accessible for
measurement in the main circuit.

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

(@)

he resistance measurements before and after shall be performed at ambient temperature with
maximum difference of 10 K between the measurements. The resistanceCincrease |s
hiculated by the difference between the average value of the measurements before and aftgr
e test.

SO o -

~

3.4.2 Making and breaking tests

-n

or making and breaking tests of any switching device, the resistagn¢é condition check of the
¢st sample after completion of the test is considered to be satisfaCtory if the resistance increase
ctermined in 7.3.4.1 is not greater than 100 %.

o

NOTE The acceptance criterion of 100 % increase in resistance as ‘a_eondition check after making and breaking
tgst is a default value for this document. The criterion cannot be approepriate for all switchgear designs, e.g. designs
wjth parallel arcing and main contacts. In such cases, the relevant pfoduct standards provide their own methods or
clliteria for a condition check.

713.4.3 Other tests

Flor tests other than making and breaking tests, the resistance condition check of the test obje¢t
fter completion of the test is considered.fo'be satisfactory if the resistance increase determinegd
in 7.3.4.1 is not greater than 20 %. If the resistance increase exceeds 20 % then a continuoys

irrent test (7.4) is applicable to determine if the test object can carry its rated continuoys
clrrent.

QO

[¢]

NOTE The acceptance criterion of 20 % increase in resistance as a condition check after test is a default value fpr
tHis document. The criterion cannot be appropriate for all switchgear designs, in which case, the relevant produf
sfandards provide their own methods or criteria for a condition check.

714 Continuous-current tests

—

his test applies-to PSs only and to BPSs to which a continuous current rating has bee
5signed.

QO
=)

714.1 Condition of the test object

The<continuous current test of the main circuits shall be made on a test object, if applicablqa
with clean coniacts and filled wiih the appropriate hquid or gas at the minimum functional
pressure (or density) for insulation prior to the test.

7.4.2 Arrangement of the equipment

The test shall be made indoors in an environment substantially free from air currents, except
those generated by heat from the test object. In practice, this condition is reached when the air
velocity does not exceed 0,5 m/s.

For continuous current tests of parts other than auxiliary equipment, the test object and their
accessories shall be mounted in all significant respects as in service, including all normal covers
of any part of the test object (including any extra cover for testing purpose, for example cover
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surrounding a busbar extension), and shall be protected against undue external heating or
cooling.

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

T

hese tests shall be made in principle on complete switchgear and controlgear but maybe made

on a single unit provided the influence of the other units is negligible.

o M

=~ <

h

o Z

4 -

o < -

—

o0 -

= T

h

or particularly large test objects for which the insulation to earth has no significant influende
n temperature rises, this insulation may be appreciably reduced.
here temporary connections to the main circuit are used, they shall be such that/thére is no

gnificant difference in heat conducted away from, or conveyed to, the test objectcompared fo
e connections intended to be used for service (see 7.4.4.2).

OTE To make the continuous current test more reproducible, the type and/or sizes of the temporary connections
n be specified in relevant standards.

4.3 Test current and duration
4.31 Test on main circuit

he test shall be made at the rated continuous current (7,4) of the switchgear and controlgea
he supply current shall be direct current with a ripple ceefficient that does not exceed 5 %.

—

he test shall be made over a period of time sufficient'for the temperature rise to reach a stable
hlue. This condition is deemed to be obtained.when the variation of temperature rise does ntt
kceed 1 Kin 1 h. This criterion will normally, besmet after test duration of five times the thermal
me constant of the test object.

he time for the whole test may be shartened by preheating the circuit with a higher valuean
irrent, provided that sufficient testydata is recorded to enable calculation of thermal time
bnstant.

or the convenience of testing, alternating current may be used alternatively. In such a cas
e RMS value of the alternating current shall be equal to the rated continuous current (lrdt-

requency of the test current shall be recorded in the test report. Alternating current test |s
pplicable for devices*except for semiconductor devices.

OTE When using.alternating current, the power losses during the entire test duration will be greater than th
sses while tested with direct current. Measured temperature rise values by alternating current test is higher thg
ese by direct current test caused by skin effect, by complex construction of switchgear and by material with irg
mponent.

53>

43.2 Test of the auxiliary and control equipment

T

he test is made with the specified supply voltage (AC or DC), and for AC at its rated frequency

2
(tolerance i5 %).

T

he auxiliary equipment shall be tested at its rated supply voltage (U,) or at its rated continuous

current. The AC supply voltage shall be practically sinusoidal.

Coils rated for continuous duty shall be tested over a period of time sufficient for the
temperature rise to reach a constant value. This condition is usually obtained when the
temperature variation does not exceed 1 Kin 1 h.
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For circuits energized only during operations, the tests shall be made under the following
conditions.

a) When the operating device has an automatic breaking device for interruption of the auxiliary
circuit at the end of the operation, the circuit shall be energized 10 times, for either 1 s or
until the automatic breaking device operates, the interval between the instant of each
energizing being 10 s or, if the construction of the operating device does not permit this,
the lowest interval possible.

b) When the operating device has no automatic breaking device for interruption of the auxiliary
circuit at the end of the npprafinn the test shall be made hy pnprgi7ing the circuit once for

duration of 15 s.

714.4 Temperature measurement during test
441 Ambient air temperature

7

The ambient air temperature is the average temperature of the air surroundingthe test obje¢t
(for enclosed switchgear and controlgear, it is the air outside the enclosure) (I shall be recorded
during the tests by means of at least three thermometers, thermocouples'af other temperaturg-
measuring devices equally distributed around the test object at about(the average height of it
cprrent-carrying parts and at a distance of about 1 m from the test object. The thermometers ¢r
thermocouples shall be protected against air currents and undue-influence of heat.

@)

In order to avoid indication errors because of rapid temperature changes, the thermometers ¢r
thermocouples maybe put into small bottles containing about 0,5 | of oil.

[o}

During the last quarter of the test period, the change.of ambient air temperature shall not excee
11K in 1 h. If this is not possible because of unfavgurable temperature conditions of the teg
ropom, the temperature of an identical switchgear-and controlgear under the same conditions,
but without current, may be taken as a substitute'for the ambient air temperature. This additional
sitchgear and controlgear shall not be subjected to an undue amount of heat.

—

—

he ambient air temperature during tests shall be more than 10 °C but shall not exceed 40 °C
ithout the consent of the manufactirer. No correction of the temperature-rise values shall be
ade for ambient air temperatures within this range and above.

3=

714.4.2 Temperature of'test object

v

recautions shall be taken to reduce the variations and the errors due to the time lag betweg¢
he temperature of the test object and the variations in the ambient air temperature.

—_
>

or coils, the_method of measuring the temperature rise by variation of resistance shall normally
e used. Other methods are permitted only if it is impracticable to use the resistance method

O M

—

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

easured with thermometers or thermocouples, or other sensitive devices of any suitable typT
p aced at the hottest accessible pnin’r

3

The surface temperature of a component immersed in a dielectric liquid shall be measured only
by thermocouples attached to the surface of this component. The temperature of the liquid
dielectric itself shall be measured in the upper layer of the dielectric.

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

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

b) good heat conductivity between the thermometer or thermocouple and the surface of the
part under test shall be ensured;
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c) when bulb thermometers are employed in places where there is any varying magnetic field,

S

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

ufficient temperature measurements shall be made during the test, at time intervals not

exceeding 30 min, in order to calculate the thermal time constant, and shall be recorded in the
test document.

T
d

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

>

te

4 N

o =

g

o - ©

n

—

f

n O

In
c

bt exceed 5 K.

owever, if the temperature rise of the temporary connections at the distance of 1 m_frem the
rminal of the main circuit exceeds by more than 5 K the temperature rise of the terminal, thle
st can be considered as valid if all criteria to pass the test defined in 7.4.6 arefulfilled.

4.5 Resistance of the main circuit

his subclause is only applicable for mechanical switching device.

measurement of the resistance of the main circuit shall be made-béfore the continuous curreft
st, with the test object at the ambient air temperature according to the measurement
focedure as defined in 7.3.4.

he resistance value measured before the continuous-gurrent tests is made for comparisgn
etween the switchgear and controlgear type tested for continuous current and all othgr
vitchgear and controlgear of the same type subjected to routine tests (see Clause 8).

4.6 Criteria to pass test

4.6.1 General

=

he test object has passed the testrif'the temperature rise of the parts of the test object fq
hich limits are specified, has not-exceeded the values specified in Table 10.

the insulation of a coil. .is'made of several different insulating materials, the permissime
mperature rise of the cpil;shall be taken as that for the insulating material with the lowest limit
f temperature rise.

the test object\is fitted with various equipment complying with particular standards (for
kample, rectifiers, motors, low-voltage switches, etc.), the temperature rise of such equipment
hall not excéed the limits specified in the relevant standards.

case—alternating current is applied as a substitute of direct current, the test object |s
bnsidered to pass the test if the temperature rise does not exceed the relevant temperatune

mit’described in Table 10. Test results will be more severe when alternating current is used in

comparison to direct current. If the test object fails to pass the test with an alternating current,
the test may be repeated with a direct current; maintenance before repeating the test is allowed.
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Table 10 — Limits of temperature and temperature rise for various parts, materials
and dielectrics of high-voltage switchgear and controlgear

Nature of the part, of the material and of the dielectric Maximum value
(Refer to points 1, 2 and 3 in 7.4.6.2) (Refer to NOTE 1) Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(NOTE 2)
°C K
Contacts(refer-topoint4)
Bare-copper or bare-copper alloy
— in OG (refer to point 5) 75 35
— in NOG (refer to point 5) 115 75
— inoil 80 40
Silver-coated or nickel-coated (refer to point 6)
— in OG (refer to point 5) 115 75
— in NOG (refer to point 5) 115 75
— inoil 90 50
Tin-coated (refer to point 6)
— in OG (refer to point 5) 90 50
— in NOG (refer to point 5) 90 50
— inail 90 50
3 Connection, bolted or the equivalent (refer to point 4)
Bare-copper, bare-copper alloy or bare-aluminium alloy
— in OG (refer to point 5) 100 60
— in NOG (refer to point 5) 115 75
— inoil 100 60
Silver-coated or nickel-coated (refer to-p0oint 6)
— in OG (refer to point 5) 115 75
— in NOG (refer to point 5) 115 75
— inoil 100 60
Tin-coated
— in OG (refer to point 5) 105 65
— in NOG (refer topoint 5) 105 65
— inoil 100 60
| Al g ofetactsor comectons made o bare MEUIE | (et to pont7) | (Refer 0 oin
4 Terminals for the connection to external conductors by
s€réws or bolts (refer to points 8 and 14)
— bare 100 60
— silver or nickel coated 115 75
— tin-coated 105 65
— other coatings (Refer to point 7) (Refer to point 7)
5 OQil for oil switching devices (refer to points 9 and 10) 90 50
6 Metal parts acting as springs (Refer to point 11) (Refer to point 11)
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Nature of the part, of the material and of the dielectric
(Refer to points 1, 2 and 3 in 7.4.6.2) (Refer to NOTE 1)

Maximum value

C other insulating material

(Refer to point 13)

(Refer to point 13)

Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(NOTE 2)
°C K
7 Materials used as insulation and metal parts in contact
with insulation of the following classes (refer to
point 12)
- T JU JU
- A 105 65
- E 120 80
- B 130 90
- F 155 115
— Enamel: oil base 100 60
synthetic 120 80
- H 180 140

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

100

60

7=y

Accessible surfaces

Surfaces of manual control components to be touched in
normal operation:

Other surfaces to be touched in normal operatiog-but
not to be held continuously in the hand:

Surfaces not to be touched_jn‘\nermal operation:

Uncoated metal
Coated metal

Non metal

Uncoated metal
Coated metal

Non metal

Uncoated metal
Coated metal

Non metal

(Referdte point 15)

55
55
65

65
70
80

80
80
90

(Refer to point 15)

15
15
25

25
30
40

40
40
50

The_points referred to in this table are those in 7.4.6.2.

IOTE 1

OTE 2 . kor switchgear and controlgear with special service conditions including a maximum temperaturg
differentifrom 40 °C, the maximum values of temperature applies and the maximum values of temperature rise arg¢
dalculated accordingly.

7.4.6.2 Particular points of Table 10

The following points are referred to in Table 10 and complete it.

Point 1

in Table 10.

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

In this case the permissible maximum values of temperature and temperature rise
to be considered are the lowest among the relevant categories.
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Point 3
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For vacuum switching devices, the values of temperature and temperature-rise
limits do not apply to parts in vacuum. The remaining parts shall not exceed the
values of temperature and temperature rise given in Table 10.

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

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

Point 5

a) for contacts, those of the surface material having the lowest value permitted in
item 1 of Table 10;

b) for connections, those of the surface material having the highest value
permitted in item 2 of Table 10.

NOG (Not Oxidizing Gases), for the purposes of this document, @re non-reactivie
gases that are considered as not accelerating ageing of contaets' by corrosion ¢r
oxidation, due to their chemical characteristics and demonstrated operational
records.

Recognized NOG are SFg, N5, CO,, CF,. They can he.used pure or as a mixture ¢f
various NOG.

OG (Oxidizing Gases), for the purposes of this"document, are reactive gases thit
can accelerate ageing of contacts either Oy corrosion phenomena (presence ¢f
humidity) or by oxidation phenomena-{(mostly due to ambient air medium liKe
oxygen). Gases classified as OG argjyambient air, “dry” air, any gas not classifigd
as NOG and any mixture including.part of OG.

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

For description of these corrosion and oxidation phenomena, refer fo
IEC TR 60943 [45].

Due to the absence of corrosion and oxidation in NOG, a harmonization of the limif
of temperaturevfor different contact and connection parts in the case of g4
insulated switchgear appears appropriate.

n n

The permissible temperature limits for bare copper and bare copper alloy parts ar
equalto the values for silver-coated or nickel-coated parts in the case of NO
atmospheres.

[PA¢)

increase of the permissible temperatures is not applicable, even under the corrosion

In the particular case of tin-coated parts, due to fretting corrosion effects, gn
and oxidation free conditions of NOG. Therefore, the values for tin-coated parts je

Point 6

lower.

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

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

b) after the short-time withstand current test;

c) after the mechanical endurance test.

According to the relevant standard for each equipment. Otherwise, the contacts
shall be regarded as “bare”.
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Point 7 When materials other than those given in Table 10 are used, their properties shall
be considered, notably in order to determine the maximum permissible temperature
rises.

Point 8 The values of temperature and temperature rise are valid even if the conductor
connected to the terminals is bare.

Point 9 The temperature shall be measured at the upper part of the oil.

Ploint 10 Special consideration should be given when low flash-point oil is used in regard fo
vaporization and oxidation.

Ploint 11 The temperature shall not reach a value where the elasticity of the material |s
impaired.

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

)

oint 13 The temperature is limited only by the requirement not te cause any damage fo
surrounding parts.

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

Ploint 15 For further details regarding temperature limits for hot surfaces to be touched, refgr
to IEC Guide 117 [67].

714.101 Temporary current test

ubclause 7.4 of IEC TS 62271-5:2024 is applicable with the following addition.
is test applies to BPSs to which a temporary current has been assigned.

e duration of the test is detefmined by the time it takes to close the by-pass disconnectd
(BPD in Figure 1), a typical value is 30 min.

-

e test shall be performed in accordance with [IEC TS 62271-5:2024, 7.4. The current shall be
the temporary currentiand the duration of the test shall be 30 min.

e BPS is considered having passed the test if the temperature rise does not exceed the
relevant temperature limits described in IEC TS 62271-5:2024, Table 10.

7|5 _Short-time withstand current and peak withstand current tests

715.4 General

The tests apply to the main circuits and where applicable, to the earthing circuits of the test
object to demonstrate their ability to carry their rated peak withstand current and their thermal
withstand capability for their rated duration of short-circuit.

The test may be performed at any convenient ambient temperature.

7.5.2 Arrangement of the equipment and of the test circuit

The test object shall be mounted on its own support(s) or on (an) equivalent support(s) and
installed with its own operating device(s) as far as necessary to make the test representative
for checking mechanical and thermal effects of the test currents. It shall be in the closed position,
where relevant.
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Each test shall be preceded by a no-load opening operation of the mechanical switching
device(s) (if any) and, with the exception of earthing switches, by measurement of the
resistance of the main circuit according to 7.3.4. The no-load opening operation shall be carried
out at the rated value of the supply voltage in the case of power operated devices and the
force/torque shall be measured in the case of dependent manually operated devices.

The distance between the terminals and the nearest supports of the conductors or the nearest
clamping points of cable on both sides of the test object shall be in accordance with the
instructions of the manufacturer.

The test arrangement shall be noted in the test report.

—
o

he use of insulating fluid is not mandatory for short-time withstand current and peak Wwithstan
irrent tests. Air or N, may be used as an alternative to gases with high glaobal’ warming

btential. There is also no requirement of minimum pressure for insulation and/erlswitching.

T O

~

5.3 Test current and duration

—

he peak current shall be not less than the rated peak withstand gurrent (7,4) and shall ngt
kceed it by more than 5 % without the consent of the manufacturei(The value of Joule integral
Rdr of the test current shall not be less than the specified valu@ calculated by the specifigd
aveform, peak current and duration, and shall not exceed by more than 10 % without the
bnsent of the manufacturer.

D

O =

Z

ODTE The value of the Joule integral can be calculated by the,specified waveform, peak current, and duration by
huations indicated in D.6.

®

—

he following deviations are permitted:

a) if the decrement of the short-circuit of the test laboratory is such that the specified Joule
integral value cannot be obtained ferithe specified duration without applying initially an
excessively high current, the duration of the test may be increased appropriately to obta]n
the specified joule integral valuegprovided that the value of the peak current is not less than

that specified and the duration-is not extended to more than 5 s;

b) if, in order to obtain the required peak current, the Joule integral value of the current |s
increased above the specified value, the duration of the test may be reduced accordingly;

c) multi-part test such ‘ag separation of the peak withstand current test and the short-time
withstand currentdest is permissible:

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

— for thetshort-time withstand current test, the time during which the short-circuit current
is @pplied shall be equal to the specified duration. However, deviation in time according
tositem a) is permitted;

<, ~for switching devices the test object shall be kept in closed position between the tests

For the convenience of testing, AC test current may be used alternatively. In such case, the
tests shall be made under the following conditions:

a) AC peak current shall be not less than the rated peak withstand current (Ipd) and shall not
exceed it by more than 5 % without the consent of the manufacturer;

b) The value of the Joule integral [72dt of AC current shall be not less than the specified value
of DC Joule integral value and shall not exceed it by more than 10 % without consent of
the manufacturer.

The following deviations are permitted:
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a)

b)

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

if, in order to obtain the required peak current, the Joule integral value of the current is
increased above the specified value, the duration of the test may be reduced accordingly;

o >

f

[N e

—

5.4 Conditions of the test object after test

fter the test, the test object shall not show significant deterioration, shall be capable of
perating normally and carrying its rated continuous current(

the mechanical switching device has a rated making and/or breaking capacity, then the
bndition of the contacts shall not be such as to affect.the performance materially at any making
hd/or breaking current up to its rated value.

he following steps are used to check thesetrequirements:

NOTE For semiconductor, devices, reference is made to IEC 62501, 4.4.2 and 11 [64].

6.1 Verification of the IP coding

separation of the peak withstand current test and the short-time withstand current test (s
permissible:

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

— for the short-time withstand current test, the time during which the shortt¢ircuit curremt
is applied shall be equal to the specified duration. However, deviation,intime according
to item a) is permitted;

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

a no-load opening operation of the miechanical switching device shall be performed in thle
same conditions as stated in 7.5.2\immediately after the test, and the contacts shall open
at the first attempt;

except for earthing switches;, the variation of the resistance of the main circuit shall be
checked according to 7.3.4;

visual inspection of thétest object and the contacts (if not detrimental).

Verification_of the protection

accordance with the requirements specified in Clauses 11, 12, 13 and 15 of IEC 60529:1989,
FC 60529:1989/AMD1:1999 and IEC 60529 1989/AMD2:2013, tests shall be performed, fo

are not normaIIy mstaIIed for type tests correspondmg f|IIer pleces shall be used Transport
units of switchgear shall be closed for the tests by covers providing identical protection qualities
as for the joints.

The tests shall, however, be made only if there are doubts regarding the compliance with these
requirements, they shall be performed in each position of the relevant parts as deemed
necessary.

When the supplementary letter W is used, test method given in Annex G (normative) shall be
applied.
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7.6.2 Verification of the IK coding

The requirements specified in 6.14.4 shall be demonstrated according to IEC 62262:2002; tests
shall be performed on the enclosures of switchgear and controlgear fully assembled as under
service conditions.

After the test, the enclosure shall show no breaks and the deformation of the enclosure shall
not affect the normal function of the equipment, reduce the insulating and/or creepage distances
or reduce the specified degree of protection against access to hazardous parts below the
permitted values. Superficial damage. such as removal of paint, breaking of cooling ribs or of
s|milar parts, or depression of small dimension can be ignored.

The tests shall, however, be made only if there are doubts regarding the compliance withthese
¢quirements, they shall be performed in each position of the relevant parts deemednecessary.

—

>

uxiliary equipment such as meters, relays etc., which can form part of, the' enclosure |s
kempted from receiving impacts in this test.

)

717  Tightness tests

~

7.1 General

—

he purpose of tightness tests is to demonstrate that the @bsolute leakage rate F does not
kceed the specified value of the permissible leakage/ rate F, at standardized ambient

D

I~

eémperature of 20 °C. Acceptable test condition is an ambient temperature in a range of 15 °C
b to 30 °C.

c =

—

fltightness tests at the temperature limits of the service condition are required in the releva
foduct standards, an increased leakage rate.is permissible. The increased temporary IeakaJ
ate shall not exceed the values given in Table 11.

~ O

Tightness test shall be performed with the same fluid and under the same pressure (density
ap used in service. If the fluid itselfis not traceable additional traceable fluids may be adde‘Ji,
for example helium. The leakag€e fest method shall have sufficient sensitivity; reference is ma

tg IEC TR 62271-306 [62].

~

Where possible, the tests’should be performed on a complete system. If this is not practicdl,
the tests may be performed on parts, components or subassemblies. In such cases, the Ieakage
ate of the total system shall be determined by summation of the component leakage rates using
he tightness coordination chart (refer to IEC TR 62271-306 [62]). The possible leakag¢gs
ctween subassemblies of different pressures shall also be taken into account.

[oa=]

he tightness test of switchgear and controlgear containing a mechanical switching device shll
e performed both in the closed and open position of the device, unless the leakage rate (s
ndependent of the position of the main contacts.

o -

Cumulative leakage measurement, which takes into account all the leaks from a given assembly
to determine the leakage rate, shall be used in the calculation of leakage rates.

The type test report should include such information as:

— description of the object under test, including its internal volume and the nature of the filling
gas or liquid;

— whether the object under test is in the closed or open position (if applicable);

— the pressures and temperatures recorded at the beginning and end of the test and the
number of replenishments (if applicable);

— the value of the ambient temperature during the test.
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— the cut-in and cut-off pressure settings of the pressure (or density) control or monitoring
device;

— an indication of the calibration of the meters used to detect leakage rates;
— the results of the measurements;
— the test gas and if applicable the conversion factor to assess the results.

In general, for the application of an adequate test method, reference is made to
IEC 60068-2-17:1994.

Table 11 — Permissible leakage rates for gas systems

Temperature Permissible leakage rate
°C

Maximum service temperature (= 40 °C) 3Fp
Standardized ambient temperature (20 °C) Fp
Minimum service temperature (any value down to and 3F
. h o p
including -40 °C)

Minimum service temperature (any value below -40 °C) 6Fp

717.2 Controlled pressure systems for gas

referred method for checking the relative leakage rate ¥, is by measuring the pressure drg

P p
Ap over a time period ¢ that is of sufficient duration/to permit a determination of the pressure
drop (within the filling and replenishing pressure.range). A correction shall be made to take info
apcount the variation of ambient air temperature during the course of the test. During this peridd
the replenishment device shall be inoperative.

Fat =222 ,100 (% per day) M
Dr t
Nt 24 (2)
Pr—Pm !

where

t is-the test duration (h);

pl ~Jds the filling pressure (Pa);

Pm is the replenishing pressure ¢ (Pa);

Ap is the pressure drop after time ¢ (Pa);
N is the number of replenishments per day.

NOTE The linearity of the formula is considered to be maintained provided that Ap is of the same order of magnitude
asp,.—py.

7.7.3 Closed pressure systems for gas

The test O, (Test method 1: cumulative test) described in IEC 60068-2-17:1994 is the preferred
method to determine the relative leakage rate F\ in gas systems and calculate the time
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between replenishments ¢,. Detailed information about test procedure, sensitivity of
measurement and example of calculation are also given in IEC TR 62271-306 [62].

Alternative methods of leak detection are also given in IEC TR 62271-306 [62] that may be used
to measure the leakage rate, which allows in combination with the tightness coordination chart,
the calculation of:

— the relative leakage rate;

— the time between replenishments (without considering extreme temperature conditions of
number of operations).

—

he tightness test is considered to be successful when the measured leakage rate dées no¢t
kceed the permissible leakage rate stated in Table 11 within the limits of +10.%~ This
inaccuracy of the measurement shall be taken into account when calculating the period of timle
ctween replenishments.

5 @

O

~

7.4 Sealed pressure systems

—

ghtness tests on sealed pressure systems shall be as follows

a) Switchgear using gas
The tests shall be performed according to the preferred method of 7.7.3.
b) Switchgear using vacuum interrupters

No specific tightness tests are required for vacuum_ interrupters since their tightness |s
verified during manufacturing process and because they are considered to have a zerno
leakage rate during their life. Nevertheless, insteéad of a tightness test, the vacuum integrity
shall be verified where specific standards ask for a tightness test as condition check (for
example mechanical test, low and high temiperature tests, etc.).

The integrity of the vacuum can be verified by the dielectric condition check test, refgr
to 7.2.11.

~

7.5 Liquid tightness tests

—

he purpose of liquid tightness {ests is to demonstrate that the total system leakage rate F| q
bes not exceed the specified-value F

o

p(liq):

he object under test shall be as in service conditions with all its accessories and its normal
Lid, mounted as close as possible as in service.

=

An increased leakage rate at extreme temperatures (if such tests are required in the relevant
standards)c@nd/or during operations is acceptable, provided that this rate resets to the initigl
vhlue aftérythe temperature is returned to normal ambient air temperature and/or after thle
operations are performed. The increased temporary leakage rate shall not impair the safe
operation of the switchgear and controlgear.

The switchgear shall be observed over a period sufficient to determine a possible leak or the
pressure drop Apj;,. In this case, the calculations given in 7.7.2 are valid.

As an alternative, using liquids different from those in service or gas for the test is possible but
requires justification by the manufacturer.

The test report shall include such information as:

— a general description of the object under test;
— the number of operations performed;
— the nature and pressure(s) of the liquid;
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— the ambient air temperature during test;
— the results with the switchgear device in closed and in open position (where applicable).

7.8 Electromagnetic compatibility tests (EMC)
7.8.1 Emission tests
7.8.1.1 Emission tests from the main circuits (radio interference voltage test, RIV)

Radio interference voltage tests apply only to switchgear and controlgear having a rated direct

vpltage of 210 kV and above, when specified in the relevant product standard.

Tlest object shall be installed as stated in 7.2.4.

The test voltage shall be direct voltage and applied as follows.

a) in closed position, between the terminals and the earthed frame;

b) in open position, if any, between one terminal and the other termindl connected to thie
earthed frame and then with the connections reversed if the (switching device is n¢t
symmetrical.

The case, tank, frame and other normally earthed parts shall be Connected to earth.

S5 -

n which the test is made. During the tests the test objecishall be equipped with all accessori
Lich as grading elements, corona rings, high-voltage connectors, etc. which may influence t
adio interference voltage.

[

he test object shall be dry and clean and at approximately’the same temperature as the rOOﬂH

- 0

—

he measuring circuit (refer to Figure 6) shalh'comply with CISPR TR 18-2. The measuring
rcuit shall preferably be tuned to a frequeney within 10 % of 0,5 MHz, but other frequencig
n the range 0,5 MHz to 2 MHz may bexosed, the measuring frequency being recorded. The
g¢sults shall be expressed in pV.

(7]
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F O
4 M Test object
o_.
Zs
R
L /
R
L
Ry
. il
Details/of M
IEC
Key
F Filter
R The equivalent resistance of R, in series with the parallel combination of R, and the
equivalent resistance of thedmeasuring set
Zg Either a capacitor or_aeircuit composed of a capacitor and an inductor in series
L The inductance used to shunt harmonic currents and to compensate for stray

capacitance at‘the’measuring frequency

Figure 6 £ Diagram of a test circuit for the radio interference voltage test

The preferred:-measuring impedances are those specified in CISPR publications. If measurinlg
impedancesidifferent from those specified in CISPR publications are used as an alternativ
they shall-be from 30 Q up to 600 Q; in any case the phase angle shall not exceed 20°. T e
efuivalent radio interference voltage referred to 300 Q can be calculated, assuming the
measured voltage to be directly proportional to the resistance, except for test pieces of large

resistance is recommended for switchgear and controlgear with bushings with earthed flanges
(for example dead tank switchgear and controlgear).

The filter F shall have high impedance at the measuring frequency, so that the impedance
between the high-voltage conductor and earth is not shunted as seen from the switchgear and
controlgear under test.

NOTE 1 This filter also reduces circulating radiofrequency currents in the test circuit, generated by the high-voltage
transformer or picked up from extraneous sources. A suitable value for its impedance has been found to be 10 000 Q
to 20 000 Q at the measuring frequency.


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |IEC 2024 - 101 —

It shall be ensured by suitable means that the radio interference background level (radio
interference level caused by external field and by the high-voltage transformer when
magnetized at the full test voltage) is at least 6 dB below the specified radio interference level
of the test object. Calibration methods for the measuring instrument and for the measuring
circuits are given in CISPR 16-1 (all parts) and CISPR TR 18-2 respectively.

The following test procedure shall be followed.

Unless otherwise specified by the relevant product standard, direct voltage of 1,1 x Uy, Uy
bEing the rated direct voltage of the swiichgear and conirolgear, shall be applied (o the tet
opject with both polarities and maintained for at least 5 min. A much longer test time than_ 5 min
i also applicable by agreement between user and manufacturer.

NOTE 2 The test time of 5 min is based on IEC TS 63014-1. However, RIV behaviour and physical mechanisnps
pace charges, ozone generation, etc.) with a DC applied voltage can be slightly different from that with an AC
plied voltage, especially for the polymeric insulated part subjected to direct voltage. In some eases, a long-tinje
ch as one hour or three hours test is possible.

»w o~

s alternative method, RIV tests may be performed using an alternating voltage source 4
escribed in IEC 60437, instead of direct voltage. In this case, the RMS value of the alternatin

bltage shall be the direct test voltage divided by /2.

[

< o
©

—

he test is passed, if the radio interference level does not exeeed 2 500 pV. In a long-time tes},
he test is passed if no more than 30 RIV pulses exceeding 2°500 pV are recorded during arly
D-min period of the test. RIV pulses that are proven ta. be“external to the test object shall be
sregarded.

Q W =~

As the radio interference level can be affected by fibres or dust settling on the insulators, it |s
permitted to wipe the insulators with a cléan cloth before taking a measurement. Thie
afmospheric conditions during the test shall*be recorded. If the measured RIV value is aboVe
the limit and the relative humidity is above-80 %, the test is not conclusive and shall be repeatéed
wlith a relative humidity lower than 80 %.

PiSs shall be tested with the test cenditions described in Table 6 in 7.2.6.3.

BIPSs shall be tested in opep position only with test condition 1 described Table 4 or Table 5 In
712.6.3.

8.1.2 Emission-tests from the auxiliary and control circuits

ectromagnetic emission tests if they include electronic equipment or components. In oth

7

Aluxiliary and, ‘eontrol circuits of switchgear and controlgear shall be subjected 10
e

chses, no-tests are required.

n

or auxiliary and control circuits of switchgear and controlgear, the EMC requirements and tes{s
becified in this document have precedence over other EMC specifications.

2]

The test shall be performed only on a representative auxiliary and control circuit, because the
single components are tested according to their relevant standards, if any.

Electronic equipment, which is part of the auxiliary and control circuits, shall fulfil the
requirements with regard to radiated emission, as defined in CISPR 11:2015 for group 1,
class A equipment. No other tests are specified. A 10 m measuring distance may be used
instead of 30 m, by increasing the limit values by 10 dB.
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7.8.2 Immunity tests on auxiliary and control circuits
7.8.21 General

Auxiliary and control circuits of switchgear and controlgear shall be subjected to
electromagnetic immunity tests if they include electronic equipment or components. In other
cases no tests are required.

The tests shall be performed on a typical auxiliary and control circuit. Components shall comply
with their relevant standards, if any.

—

he following immunity tests are specified:

—| electric fast transient/burst test (refer to 7.8.2.2). The test simulates the conditions causegd
by switching in the auxiliary and control circuit;

—| oscillatory wave immunity test (refer to 7.8.2.3). The test simulates the conditions caused
by switching in the main circuit.

NOTE Other EMC immunity tests do exist, but are not specified in this case.

m
=

lectromagnetic immunity tests shall be made on complete auxiliaty and control circuits g
ibassemblies. The tests can be made on

n

the complete auxiliary and control circuits;
subassemblies, such as central control cubicle, drive mechanism cubicle, etc.;

subassemblies within a cubicle, such as metering or-monitoring system.

—h

Individual testing of subassemblies is strongly recemmended in cases where long lengths
interconnections are required, or where significant interference voltages are expected betwegn
the subassemblies. Individual testing is mandatory for each interchangeable subassembly.

—

he test voltage shall be applied to the interface of the auxiliary and control circuits or tested
Libassembly.

n

—

he type test report shall clearly.state what system or subassembly has been tested.

~

8.2.2 Electrical fast transient/burst test

>

n electrical fast transient/burst test shall be performed in accordance with IEC 61000-4-4, wiﬂ
repetition rate (0of)"5 kHz. The ports and interfaces shall be chosen in accordance wi
EC 61000-6-2. The test voltage and coupling shall be chosen according to Table 12.

= L
>0 T
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Table 12 — Application of voltages at the fast transient/burst test

Interface Relevance for equipment Test voltage Coupling
kV
Power port AC and DC power lines 2 CDN
Cabinet earth port 2 CDN
Signal port Shielded and unshielded lines, carrying 2 CCC
analogue and/or digital signals or equivalent coupling
methods

controrrnes

communication lines (for example data
buses)

measuring lines (for example current
transducers, voltage transducers)

Key
DN Coupling decoupling network.

CC Capacitive coupling clamp.

5 >

—

o

3 -

r

)

8.2.3 Oscillatory wave immunity test

n oscillatory wave immunity test shall be performed, with shape and duration of the test voltage
accordance with IEC 61000-4-18.

he ports and interfaces shall be chosen in accordatice with IEC 61000-6-2.

amped oscillatory wave tests shall be made-at 100 kHz and 1 MHz, with a relative tolerande
f +30 %.

ests shall be made for both common, and differential mode. The test voltage and coupling
ethod shall be chosen according to’Table 13.

Table 13 — Application of voltage at the damped oscillatory wave test

Interface Relevance for equipment Test voltage Coupling
kv
Power port AC and DC power lines Differential mode: 1,0 CDN
Common mode: 2,5 CDN
Signal port Shielded and unshielded lines, Differential mode: 1,0 CDN

carrying analogue and/or digital

signals Common mode: 2,5 CDN

Or equivalent

control lines .
coupling method

communication lines (for

example data buses)

measuring lines (for example:
current transducers, voltage
transducers)

Key
CDN Coupling decoupling network.
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7.8.2.4 Behaviour of the secondary equipment during and after tests

The auxiliary and control circuits shall withstand each of the tests specified in 7.8.2.2
and 7.8.2.3 without permanent damage. After the tests it shall still be fully operational.
Temporary loss of parts of the functionality is permitted according to Table 14.

Table 14 — Assessment criteria for transient disturbance immunity

Function Criterion
FProtectiom, teteprotection A
Alarm B
$upervision B
ommand and control A
Measurement B
ounting A

Data processing
fpr high-speed protective system

fpr general use

Information

[Data storage

FProcessing

I}’Ionitoring

Il/lan-machine interface

| W W |W(>(0|W >

$elf-diagnostics

FProcessing, monitoring and self-diagnostic functions which are on-line connected, and are part of command and
dontrol circuits, shall fulfil criterion A.

Key

A Normal performance within the specification limits;

B Temporary degradation or loss of function or performance which is self-recoverable.

7/8.3 Additional EMC tests on auxiliary and control circuits

718.3.1 General

—

he objectivetof the tests described below is to qualify the whole assembly without repeating
individualtest on components. Therefore, tests on components which comply with their relevant
IEC standards and with relevant rated values do not need to be repeated.

718.32 Ripple on DC input power port immunity test

This test shall be performed according to IEC 61000-4-17:1999. The test level shall be level 2,
and the frequency of the ripple is equal to three times the rated frequency of auxiliary and
control circuits.

The assessment criterion is: “normal performance within the specification limits” (criterion A).
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If no electronic components are used in the control unit and the mechanical operation test at
ambient air temperature in accordance with 7.101.2 is performed on the complete BPS or PS
equipped with its entire control unit, the ripple on DC input power port immunity test according
to subclause 7.8.3.2 of IEC TS 62271-5:2024 is regarded as being covered and additional tests
are not required. When testing of the complete BPS or PS is not practicable, component tests
in accordance with 7.101.1.2 are acceptable.

Where electronic components are used, tests according to 7.8.3.2 of IEC TS 62271-5:2024 on
the individual components are sufficient.

This subclause is applicable to both complete electronic boards (for example control modules$)
ahd devices containing at least one electronic component (for example electronic timingselaysj).

718.3.3 Voltage dips, short interruptions and voltage variations on input power port
immunity tests

<

oltage dips, short interruptions and voltage variations tests on AC pawer ports shall be
performed according to IEC 61000-4-11 and on DC power ports according to IEC 61000-4-29]

—

he relevant acceptance criteria are present in 6.4.1.

719 Additional tests on auxiliary and control circuits

~

9.1 General

—

ests on components, which comply with their relevantlEC standards and with relevant rated
hlues, shall not be repeated.

<

719.2 Functional tests

functional test of all auxiliary and contrefl*Circuits shall be made to verify the proper functioninlg
f auxiliary and control circuits in conjunction with the other parts of the switchgear and
pntrolgear. The test procedures depend on the nature and the complexity of the auxiliary and
pntrol circuits of the device. They-shall be performed with the upper and lower value limits ¢f
e supply voltage defined in 6:4.1.

=000 >

n

or auxiliary and controf gircuits, sub-assemblies and components, operation tests can be
mitted if they have been’fully performed during a test applied to the whole switchgear and
bntrolgear or in relevant circumstances.

O O

fl the mechanical operation test at ambient air temperature in accordance with 7.101.2 (s
erformed onithe complete BPS or PS equipped with its entire control unit, the functional tes{s
ccording-to. subclause 7.9.2 of IEC TS 62271-5:2024 are regarded as covered and additionx
tgsts aré.not required and may be omitted. When testing of the complete BPS or PS is n

practicable, component tests in accordance with 7.101.1.2 are acceptable.

[Vie)

t

7.9.3 Verification of the operational characteristics of auxiliary contacts
7.9.3.1 General

Auxiliary contacts, which are contacts included in auxiliary circuits, shall be submitted to the
following tests unless the equipment has passed the whole type tests as a functional unit.

7.9.3.2 Auxiliary contact rated continuous current

This test verifies the rated value of current which a previously closed auxiliary contact is capable
of carrying continuously.
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The circuit shall be closed and opened by means independent from the contact under test. Test
procedures are described in 7.4.3.2. The contact shall carry its class rated continuous current
according to Table 4 without exceeding the temperature rise in Table 10 based on the contact
material and the working environment.

7.9.3.3 Auxiliary contact rated short-time withstand current

This test verifies the value of current which a previously closed auxiliary contact is capable of
carrying for a specified short period.

he circuit shall be closed and opened by means independent from the contact under test: TrJe
bntact shall carry its class rated short-time withstand current according to Table 4 for-30 ms,
ith a resistive load. The current value to be obtained shall be reached within 5 ms after'etrrent

s 0 -

5
nitiation. The tolerance on the test current amplitude isB % and the tolerance on the tegt

[¢]

irrent duration is *(1)0 %.

—

his test shall be repeated 20 times with a 1 min interval between leach test. The conta¢t
g¢sistance value shall be taken before and after the tests at 50 % of the'rated continuous current
n Table 4, with the contacts at ambient temperature for both measSurements.

= =

—

he test is passed:

if the resistance increase is less than 20 %;

or, when the increase exceeds 20 %, if the coftinuous current test according to 7.4.3.2 |s
performed successfully.

~

9.3.4 Auxiliary contact breaking capacity

This test verifies the breaking capacity of:an auxiliary contact.

—

he circuit shall be closed by meansindependent from the contact under test. The contact shgl
arry for 5 s and shall break the(current associated with its class according to Table 4, with 1
e

(¢}
>

—_

nductive load. The tolerance ©n the test voltage is +;0 % and the tolerance on the test curr

QO

mplitude is +05 %.

n

or all classes\\the circuit time constant shall be 20 ms with a tolerance of +§0 %.

This test shall be repeated 20 times with a 1 min interval between each test. The recovely
bltage” shall be maintained during each 1 min interval and for 300 ms + 30 ms after the lagt
oberation. The contact resistance value shall he taken hefore and after the tests at 50 % of thie
rated continuous current in Table 4, with the contacts at ambient temperature for both
measurements. The resistance increase shall be less than 20 %. If the increase exceeds 20 %
then the continuous current test according to 7.4.3.2 shall be performed.

<

7.9.4 Environmental tests

If the mechanical operation test at ambient air temperature in accordance with 7.101.2, the low
and high temperature tests in accordance with 7.101.3 and, if applicable, the humidity test in
accordance with 7.101.4 are performed on the complete BPS or PS equipped with its entire
control unit or in case of the humidity test on the control equipment respectively, the
environmental tests according to of IEC TS 62271-5:2024, 7.9.4 are regarded as covered and
additional tests can be omitted. When testing of the complete BPS or PS is not practicable,
component tests in accordance with 7.101.1.2 are acceptable.
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Seismic tests are not covered. If a seismic test is requested, it should be performed in
accordance with IEC TR 62271-300 by agreement between manufacturer and user.

7.9.41 General

Heating elements, if any, shall be ready to operate except where otherwise stated.

The following tests are independent type tests.

A y g p g

during and after the test until the functional checks have been performed. At the end of the test
duration, except for the vibration response test, auxiliary and control circuits shall be eheckeld
tg¢ ascertain whether they are capable of functioning in accordance with their design intent.

Iff other environmental tests than indicated under 7.9.4 are requested, .due to special
nvironmental conditions, then these tests should be performed according to JEC 60068-2 (dll
arts) [13] where applicable.

T O

~

9.4.2 Cold test

>

cold test shall be performed according to test Ad of IEC 60068-2-1:2007, under the servige
bnditions specified in Clause 4. The test temperature shall\be the minimum ambient aljir
émperature and the test duration shall be 16 h.

ke

~

9.4.3 Dry heat test

cpnfiguration of auxiliary circuits, under the service conditions specified in Clause 4. The tegt

Al dry heat test shall be performed according to test Be of IEC 60068-2-2:2007 according to t}e
teamperature shall be the maximum ambient airtemperature and the test duration shall be 16 .

9.4.4 Cyclic humidity test

7

A cyclic humidity test shall be perfermed according to test Db of IEC 60068-2-30:2005. THhe
upper temperature shall be the maximum ambient air temperature specified in Clause 4 and the
npmber of temperature cycles*shall be two. Variant 2 may be used for the temperature fdll
pgriod and recovery shall #ake place under standard atmospheric conditions. No special
pfrecautions shall be taken regarding the removal of surface moisture.

7(9.4.5 Vibration-tests
Vlibrations due, to.aperation of the associated switchgear or controlgear are checked as follows.

—| A test iS¢performed according to IEC 60255-21-1:1988. Vibration response test parameteis
are those corresponding to severity class 1;

—| onthe auxiliary and control equipment assembly is subjected to the relevant mechanic
endurance tests in the complete switchgear and controlgear. T

The auxiliary and control circuits shall withstand the vibration response test without permanent
damage. After the test, it shall still be fully operational. Temporary loss of parts of the
functionality is permitted during the test according to criteria stated in Table 13.

7.9.4.6 Condition check

The power-frequency voltage withstand tests according to 7.9.5 shall be performed after each
type test, to confirm that there has been no reduction of performance during testing.

In the case the type tests of 7.9.4 are performed as test sequence on the same test object, this
condition check may be performed only once at the end.
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7.9.5 Dielectric test

Auxiliary and control circuits of switchgear and controlgear shall be subjected to short-duration
power-frequency voltage withstand tests. Each test shall be performed:

a) between the auxiliary and control circuits connected together as a whole and the frame of
the switching device;

b) if practicable, between each part of the auxiliary and control circuits, which in normal use
can be insulated from the other parts, and the other parts connected together and to the
frame.

he power frequency tests shall be performed according to IEC 61180. The test voltagelshd
e 2 kV with duration of 1 min.

o -

>

DC test is acceptable by agreement of the manufacturer, the test voltage shall be.2,8 kV, with
duration of 1 min.

Q

—

he auxiliary and control circuits of switchgear and controlgear shall be considered to have
ppssed the tests if no disruptive discharge occurs during each test.

fl motors and other devices such as electronic equipment used_in’ the auxiliary and contrp
rcuits have already been tested in accordance with their ewn”specification, they shall be
sconnected for these tests.

Q0

—

he dielectric test shall be performed on auxiliary and centrol circuits that are in new condition.

7110 X-radiation test for vacuum interrupters

7110.1 General requirements

~

10.1.1 Condition of interrupter to be tested

—

ests on the X-radiation emission leyels shall be performed on new vacuum interrupters.

—

here is no requirement to test«switchgear and controlgear for X-radiation emission, where the
acuum interrupter type has-been successfully tested as a component.

<

~

10.1.2 Mounting of specimen

—

he interrupter shall'be mounted in a test fixture, designed so that the open contact spacing
hn be set at \the minimum distance when installed in the switchgear and controlgear.
nterrupters _designed for operation in an insulating medium other than air (such as oil or SF})

may be tested in such a medium, if necessary, to withstand the test voltage.

= O

The,container for the insulating medium shall be of an insulating material having radiatign
attendation no greater than that afforded by 9,5 mm thick methyl methacrylate. The insulatinlg
medium between the interrupter and radiation survey instrument shall be the minimum required
for dielectric purposes.

7.10.1.3 Radiation survey instrument

A radiofrequency shielded radiation survey instrument having the following minimum
specifications shall be used.

— accuracy: capable of measuring from 5 uSv/h up to 150 pSv/h with an accuracy of 25 %
along this range and with a response time not to exceed 15 s;

— energy response range: at least 25 keV to 0,5 MeV.
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NOTE The selection of the radiation survey measuring instrument is related to the test voltage and sensitivity of
the detector across the specified energy response range.

7.10.1.4 Location of radiation survey instrument

The sensing element of the radiation survey instrument shall be positioned in the plane of the
separable contacts and pointed at the contacts. The preferred distance between the measuring
instrument and the wall of the vacuum interrupter is 1 m. However, any distance up to 15 m
may be used in which case the instrument reading shall be adjusted by applying the inverse
square law as follows:

R(1m)=R(d)xd? €]

here R(d) is the radiation level measured, at the distance d (in m) from the external surface ¢f
he vacuum interrupter.

S =

HV source
Tm
- < i
e Radiation
— survey
instrument
Vacuum interrupter
1 (in air)
HV source - 1m >
- 1
| Radiation
—
— ol survey
— instrument
o

Vacuum interrupter
= (in oil)

IEC

Figure 7 — Test location of radiation survey instrument

7.10.2 Test voltage and measurement procedure

With the interrupter mounted in a test fixture, with the contacts blocked open at the minimum
contact spacing specified, and with the radiation survey instrument in place (refer to Figure 7),
a voltage shall be applied across the interrupter contacts equal the rated direct voltage U,4 of
the switchgear and controlgear. After a minimum of 15 s, the X-radiation level on the radiation
survey instrument shall be according to 7.10.3.

Next, the voltage across the interrupter contacts shall be raised to a value equal to the rated
direct withstand voltage Uyy shown in Table 1 as appropriate. After a minimum of 15 s, the

X-radiation level on the radiation survey instrument shall be recorded in the test report.
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7.10.3 Acceptance criteria

The X-radiation emitted from vacuum interrupters shall not exceed 5 uSv/h at 1 m distance at
the rated direct voltage Ug.

For vacuum interrupters used in switchgear and controlgear that have a rated direct withstand
voltage less than or equal to 240 kV, the X-radiation emitted at the rated direct withstand voltage
Uyq shall not exceed 150 uSv/h at 1 m distance.

Flor vacuum interrupters in switchgear and controlgear that have a rated direct withstand voltage
greater than 240 kV, the X-radiation emitted at the rated direct withstand voltage Uyy shall-be
N

S

easured. If the measured value exceeds 150 uySv/h at 1 m distance, then the actual value
hall be declared by the manufacturer.

OTE 1 The declared value can be used to develop a safe working environment in accordance with l6cal regulations
hen performing a power frequency withstand test across open contact gaps of vacuum interrupters.

s Z

NOTE 2 The test duration can be longer than the voltage applied time in actual use.

71101 Mechanical and environmental tests

~

101.1 Miscellaneous provisions for mechanical and environmental tests

101.1.1 Mechanical characteristics

t the beginning of the type tests, the mechanical characteristics of the BPS or PS shall be
stablished (see Annex D). IEC TR 62271-306 [2]<gives examples on how to measure the
echanical characteristics. The mechanical characteristics will serve as the reference for thle
urpose of characterising the mechanical behaviour of the BPS or PS. Furthermore, the
echanical characteristics shall be used to confirm that the different test samples used during
e mechanical and switching type tests behave mechanically in a similar way, i.e. within the
glerances specified by the manufacturers“The reference mechanical characteristics are algo
sed to confirm that production units behave mechanically in a similar way compared to the test
amples used during type tests.

30T 30 > ~

— —+
=3

wn C

-

pllowing are examples of operating characteristics that can be recorded:

no-load travel curves;

closing and opening times.

The mechanical characteristics shall be produced during a no-load test made with a single D
operation and a'sihgle C operation at rated supply voltage of operating devices and of auxiliafy
ahd control_eircuits, filling pressure for operation and at the minimum filling pressure fg
operation,

-

71101.1.2 Component tests

| 4 FH £ ot RDC pc ¢ 4 ' Ll £ 4 4 S ol
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type tests. The manufacturer should determine the components which are suitable for testing.

Components are separate functional sub-assemblies which can be operated independently of
the complete BPS or PS (for example, switching unit, operating mechanism).

When component tests are made, the manufacturer shall prove that the mechanical and
environmental stresses on the component during the tests are not less than those applied to
the same component when the complete BPS or PS is tested. Component tests shall cover all
different types of components of the complete BPS or PS, provided that the particular test is
applicable to the component. The conditions for the component type tests shall be the same as
those which could be employed for the complete BPS or PS.
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Parts of auxiliary and control equipment which have been manufactured in accordance with
relevant standards shall comply with these standards. The proper function of such parts in

connection with the function of the other parts of the BPS or PS shall be verified.

7.101.1.3 Characteristics and settings of the BPS or PS to be recorded before and after

the tests

Before and after the tests, the following operating characteristics or settings shall be recorded

and evaluated:

closing time;

opening time;

time spread between units (if applicable);

recharging time and consumption of the operating device;
consumption of the control circuit, if applicable;
consumption of the auxiliary circuit;

duration of opening and closing command;

J Q S 0 O O T D

tightness, if applicable;

i)) gas densities or pressures, if applicable;

j)| resistance of the main circuit;

k) mechanical travel characteristics (if applicable);

[)] other important characteristics or settings as specified by the manufacturer.

The above operating characteristics shall be recorded at

—| rated supply voltage and filling pressure fon-operation;

—-| maximum supply voltage and filling pressure for operation;

—| maximum supply voltage and minimdum functional pressure for operation;
—| minimum supply voltage and minimum functional pressure for operation;

—| minimum supply voltage and\filling pressure for operation.

101.1.4 Condition of the'BPS or PS during and after the tests

perating normally,Scarrying its rated continuous or temporary current and withstanding t

7
During and after thetésts, the BPS or PS shall be in such a condition that it is capable
o
vpltage values aecording to its rated insulation level.

n general,4hese requirements are fulfilled if

ecommand;

—L_afterthe tests, the characteristics measured arnnrding 107101 1.3 are within the tolerancg

—| during the tests, the BPS or PS operates on command and does not operate withodit

given by the manufacturer;

— after the tests, coated contacts are such that a layer of coating material remains at the
contact area. If this is not the case, the contacts shall be regarded as bare and the test
requirements are fulfilled only if the temperature rise of the contacts during the continuous

current test (according to 7.4) does not exceed the value permitted for bare contacts;

— during and after the tests, it shall be possible to fit any defined replacement part according

to the manufacturer's instructions;

— after the tests the insulating properties of the BPS or PS in the open position shall be in
essentially the same condition as before the tests. Visual inspection of the BPS or PS after
the tests is usually sufficient for verification of the insulating properties. In the case of BPSs
or PSs with sealed-for-life interrupters, a voltage test as a condition check in accordance

with 7.2.11 replaces this visual inspection;


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

(ellw]

—

n
fq

- 112 - [EC TS 62271-316:2024 EXV © |[EC 2024

for sealed-for-life switches, the increase of the resistance of the main circuit shall be less
than or equal to 20 %. If the increase in resistance exceeds 20 % then a continuous current
test according to 7.4 is applicable to determine if the test object can carry its rated
continuous current without exceeding the temperature limits given in Table 10 of IEC TS
62271-5:2024 by more than 10 K;

for other BPS or PS types, the resistance condition check of the test object is satisfactory if
the resistance increase determined in 7.3.4.1 of IEC TS 62271-5:2024 is not greater than
20 %. If the resistance increase exceeds 20 % a visual inspection shall be performed.

10115 Conditi f 1 il I Lequi uri | after 11

uring and after the tests, the following conditions for the auxiliary and control equipmentishdl
e fulfilled:

during the tests, care should be taken to prevent undue heating;

o

during the tests, a set of contacts (both make and break auxiliary contacts) shall be arrang¢
to switch the current of the circuits to be controlled (see 6.4);

during and after the tests, the auxiliary and control equipment shall fulil its functions;

during and after the tests, insulation capability of the auxiliary circuits, of the auxiliany
switches and of the control equipment shall not be impaired. In @€ase of doubt, the dielectr|c
tests according to 7.10.5 of IEC TS 62271-5:2024 shall be pérformed;

during and after the tests, the contact resistance of the_ auxiliary switches shall not be
affected adversely.

101.2 Mechanical operation test at ambient air, temperature
101.2.1 General

he mechanical operation test shall be carried out at the ambient air temperature of the test
cation. The ambient air temperature shall,.be recorded in the test report. Auxiliary equipment
rming part of the operating devices shall\be included.

he mechanical operation test shall consist of 2 000 operating cycles in accordance with
101.2.3.

BPS or PS design can belfitted with several variants of auxiliary equipment (shunt releasg
hd motors) in order to (accommodate the various rated control voltages and frequencies 3
ated in 5.6 and 5.7..These variants do not need to be tested if they are of similar designs an
the resulting no-load mechanical characteristics are within the tolerance given in Annex D.

[

[eNN7))

101.2.2 Condition of the BPS or PS before the test

he BPScor PS for test shall be completely mounted on its own support and its operatin
echanism shall be operated in the specified manner. It shall be tested according to its type 4
llows:

" Q

T

7
T

ests shall be conducted at the filling pressure for insulation and/or switching.

.101.2.3 Operating sequence

he BPS or PS shall be tested in accordance with Table 7.
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Table 7 — Number of operating sequences

1

ti

Operating sequence Supply voltage Operating Number of operating sequences
pressure

Minimum Minimum functional 500

C-¢,-0 Rated Filling pressure 500

Maximum Filling pressure 500

C-¢t,-0-¢,-C-¢t,-0 Rated Filling pressure 250
O opening;
closing;

time between two operations which is necessary to restore the initial conditions and/or to preveni“undu¢
heating of parts of the BPS or PS (this time can be different according to the type of operation).
shortest time between an O and subsequent C operation such that the BPS or PS reaches the ‘fully opep
position prior to closing.

P

n
a

~

7

During the test, lubrication of parts outside of the main circuit is allowed in accordance with thie

anufacturer's instructions, but no mechanical adjustment or other kind' 'of maintenance (s
lowed.

101.2.4 Acceptance criteria for the mechanical operation tests
Before and after the total test programme, the following operations shall be performed:

— five operating cycles at the rated supply voltage of closing and opening devices and o¢f
auxiliary and control circuits and/or the filling pressure for operation;

o

— five operating cycles at the minimum supply voltage of closing and opening devices an
of auxiliary and control circuits and/or the minimum pressure for operation;

Qo

— five operating cycles at the maximum supply voltage of closing and opening devices an
of auxiliary and control circuits and/or the filling pressure for operation.

During these operating cycles, the aperating characteristics (see 7.101.1.3) shall be
recorded. It is not necessary to publishall the oscillograms recorded. However, at least one
oscillogram for each set of conditions given above shall be included in the test report.

In addition, the following checks and measurements shall be performed:

— measurements of charaecteristic operating fluid pressures and consumption durin
operations, if applicable;

«Q

— verification of the(rated operating sequence;
— checks of certain‘specific operations, if applicable.

The variation_between the mean values of each parameter measured before and after the
mechanical endurance tests shall be within the tolerances given by the manufacturer.

After the)total test programme the condition of the BPS or PS shall be in accordance with
7.101(M4.

101.3 " Low and high temperature tests

7
It

is not necessary to perform the two tests in succession, and the order in which they are

carried out is arbitrary. If the minimum ambient air temperature of indoor and outdoor switches
is higher than or equal to -5 °C, no low temperature test is required. If maximum ambient air
temperature is not higher than +40 °C, no high temperature test is required.

If

heat sources are required, they shall be in operation.

Liquid or gas supplies for BPS or PS operation are to be at the test air temperature unless the

B

PS or PS design requires a heat source for these supplies.


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

N

- 114 — [EC TS 62271-316:2024 EXV © |[EC 2024

0 maintenance, replacement of parts, lubrication or readjustment of the BPS or PS is

permissible during the tests.

T

he BPS or PS has passed the test if the conditions stated in 7.101.1.4 and 7.101.1.5 are

fulfilled. Furthermore, the conditions in 7.101.3.4 and 7.101.3.5 shall be fulfilled and the leakage
rates recorded shall not exceed the limits given in Table 15 of IEC TS 62271-5:2024. In the test
report the testing conditions and the condition of the BPS or PS before, during and after the
test shall be reported. The recorded quantities shall be presented. To reduce the number of
oscillograms in the test report, a single representative oscillogram of every relevant type of

(0]

A
a
S

e

—

~

» -

eration under each qpprifipd tpq’ring caondition shall be included

BPS or PS design may be fitted with several variants of auxiliary equipment (shunt releasgs
nd motors) in order to accommodate the various rated control voltages and frequencies 3
ated in 5.6 and 5.7. It is not necessary to test these variants if they are of similar.designs an
the resulting no-load mechanical characteristics are within the tolerance givencin-7.101.1.1.

[eX7)

he conditions during and after the tests are given in 7.101.3.6.

101.3.2 Measurement of ambient air temperature

he ambient air temperature of the immediate test environmentsshall be measured at half the
eight of the BPS or PS and at a distance of 1 m from the BPS"“orPS.

he maximum temperature deviation over the height of the"BPS or PS shall not exceed 5 K.

101.3.4 Low temperature test

he diagram of the test sequences and identification of the application points for the tes{s
pecified are given in Figure 8.

A

Temperature
Q
T
=~

BPS or
PS closed

j
Operate
BPS or PS

N

Time
IEC

OTE Letters a through k identify application points of tests specified in 7.101.3.4.

Figure 8 — Test sequence for low temperature test
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If the low temperature test is performed immediately after the high temperature test, the low
temperature test can proceed after completion of item u) of the high temperature test. In this
case, items a) and b) in the following list are omitted.

a)

b)

The test BPS or PS shall be prepared and adjusted in accordance with the manufacturer's
instructions;

Characteristics and settings of the BPS or PS shall be recorded in accordance with 7.101.1.3
and at an ambient air temperature of 20 °C + 5 °C (T,). The tightness test (if applicable)

shall be performed according to 7.7;

With the BPS or PS in the closed position, the air temperature shall be decreased to the
appropriate, minimum ambient air temperature (7} ), according to the minimum ambient

temperature specified as given in 4.1.2, 4.1.3 and 4.2.4 of IEC TS 62271-5:2024. The BP
or PS shall be kept in the closed position for 24 h after the ambient air temperature 'stabilisgs
at 7 ;

During the 24 h period with the BPS or PS in the closed position at temperature 7|, |a

tightness test shall be performed (if applicable). An increased leakage' fate is acceptable,
provided that it returns to the original value when the BPS or PS is restored to the ambient
air temperature 7, and is thermally stable. The increased temporany ‘leakage rate shall not

exceed the permissible temporary leakage rate of Table 15 of IEC/TS 62271-5:2024;

After 24 h at temperature 7|, the BPS or PS shall be opened.,/closed and opened at rateld
values of supply voltage and operating pressure. The mechanical characteristics shall be
recorded and shall be within the manufacturer's specified tolerances;

The low temperature behaviour of the BPS or PS and\its alarms and lock-out systems shdll
be verified by disconnecting the supply of @ll heating devices, including also the
anti-condensation heating elements, for a durdtion #,. During this interval, occurrence of an
alarm is acceptable but lock-out is not. At the end of the interval ¢,, a closing order, at rated
values of supply voltage and operating’ pressure, shall be given. The mechanical
characteristics shall be recorded and shall be within the manufacturer's specified tolerances.

is still operable without auxiliary (power to the heaters. In the absence of such a statement,
the default value shall be equatlito 2 h;

The BPS or PS shall be opened and left in the open position for 24 h;

exceed the permissible temporary leakage rate of Table 15 of IEC TS 62271-5:2024;

At the end\of the 24 h period, 50 closing and 50 opening operations shall be made at rated
values of supply voltage and operating pressure with the BPS or PS at temperature 7. At

(O) and the first closmg operatron (C) three OC operatrng cycles shall be performed The
additional operations shall be carried out by performing O — 7, — C — ¢, operating sequences

(z5 is defined in Table 7);

After completing the 50 opening and 50 closing operations, the air temperature shall be
increased to ambient air temperature T at a rate of change of approximately 10 K per hour.

During the temperature transition period the BPS or PS shall be subjected to alternate O —
t,—C—-t,—0and C -1, -0 -1, — C operating sequences at rated values of supply voltage
and operating pressure. The alternate operating sequences should be carried out at 30 min
intervals so that the BPS or PS will be in open and in closed position for 30 min periods
between the operating sequences;
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After the BPS or PS has stabilised thermally at ambient air temperature T,, a recheck shall

be made of the BPS or PS settings. The mechanical characteristics shall be recorded and
shall be within the manufacturer's specified tolerances. The tightness test shall be repeated
as in item b) and the leakage rate shall remain within the limits stated in 7.7.

The accumulated leakage during the complete low temperature test sequence from item b)
to item j) shall not be such that lock-out pressure is reached (reaching alarm pressure is
allowed).

7.101.3.5 High temperature test

specified are given in Figure 9.

o

A

©

[0]

Q.

£

o

= BPS or
o p PS open

The diagram of the test sequence and identification of the application points for the tes{s

NOTE Letters | through u identify-application points of tests specified in 7.101.3.5.

T
—__
¥~

t

Operate
BPS or PS

BPS or PS
closed

Time
IEC

Figure 9 — Test sequence for high temperature test

temperature test gan proceed after completion of item j) of the low temperature test. In th
chse, items l).and m) below are omitted.

Iff the high temperature test is performed immediately after the low temperature test, the high

S

n)

0)

I)) The tést BPS or PS shall be prepared and adjusted in accordance with the manufacturer|s
instructions;

m).‘Characteristics and settings of the BPS or PS shall be recorded in accordance with 7.101.1 3
and ot on ol i ant ol fa At afon°cCc L £ o (T \ Th fiabtnace tact (f S nlinaohl )
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shall be performed according to 7.7;

With the BPS or PS in the closed position, the air temperature shall be increased to the
appropriate, maximum ambient air temperature (7), according to the upper limit of ambient
air temperature as given in 4.1.2, 4.1.3 and 4.2.4 of IEC TS 62271-5:2024. The BPS or PS

shall be kept in the closed position for 24 h after the ambient air temperature stabilises at
Ty,

During the 24 h period with the BPS or PS in the closed position at the temperature T}y, a

tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the BPS or PS is restored to the ambient
air temperature T, and is thermally stable. The increased temporary leakage rate shall not

exceed the permissible temporary leakage rate of Table 15 of IEC TS 62271-5:2024;


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |IEC 2024 - 117 —

p) After 24 h at the temperature Ty, the BPS or PS shall be opened and closed at rated values
of supply voltage and operating pressure. The mechanical characteristics shall be recorded
and shall be within the manufacturer's specified tolerances;

q) The BPS or PS shall be opened and not operated for 24 h at the temperature Ty;

r) During this 24 h period at temperature T}, a tightness test shall be performed (if applicable).

An increased leakage rate is acceptable, provided that it returns to the original value when
the BPS or PS is restored to the ambient air temperature 7, and is thermally stable. The

increased temporary leakage rate shall not exceed the permissible temporary leakage rate
of Table 15 of IEC 1S 6227 1-5:202%;

s) At the end of the 24 h period, 50 closing and 50 opening operations shall be carried-eut at
rated values of supply voltage and operating pressure with the BPS or PS at the temperature
Ty. An interval of at least 3 min shall be allowed for each cycle or sequence. The first closing

and opening operation shall be recorded. The mechanical characteristics shall\be recorded
and shall be within the manufacturer's specified tolerances.
Following the first closing or opening operation, three O — 1, — C operating cycles shall be
performed. The additional operations shall be carried out by performing O — ¢, — C —
operating sequences (¢ and 7, are defined in Table 7);

t) After completing the tests indicated in s), the air temperature shatl be decreased to ambient
air temperature Tp, at a rate of change of approximately 10°K/h.

During the temperature transition period, the BPS or PS,shall be subjected to alternate C |-
t,—0—-t;—Cand O -1, —C -1, — O operating sequences at rated values of supply voltage
and operating pressure. The alternate operating sequences should be carried out at 30 min
intervals so that the BPS or PS will be in the opeh and closed positions for 30 min periods
between the operating sequences;

u) After the BPS or PS has stabilised thermally~at ambient air temperature T, a recheck sh{ll

be made of the BPS or PS settings. The mechanical characteristics shall be recorded and
shall be within the manufacturer's specified tolerances. The tightness test shall be repeated
as in item m) and the leakage rate«shall remain within the limits stated in 7.7.

The accumulated leakage during'the complete high temperature test sequence from item |)
to item t) shall not be such that lock-out pressure is reached (reaching alarm pressure |[s
allowed).

7{101.4 Humidity test

71101.4.1 General

The humidity testydoes not apply to equipment which is designed to be directly exposed fo
pfecipitation «for'example primary parts of outdoor BPSs or PSs. The test shall be performed
oh BPSs or{PSs or on BPS or PS components, where due to sudden changes of the temperature,
cpndensation may occur on insulating surfaces which are continuously stressed by voltage.
This is mainly the insulation of the secondary wiring of indoor installed BPSs or PSs. The
huniidity test is also not necessary where effective means against condensation are provided,
far example control cubicles with anti-condensation heaters

Applying the test procedure described in 7.101.4.2, the withstand of the test object, primarily
BPS or PS components, to humidity effects, which may produce condensation on the surface
of the test object, is determined in an accelerated manner.

7.101.4.2 Test procedure

The test object shall be arranged in a test chamber containing circulating air and in which the
temperature and humidity shall follow the cycle given in the following paragraph:

During about half of the cycle the surfaces of the test object shall be wet, and dry during the
other half. To obtain this result the test cycle consists of a period ¢, with low air temperature
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(Trin = 25 °C = 3 °C) and a period ¢, with high air temperature (7,5, = 40 °C = 2 °C) inside the
test chamber. Both periods shall be equal in time. The generation of fog shall be maintained for
that half of the cycle (see Figure 10) in which the low air temperature is applied.
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Figure 10 — Humidity test
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temperature period. However, to wet the vertical surfaces of materials with a high thermal time
constant, it is allowed to start the fog generation later within the low air temperature period.

The duration of the test cycle depends on the thermal characteristics of the test objects, and
shall be sufficiently long, both at high and low temperature, to cause wetting and drying of all
insulation surfaces. In order to obtain these conditions, steam should be injected directly into
the test chamber or heated water should be atomised; the rise from 25 °C to 40 °C may be
obtained with the provision of heat coming from the steam or atomised water or, if necessary,
by additional heaters. Preliminary cycles shall be carried out with the test object placed in the
test chamber in order to observe and to check these conditions.
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For low-voltage components of BPS and PSs, usually having time constants smaller than 10 min,
the duration of the time intervals given in Figure 10 are: ¢4 = 10 min, #, = 20 min, /5 = 10 min

and ¢, = 20 min.

The fog is obtained by the continuous or periodical atomisation of 0,2 | to 0,4 | of water (with
the resistivity characteristics given below) per hour and per cubic metre of test chamber volume.
The diameter of the droplets shall be less than 10 ym; such a fog may be obtained by
mechanical atomisers. The direction of the spraying shall be such that the surfaces of the test
object are not directly sprayed. No water shall drop from the ceiling upon the test object. During
the fog generation the test chamber shall be closed, and no additfonar forced air-circutation |s
permitted.

he water used to create the humidity shall be such that the water collected in the test.chambegr
Bs a resistivity equal to or greater than 100 Qm and contains neither salt (Na€H nor any
brrosive element.

o - -

—

he temperature and the relative humidity of the air in the test chamber shall be measured in
he immediate vicinity of the test object and shall be recorded for the whole duration of the tesf.
o value of relative humidity is specified during the drop in temperature; however, the humidify
hall be above 80 % during the period when the temperature is majntained at 25 °C. The ajir
nhall be circulated in order to obtain uniform distribution of the humidity in the test chamber.

»w ==

The number of cycles shall be 350.

uring and after the test, the operating characteristics of the test objects shall not be affected.
his is proven by the dielectric withstand test on theauxiliary and control circuits in accordande
ith 7.2.11. The degree of corrosion, if any, shotld*be indicated in the test report.

= 40

~

101.5 Test to prove the operation under severe ice conditions

—

he test under severe ice conditions is,applicable only to outdoor BPSs or PSs having moving
kternal parts. The test shall be perfoermed according to IEC 62271-102:2018.

D

71102 Current commutation test

This test applies to BPSsrand LPSs. Currently no laboratory test procedures and test circui{s
afe available. Requirements for testing and test parameters will be added once TC 115 hag
provided more relevant data.

[

8 Routine tests

8|1 General

Thesroutine tests are for the purpose of revealing faults in material or construction. They do not
ihpair the properties and reliability of a test object. The routine tests shall be made Wherevlr
reasonably practicable at the manufacturer's’ works on each apparatus manufactured. By
agreement, any routine test may be made on site.

The routine tests given in this document comprise:

a) dielectric test on the main circuit in accordance with 8.2;

b) tests on auxiliary and control circuits in accordance with 8.3;

c) measurement of the resistance of the main circuit in accordance with 8.4;
d) tightness test in accordance with 8.5;

e) design and visual checks in accordance with 8.6.

Additional routine tests can be specified in the relevant IEC standards.
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When switchgear and controlgear is not completely assembled before transport, separate tests
shall be made on all transport units. In this event, the manufacturer shall demonstrate the
validity of this test (for example, leakage rate, test voltage, resistance of part of the main circuit).

Test reports of the routine tests are not required unless otherwise agreed upon between the
manufacturer and the user.

8.2 Dielectric test on the main circuit

[t . ‘ ,
aldry, short- duratlon direct voltage test may be applied. The test duratlon shall be 1 min~Thle
teést procedure shall be according to IEC 60060-1 and to 7.2, except that each pole or transpoft
upit shall be tested. For sealed pressure systems, the test shall be made at the filling.pressure
for insulation.

The test voltage shall be the rated direct withstand voltage divided by /2Cfor AC powel-
frequency tests or the rated direct withstand voltage for DC tests. The rated direct withstand
vpltages are specified in column 3 of Table 1.

When the insulation of switchgear and controlgear is provided only by'solid-core insulators an(d
ajr at ambient pressure, the voltage withstand test may be omitted if the dimensions betweegn
the conductive parts — across open switching devices and between conductive parts and the
frame — are checked by dimensional measurements.

Blases for the checking of dimensions are the dimensiofal (outline) drawings, which are part ¢f
the type test report (or are referred to in it) of thé particular switchgear and controlgeay.
Therefore, in these drawings all information necessary for dimensional checking including thle
permissible tolerances shall be given.

The dielectric test across the open contacts may be performed on the complete BPS or PS ¢r
oh single switching units, if the BPS or\PS is constructed by assembling identical switching
upits in series (see also Figure 7, where BPS1 and BPS2 consist of two series connected
switching units).

When performing dielectric tests on single units, the test voltage to be applied across eagh
ngle unit shall be that of\the most stressed unit. This test voltage is the higher fraction of thle
total withstand voltage with the BPS or PS in the open position and one terminal earthed. Thle
test voltage shall be applied to one side of the switching unit with the other terminal earthed.

n

Flor BPSs or PSs using compressed gas for insulation and/or switching, the gas pressure during
the dielectric.test, the main circuit shall be set at the minimum filling pressure for insulatign
ahd/or switching. For sealed pressure systems, the gas pressure shall be the filling pressure
far insulation and/or switching.

In case of BPSs or PSs usmg a gas mixture such as SF6/N2, the test may be performed using

SF6 at a total absolute pressure not exceedlng the equrvalent gas pressure (Ptest) as calculated
by the following equation (see Figure 4.1 of CIGRE TB 163 [3]): Rest = F5F, +0,7x Pygq N, - The

equation is valid for mixtures having at least 30 % of SFg gas volume (see note);

where

Piest is the total absolute SFg pressure at 7= 20 °C during routine dielectric test on the
main circuit;

Pgpg is the partial pressure of SFg at T'= 20 °C at the minimum functional pressure for

switching according to the declared gas mixture;
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PL4q N2 IS the partial pressure of N, at 7 = 20 °C at the minimum functional pressure for
switching according to the declared gas mixture.

NOTE See CIGRE TB 163 [3] for mixtures having less than 30 % SF.
8.3 Tests on auxiliary and control circuits

8.3.1 Inspection of auxiliary and control circuits, and verification of conformity to the
circuit diagrams and wiring diagrams

batings against corrosion shall be checked. A visual inspection is also necessary to check-th
htisfactory installation of the thermal insulation, if any.

»n O

>

visual inspection of actuators, interlocks, locks, etc., shall be made.

@)

omponents for auxiliary and control circuits inside enclosures shall be checked for proper
ounting. The location of the means provided for connecting external wiring’shall be checkeld
@ ensure that there is sufficient wiring space for spreading of the corés of multi-core cablgs
nd for the proper connection of the conductors.

©» = 3

—

he conductors and cables shall be checked for proper routing,«Special attention shall be given
¢ ensure that no mechanical damage can occur to conductors and cables due to the proximify
f sharp edges or heating elements, or to the movement of moving parts.

o =

=}

Furthermore, the identification of components and tepminals and, if applicable, the identificatio
of cables and wiring shall be verified. In addition, the ‘conformity of auxiliary and control circui{s
ta the circuit diagrams and wiring diagrams shallbe’checked.

3.2 Functional tests

8

Flunctional tests are specified, where relevant, in the relevant IEC product standards. Wheln
specified, they shall be made on all auxiliary and control circuits to verify the proper functioninlg
of auxiliary and control circuits in“conjunction with the other parts of the switchgear and
cpntrolgear. The test procedures 'depend on the nature and the complexity of the auxiliary and
cpntrol circuits of the device:

(@)

peration tests on auxiliary and control circuits, subassemblies and components may be
mitted if they havetbeen fully tested during a test applied to the whole switchgear and
bntrolgear.

O O

8{3.3 Verification of protection against electrical shock

rotection_against direct contact with the main circuit and safe accessibility to the auxiliary and
bntret equipment parts liable to be touched during normal operation shall be checked. The
Feferred method is by visual inspection.

T O T

Where visual inspection cannot provide confirmation of the electrical continuity of earthed
metallic parts, the alternative procedure defined in 7.3.3 shall be applied.

8.3.4 Dielectric tests

Only power frequency tests shall be performed. This test shall be made under the same
conditions as those detailed in 7.9.5.

The test voltage shall be 1 kV with duration of 1 s.
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8.4 Measurement of the resistance of the main circuit

This subclause is only applicable for mechanical switch parts.

For the routine test, the direct voltage drop or resistance of the main circuit shall be measured
under conditions as nearly as possible similar, with regard to ambient air temperature and points
of measurement, to those under which the corresponding measurement before the continuous
current test was made. The test current shall be within the range stated in 7.3.4.

T a_manciira drocictaonecn chall At Ay~ a1 2 x D EVVI=Y
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easured before the continuous current test.

b
[0}

3

In the case of assemblies, it is possible to calculate the expected resistance based onrelevant
type tests.

5 Tightness test

5.1 General

mbient temperature with the switchgear parts, components or subassemblies at or above the

8

8

Routine tests shall be performed to demonstrate the tightness criteria according to 6.16 at
iinimum functional pressure (or density) for insulation.

2]

5.2 Controlled pressure systems for gas

—

he test procedure corresponds to 7.7.2.

2]

5.3 Closed pressure systems for gas

—

he test may be performed at different stages of the manufacturing process or of assembling
h site, on parts, components and subassemblies.

(]

-n

or parts or subassemblies tested incfactory, the cumulative test is the preferred method.

-n

or gas-filled systems tested infactory, the probing test using a sniffing device may be used.
flany leak is detected, the.test shall be considered to be failed or the leak shall be quantified
y using a cumulative method.

o =

Flor routine tests at-site, the probing test using a sniffing device is the preferred method.

The sensitivity.of the sniffing device shall be at least 108 Pa x m3/s,

2]

5.4 Sealed pressure systems

)

epending on the insulation medium two situations are considered:

a) Switchgear and controlgear using gas
The preferred test procedure corresponds to 7.7.4, item a).

An alternative test procedure corresponds to the sealing tracer gas test with mass
spectrometer, refer to IEC 60068-2-17:1994.

b) Switchgear and controlgear using vacuum interrupters

The vacuum tightness shall be demonstrated by a dielectric test according to 7.2.11 carried
out after the mechanical routine test specified in the relevant product standards.
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8.5.5 Liquid tightness tests

Routine tests shall be performed at normal ambient air temperature with the completely
assembled switchgear and controlgear device. Testing of subassemblies is also permissible. In
this case, a final check shall be performed at site.

The test methods correspond to those of the type tests (refer to 7.7.5).

8.6 Design and visual checks

The switchgear and controlgear shall be checked to verify its compliance with the purchasle
specification, if any.

—

he following items shall be checked as applicable:

—| the language and data on the nameplates;

—| identification of any auxiliary equipment;

—| the colour and quality of paint and corrosion protection of metallic sGrfaces;
—| the values of the resistors and capacitors connected to the main‘circuit.

8101 Mechanical operating tests
Mechanical operating tests shall include the following:
a) at maximum supply voltage of operating devices and of auxiliary and control circuits and
filling pressure for operation (if applicable):
— five closing operations;
— five opening operations.

b) at specified minimum supply voltage of operating devices and of auxiliary and control circuifs
and minimum functional pressure forcoperation (if applicable):

— five closing operations;
— five opening operations.

c) at rated supply voltage ofjoperating devices and of auxiliary and control circuits and filling
pressure for operation.(if.applicable):

— five O - " - C operating cycles, where " is specified in 5.102.

Mechanical operating tests should be carried out on the complete BPS or PS. However, when
BIPSs or PSs are assembled and shipped as separate units, routine tests may be performed on
bmponents _according to 7.101.1.2. In such cases, the manufacturer shall produce |a

Q

Y
u
g

F

— measurement of operating times;

— where applicable, measurement of fluid consumption during operations, for example
pressure difference.

Proof shall be given that the mechanical behaviour conforms to that of the test object used for
type testing. For example, a no-load operating cycle, as described in 7.101.1.1, may be
performed to record the no-load travel curves at the end of the routine tests. Where this is done,
the curve shall be within the prescribed envelope of the reference mechanical characteristic, as
defined in 7.101.1.1, from the instant of contact separation to the end of the contact travel for
an opening operation and from start of movement to contact touch for a closing operation. See
also Annex D.
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Where the mechanical routine tests are performed on sub-assemblies, the reference
mechanical characteristics shall be confirmed to be correct, as above, at the end of the
commissioning tests on site.

If the measurement is performed on site, the manufacturer shall state the preferred measuring
procedure. If other procedures are used, the results can be different, and the comparison of the
instantaneous contact stroke may be impossible to achieve.

If applicable, the mechanical characteristics can be recorded directly, using a travel transducer

tg the contact system where there is a direct connection, and a representative image of-t
cpntact stroke can be achieved. The mechanical characteristics shall preferably be a contintoy
ciirve. Where the measurements are taken on site, other methods may be applied which*recor
ppints of travel during the operating period.

o »n Od

n these circumstances, the number of points recorded shall be sufficient to defive the time ti
hd contact speed at, contact touch and contact separation, together with the total travel time.

o)

fter completion of the required operating sequences, the following tests and inspections shgl
e performed (if applicable):

o >

—| connections shall be checked;

—| the control and/or auxiliary switches shall correctly indicate the open and closed positions
of the BPS or PS;

—| all auxiliary equipment shall operate correctly at the limits of supply voltage of operating
devices and of auxiliary and control circuits and/or pressures for operation.
Flurthermore, the following tests and inspections, shall be made (if applicable):

—-| measurement of the resistance of heaters (if fitted) and of the control coils;

—| inspections of the wiring of the control; heater and auxiliary equipment circuits and checking
of the number of auxiliary contacts; in accordance with the order specification;

—| inspection of control cubicle (electrical, mechanical, pneumatic and hydraulic systems);
—| recharging duration(s);
—| functional performance\of pressure relief valve of the operating mechanism;

—| operation of electrical, mechanical, pneumatic or hydraulic interlocks and signalling device$

—| operation of antispumping device;
—| general performance of equipment within the required tolerance of the supply voltage;
—| inspection-of earthing terminals of the BPS or PS.

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

9 4 o 1
o GeTIcial

Clause 9 gives general guidance on the appropriate selection of ratings and parameters
depending on the application to be covered by high-voltage switchgear and controlgear. A
summary of the considerations for specifying the ratings of switchgear and controlgear is
provided in Annex L (informative).

A BPS or PS suitable for a given duty in service is best selected by considering the individual
rated values required by load conditions and fault conditions.

The complete list of rated characteristics is given in Clause 5. The following individual ratings
are dealt with in this Clause 9.
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Type of rating and/or characteristics:

— Voltage, see 5.2;

— Insulation level (can be different to earth and across open contacts), see 5.3;
— Continuous current, see 5.4;

— Temporary current, see 5.4.101;

— Duration of short-circuit, see 5.5;

— Operating sequence, see 5.102.

or rated characteristics not dealt with in Clause 9, reference should, if applicable, be made IIo
lause 5 as follows:

o

O

ther parameters to be considered when selecting a BPS or PS are, for example:

Local atmospheric and climatic conditions, see 9.2.105;
Use at high altitudes, see 9.2.106;
Opening and/or closing time.

2 Selection of rated values

9

The rated values should be chosen in accordance with this- document having regard for thle
characteristics of the system as well as its anticipated future system development. A list ¢f
ratings is given in Clause 5.

or most of the rated voltages, several rated insulation levels exist to allow for application ¢f
fferent performance criteria or overvoltage patterns. The choice should be made considering
e degree of exposure to fast-front and slow:front overvoltage, the type of earthing of the
ystem and the type of overvoltage limiting devices. Other parameters, such as loc
mospheric and climatic conditions and the use at altitudes exceeding 1 000 m, should algo
e considered.

—~ 0o 7

O Q0 O

—

he duty imposed by fault conditions should be determined by calculating the fault currents at
he place where the switchgearand controlgear is located in the system.

—

©

2.101 Selection of rated voltage

—

he rated voltage of the'BPS or PS should be chosen so as to be at least equal to the highest
bltage of the system at the point where the BPS or PS is to be installed.

<

NOTE 1 Reference is made to Annex C for BPSs.

NPOTE 2 In some applications PSs are connected in series with a disconnector that always operates and with
short time-delay after PS, to reduce the duration of voltage stress across the open PS. For such applications, a lowgr
v

d

(]

lue of the rated direct voltage across the open PS can be chosen, whereby dielectric capabilities and creepag
stance across open switching device are reduced.

()

The rated voltages of a BPS or PS according 5.2.101 and 5.2.102 should be selected from the
values given in 5.2 of IEC TS 62271-5:2024.

9.2.102 Insulation coordination

The rated insulation level of a BPS or PS should be selected according to 5.3.

The values in the tables stated there apply to both indoor and outdoor BPSs and PSs. It should
be specified in the enquiry whether the BPS or PS is to be of indoor or outdoor type.
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The insulation coordination in an electrical system serves to minimise damage to the electrical
equipment due to overvoltages and tends to confine flashovers (when these cannot be
economically avoided) to points where they will cause no damage.

In accordance with IEC TS 60071-11 and IEC TS 60071-12 precautions should be taken to limit
the overvoltages on the terminals of the BPS or PS to stated values below the insulation level.

Where a BPS or PS is required for a position necessitating a higher insulation level, this should
be specified in the enquiry (see 10.101).

9/2.103 Selection of rated continuous current

The continuous current of a PS should be selected from the standard values given int5.4.

tfshould be noted that PSs have no specified continuous overcurrent capability. When selecting
PS therefore, the rated continuous current should be such as to make it suitable for any load
Lrrent that may occur in service. Where intermittent over-currents are expected to be frequent
hd severe, the manufacturer should be consulted.

QO Q

2.104 Selection of temporary current

=]

9

The temporary current of a BPS and its duration should be spécified by the user. The duratio
depends on the time it takes to close the by-pass disconnector. A typical value for the duratio
i 30 min.

=}

9/2.105 Local atmospheric and climatic conditions

—

he normal atmospheric and climatic conditions fer BPSs and PSs are given in Clause 4.

-

or outdoor BPSs and PSs, the atmosphectic conditions in certain areas are unfavourable due
¢ smoke, chemical fumes, salt-laden spray and the like. Where such adverse conditions afe
hown to exist, special consideration.should be given to the design of those parts of the BP

r PS, especially the insulators, normally exposed to the atmosphere.

o x =

he performance of an insulator in such atmospheres also depends on the frequency of washing
I cleaning operations andOn'the frequency of natural washing by rain. Since the performange
f an insulator under such conditions is dependent on so many factors, it is not possible to give
recise definitions of;normal and heavily polluted atmospheres. Experience in the area wherne
he insulator is to béwused is the best guide.

=T O O —

—

he manufacttirer should be consulted when the BPS or PS is to be located where the wind
beed exceeds 34 m/s.

n

n =

hould"be reached between manufacturer and user as to the ability of the BPS or PS to perfor
C'\rrnhfly under such conditions

fla BPS.or PS is to be located where an ice-coating exceeding 20 mm is expected, agreemerF

Where applicable, the seismic qualification level should be specified by the user.
Subclause 4.2.5 of IEC TS 62271-5:2024 should be taken into account.

For indoor installations, the humidity conditions are given in 4.1.2 e) of IEC TS 62271-5:2024.
When selecting the BPS or PS for service, it is recommended to indicate the cases where the
high values of humidity are expected and condensation can occur.

BPSs and PSs installed in indoor installations can be exposed to high ambient temperatures
and low humidity.


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |IEC 2024 - 127 —

For outdoor BPSs or PSs, the manufacturer should be consulted for any special service
conditions, for example when chemical fumes, aggressive atmosphere, salt laden spray, etc.,
are present.

9.2.106 Use at high altitudes

T

he normal service conditions specified in Clause 4 of IEC TS 62271-5:2024 provide for BPSs

and PSs intended for use at altitudes not exceeding 1 000 m.

F

—  ©

Q <=

—

k

—  ©

c T

©

w T
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9
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c

Slubclause 9.4 of IEC TS 62271-5:2024 is not applicable.

2.107 Operating sequence in service (not a rating)

he operating sequence of a BPS or PS is given in 7.102.

hen the operating sequence in service is more severe than that which is previded for in th|s
bcument, this should be specified by the user in their enquiry and/or ordef’in 'such a way that
e manufacturer can modify the rating of the BPS or PS appropriately.

2.108 Selection of rated duration of short-circuit

he standard value of rated duration of short-circuit is given in"§.5.4 of IEC TS 62271-5:2024|

or short-circuit durations greater than the rated duration,the relation between current and time,
hless otherwise stated by the manufacturer, is in accardance with the equation:

12 x ¢t = copstant

3 Cable-interface considerations

or connection to cables, the maximum temperature at the terminals at full continuous current
hould be below the temperature limits'of the cable insulation and cable termination.

4 Continuous or temporary overload due to changed service conditions

5 Environmentahaspects
5.1 Servicé conditions

elected switchgear and controlgear and its associated operating devices and auxiliafy
quipmentishould be designed and validated to comply with at least the specific servige
bnditions required by the user or appropriate arrangements should be made.

9

[5:2° Clearances affected by service conditions

Where clearances can be compromised by environmental related changes in the service access
level (for example accumulation of snow, sand, etc.) the use of increased clearances should be
considered.

9

F
o

T

.5.3 High humidity

or the normal service conditions present in 4.1.2 e), condensation can occasionally occur on,
r in, indoor switchgear and controlgear.

o withstand the effects of high humidity and condensation, such as breakdown of insulation or

corrosion of metallic parts, switchgear designed for such conditions should be used.
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Condensation can be prevented by special design of the building or housing, by suitable
ventilation and heating of the station or by the use of dehumidifying equipment. Other options
include heaters with thermostats/humidistat inside the switchgear.

High humidity can also be due to ground level rainwater or for cable-connected applications of
underground network applications from incoming cable raceways connected to switchgear.

9.5.4 Solar radiation

ventilation etc., should be taken, or derating can be used, in order not to exceed the specifigd
temperature and pressure rise limits. Tests with simulated solar gain can be used fo
demonstrate if measures or derating are required.

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

he intention of this clause is to define information, which is necessaty to enable the user ﬂo
ake an appropriate enquiry for equipment and to enable the supplier to give an adequate
tender.

3

n

urthermore, it enables the user to make a comparison and €evaluation of offers from different
Lippliers.

n

NIOTE The supplier can either be a manufacturer or a contractor.

=

hen enquiring about or ordering an installatioen® of switchgear and controlgear the followinlg
nformation as a minimum should be supplied\by the enquirer.

Annex L (informative) provides similar information items in a tabular form for ease of use.

—

p.2 Information with enquiries-and orders

—

he following information listed below, if applicable, should be given by the enquirer / user.

a) Particulars of the system as defined in Clause 3:

Nominal and highest voltage, normal current and maximum fault current. Unusual
characteristics(of'the system in which the equipment to be installed should be noted;

b) Service conditions if different from normal (refer to Clause 4):

Any condition deviating from the normal service conditions or affecting the satisfactoy
operation of the equipment.

o

In(this case high-voltage switchgear and controlgear and associated operating devices an
auxiliary equipment should be designed and validated to comply with any special servide

ol + ol 4l HP 3 4 | | PN al
CUTTUTOUTTS TCTUYUTTTU UY UTC USTT, UT appPTupPITatc aiTaityTTITeT S  STTUUTU DT TITautT.,

c) Particulars of the installation and its components:
1) indoor or outdoor installation;
2) unidirectional or bidirectional;
3) number of busbars, as shown in the single-line diagram;
4) rated direct voltage;
5) rated insulation level (Uyq, Uy, Us when applicable);

6) rated continuous currents of busbars and feeder circuits;
7) rated short-time withstand direct current (/,4);
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d)

8) rated peak withstand current (]pd);

9) rated duration of short-circuit (#,4) (if different from the preferred values given in 5.5.4);

10) rated values of components (e.g. for DCVTs or DCCTs in an assembly, for individual

functional units of an assembly.);
11) degree of protection for the enclosure and partitions;
12) circuit diagrams.

Particulars of the operating devices:

1 type of operating devices;

N

rated supply voltage (if any);

~ W

rated supply pressure (if any);

a

)

)

) rated supply frequency (if any);

)

) special interlocking requirements;
)

(e}

performance required).

In addition to these items the enquirer should indicate every condition which might influeng
the tender or the order, for example special mounting or installation"conditions, the location ¢f
the external high-voltage connections or any specific rules for'préssure vessels, requiremen
for cable testing and, if applicable, whether functionality shall be maintained after a seism
ejent or during and after a seismic event.

Information should be supplied if type test reports ofsany other conformity assessment relatg
dpcument are requested.

number of available auxiliary contacts required (the user shouldJstate the conta

e

S
C

o

When enquiring for or ordering a BPS or PS the following particulars should be supplied by thle

ehquirer:
particulars of systems, i.e. nominakand highest voltages;

b) service conditions including mitimum and maximum ambient air temperatures, altitude |if
over 1 000 m and any special conditions likely to exist or arise, for example unusual
exposure to water vapour, moisture, fumes, explosive gases, excessive dust or salt air (s€le
9.2.105 and 9.2.106);

c) characteristics of the'BPS or PS.

The following infoermation should be given:
Type of information Reference
) indoor or.gutdoor 9.2.105
P) voltage 9.2.101
B) insulation level: where a choice exists between different insulation levels corresponding to a 9.2.102
given rated voltage, or, if other than standard, the desired insulation level
(R atinuaouc Hrrant Q2 102
}—centintous—ecurrent 92493
5) temporary current 9.2.104
6) operating sequence 9.2.107
7) the type tests specified under special request (for example artificial pollution and radio 7.2.8,7.8
interference, etc.)
The following information should be given, if the required performance is other than standard
8) desired duration of short-circuit 9.2.108
The following information should be given in the case of applicability
9) any test exceeding the standardised type, routine and commissioning tests
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d) characteristics of the operating mechanism of BPS or PS and associated equipment, in

particular:

1) method of operation, whether manual or power;
2) number and type of spare auxiliary switches;

3) rated supply voltage and rated supply frequency;
4) number of releases for tripping, if more than one;
5) number of releases for closing, if more than one.

= -

a4 o

he enquirer should give information of any special conditions not included above, that’'migit
nfluence the tender or order.

D.3 Information with tenders

he following information listed below, if applicable, should be given by the manufacturer with
escriptive material and drawings.

IUqU;IUIIIUIItD L;UIIL;UIII;IIU t;lc usStc Uf L:UIIIPIUODUUI ydaos dlld IUqUiIUIIIUIItD fUI UIUDiHII dlluI tca o
of pressure vessels.

Rated values and characteristics as enumerated in item c) of 10:2"
Constructional features, for example:

1 mass of the heaviest transport unit;

N

overall dimensions of the installation;

w

arrangement of the external connections;

N

future extensions if applicable;

D O

mounting provisions;

~

)
)
)
)
) facilities for transport and mounting;
)
) accessible sides;

)

oo

instructions for installation,@peration and maintenance;

9) type of gas-pressure orAdiquid-pressure system;

10) filling level /pressureland minimum functional level / pressure;
11) volume or mass’of-fluid for the different compartments;

12) specification.of-fluid;

13) number of Whits in series, or, in parallel;

14) minimum’clearance in air and safety boundaries in operation;

15) any’special arrangements (cooling system, for example) to maintain the ratgd
characteristics of the equipment at the required temperatures of the ambient air.

Particulars of the operating devices:

M  types and rated values as enumerated in item d) of 10.2;

d)
e)

2) current or power for operation;

3) operating times.

List of recommended spare parts that should be procured by the user.
Any other document or information requested in the enquiry.

When the enquirer requests technical particulars of a BPS or PS, the following information
(those which are applicable) should be given by the manufacturer, with the descriptive matter
and drawings:


https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

IEC TS 62271-316:2024 EXV © |IEC 2024 - 131 —

a) rated values and characteristics:
Type of information Reference
1) indoor or outdoor, temperature, ice-coating 9.2.105
2) voltage 9.2.101
3) insulation level 9.2.102
4) rated continuous current 9.2.103
5) temporary current and duration 9.2.104
D) short-time withstand current 9.2.108
) operating sequence 9.2-407
B) opening time and closing time 6.104
D) the type tests specified under special request (for example artificial pollution and radio 7.2.8,7.8
interference, etc.)
The following information should be given if the required performance is other than standard;
0) rated duration of short-circuit 9.2.108
he following information should be given in the case of applicability
1) any test exceeding the standardised type, routine and commissioning tests
b) type tests:
certificate or report on request;
c) constructional features:
The following details are required where they.are applicable to the design:
1) mass of complete BPS or PS without fluids for insulation, switching and operation;
2) mass/volume of fluid for insulation,“its quality and operating range, including thle
minimum functional value;
3) mass/volume of fluid for switching (where different fluid to items 2) and/or 4)), its qualify
and operating range, including’the minimum functional value;
4) mass/volume of fluid for @peration (where different fluid to items 2) and/or 3)), its qualify
and operating range, including the minimum functional value;
5) tightness qualificatian;
6) mass/volume of fluids to fill to a level sufficient to prevent deterioration of internal
components.during storage and transportation;
7) number af units in series;
8) minimunT clearances in air:
£ )" to earth;
— the safety boundaries during a switching operation, for BPSs with an external
exhaust for ionised gasses or flame;
9) any special arrangements (for example heating or cooling) to maintain the rated
characteristics of the BPS or PS at the required temperatures of the ambient air;
d) operating mechanism of BPS or PS and associated equipment:

1) type of operating mechanism;

2) rated supply voltage and/or pressure of closing mechanism, pressure limits where
different to or expanding data required in c) 4) of 10.3;

3) current required at rated supply voltage to close the BPS or PS;

4) energy consumed to close the BPS or PS, for example measured as a fall in pressure;
5) rated supply voltage of closing and shunt opening release;

6) current required at rated supply voltage for closing and shunt opening release;



https://iecnorm.com/api/?name=4e73b970cca34508eedd996d7b496426

- 132 - IEC TS 62271-316:2024 EXV © |[EC 2024

7) number and type of spare auxiliary switches;
8) current required at rated supply voltage by other auxiliaries;
9) setting of high and low pressure interlocking devices;
10) number of releases for opening, if more than one;
11) number of releases for closing, if more than one;
e) overall dimensions and other information:
The manufacturer should g.ive the necessary inform'ation as regards t'he overall dimensions

General information regarding maintenance of the BPS or PS and its connections should Je

given.

—

1 Transport, storage, installation, operating instructions and maintenance

1M1.1 General

flis essential that the transport, storage and installation of switchgear-and controlgear, as weql
5 their operation and maintenance in service, is performed in accordance with instructions
ven by the manufacturer.

Q Q

onsequently, the manufacturer shall provide the appropriate version of the instruction manu
r the transport, storage, installation, operation and mainténance of switchgear and controlgear.
he instructions for the transport and storage should be*given at a convenient time beforne
elivery, and the instructions for the installation, operation and maintenance should be given
y the time of delivery at the latest. It is preferabte‘that the operation manual be a separafe
bcument from the installation and maintenance{manhual.

Qoo 430

o

fl is impossible, here, to cover in detail the complete rules for the installation, operation an
aintenance of each one of the different\fypes of apparatus manufactured, but the followin
nfformation is given relative to the most important points to be considered for the instruction
rovided by the manufacturer.

T 53
wn Q

-—

1.2 Conditions during transport, storage and installation

special agreement should-be made between manufacturer and user if the service conditions
f temperature and humidity defined in the order cannot be guaranteed during transport, storage
hd installation. Spgetial precautions can be essential for the protection of insulation during
ansport, storagecand installation, and prior to energizing, to prevent moisture absorption dug,
gr instance, to fain, snow or condensation. Vibrations during transport should be consideredl.
ppropriate instructions should be given by the manufacturer.

SO O >

>—h

Special packaging should be proposed by the manufacturer for long term storage of parts for
mainteénance needs according to customer specifications.

113 Instaltation
11.3.1 General

For each type of switchgear and controlgear the instructions provided by the manufacturer shall
include at least the items listed below.

11.3.2 Unpacking and lifting

Each complete equipment shall be provided with adequate lifting facilities and labelled
(externally) to show the correct method of lifting. The equipment shall be labelled (externally)
to indicate its maximum mass, in kg, when fully equipped. Special lifting devices shall be
capable of lifting the mass of each transport unit and special precautions shall be detailed in
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the installation manual (for example lifting brackets/bolts that are not intended to be left
outdoors shall be removed at site).

Required information for unpacking should be given.

11.3.3 Assembly

When the switchgear and controlgear is not fully assembled for transport, all transport units
should be clearly marked. Drawings showing assembly of these parts should be provided with

tr-n canitohanar oA ~Aontralan e
CowrtchgCor oo CortroTgtaT

11.3.4 Mounting

nstructions for the mounting of switchgear and controlgear, operating device and, auxiliafy
nquipment should include sufficient details of locations and foundations t0)“enable sife
Feparation to be completed.

T 0D

—

hese instructions should also indicate:

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

11.3.5 Connections

nstructions should include information on:

—| connection of conductors, comprising the .necessary advice to prevent overheating and
unnecessary strain on the switchgear andscontrolgear and to provide adequate clearande
distances;

—| connection of auxiliary circuits;

—| connection of liquid or gas systems, if any, including size and arrangement of piping;
—| connection for earthing;

—| auxiliary contacts available to the user.

11.3.6 Information about gas and gas mixtures for controlled and closed pressure
systems

Flor controlled and closed pressure systems filled with gas mixture, the percentage of the
djfferent gases and their associated tolerances shall be defined by the manufacturer taking in
apcount handling and uncertainty of measurement. Appropriate gas filling procedures are
defined inlEC 62271-4.

During_commissioning or maintenance, the maximum allowable humidity content within gas-
filled.switchgear and controlgear filled with gas at the filling pressure (density) for insulatign
nall be checked by dew point measurement. Appropriate correction factors shall be used for
measurements performed at temperatures other than 20 °C according to the manufacturer’s
instruction manual.

(2]

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

— -10 °C for equipment with adsorber material;

— -15 °C for equipment without adsorber material.

during commissioning or after maintenance for a measurement at filling pressure (density) for
insulation and at 20 °C.
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NOTE 1 These dew point values during commissioning are expected to give a dew point value lower than -5 °C
during service life, for a measurement at 20 °C.

NOTE 2 The measurement of the dew point is specified at a given temperature due to the possible exchange of
water between gas and solid materials when the temperature changes, which could change the measured value.

NOTE 3 An example of measurement and determination of the dew point is given in IEEE C37.122.5 [70].

11.3.7 Final installation inspection

Instructions should be provided for inspection

S

nd tests which should be made after the

mitehaanr oand ~ontera rhac h n-inctallad an vae-bhaan-—o atad
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hese instructions should include:

a schedule of recommended site tests to establish correct operation;

—

procedures for carrying out any adjustment that can be necessary to .obtain corre¢
operation;

recommendations for any relevant measurements that should be made and recorded to help
with future maintenance decisions;

a procedure for qualitative gas tightness test at site (sniffing test) on all field assembled
connections for closed pressure systems, reference is made to 8.5.3;

instructions for final inspection and putting into service.

uidance for electromagnetic compatibility site measurements is given in Annex M (informative).

1.3.8 Basic input data by the user
hese data should include:

access limitations to the local site;

local working conditions and any resttictions that can apply (for example, safety equipmen
normal working hours, union requirements for supervisor, manufacturer’'s and local
installation crew, etc.);

availability and capacity of liffing and handling equipment;
availability, number and experience of local personnel;

specific pressure vessel rules and procedures that can apply during installation and
commissioning tests;

interface requirements for high-voltage cables and transformers;
in the case of-extensions to existing switchgear and controlgear:

1) provisions for the extension available within existing primary and secondary equipment;

2) in<service conditions or operating restrictions that apply;
3)..safety regulations that locally apply.

1
T

9.9 basic input data by the manuracturer

hese data should include:

a) space necessary for installation and assembly;

b

) size and weight of components and testing equipment;

c) site conditions regarding cleanliness and temperature for clean installation and preparation

d
e
f)

area;
) number and experience of local personnel required for installation;
) time and activity schedules for installation and commissioning;

electric power, lighting, water and other needs for installation and commissioning;
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g) proposed training of installation and service personnel,;

h) in case of extension to existing switchgear and controlgear:
1) out-of-service requirements of existing components related to the installation schedule;
2) safety precautions.

i) gas filling procedure (mixed gases) and dew point verification, if necessary.

11.3.101 Commissioning tests

tests are recommended to be performed. The purpose of these tests is to confirm-~that

¢quired to confirm compatibility of the sub-components and the satisfactory naturefof both thle
s|te work and the functional characteristics dependent upon it.

n addition to the requirements of 11.3.102, a minimum of 50 no-load operations shall be
performed on site on the BPS or PS where major sub-assemblies are combined at site withouit
previous routine tests on the complete BPS or PS. These operations shall be performed aftér
apsembly, all connections and checks having been made and the programme of commissioninlg
tests having been completed. These operations may include deferred routine test operations
forming part of the commissioning programme only where<{they are made after all sit
djustments and tightness checks are complete. The purpose of these tests is to reduge
ofcurrences of maloperation and failure early in the operational life of the BPS or PS.

QD

he manufacturer shall produce a programme of, site commissioning checks and tests.
epetition of the full programme of routine tests{already performed in the factory, shall be
voided as the purpose of commissioning tests is/for confirmation of

0 -

QD

—| absence of damage;

—| compatibility of separate units;

—| correct assembly;

—| correct performance of the assembled BPS or PS.

n general, this is achieved when the commissioning tests include, but are not limited to, the
rogramme given in 11.3.102. The results of the tests shall be recorded in a test report.

©

—

1.3.102 Commissioning checks and test programme

—

1.3.102.1 Checks after installation

(0]

ubclause AHN3.101 requires the manufacturer to produce a programme of commissionin
necks andytests. This should be based on, but is not limited to, the programme of checks an
¢sts given in this document.

ko)
o «Q

11.3.102.1.1 General checks

— assembly conforms to manufacturer's drawings and instructions;

— tightness of BPS or PS, its fastenings, fluid systems and control devices;

— external insulation and, where applicable, internal insulation are undamaged and clean;

— paint and other corrosion protection are sound;

— operating devices, especially operating releases, are free from contamination;

— adequacy and integrity of the earth connection up to and including the interface with the
substation earthing system;

and, where applicable:

— record the number on the operations counter(s) at delivery;
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record the number on the operations counter(s) at completion of all site testing;
record the number on the operations counter(s) at first energisation.

11.3.102.1.2 Checks of electrical circuits

Q) =

(®)

G
8

1
1

—

Jompressed air Quality (if applicable) and pressure

11.3.102.1.4 Checks on operating fluid(s), where filled or added to on site

Hydraulic oil Level and, unless otherwise agreed, confitmation that the moisture content
is sufficiently low to prevent internal corrfesion or other damage to the
hydraulic system

Nitrogen Filling pressure and purity (for example oxygen free or 1 % tracer gas)

11.3.102.1.5 Site operations

required by 11.3.101.

Conformity to the wiring diagram.
Correct operation of signalling (position, alarms, lockouts, etc.).
Correct operation of heating and lighting.

+-3.462.4-3 Cheel £ thei tati y itehing-fuid{s)
il Type, dielectric strength (in accordance with IEC 60296), level

as Filling pressure/density, and quality checks, to confirm the acceptance.evels
of IEC 60376 and IEC 60480, as applicable. These quality checks"are nP
(o}

—

required on sealed equipment and new gas used from sealed) bottles.
dewpoint check and a check of the total impurities shall be’ carried out
confirm the manufacturer's acceptance levels

as mixtures Quality is to be confirmed prior to energisation

onfirmation shall be given that the programme of commissioning checks and tests required by
101 has been completed and, where*applicable, extended by the additional 50 operations

1.3.102.2 Mechanical tests_.and measurements

1.3.102.2.1 Measurements of the characteristic insulating and/or switching
fluid pressures (where applicable)

1.3.102.2.1.1 General

he measurements in 11.3.102.2.1.2 shall be taken in order to compare them with the valug
bth recorded.during the routine tests and guaranteed by the manufacturer. These values serve
5 the refefence for future maintenance and other checks and will enable any drift in operating
naracteristics to be detected.

[72)

hese measurements involve a check of the operation of the alarm and lockout devicds

(

1

ressure switches,; Tefays,; tramsducers,; etc: ) where appticabte:

1.3.102.2.1.2 Measurements to be taken

a) Where applicable, on rising pressure (density):

b

— the reset value of the closing lockout pressure;
— the reset value of the opening lockout pressure;
— disappearance of the low-pressure alarm.

) Where applicable, on dropping pressure:
— appearance of a low-pressure alarm;

— operating value of lockout pressure for opening;
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— operating value of lockout pressure for closing.
11.3.102.2.2 Measurements of characteristic operating fluid pressures (if applicable)
11.3.102.2.2.1 General

The following measurements (list to be adapted as necessary) should be taken, in order to
compare them with the values both recorded during routine tests and guaranteed by the
manufacturer. These values may serve as a reference during later checks (maintenance) and
will enable any drift in operating characteristics to be detected.

The measurements involve a check of the operation of the lockout or alarm devices (pressurle
vitches, relays, etc.).

(2]

—

1.3.102.2.2.2 Measurements to be taken

a) On arise in pressure with the pumping device (pump, compressor, controlled-valve, etc.) in
service:

— the reset value of the closing lockout;

— the reset value of the opening lockout;

— disappearance of the low-pressure alarm;
— cut-off of the pumping device;

— opening of the safety valve (if applicable).

OTE The measurements can be combined with the measurements of the recharging time of the operating
echanism (see 11.3.102.2.5.2).

b) On a drop in pressure with the pumping device ‘switched off:

32

— closing of the safety valve (if applicable);
— starting of the pumping device;

— appearance of the low-pressure alarm;

— lockout of the opening;

— lockout of the closing.

In the case of a hydraulic_control, the pre-inflation pressure of the accumulators should be
indicated together with the;ambient air temperature before the tests are performed.

11.3.102.2.3 Measurement of consumption during operations (if applicable)

With the pumping-“device switched off and the individual reservoir at the cut-in pressure of thle
pumping deviee, the consumption during each of the following operations or operating
sequences-should be evaluated:

—] O’
—] C,
- OC.

The steady-state pressure after each operation or operating sequence should be noted.

11.3.102.2.4 Verification of the operating sequence

The ability of the BPS or PS to perform its specified operating sequence should be verified. The
tests should be performed with the recharging device in service, with site supply voltage and,
if applicable, starting with the cut-in pressure of the pumping device, as in 11.3.102.2.3.

Evidence should be given to demonstrate the coordination between the interlocking device
intervention levels and the minimum pressures for operation measured during the rated
operating sequence.
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The site supply voltage is the on-load voltage available at the BPS or PS from the normal site
supply and should be compatible with the rated supply voltage of auxiliary and control circuits.

11.3.102.2.5 Measurement of time quantities

11.3.102.2.5.1 Characteristic time quantities
a) Closing and opening times, time spread

The following measurements should be made at maximum pressure (cut-off of pumping
device) and at the supply voltage of the auxiliary and control circuits, measured at the
terminals of the equipment and under typical load conditions of the supply voltage source

— closing time and when possible time spread of the switching units or groups of units;

— opening time and when possible time spread of the switching units or groups_of. units.
These measurements should be carried out for separate opening and closing-eperations.
In the case of multiple trip coils, all should be tested and the times recordedyfor each.

The supply voltage before and during the operations should be recorded) Furthermore, the
instant at which the control relay, if any, is energised should also be ‘recorded (relay ti
plus closing or opening time).

[]

b) Operation of control and auxiliary contacts

The timing of the operation of one of each kind (make and\break) of control and auxiliar
contacts should be determined in relation to the operatidn jof the main contacts, on closin
and on opening of the BPS or PS.

Q<

—

1.3.102.2.5.2 Recharging time of the operating.mechanism
a) Fluid-operated mechanism

The operation time of the pumping device (pump, compressor, control valve, etc.) should he
measured:

— between minimum and maximum:pressure (cut-in and cut-off of the pumping device);

— during the following operationster operating sequence, starting each time with minimumm
pressure (cut-in of the pumping device):

e C;
e O;
e OC.

b) Spring-operated.mechanism
The recharging-time of the motor should be measured at the site supply voltage.

—

1.3.102.2.6-Record of mechanical characteristics

s required by 8.101, a record can be made of the mechanical characteristics where the BPS
I PS'has been assembled for the first time on site or where all or part of the routine tests ane
e
n

A
0
p
r

7

.101.1.1.

11.3.102.2.7 Checks of certain specific operations
11.3.102.2.7.1 Closing at the minimum filling pressure for operation (if applicable)

With the pumping device out of service, the control pressure should be lowered as far as the
lockout value for closing and a closing operation should be carried out. The test should be
conducted at the supply voltage of the equipment. The supply voltage before and during the
operations should be recorded. The final pressure should be noted.
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In case of doubt, an alternative test to the one described above may be performed, starting with
a lower pressure than the minimum functional pressure for operation for closing (short-circuited
contact).

11.3.102.2.7.2 Opening at the minimum filling pressure for operation (if applicable)

With the pumping device out of service, the control pressure should be lowered as far as the
lockout value for opening and an opening operation should be carried out. The test should be
conducted at the supply voltage of the equipment. The supply voltage before and during the
operations should be recorded. The final pressure should be noted. There should be sufficient
hfety margin to the minimum functional pressure for closing.

n

n case of doubt, an alternative test may be performed, starting with a lower pressure than the
inimum functional pressure for operation for opening (short-circuited contact). It should the
e verified that closing operation is still possible.

o 3
=]

—

1.3.102.2.7.3 Check of anti-pumping device

easurement should be taken of the time during which the BPS or PS.remains closed on a CD
perating cycle or open after an OC operating cycle with the trip closg circuit energised by the
osing of the auxiliary contact.

O o ==

—

he test also allows checking of the anti-pumping devic€ ,operation and the absence of
alfunction for any mechanical, hydraulic or pneumatic. reasons, caused by the rapid
pplication of the opening or closing command.

Q3

he opening or closing command should be maintaihed for 1 s to 2 s so that the anti-pumpin
pvice can be checked for effective operation.

o o
«Q

P4

OTE A simplified anti-pumping test can also be executed, using the local control. In this case, a closing or opening
mmand is applied and maintained, while a consecutive opening or closing command is applied.

(@]

—

1.3.102.2.7.4 Behaviour on a .clesing (or opening) command while an opening (9r
closing) command is already present

ff should be verified that thetswitch meets the technical specifications in the presence of
osing (or opening) command when previously an opening (or closing) command is appli€
hd maintained.

D O
o

—

1.3.102.2.7.5 Application of an opening or closing command on both releases
simultaneously (if applicable)

=

ff can happen that both releases (normal and emergency) are energised simultaneously (d
rtually simultaneously).

<

-

Itf sHould be ensured that the operations are not subject to any mechanical, hydraulic d
preumatic inmterference, particutarty if the Teteases do not operate at the same tever.

11.3.102.3 Electrical tests and measurements
11.3.102.3.1 Dielectric tests

Dielectric tests on auxiliary circuits shall be performed to confirm that transportation and storage
of the BPS or PS have not damaged these circuits. However, it is recognised that such circuits
contain vulnerable sub-components and the application of the full testing voltage for the full
duration can cause damage. In order to avoid this, and to avoid the temporary removal of proven
connections, the supplier shall detail the test process that demonstrates that damage has not
occurred as well as the method of recording the results from this test process.
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For dielectric tests on the main circuit of metal-enclosed switchgear and controlgear,
IEC 62271-200 and IEC 62271-203 are applicable.

11.3.102.3.2 Measurement of the resistance of the main circuit

Measurement of the resistance of the main circuit is only required if switching units have been
assembled on site. The measurement shall be made with a direct current in accordance with
8.4 of IEC TS 62271-5:2024.

14— e instrueti

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

—

=

—| a general description of the equipment with particular attention to the technicaldescriptig
of its characteristics and operation so that the user has an adequate understanding of the
main principles involved;

o

—| a description of the safety features of the equipment and the operation of.the interlocks an
padlocking facilities;

—| asrelevant, a description of the action to be taken to manipulate the equipment for operatig
isolation, earthing, maintenance, and testing;

=}

—| as relevant, measures against corrosion should be given.
11.5 Maintenance

In addition, the manufacturer should give information regarding the maintenance of BPS or PSs
following

switching operations;

operations in normal service.

his information should include the number of operations according to items a) and b) aftgr
hich the BPS or PS is to be overhauled.

=4 T 9

=)

Sljubclauses 11.5.1 to 11.5.5 of [IEC TS 62271-5:2024 are applicable. The checks required
11.3.102.1 apply.

11.5.1 General

—

he effectiveness ofimaintenance depends mainly on the way instructions are prepared by the
manufacturer and'implemented by the user.

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

=

hereapplicable, the following information shall be provided by the manufacturer:

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

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

The manufacturer should be responsible for ensuring the continued availability of spare parts
required for maintenance for a period of not less than 10 years from the date of final
manufacture of the switchgear and controlgear.

The manufacturer should inform the purchasers of a particular type of switchgear and
controlgear about corrective actions required by systematic defects and failures detected in
service.

The manufacturer’s maintenance manual should include the following information listed below.
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a) Extent and frequency of maintenance. For this purpose, the following factors should be
considered:

1) switching operations (current and number);
2) total number of operations;

3) time in service (periodic intervals);

4) environmental conditions;

5) activity after a seismic event (if applicable);
6—measurementsanmd—diagnostictests(ifany)-

b) Detailed description of the maintenance work:

1) recommended place for the maintenance work (indoor, outdoor, in factory, on sité/etc.);

2) procedures for inspection, diagnostic tests, examination, overhaul;

3) reference to drawings;

4) reference to part numbers;

5) use of special equipment or tools;

6) precautions to be observed (for example cleanliness and possible effects of harmful
arcing by-products);

7) lubrication procedures.

c) Comprehensive drawings of the details of the switchgear and controlgear important for
maintenance, with clear identification (part numbervand description) of assemblies,
subassemblies and significant parts.

NOTE Expanded detail drawings which indicate the rglative position of components in assemblies arnd

slibassemblies are a common illustration method.

d) Limits of values, which can be measured,'during operation or routine maintenance an(d
tolerances which, when exceeded, make corrective action necessary, for example:

1) pressures, density levels, gas mixtures tolerance;

2) insulating liquid or gas characteristics;

3) quantities and quality of liquid or gas (see IEC 60480 and IEC 62271-4 for SFg);
4) dew point inside gas-filled switchgear compartment according to 11.3.6;

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

6) operating times;

7) permissible erosion of parts subject to wear;

8) torques;

9) impértant dimensions.

e) Specifications for auxiliary maintenance materials, including warning of known nof-

compatibility of materials:

1) grease;

2) oil;

3) fluid;

4) cleaning and degreasing agents.

f) List of special tools, lifting and access equipment.

g) Tests after the maintenance work.

h) List of the recommended spare parts (description, reference number, quantities) and advice

for storage.

Estimate of active scheduled maintenance time, carried out in accordance with an
established time schedule.
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How to proceed with the equipment at the end of its operating life, taking into consideration

environmental requirements.

11.5.4 Recommendations for the user

If the user wishes to perform maintenance, the maintenance manual of the manufacturer should
be followed.

The user should record the following information:

1

353

-

o -

_|

>

the serial number and the type of the switchgear and controlgear;
the date when the switchgear and controlgear is put in service;

the results of all measurements and tests including diagnostic tests carried out during th
life of the switchgear and controlgear;

dates and extent of the maintenance work carried out;

the history of service, periodical records of the operation counters and other indications (fc
example short-circuit operations);

references to any failure report.

anufacturer by stating the special circumstances and measures’taken. Depending upon t
pture of the failure, an analysis of the failure should bg ymade in collaboration with t
anufacturer.

case of failures and defects, the user should make a failure~report and should inform ta

1.5.5 Failure report

he purpose of the failure report is to standardize the recording of the switchgear an
bntrolgear failures with the following objectives:

to describe the failure using a common'4erminology;

to provide data for the user statistics;

to provide a meaningful feedback-to the manufacturer.

he following gives guidance on-how to make a failure report.

failure report should include the points listed below.

Identification of the switchgear which failed:
1) substation name;
2) identification of the switchgear (manufacturer, type, serial number, ratings);

3) switechgear technology (mechanical switching device, power electronic DC circui
breaker, hybrid DC circuit-breaker, vacuum, SFg, gas mixture, etc.);

4), location (indoor, outdoor);

b

5) enclosure;

6) drive mechanism, if applicable (hydraulic, spring, motor, manual).
) History of the switchgear:

1) date of commissioning of the equipment;

2) date of failure/defect;

3) total number of operating cycles, if applicable;

4) date of last maintenance;

5) details of any changes made to the equipment since manufacture;

6) total number of operating cycles since last maintenance;

o

=

e
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7) condition of the switchgear when the failure/defect was discovered (in service,
maintenance, etc.).

c) ldentification of the subassembly/component responsible for the primary failure/defect:
1) high-voltage stressed components;
2) electrical control and auxiliary circuits;
3) drive mechanism, if applicable;
4) other components.

dy—Stressespresumed-tocontributetothefattoretdefect:

1) operation mistake or misuse of the equipment;

2) environmental conditions (temperature, wind, rain, snow, ice, pollution, lightning;-étc.)
e) Classification of the failure/defect:

1) maijor failure;

2) minor failure;

3) defect.

f) Origin and cause of the failure/defect:

1) origin (mechanical, electrical, tightness if applicable);

2) cause (design, manufacture, inadequate instructiops, “incorrect mounting, incorregt
maintenance, stresses beyond those specified, etc,);

3) operation mistake or misuse.

g) Consequences of the failure or defect:

1) switchgear down-time, which is time intergaMuring which an item is in a down state;
2) time consumption for repair;

3) labour cost;

4) cost of spare parts.

>

failure report can include the following information:

—| drawings, sketches;

—| photographs of defective-Components;

—| single-line station diagram;

—| operation and timing sequences;

—| records or plots;

—| references:;to maintenance or operating manuals.

11.101_"Resistors and capacitors

hen checking resistors and capacitors, permitted variations of the values should be given.

CIGRE TB 368 [4].

12 Safety

Any known chemical and environmental impact hazards should be identified in the
handbook/manual of the BPS or PS.

12.1 General

High-voltage switchgear and controlgear, complying with the applicable IEC standards, can be
considered safe when installed in accordance with the relevant installation rules including
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instructions provided by the manufacturers and used and maintained in accordance with the
manufacturer's’ instructions (see Clause 11).

High-voltage switchgear and controlgear is normally only accessible by instructed persons.
Performing operations and maintenance is only allowed to skilled persons. When unrestricted
access is available to switchgear and controlgear, additional safety features should be required.

High-voltage switchgear and controlgear in accordance with IEC offers a high level of safety
with regard to external effects that might harm personnel, mainly because the high-voltage parts
can IUU DUIIUUII\.}CL} IUy all UIIb:UbUIU. chcltilcicaa, :Ilyil MUWCTI Uqu;plllcllt, vdall bUIII}JI;DU Ul
pptential risks, some examples are:

—| the enclosures, if any, can be pressurized with gas;

>

—| pressure-relief devices can open due to exceptional conditions, e.g. resulting’ from
internal arc. In extreme circumstances, the arc can burn through the enclosures.” Both result
in the sudden release of hot gas;

—| sudden events, which are in themselves with low risk to humans, can alarm personnel and
lead to accidents (for example, a fall);

—| commissioning, maintenance and extension activities can requife special attention due fo
the complexity of the equipment and its internal parts which are‘mostly not visible.

m

xperience has shown that human error is a factor that shall be considered (for example, closin
h earthing switch on an energized conductor).

oY)
Q@

1R2.2 Precautions by manufacturers

—

he following list provides examples of precautiansvusually implemented by manufacturers.

=4

—| design and test pressurized enclosuresipressure relief devices and relevant switchgeg
elements to international established standards;

—| provide adequate and easy means to‘check interlocking systems (the most reasonable way
to avoid human error);

—| explain safe operation of the “switchgear and controlgear clearly in instruction manual$.
Explain precautions to prevent improper operation and the consequences of impropgr
operation;

—| provide the user and/ot contractor with appropriate information related to design of the
surrounding area,possibly ventilation and gas detection information, to minimize personng
risks in case a failure occurs;

—| provide safe(procedures for dismantling and disposal.
1R2.3 Precautions by users

The foltlewing list provides examples of precautions that can be taken by users:

—| ~limit access to the installation to people who are trained and authorized,;

— keep operators and other personnel instructed regarding risks and safety requirements
including local regulations;

— keep switchgear and controlgear maintained and up to date in terms of technical standards,
especially interlocking and protection devices;

— use remote control and have the interlocking system working as intended;

— select equipment that minimizes the risk to personnel from improper operation (for example
earthing switches with short-circuit making capacity on lines, motor actuators to allow
remote operation);

— coordinate the protection system with product properties (for example, do not reclose on
internal faults);
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prepare earthing procedures considering the difficulty of referring to and understanding the
complex arrangement and operation of the switchgear and controlgear. Depending on the
configuration of the DC system, monopolar or bipolar, and type of switch, one or both of the
terminals of the switchgear and controlgear can be connected to one pole or neutral
conductor of the system. For reliable protection of personnel and equipment, the protective
earthing of the switchgear and controlgear shall be achieved through connecting the
earthing point provided by the switchgear and controlgear to the system earth (see 6.3 for
earthing point);

label equipment clearly for easy identification of individual devices and gas compartments.

m

[ lw]

specially during maintenance, repair or extension work:

o

ensure that maintenance, repair and extension work is carried out only by qualified an
trained personnel;

prepare a safety and protection plan for the work. Indicate who is responsible for planning,
implementing and enforcing safety and protection measures;

check interlocking and protection devices before starting;

pay special attention to manual operations, especially when the switchgear and controlgear
is energized;

inform personnel who can be near the switchgear and controlgear before operating the
equipment (for example, a horn or flashing light);

mark emergency exits and keep passages clear of obsiructions;

instruct the people involved how to work safely in a switchgear and controlgear environment
and what to do in an emergency.

3 Influence of the product on the environment

ocumentation shall include the following relévant information about the environmental impa¢

f the switchgear:

When fluids are used in switchgear and controlgear, instructions shall be provided in ordgr

to allow the user to:
1) minimize the leakage rate as far as is practicable;

2) control the handling.ef the new and used fluids. IEC 62271-4 is referred to gases fq
insulation and/or switching.

Instructions congcerning disassembly and end-of-life procedures for the different materia
of the equipmént and indicate the possibility to recycle.

=
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Annex A
(informative)

Examples of HVDC side switchgear arrangement
for one pole in an HVDC substation

This annex provides examples of HVDC side switchgear arrangement for one pole in an HVDC
substat|on The upper side of Flgure A.1 shows an example for LCC, whereas the bottom side

pnfiguration. In addition to the switching devices shown in Figure A.1, there is a switching

s
c
device called paralleling switch used for multiterminal HVDC systems. For the details\of the
purpose or usage of each switch, references can be made to CIGRE Technical Brochure 683
[12], IEC 60633 and IEC TS 63014-1 [66].
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Voltage Sourced Converter (VSC)
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- Filter Disconnector CES Converter Earthing Switch
5D Substation Disconnector SES Substation Earthing Switch
ImY L ImH ts DDLCC Dol D Uall = tlo [« H PN Y
LB Hre-Bisconneetot RPRES—ReoteRearaleling-FEarthing-Switeh
PLD Pole Line Disconnector NBS Neutral Bus Switch
LND Line to Neutral Disconnector MRTS Metallic Return Transfer Switch
NBD Neutral Bus Disconnector ERTS Earth Return Transfer Switch
NBED Neutral Bus Earthing Disconnector BPS Bypass Switch
ELD Electrode Line Disconnector HSES High Speed Earthing Switch
SPPD  Substation Pole Paralleling Disconnector CB Circuit Breaker

PLES Pole Line Earthing Switch

Figure A.1 — Example of HVDC side switchgear arrangement
for one pole in an HVDC substation
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Annex B
(informative)

Exposure to pollution

B.1 General

T

he quality of ambient air with respect to pollution by dust, smoke, corrosive and/or flammable

9
G
a

T

-5 C

f
B

M

—_—

i

B

hses, vapours, or salt is a consideration under normal and special service conditions (refer fo
lause 4). This annex defines recommendations for the minimum specific creepage distange
cross external insulation.

= ~

sed for AC. In particular no discrete site severity classes are used, but instead-a direct transf
om corrected site pollution severity to necessary USCD is employed. Reference is made
EC 60815-4.

he approach for DC insulator design and selection with respect to pollution is different to th;

.2 Minimum requirements for switchgear in normal service condition

=

outdoor normal service condition RUSCDDC of 60 mm/kV is often used for non-HT
sulators and 45 mm/kV is often used for HTM insulatorsz,in/indoor normal service conditign
ith uncontrolled environment (for example in indoor DCyafd) RUSCDDC between 20 mm/kV
hd 30 mm/kV satisfies the performance. Reference isgyade to IEC 60071-11:2022.

FC TS 60815-4:2016 gives information how {0 ‘ealculate USCD and to check the profile
Brameters.

.3 Minimum requirements for switchgear in special service condition

indoor clean and controlled (valve hall) environment with humidity control RUSCDDC of
4 mm/kV is widely used. Reference is made to IEC 60071-11:2022.

or the other cases of special service condition (for example outdoor offshore and costal area
stallation), IEC TS 60815-4:2016 gives information on how to determine RUSCDDC.

FC TS 60815-4:2016 gives information on how to calculate USCD and to check the profile
Brameters.
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Annex C
(informative)

Preferred insulation levels for rated voltages lower than 105 kV

For possible future development of this document, and due to the lack of applications or
products, the following preferred insulation levels for rated voltages lower than 105 kV are given
as an indication. These values have been derived from pilot projects, products and values from
CIGRE Technical Brochure 793 [74].

Table C.1 — Preferred insulation levels for rated voltages lower than 105 kV.

Typical Rated Rated direct withstand voltage Rated lightning impulse

System direct Uyq withstand voltage

direct voltage U,

voltage Uy kV

Utyp.d v kV,
KV Pole-to-earth, Pole-to-earth and Across the

(NOTE 1) Across open switching device across open isolating distance?
and/or isolating distance switching device
(NOTE 2) (NOTE 3)

(1) (2) (3) “4) (5)
6 6,3 15 40 40(+6,3)
12 12,5 25 75 75(+12,5)
20 21 40 125 125(+21)
30 31,5 55 185 185(+31,5)
50 52,5 90 250 250(+52,5)
70 73,5 125 325 325(+73,5)

NOTE 1 The rated direct voltage U, takeg\into account 5 % of ripples and harmonics to the typical system
direct voltage, based on that the ripples@nd harmonics are in the range of 2 % to 5 % of the typical system
direct voltage. Reference is made to CIGRE Technical Brochure 684 [73] and the nominal voltage is referred
to IEC 60071-11:2022.

NOTE 2 For MVDC systems, the pole-to-earth over-voltage are limited to 1,7 times the rated voltage of the
MVDC system, reference is.made to CIGRE Technical Brochure 793 [74].

NOTE 3 The values for AC switchgear in IEC 62271-1 are referred to due to lack of sufficient data for DC
switchgear.

2 In column (5), yalues in brackets are the rated direct voltage applied to the opposite terminal (combined
voltage). Ror.multiterminal systems, where the full direct voltage can occur at the opposite terminal, the
100 %, rated direct voltage shall be applied. For two-terminal systems, where no higher values can occur
at the.opposite terminal, the value of 10 % of rated direct voltage is chosen.

Witlistand values given in Table C.1 cover the application of switchgear and controlgear under
normal service conditions defined Iin 4.1 including altitudes from sea level up to 1 000 m.
However, for testing purposes to verify a rating or capability, they shall be considered as
insulation values at the standardized reference atmosphere temperature (20 °C), pressure
(101,3 kPa) and humidity (11 g/m3) specified in 5.9.2 of IEC 60071-1:2019. For special service
conditions, refer to IEC TR 62271-306 [62].

NOTE 1 The normal environmental conditions and the standard reference atmospheric conditions are currently not
stated in IEC 60071-11:2022. In terms of these conditions 5.9.1 and 5.9.2 of IEC 60071-1:2019 are applied in this
document.

NOTE 2 The insulation levels in Table C.1 are considered being applicable in the temperature range of -40 °C up
to 40 °C for DC systems. Reference is made to IEC 60071-1:2019, 5.9.1 for AC systems,
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Annex D
(informative)

Short-circuit current in HVDC systems

D.1 VSC HVDC

Figure D.1a) shows considered 2-terminal VSC HVDC under DC fault, and Figure D.1b) shows
the diode bridge discharge circuit once AC CB opens. It is assumed that the fault is cleared,Hy
AC back-up protection. The worst case DC fault current occurs for DC fault at zero cable lenhgth.

AC. 3d PCC ki
’ Rac  Xac g
Vac ACCB Ty

= -fails
Xam \—I———l

IEC

YYY\—o
D Dy Ds e Lcable
Larm Larm Larm

]
Larm Lam Larm
Dy Dg Dg

Lg = Legple + 2/3Lgm
IEC

b) Circuit for determining discharge time constant

Figure D.1 — VSC HVDC under worst-case, pole-pole DC fault

The diode-bridge current feed is supplied from AC system with RMS line voltage 7., through
uivalent AC grid impedance of resistance R, and reactance X, (X,. = 2nfL,.) transformgr
of stepping ratio k; and reactance X;, VSC as diode bridge and DC fault path. Neglecting circuit

resistance, and assuming the DC voltage under fault is 0,05-0,1 pu, the DC fault current can be
approximated as (see [77]):

D

6V /(41 3)

”\/(Rac )2 +(Xac + X4 +kt2Xarm/2)2

If = (D.1)

The impact of AC system frequency f'is reflected in X,
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The rated duration of short circuit (#,4) is expressed as:

t t+LS (D.2)
kd =k t—— .
Ry

Where ¢, is the duration of diode bridge current feed that is the interval of time from the fault
until AC CB opens, which is determined by back-up protection and typical value is 7, = 0,5s. Lg

and PI. are the imlnnrlanr‘n and rpeiq’rnnr‘p, rnqppr‘ti\/ply inthe DC fault current pnfh after AC C

opens.

0.2 LCC HVDC

Figure D.2 shows the considered LCC HVDC under a DC fault. Normally(-LCC convertgr
r¢sponds rapidly to DC fault using one of redundant LCC converter controllers (see Table 9 of
16]). The LCC converter responds to nearby DC fault in the station by blockihg and bypassing.
his results in rapid LCC converter DC voltage reduction and application 'of negative DC voltage
hat leads to DC fault current extinction in 10 ms to 20 ms. A thyristor’failure does not affe¢t
CC converter operation because, they fail in short circuit and there)is a number of redundant
hyristors in each valve.

~ = 4

o

n Figure 2b) the LCC converter responds to nearby DC<fault in the station by blocking an
ypassing. This is self-protection LCC mechanism for extreme DC currents.

O

—

he rated duration of short circuit (,4) is expressed as:

L

Ikd :R_: (D.3)

=

here Ly and R; are the impedance and resistance, respectively, in the DC fault current path
fter LCC bypass, which resemblés the circuit in Figure D.1b).

QD

I
sD dc

I_E:MI__—I
ACSP gy, 1°C ki
® 1
“ LCcC - I I

operates

IEC

Lé

D.3 Special case of LCC HVDC DC faults — LCC as diode bridge

Figure D.3 shows the special case DC fault with LCC HVDC that can give much higher DC fault
current. This case is based on the following assumptions:

— DC fault occurs on the valve-side of DC smoothing inductor, like for example inadvertent
operation of bypass switch.

— The LCC converter is forced to operate as a diode bridge, to reduce semiconductor voltage
stresses. This is self-protection LCC operating mode for extreme DC currents.
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The diode bridge current feed is determined as:

60/ (13)
,TJ(R“ P (Koo 1)

The preferred value for the rated peak withstand current is 1074.

Iy = (D.4)

—

he preferred value for rated duration of short circuit is 0,5 s.

—

he time to peak short circuit current is 0,01 s.

>

n alternative value higher than above may be chosen.

AC 30 p  y PCC Jy

" | @
V.
ac AC CB X;

= - fails I I
LCC

- diode bridge EC
a) Circuit diagram
SA Ing
::; T ’ T T T T T T
LCC"as diode bridge
I ! hnnh AC CB opens. 1
I /
U u V VAVA‘JAVAVAV‘ VAR
Irg
[pd L‘
- i f 1
—»—4—[ Tk
I T T T o | | -
Time

IEC
b) Typical DC fault current I4c response

Figure D.3 — Special case LCC HVDC under worst-case, pole-pole DC fault
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D.4 HVDC systems with DC circuit-breakers

Figure D.4 shows the considered DC system with Line Disconnector (LD) under short-time DC
fault current. The Station Disconnector (SD) shall be considered under the circuit in Figure D.1.
It is assumed that the fault is cleared by back-up protection (DC CB on adjacent DC lines and
AC CBs). The typical value for operating time of AC CB is #, = 0,05 s in this case. Figure D.5

shows the assumed simplified DC CB model (see [77]).

VSC

pPCC
AC, 39
Y Rac  Xac Ii;
V.
o ACCB

DC CB - operates

AC 30 gy PCC
V.
ac |AC CB- X %%

= operates

DC CB - operates

VSC

AC, 30 PCC
’ Rac  Xac
ACCB %%

N IEC

KRigure D.4 — HVDC system with DC circuit-breaker under worst-case, pole-pole DC fault

(&}
= Ipd
DC CB
L N
|
. | M - =] _I W/ |,
source | «SA % Jed | SA—\i
e VdcT ] 0 S S " Time

‘ Fauit ttosed—open
IEC

Figure D.5 — DC circuit-breaker simple model

The slope of DC line current rise will be the sum of currents slopes on each DC line:
SL Z(Sp»] + sz +Sp3) (D5)

Where S, Spp and Sy3 are slopes of current rise on each of the 3 DC lines.

p1
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Assuming that 7.4 = 0, and V4. = constant, the fault path resistance is zero, and the total

impedance in the fault path is L, the positive slope is defined, using the above DC CB model,
the base value for positive slope (Sp) is Vyc/L: The slope Sp2 will be the largest as only one

inductor (L) is placed in the current path. Because of voltage drop during the current rise interval,
and considering back-up protection time, typical value for slope of the local current is

v v
0,1BC .5 <0,5-2C D.6
L P L (0-6)

=

hereas the slope on remaining DC lines will be lower:

14 14
0,05-2¢ < 5,4 <0,3-2 (D.1)
L L
The rated duration of short circuit (#,4) is expressed as:
. L+ Lg D.8
kd =% (D.8)

=

here L+Lg and R; are the impedance and resistance, respectively, in the fault current path
fter AC circuit-breaker opens, and L is defined as in Eigure D.1b).

QD

0.5 Calculation of the rated short-time.withstand direct current

—

he value of the rated short-time withstand direct current (f4) is obtained by the following
formula.

here E; is Joule integradl value as calculated in D.6. This means that I, 4 is the equivalent RMS
hlue of the short-cireuit-current in Figure 2, as shown in Figure D.6.

< =

A

Current

Fault Ik

0 tid Time
IEC

Figure D.6 — Equivalent fault current for calculation of
rated short time withstand direct current
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D.6 Calculation of Joule integral value (E))

Joule integral value is obtained by calculation as E;= [12d¢ based on relevant waveform indicated

in Figure 2a), 2b), 2c). Based on the simplification of the waveforms in Figure 2, the following
values for Joule integral are recommended:

fkd — 4
— For the circuit in Figure 2a), Ej= Ifztk +1f2 kd__k

where the preferred vailue or duration ol the diode bridge current teed (7, ) Is U,0'Ss,

4
-| For the circuit in Figure 2b), E;= §d% ;

where the preferred value of the duration of time to peak short-circuit current (tpd) is 0,07 §;

]
—| For the circuit in Figure 2c), Ej= Ifztk +I§d%

—| For the LCC special case circuit, Ej = Ifztk

where the duration of time to peak short-circuit current (tpd) ranges typically from 0,002 sjo

0,01 s, depending on the operating time of DC CB and protection (or back-up protection)
time. For the purpose of calculation of the necessary/thermal withstand capability of t
switchgear or controlgear, it should be 0,01 s, considéring time to back-up protection.
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References for auxiliary and control circuit components

Table E.1 is provided as a quick reference to many of the component standards. The latest

editions should be used.

Table E 4 Listofref I o " |

control circuit components

Device

IEC standard

Cables and wiring

Insulation of PVC wiring IEC 60227/ (all
parts))[+9]

Size and area of conductors NEC)60228 [20]

Insulation of rubber cable IEC 60245 (all
parts) [21]

Identification

IEC 60445 [28]

Terminal blocks for round wire

IEC 60947-7-1 [51]

relays

ferminals Protective terminal blocks for round wire IEC 60947-7-2 [52]
Identification IEC 60445 [28]
All-or-nothing relays IEC 61810 (all
parts) [54]
Relays Voltage ratings and operating range of all-or-nothing IEC 61810-1 [55]

Performance of relay\contacts

IEC 61810-2 [56]

Contactors and motor starters

Electromechanical contactors for closing and opening
electrical cireuit

IEC 60947-4-1 [48]

Electromechanical contactors combined with relay for
short-cir€uit protection

IEC 60947-2 [46]

Motor starters (AC)

IEC 60947-4-1 [48]

AC semiconductor motor controllers

IEC 60947-4-2 [49]

Motor protective overload relays

IEC 60947-4-1 [48]

| ow-voltage switches

Low-voltage switches for motor circuits and
distribution circuits

IEC 60947-3 [47]

Manual control switches and push-buttons

IEC 60947-5-1 [50]

Pilot switches: pressure, temperature switches etc.

IEC 60947-5-1 [50]

Household humidity sensing controls

IEC 60730-2-13 [43]

Household switches

IEC 60669-1 [32]

Household thermostats

IEC 60730-2-9 [42]

Lever (toggle) switch

TEC 61020-1 [53]

Graphical symbols for manual switches

IEC 60417 [27]

Colours of lights for manual switches

IEC 60073 [14]

Low-voltage circuit-breakers
and low-voltage circuit-
breakers with residual current
protection

Requirements

IEC 60947-2 [46]

Low-voltage fuses

General requirements

IEC 60269-1 [22]

Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial
application) — Examples of standardized systems of
fuses A to K

IEC 60269-2 [23]
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Device

IEC standard

Low-voltage disconnectors

Requirements

IEC 60947-3 [47]

Motors

Requirements

IEC 60034-1 [6]

Meters

Analogue meters

IEC 60051-1 [7]

Ammeters and voltmeters

IEC 60051-2 [8]

Frequency meters

IEC 60051-4 [9]

Phase-angle and power-factor meters

IEC 60051-5 [10]

Lamp used as an indicator

Requirements

TEC 60Y47-5-T [oU]

Graphical symbols

IEC 60417 [27]

Colour lights

IEC 60073,[14]

Plugs, socket-outlets, and
Couplers

Requirements for plugs, sockets-outlet, industrial
cable couplers, appliance couplers

IEC 60309+1 [24]

Dimensional and interchangeability

IEC)60309-2 [25]

Household plugs, socket-outlets and couplers

IEC TR 60083 [16]

Other couplers and plugs

IEC 60130 (all
parts) [18]

Printed circuit-boards

Requirements

IEC 62326-1 [63]

Resistors Potentiometers IEC 60393-1 [26]
Resistors 1 W to 1 000 W IEC 60115-4 [17]
llumination lllumination fluorescents IEC 60081 [15]

lllumination for LED

IEC 62612 [65]

Tungsten filament lamps

IEC 60064 [12]

EC TR 62063 [60].

NOTE For electronic components used in auxiliary and control equipment additional information can be found in
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Annex F
(informative)

List of symbols

Description Symbol Subclause
Absolute leakage rate F 3.6.6.4
Absolute leakage rate liq 3.6.7.1
Alarm pressure (or density) for insulation and/or switching Pac (Pae) 3.6.5.3
Alarm pressure (or density) for operation Pam Pam) 3.6.5.4
Diode bridge current feed I 5.5.3
Duration of polarity reversal tests 4ty 7.247.6
Filling pressure P, 7.7.2
Filling pressure (or density) for insulation and/or switching Pre (BOhe) 3.6.5.1
Filling pressure (or density) for operation P e Pem) 3.6.5.2
Highest voltage for equipment U, 3.7.3
Joule integral value EJ. D.6
Main circuit resistance measured before continuous current test R, 8.4
Mass of switchgear and controlgear (including any fluid) M 6.11.2
Replenishing pressure Pm 7.7.2
Minimum functional pressure (or density) for insulation ‘@nd/or switching Prme (Pme) 3.6.5.5
Minimum functional pressure (or density) for operation Prm (Pmm) 3.6.5.6
Number of replenishments per day N 3.6.6.8
Number of replenishments per day liq 3.6.7.3
Permissible leakage rate Fy 3.6.6.5
Permissible leakage rate Foi) 3.6.7.2
Positive slope Sp 5.5.1
Pressure drop Ap 3.6.6.9
Pressure drop Apyq 3.6.7.4
Rated continlUous current Iy 5.4
Rated direet'withstand voltage Uyg 5.3
Rated-duration of short-circuit ted 5.5.4
Rated lightning impulse withstand voltage U, 5.3
Rated peak withstand current [pd 5.5.3
Rated short-time withstand direct current Iig 5.56.2
Rated supply voltage U, 5.6.2
Rated supply voltage of closing and opening devices and of auxiliary and U, 5.6
control circuits
Rated switching impulse withstand voltage U, 5.3
Rated direct voltage rd 5.2
Relative leakage rate rel 3.6.6.6
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Description Symbol Subclause
Time between replenishments t 3.6.6.7
Time to peak short-circuit current !pd 5.5.3
Type and mass of fluid (liquid or gas) for insulation M; 6.11.2
Typical system direct voltage U, 5.2.1
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Annex G
(normative)

Method for the weatherproofing test for outdoor
switchgear and controlgear

The switchgear and controlgear to be tested shall be fully equipped and complete with all covers,
screens, bushings, etc., and placed in the area to be subjected to with artificial precipitation.

rswitchgearandcontrolaearcomprising-severalfunctional units-a-minimum-of two-units-shall
N g g )

e used to test the joints between them.

O T

The artificial precipitation shall be supplied by a sufficient number of nozzles to produce |a
upiform spray over the surfaces under test. The various parts of the switchgear and controlgeir
may be tested separately, provided that a uniform spray is simultaneously applied also to bofh
of the following:

a) the top surfaces from nozzles located at a suitable height;

b) the floor outside the equipment for a distance of 1 m in front of therparts under test with thie
equipment located at the minimum height above the floar level specified by thle
manufacturer.

Where the width of the equipment exceeds 3 m, the spray may, be applied to 3 m wide sectior]s

n turn. Pressurized enclosures do not need to be submitted 1o artificial precipitation.

Elach nozzle used for this test shall deliver a squaresshaped spray pattern with uniform sprgy
djstribution and shall have a capacity of 30 I/min&3'l/min at a pressure of 460 kPa * 46 kPla
ahd a spray angle of 60° to 80°. The centre lines“of the nozzles shall be inclined downwards slo
that the top of the spray is horizontal as it is_directed towards the surfaces being tested. It |s
cpnvenient to arrange the nozzles on a vertical stand-pipe and to space them about 2 m apaft
(fefer to test arrangement in Figure G.1).

The pressure in the feed pipe of thethozzles shall be 460 kPa + 46 kPa under flow conditions.
The rate at which water is applied*to each surface under test shall be about 5 mm/min, and
epch surface so tested shall receive this rate of artificial precipitation for duration of 5 min. The
spray nozzles shall be at a distance between 2,5 m and 3 m from the nearest vertical surfade
uhder test.

ODTE When a nozzle in.accordance with Figure G.2 is used, the quantity of water is considered to be in accordange
th this document whenythe pressure is 460 kPa £10 %.

= Z

>

fter the test isscompleted, the equipment shall be inspected promptly to determine whether the
g¢llowing requirements have been met:

—h

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

no-water shall be visible on any internal electrical components and drive mechanisms of thle
equipment:

c) no significant accumulation of water shall be retained by the structure or other non-insulating
parts (to minimize corrosion).
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I Nozzles
- - = = A
- - - - /////
- - 80°“ XY
—~ ~ Nz /
// - - /60 // | <
- /
e // // // // /
- - - s / / 7
s s P P / / . A
7 /L =T | A
/ 4 LA =7
(o e A
- re
S ARy =
/ a4 ///
// sy // .
sy y i \
S L Tz
AT
/ s 7, ///
- //
/- .7, // /
T,y
Enclosure s 00y
s, ,
/ / //
7 / // /
/ 7/
/ / //
/ /
/
/ /
/
/ /
A / / / |
Q / [
[
Y / |
/
< B‘
—1" C -
- o IEC
A About 2-m
B 1m
C 235mto3m
D

Minimum height above floor

Figure G.1 — Arrangement for weatherproofing test
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Dimensions in millimetres
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Figure G.2 — Nozzle for weatherproofing test
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Annex H
(normative)

Tolerances on test quantities during tests

During type tests, the following types of tolerances can normally be distinguished:

tolerances on test quantities which directly determine the stress of the test object;

c >

—

tolerances on test conditions;

tolerances concerning parameters of measurement devices to be applied.

tolerance is defined as the range of the test value specified in the standard within“which thle

easured test value shall lie for a test to be valid. In certain cases, the test may.temain val

ven if the measured value falls outside the range: this is the case when itiesults in a mor

bvere test condition.

ny deviation between the measured test value and the true test’value caused by the

hcertainty of the measurement are not taken into account in this respect.

he basic rules for application of tolerances on test quantities during type tests are as follows:

testing stations shall aim wherever possible for the test value specified;

d
e

b) the tolerances on test quantities specified shall be observed by the testing station. Highgr
stresses exceeding those tolerances are <¢ermitted only with the consent of thle
manufacturer;

c) where, for any test quantity, no tolerance-is'given within this document, or the standard fo
be applied, the type test shall be not less severe than specified. The upper stress limits are
subject to the consent of the manufacturer.

Table H.1 — Tolerances on test quantities for type test
Stibclause Description of Test quantity Specified test value Test Referenge
the test tolerances / to
limits of test
values
7.2 up to Dielectric tests
7.2.11
7.2.7.2 and | Direct voltage Test voltage Rated direct withstand | +1 % IEC 60040-
7.2.11 tests voltage 1
7.2.738 Switching impulse | Peak value Rated switching +3 % IEC 60040-
voltage tests impulse withstand 1
VU:tdsC
Front time 250 us +20 %
Time to half-value 2 500 ps +60 %
7.2.7.4 Lightning impulse [ Peak value Rated lightning impulse | +3 % IEC 60060-
voltage tests withstand voltage 1
Front time 1,2 ys +30 %
Time to half-value 50 us +20 %
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Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.2.7.5 Superimposed Test voltage Rated direct voltage 1 % IEC 60060-
impulse voltage (direct voltage) 1
tests - .
Test voltage Rated lightning impulse | Referred to
(Lightning impulse voltage) | withstand voltage lightning
impulse
voltage tests
Test voltage Rated switching Referred to
(Switching impulse voltage) |impulse withstand switching
voltage impulse
voltage tests
7.2.7.6 Polarity reversal Test voltage +1 %
tests
7.2.11 AC power- Test voltage (RMS value) | Rated short-duration +1 % IEC 60040-
frequency voltage power frequency 1
test withstand voltage
Frequency _ 45 Hz to 65
Hz
Wave shape Peak value / RMS valde +5 9
= [2
7.3.4 Measurement of DC test current, /. - S0A<Ipcs
the rgsistance of rated
circuits continuous
current ,
or 20 %,
+0 % of
I.<50A
7 .4 Continuous Ambient air velocity - <0,5m/s
current tests
Test current Rated continuous -0 %, +2 %
current o
These limits
shall be kept
only for the
last two
hours of
testing
period
Ambient air temperature 7, | -- 10°C<T, =
40 °C
7.4 Short-time Peak current Rated peak withstand -0 %, +5 %
withstand current current
and peak -
withstand current Value of Joule integral j.]2dt Value of Joule mtegral -0 %, +10 %
tests [2dt
Derived from the
prospective current
waveform
Short-circuit current Rated short-circuit Maximum 5 s
duration duration
7.8.1.1 Radio Test voltage 1 %
interference —
voltage tests Tune frequency of Within +10 %
measurement circuit of 0,5 MHz or
between
0,5 MHz to
2 MHz
7.8.2.3 Oscillatory wave Damped oscillatory wave Test frequency +30 % IEC 61000-
immunity test tests 100 kHz, 1 MHz 4-18
7.9.3.3 Auxiliary contact | Test current amplitude -0 %, +5 %

rated short-time
withstand current

Test current duration

-0 %, +10 %
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Subclause Description of Test quantity Specified test value Test Reference
the test tolerances / to
limits of test
values
7.9.3.4 Auxiliary contact | Test voltage amplitude -0 %,+10 %
breaking -
capability Test current amplitude -0 %, +5 %
Circuit time constant -0 %, +20 %
7.9.4.2 Cold tests Minimum and maximum - +3 K IEC 60068-
ambient air temperature 2-1: 2007
during tests
7.9.4.3 Dry heat test Minimum and maximum - +3 K IEG-60048-
ambient air temperature 2:2:,2001
during tests
7.9.4.4 Cyclic humidity Minimum temperature of +3 K IEC 60048-
test cycle 2-30: 2005
Maximum temperature of +2 K
cycle
7.9.4.5 Vibration IEC 60295-
response and 21-1: 1988
seismic tests
7.9.5 Power-frequency | Test voltage (RMS value) Rated short-duration +1 % IEC 60040-
voltage test power frequeney 1
withstand(voltage
Frequency - 45 Hz to
65 Hz
Waveshape Reak value / RMS value | 5 %
2
7.10.1.3 Radiation Accuracy measurementof +25 %
instrument radiation
Energy response | Accuracy measurement of +15 %

energy
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Annex |
(informative)

Extension of validity of type tests

1.1 General

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

—| for a change of construction detail, if the manufacturer can establish that this change |dogs
not influence the result of that individual type test;

—| for a change in the installation instructions, provided that the test conditions™are not
invalidated by the new instructions (e.g. see 1.2);

—| for covering other values of ratings for the same switchgear and controlgear, if these nepv
ratings are covered by the tests already performed (e.g. see 1.3 or when lower performancegs
are requested).

Plarticular examples where extension of a type test may be used to validate design changes ¢r
other similar equipment, without repeating type tests, are given in‘the following subclauses. (It
should be noted that supporting evidence should be provided¢tovalidate such extensions ¢f
type tests.

2 Dielectric tests

Flor non-enclosed conductors, the dielectric tests ‘performed cover other dispositions having
ual or higher clearances to surroundings (e.gxheight above ground) and between conductors
flthe insulating materials and shapes of conductors and insulators are the same.

D

3 Short-time withstand current and peak withstand current tests

>

test performed in worst condition for instance with a rated short-time withstand direct curremt
(4<q), rated peak withstand current (Ipd) and rated duration of short-circuit (¢,4) covers equal ¢r

lgss values independently from which of the three waveforms, indicated in 5.5.1, has been used.

4 Electromagnetic immunity test on auxiliary and control circuits

Sljubassemblies.may be positioned in different places within the auxiliary and control circuits,
without invalidating the type test of the complete system, provided that the overall wiring length
anpd the number of individual wires connecting the subassembly to the auxiliary and control
clrcuitstis not greater than in the tested system.

Interchangeable subassemblies may he replaced by similar subassemblies without invalidati
the original type test, provided that:

«Q

— rules for design and installation given in IEC 61000-6-5 are followed;

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

— manufacturer’s design rules are the same as for the type-tested subassembly.

1.5 Environmental tests on auxiliary and control circuits

Environmental tests on auxiliary and control circuits do not need to be repeated if performance
requirements are validated during environmental tests on a whole switchgear and controlgear.
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Parts, or pieces of equipment, of auxiliary and control circuits validated in a given arrangement
are validated also when used in a different arrangement of auxiliary and control circuits
belonging to the same range of switchgear and controlgear equipment.

Tests performed with a given supply voltage for auxiliary and control circuit cover similar
auxiliary and control circuits designed for lower supply voltages.
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Annex J
(normative)

Identification of test objects

J.1 General

For identification of a test object, the following topics shall be covered.

J.2 Data

—| Manufacturer's name;
—| Type designation, ratings and serial number of apparatus;

—| Outline description of apparatus (including interlocking system, busbar system, earthing
system, and the arc extinguishing process);

—| Make, type, serial numbers, ratings of essential parts, where applicable (for example, drivie
mechanisms, interrupters, shunt impedances, relays, fuse linksginsulators);

—| Rated characteristics of fuse links and protective devices;

—| Whether the apparatus is intended for operation in the vertical and horizontal plane.
Jl3 Drawings

Table J.1 Drawing list.and contents

Drawings to be submitted Drawing content (as applicable)
$ingle-line diagram of main circuit Type designation of principal components
beneral layout Overall dimensions

Ffor an assembly it can be necessary to previde Supporting structure and mounting points
drawings of the complete assembly and 6f‘each

witching device. Enclosure(s)

Pressure-relief devices

Conducting parts of the main circuit

Earthing conductors and earthing connections
Electrical clearances:

— to earth;

— between open contacts

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

Location and type designation of insulators

| ocation-anditvne-desiagnation-of-inetrumant trancformarc

YPe=esy

Detailed drawings of insulators Material

Dimensions (including profile and creepage distances)

Arrangement drawings of cable boxes Electrical clearances
Principal dimensions
Terminals

Level or quantity and specifications of insulant in filled
boxes

Cable termination details
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Drawings to be submitted

Drawing content (as applicable)

Detailed drawings of parts of the main circuit and
associated components

Dimensions and material of principal parts

Cross-sectional view through the axis of main and arcing
contacts

Travel of moving contacts
Electrical clearance between open contacts

Distance between point of contact separation and end of
travel

AsSsembly of fixed and moving contacts
Details of terminals (dimensions, materials)
Identity of springs

Material and creepage distances of insulatingparts

Detailed drawings of mechanisms (including
qoupling and drive mechanisms)

Arrangement and identity of main componentssof the
kinematic chains to:

— main contacts;

— auxiliary switches;

— pilot switches;

— position indication.
Latching device

Assembly of drive,méechanism
Interlocking devices

Identity of.springs

Contral and auxiliary devices

Electrical diagram of auxiliary and control circuits
f applicable)

Type designation of all components
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Annex K
(informative)

Test circuit for superimposed impulse voltage tests

1 General

The superposition of an impulse wave on a direct voltage is obtained by using a blocking

- 0 —

q

o o

= 3

i
i

he choice of the blocking elements for the direct voltage has an influenceror’ the protectio
ffect and the waveform. Using blocking capacitors, the blocking capacitor and the test obje
rm a capacitive voltage divider as shown in Figure K.1. Therefore, thefated direct voltage U}y
hd the impulse voltage generator output can be added to receive approximately the amplitude
f the superimposed voltage.

chpacitor or a sphere gap and a current limiting resistor. The results according to both
pfocedures are considered equivalent (see CIGRE Technical Brochure 842 [75]).

.2 Test circuit using blocking capacitor

Current limiting Blocking
resister capacitor

rt=-=-=-=

Mixed divider
Impulse
generator

"
(8]
ko)
Ke)
(o]
o
]
'_

DC source
DC divider

Impulse divider

IEC

Figure K.1 — Test circuit for superimposed impulse tests using blocking capacitor

.3 Test circuit using sphere gap

npulse Voltage generator. Therefore, the amplitude of the composite voltage is equal to t
hpulse—generator output voltage in this case. On the other hand, the impulse volta
aveshape can be different from the standard LI or S| waveshape. In any case, attention sha

o =

c'paid to the design of the test circuits, and particularly the coupling elements.

S
”

y ignition/of\the sphere gap (see Figure K.2), the test object is directly connected to the

pEA]

=0
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Figure K.2 — Test circuit for superimposed impulse tests using sphere gap
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Annex L
(informative)

Information and technical requirements to be given

L.1 General

with enquiries, tenders and orders

-

o <

eliver this information.

Q>

andards.

[2]

LU.2 Normal and special service conditions (refer to Clause 4)

his annex provides a list of useful technical information items in a tabular form to be consideke
g@r possible exchange between user and supplier during contracting stage.

hen in the table "supplier information" is mentioned, this means that only the supplier shou

ttention should be paid to the fact that such table should be complemented ‘with informatio
nd characteristics relevant for the type of switchgear and controlgear considered; see produ

o

ct

User requirements Supplier proposals
$ervice condition Indoor or
outdoor

Ambient air temperature:

inimum °C
:Eaximum °C
$olar radiation WhHZ2
Altitude m
RUSCD for pollution mm/kV
Excessive dust or salt
Ice coating mm
Vind m/s
Humidity %

ondensation or precipitation

ibration Class
Induced electromagnetic disturbance in kV
duxiliary and)control circuits
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User requirements

Supplier proposals

qdpening devices and of auxiliary circuits

Rated direct voltage for equipment (U, 4) kV
Rated insulation levels pole to earth
Rated direct withstand voltage (U,,) KV
Rated switching impulse withstand voltage KV
(Ug)
Fltated lightning impulse withstand voltage kV
Up)

p
Ifated continuous current (7,4) A
Fltated short-time withstand direct current kA
o)
Ifated peak withstand current (Ipd) kA
FItated duration of short-circuit (z,4) s
Fltated supply voltage of closing and \%
qpening devices and of auxiliary and
dontrol circuits (U,)
Rated supply frequency of closing and Hz DC or 50 or 60

—

4.4 Design and construction (refer to Clause 6)

o be complemented with information provided by the relevant product standards.

User requirements

Supplier proposals

Number of units in series, or, in parallel

Mass of the heaviest transport unit

Mounting provisions

[ype of gas-pressure or liquid-pressure
bystem

Dverall dimensions of the'installation

Description by name‘and category of the
arious compartments

Rated fillingdevel and minimum functional
evel

L ow- and high-pressure interlocking and
monitaring devices

nterlocking devices

Degrees of protection

Arrangement of the external connections

Accessible sides

Volume of liquid or mass of gas or liquid
for the different compartments

Facilities for transport and mounting

Instructions for operation and
maintenance

Specification of gas or liquid condition
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L.5 System information

User information

Nominal voltage of system kV

Highest voltage of system kV

L.6 Documentation for enquiries and tenders

User requirements Supplier proposals

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

Single-line diagram

General arrangement drawings of
substation layout

Provisions for transport and mounting to
be given by the user

Foundation loading Supplier information

Gas schematic diagrams Supplier information

List of type test reports Supplier informatioh

List of recommended spare parts Supplier information
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E

Annex M
(informative)

Electromagnetic compatibility on site

MC site measurements are not type tests but can be performed in special situations:

where it is deemed applicable to verify that actual stresses are covered by the EMC severity
class of the auxiliary and control circuits;

M
b
te
in

S
a

(o]

S s o

=~ n -

g

0 -

» Z

r¢presentative number of both making and breaking operations should be chosen, with random

in order to evaluate the electromagnetic environment;
in order to apply proper mitigation methods, if applicable;

switching operations both in the main circuit and in the auxiliary and control cjrcuits. It is n@t
considered useful to test all auxiliary and control circuits in a substation under cénsideration.
A typical configuration should be chosen.

to record the electromagnetically induced voltages in auxiliary and control circaits, due io

easurement of the induced voltages should be made at representative ports in the interfage
ctween the auxiliary and control circuits and the surrounding network! for example, at the inpiit
rminals of control cubicles, without disconnection of the system. Instrumentation for recording
duced voltages should be connected as outlined in IEC TR 60816 [44].

witching operations should be carried out at normal operating voltage, both in the main circuiit
nd in the auxiliary and control circuits. Induced voltages” will vary statistically and thus |a

perating instants.

he switching operations in the main circuit shall be made under no-load conditions. The tes{
ill thus include the switching of parts of thesubstation but no switching of load currents an
b fault currents.

[eXN7))

o

he making operations in the main cifcuit should be performed with trapped charge on the Ioi
de corresponding to normal operating voltage. This condition can be difficult to obtain
sting, and, as an alternative, .the test procedure can be as follows:

—

discharge the load side.before the making operation, to assure that the trapped charge |[s
zero;

multiply recorded oltage values at the making operation by 2, in order to simulate the case
with trapped charge on the load side.

he switching ‘device in the primary system shall preferably be operated at rated pressure and
Lixiliary voltage.

OTE A~ \The most severe cases, with regard to induced voltages, normally occur when only a small part of|a
bstatioh is switched.

N

T o - . atly

for GIS installations.

T

he recorded or calculated peak value of induced common-mode voltage, due to switching in

the main circuit, should not exceed 1,6 kV for interfaces of the auxiliary and control circuits.
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Annex N
(informative)

Standardization activities of HVDC

There are over 200 HVDC projects installed worldwide, and a number of projects is in plannin

g

stage. The applications of HVDC have been increasing in recent years, driven by the need to
mtegrate remote renewable sources, to strengthen network and to facrhtate controllable power

ahd size/weight, especrally in the offshore .HVDC term|naIs The first HVDC grid was install

ced of controllable power flow is increasing due to the requirements of thecintegration
regnewable and fluctuating power generation. The goals of today to reach COg-né&utral electr

ctwork. HVDC will offer practical solutions. Space requirements for the HMDC converter stati
cluding the substation are not easy to fulfil on land and have high ¢0st impact for convert
ations to connect offshore wind farms.

= 5T

n

C power transmission systems use today voltage sourced eonverter technology (VSC) an
ne commutated converter technology (LCC) depending on their application in the networ
SC technology becoming the mainstream for applicationstin,the network while LCC technolog
used for very high voltages (up to 1 100 kV) and very_high currents (up to 6 000 A). Alon
ith this, plans for multiple terminals are in progress:

S <=0

O

C switching devices (AIS and GIS) and DC assémblies (GIS) are now under standardizatio
orks in SC 17A and SC 17C. This work ,in\TC 17 will provide common specifications f¢
bvices and assemblies of high-voltage application.

Q =

n addition to standardization for HV switchgear of TC 17 IEC documents of DC equipment an|
ystems are being promoted by othet/TCs.

n

in 2021, and it is projected that demands for multiterminal HYDC and HVDC grids will increaseg.

HVDC applications today and in future are seen in many different cases in the network. Ttl
n

bwer generation within the next decades will require more controllablehpower flow in ta

o

=3 D® O X O

o

g

= 5

—

he need for standardization of HV DC switchgear was discussed at the plenary meeting of t
vitchgear technical committee TC 17 and ad-hoc group Ahg 37 was established to investiga
he standardization requirements and a report was published in 2018.

= n

>

t the 2018 Korea-Busan plenary meeting, it was decided by TC 17, SC 17A and SC 17C
art standardization work of DC common requirements in TC 17, DC switchgear devices
C 17A and D€ switchgear assemblies in SC 17C.

[ X%

Blased on.this, in TC 17 a questionnaire was distributed (17/1052/Q) and the NP proposal w4
approved by P-member voting in May 2019. Then the dedicated WG was established in TC 1
te pfepare common specifications for DC switchgear.

Regarding the DC standard voltages, TC 8 provides the horizontal standard requirements for
DC networks, TC 99 defines the requirements for DC substations and TC 115 for DC
transmission systems. This Technical Specification provides rated and test voltage values for
insulation coordination as recommendations from the view of air and gas insulated switchgear

technology.

HVDC switchgear equipment today is designed following project specific requirements. In future
with more HVDC projects the requirement for standardized requirements will be more important

to gain from cost reductions coming with standard switchgear devices and assemblies. |
addition to cost reduction with standardization of equipment reliability, performance, an
delivery time will improve. Standardization will bring benefits to the market, manufacturers, an
testing laboratories.

n
d
d
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Annex A
(normative)

Tolerances on test quantities during type tests

During type tests, the following types of tolerances may normally be distinguished:

— tolerances on test quantities which directly determine the stress of the test object;

—| tolerances on test conditions;

—| tolerances concerning parameters of measurement devices to be applied.

n Table A.1, only tolerances on test quantities are considered.

>

tolerance is defined as the range of the test value specified in this documgntwithin which the
easured test value should lie for a test to be valid.

3

>

ny deviation of the measured test value and the true test value caused by the uncertainty ¢f
he measurement are not taken into account in this respect.

—

—

he basic rules for application of tolerances on test quantitiés)during type tests are as follows:

testing stations shall aim wherever possible for the test values specified;

b) the tolerances on test quantities specified shall be observed by the testing station. HighIr
stresses of the BPS or PS exceeding those tolerances are permitted only with the consent
of the manufacturer. Lower stresses render.the test invalid;

c) where, for any test quantity, no tolerancelis given within this document, or the standard {o
be applied, the type test shall be perfoarmed at values not less severe than specified. The
upper stress limits are subject to the*consent of the manufacturer;

d) if, for any test quantity, only oneclimit is given, the other limit shall be considered to be gs
close as possible to the specified value.
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Annex B
(normative)

Records and reports of type tests

B.1 Information and results to be recorded

A

Il relevant information and results of type tests shall be included in the type test report.

V@)

= n -

k

z -

€

—

S 0

scillographic records in accordance with Clause B.2 shall be made of all switching operations
hd no-load operations.

he type test report shall include a statement concerning the uncertainty of thermeasurement
ystems used for the tests. This statement shall refer to internal procedures of the laboratory
rough which traceability of the measuring uncertainty is established.

he type test report shall include a statement of the performance of the\BPS or PS during the
st and of the condition of the BPS or PS after the test, in so far as|an examination is made¢.
he statement shall include the following particulars:

o

condition of BPS or PS, giving details of any replacements or adjustments made an
condition of contacts, arc control devices, oil (including_any quantity lost), statement of any
damage to arc shields, enclosures, insulators and bushings;

description of performance during the test, including observations regarding emission of ofl,
gas or flame.

.2 Information to be included in type test reports

.21 General
date of tests;
reference of report number;
test numbers;
oscillogram numbersy

2.2 Apparatus_tested

FC TS 62271-5:2024, 7.1.3 and IEC TS 62271-5:2024, Annex A are applicable with the
llowing additiens:

eference-drawing numbers given in the test report shall indicate the manufacturer's referende
Lmber,srevision number and corresponding contents.

e rererence mechanical charaClteristic, T applicable, Shall be TnCiuded or rererence snall be

made in the test report by the use of a drawing number or in an equivalent way.

B.2.3 Rated characteristics of BPS or PS, including its operating devices and

T

auxiliary equipment

he values of rated characteristics specified in Clause 5.
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B.2.4 Test conditions (for each series of tests)

a) diagram of test circuit including connection(s) to earth;

b) details of connection of the BPS or PS to the test circuit (for example orientation);
c) pressure for switching;

d) pressure of fluid for operation.
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Annex C
(informative)

Voltages associated with BPSs in different configurations

C.1 General

An HVDC transmission system can consist of one or more converter units per pole. If required,
these converter units can be bypassed by BPSs. Depending on the voltage per converter u]Lt

ahd number of switching units in series per BPS, the configuration of the BPS may change:
faw examples are given to illustrate this. As can be seen, the configuration of the BPS\has an

impact on the rated direct voltage across the open contacts and to earth.
g.2 Case 1: BPS consisting of a single switching unit
gd.2.1 General
Figure C.1 shows a case of a 525 kV HVDC transmission system. that consists of 3 serigs
cpnnected converter units. The voltage per converter unit is 175/kV."The BPSs each consist tf
a|single switching unit on top of a post insulator. As the BPS cansists of a single switching unit,
there is no need for grading elements across the open BPS as the voltage sharing is determined
by the converter units and their protective devices.
HVDC line
Converter unit 1 ~ BPS; = BPD,
Converter unit 2 0 BPS, 1 BPD,
Converter unit 3 BPS, 1 BPD,
Neutral bus

IEC

Key
BPS By-pass switch

BPD By-pass disconnector

Figure C.1 —- HVDC system with 3 series connected converter units per pole
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In normal operation all three BPSs are in the open position. That means that the contact gap of

each BPS sees a voltage difference of 175 kV.

The three BPSs can be connected in several ways, see Figure C.2.

175 kV 350 kV
525 kV Neutral
~ N I h N I
(%) (%) (%) (%) (%) (%)
[a [a [a [a o [a:
m m m [ m m
350 kv 175 kV
Neutral 525 kV
IEC IEC
Configuration 1 Configuration 2
175 kV 350 kV 175 kV
525 kV Neutral
hyl N o« ~ o [
(%) (%) (%) 1) (%) (%)
ol ol ol Q- ol o
m m m m m m
B50 kV Neutral 525 kV

Configuration 3

g.2.2 Configuration 1

= 4 < =

IEC

Configuration 4

Figure C.2 — Different ways to connect a BPS to the grid

IEC

bltage of 625 kV is across the insulator of the switching unit of BPS, and the post insulato
he voltage across the post insulator of BPS, and BPS, is 350 kV. The voltage across the po
risulater of BPS; is the voltage of the neutral.

n configuratien® 1 the top terminal of BPS, is connected to the HVDC line. In that case the

-

C.2.3 Configuration 2

—

In configuration 2 the bottom terminal of BPS, is connected to the HVDC line. In that case the
voltage across the post insulator of BPS, is 525 kV. The voltage across the post insulator of

BPS, and BPS; is 175 kV.

C.24 Configuration 3

In configuration 3 the top terminal of BPS, is connected to the HVDC line. In that case the
voltage of 350 kV is across the post insulator of BPS,. The voltage across the post insulator of
BPS, is 175 kV. The voltage across the post insulator of BPS; is the voltage of the neutral.
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C.2.5 Configuration 4

In configuration 4 the bottom terminal of BPS, is connected to the HVDC line. In that case the
voltage across the post insulator of BPS, is 525 kV. The voltage across the post insulator of
BPS, is 350 kV and that of BPS5 175 kV.

C.2.6 Summary of the voltages across the post insulator for the different
configurations

Tebte Ctprovides a summary of the different vottages across the postimsutators of the BR§s

gr the different configurations.

—h

Table C.1 — Voltage across the post insulator

Configuration BPS, BPS, BPS,
kV kV kV,
1 350 350 Neutral
2 525 175 175
8] 350 175 Neutral
4 525 350 175

G.3 Case 2: BPS consisting of two series connected switching units

gure C.3 shows a case of an 800 kV HVDC_transmission system that consists of 2 serigs
bnnected converter units. The voltage per converter unit is 400 kV. Both BPSs consist of twmo
bries connected switching units on top of a post insulator. The BPS may be fitted with grading
ements across the open BPS.

D W O T

HVDC line

Converter unit 1 BPS, . BPD;

Conhverter unit 2 BPS, u BPD,

Neutral bus
IEC

Key
BPS By-pass switch

BPD By-pass disconnector

Figure C.3 — HVDC system with 2 series connected converter units per pole
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The design of BPS, and BPS, is such that the arrangement of the terminals is symmetrical with
respect to earth.

In normal operation BPS, and BPS, are in the open position. One terminal of BPS, is connected

to the HVDC line (i.e. 800 kV) on the side and the other terminal to the midpoint voltage (400 kV).
One terminal of BPS, is connected to the midpoint voltage and the other to the neutral bus.

With both BPSs in the open position, the voltage across the individual post insulators depends

spitching unit of BPS, and the post insulator (i.e. from terminal to earth). When voltage grading
elements are used, the voltage across the post insulator of BPS, is 600 kV and the voltage
apross the post insulator of BPS, is 200 kV. Without voltage grading elements thg, volta
across the post insulators is undefined.
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Annex D
(normative)

Use of mechanical characteristics and related requirements

At the beginning of the type tests, the mechanical characteristics of the switching device shall
be established, for example, by recording no-load travel curves and/or by defining additional
characterlstlc parameters such as, |f appllcable momentary speed at a certam stroke, closmg

itching device.

e mechanical characteristics shall be used to confirm that the different testyobjects used

Alll test objects used for mechanical, making and commutation type tests“shall have thelir
¢spective no-load contact travel curves within the following described envelopes. Care should
be exercised in the interpretation of the curves when, due to variable’measuring methods &t
djfferent laboratories, a direct comparison between the envelopes cannot be made.

—

he reference mechanical characteristics are also used to confitm-that production units behave
echanically in a similar way as the test objects used during-type tests.

3

he type and location of the sensor used for the record.ef the mechanical characteristics shql
e stated in the test report. The mechanical characteristic curve which can be measured at arly
art of the power kinematic chain may be recorded continuously or discretely. In case of discrefe
easurement, at least 20 discrete values should\be given for the complete stroke.

3T O o

he no-load contact travel curves (Figure D.1) shall be used for determining the limits of thle
lowable deviations over or under this-reference curve. From this reference curve, two
hvelope curves shall be drawn from the instant of contact separation to the end of the conta¢t
avel for the opening operation and’from the beginning of the contact travel to the instant ¢f
bntact touch for the closing operation. The distance of the two envelopes from the original
purse shall be £5 % of the total’stroke as shown in Figure D.2. In case of switching devicgs
ith a total stroke of 40 mm or-less the distance of the two envelopes from the original cour%e

Yy

SO0 H

hall be £2 mm. It is recognised that for some designs of switching devices, these methods m
e unsuitable, as for example for vacuum switching devices. In such cases the manufactur
hall define an appropriate method to verify the proper operation of the switching device.

r

W oT®nw=s00
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Figure D.1 — Example of reference mechanical characteristics (idealised curve)

-

Contact stroke (p.u.)

If mechanical
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N
o

10

characteristics other than no-load contact travel

40 45

Time (ms)

IEC

D1

with the envelopes centred over the reference curve (+5 %, -5 %)

curves are used,

manufacturer shall define the alternative method and the tolerances used.

the
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The series of Figure D.1, Figure D.2, Figure D.3 and Figure D.4 are for illustrative purposes
and only illustrate the opening operation. They are idealised, and do not show the variation in
profile caused by the friction effect of the contacts or the end of travel damping. In particular, it
is important to note that the effects of damping are not shown in these diagrams. The
oscillations produced at the end of travel are dependent upon the efficiency of the damping of
the drive system. The shape of these oscillations may be a deliberate function of the design
and may slightly vary from one specimen to another. Therefore, it is important that any
variations in the curve at the end of the stroke, which are outside the tolerance margin given by
the envelope, are fully explained and understood before they are rejected or accepted as
showing equivalence with the reference curves. In general, all curves should fall within the
ehvelopes for acceptance.

A
1,2 |
I
Reference curve | Contact separation
/ L
1 I
I
I
08 - I
I
I
0,6 |
! Upper envelope’(+10 %)
|
04 - I
|
0,
02 Lower er:welope (0 %)
I
I
I

10 15 20 25 30 35 40 45
Time (ms)

o
[8)]

Contact stroke (p.u.)
o

|
o
N
|

IEC

Figure D.3 — Reference mechanical characteristics of Figure D.1
with the envelope fully.displaced upward from the reference curve (+10 %, -0 %)
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(@)
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Figure D.4 — Reference mechanical characteristics of Figure D.1
with the envelope fully displaced downward from thé reference curve (+0 %, —10 %)

—

he travel characteristics of all production units shall lie within the 10 % total allowable
glerance around the reference travel characteristic:\Fhe reference travel characteristic may lie
I any point within the defined tolerance band btt the parameters of the 10 % tolerance bandl,
hce defined, shall remain unchanged. Figure B:3 and Figure D.4 show the two extremes of the
lowable cases which are —0 %, +10 % and*<10 %, +0 % respectively.

D O O =
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 316: Direct current by-pass switches and paralleling switches

FOREWORD

1] The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,_comprisir
all national electrotechnical committees (IEC National Committees). The object of IEC is to promoteiinternation
co-operation on all questions concerning standardization in the electrical and electronic fields. Te this end af
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Report
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). The
preparation is entrusted to technical committees; any IEC National Committee interested in'thé subject dealt wi
may participate in this preparatory work. International, governmental and non-governmental organizations liaisir]
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization fp
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

Y a

>3 a

=

2] The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internationpl
consensus of opinion on the relevant subjects since each technical commitiee has representation from 3all
interested IEC National Committees.

3] IEC Publications have the form of recommendations for international”use and are accepted by IEC Nationpgl
Committees in that sense. While all reasonable efforts are made 4o ‘ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for,thevway in which they are used or for any
misinterpretation by any end user.

4] In order to promote international uniformity, IEC National\\Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence betwegn
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the lattdr.

5] IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformify
assessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification'bodies.

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

No liability shall attach to IEC or its diréctors, employees, servants or agents including individual experts a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of the publieation, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Oa s a

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

(2]

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

1
~

O=>5

IEC T/8,62271-316 has been prepared by subcommittee 17A: Switching devices, of IE[C
echnical committee 17: High-voltage switchgear and controlgear. It is a Technical Specificatio

—
>

The text of this Technical Specification is based on the following documents:

Draft Report on voting

17A/1407/DTS 17A/1414/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/publications.

This document shall be read in conjunction with IEC TS 62271-5:2024, to which it refers, and
which is applicable unless otherwise specified in this document. In order to simplify the
indication of corresponding requirements, the same numbering of clauses and subclauses is
used as in IEC TS 62271-5. Modifications to these clauses and subclauses are given under the
same references whilst additional subclauses are numbered from 101

>

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

(%)

_|

he committee has decided that the contents of this document will remain unchanged until the
ability date indicated on the IEC website under webstore.iec.ch in the data related to the
becific document. At this date, the document will be

n n

reconfirmed,

withdrawn, or

revised.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 316: Direct current by-pass switches and paralleling switches

Y

Scope

is part of IEC 62271, which is a Technical Specification, is applicable to direct current(Dg
-pass switches (BPS) and paralleling switches (PS) designed for indoor or outdoor installatio
d for operation on HVDC transmission systems having direct voltages of 100 kV and abovg.

S~

o

itches other than mechanical switching devices used for the same applications specifie
re are not covered by this document.

Normative references

e following documents are referred to in the text in such a way thatsome or all of their content

cpnstitutes requirements of this document. For dated references, ‘only the edition cited applies.
Flor undated references, the latest edition of the referemced document (including any
amendments) applies.

IEC 60050-151, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
agnetic devices, (available at www.electropedia.org)

IEC 60050-441, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgea
cpntrolgear and fuses, (available at www.etectropedia.org)

¥

IEC 60050-442, International Electrotechnical Vocabulary (IEV) — Part 442: Electrical
apcessories, (available at www.electropedia.org)

IEC 60050-461, Internationall-Electrotechnical Vocabulary (IEV) — Part 461: Electric cable$
(qvailable at www.electropedia.org)

IEC 60050-601, International Electrotechnical Vocabulary (IEV) — Part 601: Generatio
tlansmission and distribution of electricity — General, (available at www.electropedia.org)

Nl

IEC 60050-614y"International Electrotechnical Vocabulary — Part 614: Generation, transmissign
and distripution of electricity — Operation, (available at www.electropedia.org)

IEC60060-1, High-voltage test techniques — Part 1: General definitions and test requirement

v)

IEC 60071-11:2022, Insulation coordination — Part 11: Definitions, principles and rules for
HVDC system

IEC 60071-12:2022, Insulation coordination — Part 12: Application guidelines for LCC HVDC
converter stations

IEC 60296, Fluids for electrotechnical applications — Mineral insulating oils for electrical
equipment

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


http://www.electropedia.org/
http://www.electropedia.org/
http://www.electropedia.org/
http://www.electropedia.org/
http://www.electropedia.org/
http://www.electropedia.org/
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IEC 60480, Specifications for the re-use of sulphur hexafluoride (SFg) and its mixtures in

electrical equipment
IEC 60633:2019, High-voltage direct current (HVDC) transmission — Vocabulary

IEC TS 62271-5:2024, High-voltage switchgear and controlgear - Part5: Commo
specifications for direct current switchgear

n

IEC 62271-102:2018, High-voltage switchgear and controlgear — Part 102: Alternating current

dfsconnectors and earthing switches
IEC 62271-102:2018/AMD1:2022

IEC TS 62271-315:2024, High-voltage switchgear and controlgear — Part 315: Direct currept

(DC) transfer switches

3| Terms and definitions

Flor the purposes of this document, the terms and definitions (given in IEC 60050-15
IEC 60050-441, IEC 60050-442, IEC 60050-461, IEC 60050-601, IEC 60050-614

I$O and IEC maintain terminology databases for use dn Standardization at the followin
afdresses:

IEC Electropedia: available at https://www.electrOpedia.org/

ISO Online browsing platform: available at hitps://www.iso.org/obp

Z

OTE Terms and definitions are classified in accordance with IEC 60050-441. Reference from other parts tha
HC 60050-441 are classified so as to be aligned withthe classification used in IEC 60050-441.

1 General terms and definitions

1.101

witchgear and controlgear
eneral term covering switching devices and their combination with associated contro
easuring, protective and:Tregulating equipment, also assemblies of such devices an
uipment with associated’interconnections, accessories, enclosures and supporting structurg

O 3Q M W W

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

3(1.102
indoor switchgear and controlgear

sitchgear and controlgear designed solely for installation within a building or other housing,

here_the switchgear and controlgear is protected against wind, rain, snow, abnormal di

a

IEC TS 62271-5 and IEC 60633, some of which are recalled hereunder, and the following apply.

S =

rt

depoésits, abnormal condensation, ice and hoar frost

[SOURCE: IEC 60050-441:1984, 441-11-04]

3.1.103

outdoor switchgear and controlgear

switchgear and controlgear suitable for installation in the open air, i.e. capable of withstandin
wind, rain, snow, dirt deposits, condensation, ice and hoar frost

[SOURCE: IEC 60050-441:1984, 441-11-05]

g
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3.1.104
ambient air temperature

temperature, determined under prescribed conditions, of the air surrounding the complete

switching device

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

enclosure.

[SOURCE: IEC 60050-441:1984, 441-11-13, modified — "or fuses" removed in note 1 to entry]

311.105

temperature rise

fference between the temperature of the part under consideration and the ambiént a
temperature

o

3(1.106
ekternal insulation
djstances in atmospheric air, and along the surfaces in contact with atmospheric air of sol

afmospheric and other environmental conditions from the site

Npte 1 to entry: Examples of environmental conditions are pollution, humidity;”vermin, etc.

[$OURCE: IEC 60050-614:2016, 614-03-02]

3{1.107

nternal insulation
internal distances of the solid, liquid or gaseousiinsulation of equipment which are protecte
frlom the effects of atmospheric and other external conditions

[$OURCE: IEC 60050-614:2016, 614-03-03]

3|2 Assemblies of switchgear and' controlgear

=

o particular definitions.

w

3 Parts of assemblies

=

o particular definitions:

insulation of the equipment which are subject to dielectric stresses\and to the effects of

ir

d

o

3|4 Switching devices

3{4.101

switching device

device-designed to make or break the current in one or more electric circuits
[SOURGCEHIEGC-60050-444:2000441414-04

3.4.102

mechanical switching device

switching device designed to close and open one or more electric circuits by means of separabl
contacts

e

Note 1 to entry: Any mechanical switching device may be designated according to the medium in which its contacts

open and close, for example, air, SF, oil.

[SOURCE: IEC 60050-441:1984, 441-14-02]
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3.4.103

by-pass switch

BPS

high-speed DC switch connected across each converter unit in HVDC schemes using more than
one independent converter unit per pole, designed to close rapidly to bypass a converter unit
that is being taken out of service and commutate the current back into a converter unit that is
being taken back in service

Note 1 to entry: A BPS may also be used for prolonged shunting of the converter unit(s).

Npte 2 to entry: Figure 1 illustrates the position of the BPS.

Npte 3 to entry: BPS are most commonly used in LCC HVDC schemes.

HVDC line
BPS N
Converter CBPD
unit Y%
Midpoint
Converter
unit
N
BPS \ CBPD
Neutral bus

IEC

By

K

BPS By-pass switch

BPD By-pass disconnector
N

OTE Figure 1 shows an example of the location of the BPS for one polarity only.

Figure 1 — Example of the location of BPSs in an HVDC transmission system

[$OURCE: IEC 60633:2019, 9.30, modified — The wording "converter valve group" and "group’
¢placed with "converter, unit" in the definition; Notes 1 and 2 to entry changed; Note 3 to entily
hd Figure 1 addeds]

Q =

()

4.104
ralleling-switch
S
echaniceal switching device intended for rapid configuration of a HVDC system

o

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

3.4.105

converter paralleling switch

CPS

high-speed DC switch connected in series with each converter at the high-voltage DC terminal
in HYDC schemes where two or more converters are connected in parallel onto a common pole
conductor, designed to allow additional converter(s) to be connected in parallel or disconnected
without affecting the load current in the other converter

Note 1 to entry: Figure 2 illustrates the position of the CPS.
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j cPs j cPs JLCPS JLCPS
Pole 1 . . . .
— P Fie
Pole 2 u ) u ) ) u ) u
~ ~ N ~
Tf cPS Tf cPS {cps >FCPS
IEC
Kl-:y

CPS Converter paralleling switch

Figure 2 — Example of the location of a CPS in an HVDC transmission system

—

$OURCE: IEC 60633:2019, 9.28, modified — Note 1 to entry changed and Figure”2 added.]

314.106

line paralleling switch
LPS

DC commutation switch placed in series with one or more high-voltage pole conductors,
allowing two or more lines to be connected in parallel or to revertto single-line operation while
cpnducting load current

Npte 1 to entry: Figure 3 illustrates the position of the LPS.

DC conductor 1

LPS
Pole 1 ~ ~
DC conductor 2 —I_
e LPS = —_
Pole 2
~ ~
DC conductor 3
LPS IEC
Kepy

-

PS  Lineparalleling switch

Figure 3 — Example of the location of a LPS in an HVDC transmission system

[SOURCE: IEC 60633:2019, 9.29, modified — Note 1 to entry changed and Figure 3 added.]

3.5 Parts of switchgear and controlgear

3.5.101

main circuit

<of a switching device> all the conductive parts of a switching device included in the circuit
which it is designed to close or open

[SOURCE: IEC 60050-441:1984, 441-15-02]
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3.5.102

main contact

contact included in the main circuit of a mechanical switching device, intended to carry, in the
closed position, the current of the main circuit

[SOURCE: IEC 60050-441:1984, 441-15-07]

3.5.103
arcing contact
CJlltdbt UTl VV;Iib;I tilc aly ia ;IILLCIIUIUUI tU IUU Uétab“bilCU‘

=

Npte 1 to entry: An arcing contact may serve as a main contact; it may be a separate contact so designed that|i
opens after and closes before another contact which it is intended to protect from injury.

[$OURCE: IEC 60050-441:1984, 441-15-08]

3/5.104

"r" contact
ake contact

cpntrol or auxiliary contact which is closed when the main contacts ofthé mechanical switchinyg

device are closed and open when they are open

—

$OURCE: IEC 60050-441:1984, 441-15-12]

5.105

b" contact
reak contact
pntrol or auxiliary contact which is open when‘the main contacts of a mechanical switching
bvice are closed and closed when they are open

00 o =

—

$OURCE: IEC 60050-441:1984, 441-15:13]

315.106
release
<pf a mechanical switching deviece> device, mechanically connected to a mechanical switching
device, which releases the(holding means and permits the opening or the closing of the
sitching device

[$OURCE: IEC 60050-441:1984, 441-15-17]

3(5.107

arc control device
device, surrounding the arcing contacts of a mechanical switching device, designed to confine
the are'and to assist in its extinction

3.5.108

terminal

conductive part of a device, electric circuit or electric network, provided for connecting that
device, electric circuit or electric network to one or more external conductors

Note 1 to entry: The term "terminal" is also used for a connection point in circuit theory.

[SOURCE: IEC 60050-151:2001, 151-12-12]
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3.5.109

enclosure

<of an assembly> part of an assembly providing a specified degree of protection of equipment
against external influences and a specified degree of protection against approach to or contact
with live parts and against contact with moving parts

[SOURCE: IEC 60050-441:1984, 441-13-01]
3.5.110

operating-mechanism
pprt of the BPS or PS that actuates the main contacts

6 Operational characteristics of switchgear and controlgear

3

3/6.101
operation
<pf a mechanical switching device> transfer of the moving contact(s) fromnone position to gn
afdjacent position

Npte 1 to entry: For a BPS or PS, this may be a closing operation or an openingeperation.
Npte 2 to entry: |If distinction is necessary, an operation in the electrical gsefise, for example make or break, |s

rgferred to as a switching operation, and an operation in the mechanical sense,for example close or open, is referrgd
td as a mechanical operation.

—
ya

$OURCE: IEC 60050-441:1984, 441-16-01, modified % "Circuit-breaker" in Note 1 to entqy
nanged to "BPS or PS".]

Q

6.102

perating cycle
pf a mechanical switching device> succession of operations from one position to another and
hck to the first position through all other(positions, if any

O NO W

—

$OURCE: IEC 60050-441:1984, 441216-02]

6.103

perating sequence
pf a mechanical switching device> succession of specified operations with specified time
ntervals

S AO W

—

$OURCE: IEC 60050-441:1984, 441-16-03]

3/6.104
closing-operation
<

p

>

pf asmechanical switching device> operation by which the device is brought from the ope
pbsition to the closed position

[SOURCE: IEC 60050-441:1984, 441-16-08]

3.6.105

opening operation

<of a mechanical switching device> operation by which the device is brought from the closed
position to the open position

[SOURCE: IEC 60050-441:1984, 441-16-09]
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3.6.106

dependent power operation

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

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

3.6.107

stored-energyoperation
peration by means of energy stored in the mechanism itself prior to the completion of-the
peration and sufficient to complete it under predetermined conditions

[o}]

bte 1 to entry: This kind of operation can be subdivided according to:

N
a] The manner of storing the energy (spring, weight, etc.);
b] The origin of the energy (manual, electric, etc.);

c

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

[$OURCE: IEC 60050-441:1984, 441-16-15]

3(6.108

closed position
<pf a mechanical switching device> position in which the ptedetermined continuity of the main
clrcuit of the device is secured

[$OURCE: IEC 60050-441:1984, 441-16-22]

316.109

open position
<pf a mechanical switching device> pasition in which the predetermined clearance betwee
open contacts in the main circuit of the\device is secured

>

[$OURCE: IEC 60050-441:2000, 441-16-23]

316.110
shunt release
r¢lease energised by a*source of voltage

Npte 1 to entry: The source of voltage may be independent of the voltage of the main circuit.

[$OURCE: |[E€'60050-441:1984, 441-16-41]

3(6.111
anti-pumping device
dpvice which

aJ__ prevenis reclosing after a close-open operation as long as the device initating closing Is
maintained in the position for closing

b) prevents re-opening after an open-close operation as long as the device initiating opening
is maintained in the position for opening

[SOURCE: IEC 60050-441:1984, 441-16-48, modified — item b) added.]

3.6.112

interlocking device

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

[SOURCE: IEC 60050-441:1984, 441-16-49]
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3.6.113
switching

15—

making and/or breaking operation of a mechanical switching device

3.7 Characteristic quantities

Figure 4, Figure 5 and Figure 6 illustrate some definitions of this subclause.

Time quantities, see definitions 3.7.106 through 3.7.113, are expressed in milliseconds.

5 : Time
! 110,
6 |
| [
| L
7 8 9 £c
Opening operation
Key
Closed position
P Contact travel
B Open position
3 Current flow
b Opening time, 3.7.106
b Commutation titme,”3.7.108
y Initiation of .opening operation
B Instant.of separation of arcing contacts

10
11
12
13
14
15
16

/ -
14 ! Time

112

L

13 Lo

o

14 1516
IEC

Closing operation

Instant of arc extinction
Arcing time,

Make-time, 3.7.110
Pre-arcing time, 3.7.111
Closing time, 3.7.109
Initiation of closing operation
Instant of start of current flow

Instant of contact touch

Figure 4 — BPS and PS - Opening and closing operations
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| | | |
| | | |
| | | |
} t + 1
| T f T
| | 4 | | L
| | | | I
| I 5 I [ Zipte
[ [ o } Ll |
| [ | | |
| Lo 6 | [
| F | |l
[ [ | | |
[ [ | | |
[ [ | | |
: 8 9 10 (O
7 12 £c
Key
Closed position 7 Initiation ofClosing operation
4 Contact travel 8 Instant-of start of current flow
B Open position 9 Instant of contact touch
1 Current flow 10 < nitiation of opening operation
b Close-open time, 3.7.112 14\ Instant of separation of arcing contacts
B Make-commutation time 12 Instant of arc extinction

Figure 5 <\BPS and PS - Close-open cycle
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I [ 5 | [ Time
| ¢ ; : : >
| | | |
It [ 6 | |
| I | | [
| (I 7 I Lo
¢ - | L g
I [ | I
I | | | [
I (. | [y
1 1 | 11 | |
|
8 9 10 10
13 IEC
Key
( Closed position 8 Initiation of ‘@pening release
4 Contact travel 9 Separation of arcing contacts
B Open position 10  Arc¢ extinction
(1 Current flow 11, “Initiation of closing circuit
b Open-close time, 3.7.113 12" Instant of start of current flow
J Re-make time 13  Contact touch
y Reclosing time
Figure.6'— BPS and PS — Open-close cycle
3{7.101
rated value
glantity value assighed, generally by the manufacturer, for a specified operating condition of [a
cpmponent, devjee.or equipment
[$OURCE:4EE€ 60050-441:2000, 441-18-35, modified — Note 1 to entry deleted.]
317.102
shart-time withstand current
clurrent that a circuit or a Qwit(‘hing device in the closed Innqifinn can carry dllring a thpf‘ifipd

short time under prescribed conditions of use and behaviour
[SOURCE: IEC 60050-441:1984, 441-17-17]

3.7.103

peak withstand current

value of peak current that a circuit or a switching device in the closed position can withstand
under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:1984, 441-17-18]
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3.7.104

applied voltage

<for a switching device> voltage which exists across the terminals of a switching device just
before the making of the current

[SOURCE: IEC 60050-441:1984, 441-17-24, modified — "of a pole" deleted from the definition.]

3.7.105
clearance

distancebetweermtwoconductivepartsatong=a-string-stretched-the—shortestway betweenthese

cpnductive parts

—

$OURCE: IEC 60050-441:1984, 441-17-31]

7.106

pening time
pf a mechanical switching device> interval of time between the specified instant of initiation of
he opening operation and the instant when the arcing contacts have separated

A O W

—

Npte 1 to entry: The instant of initiation of the opening operation, i.e. the application of the opening command (fpr
example energising the release, etc.) is given in the relevant specifications.

[$OURCE: IEC 60050-441:1984, 441-17-36, modified — ("in all poles" deleted from the
definition.]

3{7.107

arcing time

nterval of time between the instant of the initiation of the arc and the instant of final aifc
ktinction

o =

—

$OURCE: IEC 60050-441:1984, 441-17<37, modified — The domain "of a pole or a fusg"
bleted, and "in a pole or a fuse" and_tin that pole or that fuse" deleted from the definition.]

[e

w

7.108

pmmutation time
nterval of time between the beginning of the opening time of a mechanical switching devige
nd the end of the arcing time

VS50

3(7.109

closing time

interval of time\between the initiation of the closing operation and the instant when the contact
tguch

[

—

$OURCE: IEC 60050-441:1984, 441-17-41, modified — "in all poles" deleted from the
efinition.]

o

3.7.110

make-time

interval of time between the initiation of the closing operation and the instant when the current
begins to flow in the main circuit

[SOURCE: IEC 60050-441:1984, 441-17-40]
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3.7.111

pre-arcing time

interval of time between the initiation of current flow during a closing operation and the instant
when the contacts touch

Note 1 to entry: The pre-arcing time depends on the instantaneous value of the applied voltage during a specific
closing operation and therefore can vary considerably.

3.7.112

close-open time
ifterv i W i W ] ari i i e
instant when the arcing contacts have separated during the subsequent opening operation

—

$OURCE: IEC 60050-441:2000, 441-17-42, modified — "in the first pole" and "in, all poleg’
cleted from the definition.]

(o}

w

7.113

pen-close time
nterval of time between the instant when the arcing contacts have separated and the instant
when the contacts touch during a reclosing operation

=0

Z

bte 1 to entry: Unless otherwise stated, it is assumed that the closing release incorporated in the BPS or PS
ergised at the instant when the contacts have separated during opening. This represents the minimum open-clog
ne.

= @
o »n

7.114

pntinuous current
Lrrent that the main circuit is capable of carrying continuously under specified conditions ¢f
se and behaviour

C O 0 W

3(7.115

temporary current
chrrent that the main circuit is capable_of carrying temporarily under specified conditions of uge
ahd behaviour

3(7.116
insulation level
skt of withstand voltages-specified which characterise the dielectric strength of the insulation

—

$OURCE: IEC 60050-614:2016:2016, 614-03-23]

7.117

irect withstand voltage
hlue of direct voltage that the insulation of the given equipment can withstand during tes{s
ade under specified conditions and for a specified duration

o W

3 <

3l7:118

impulse withstand voltage
highest peak value of impulse voltage of prescribed form and polarity which does not cause
breakdown of insulation under specified conditions

[SOURCE: IEC 60050-442:2014, 442-09-18]
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3.7.119

commutation

transfer of current between any two paths with both paths carrying current simultaneously during
this process

Note 1 to entry: Commutation may occur between any two converter arms, including the connected AC phases,
between a converter arm and a by-pass arm, or between any two paths in the circuit.

[SOURCE: IEC 60633:2019, 5.6]

317.120
initiation of (opening or closing) operation
instant of receipt of command for operation at the control circuit
3[8 Index of definitions
A
'a" contact, make contact 3.5.104
Ambient air temperature 3.1.104
Anti-pumping device 3.6.111
Applied voltage 3.7.104
Arc control device 3.5.107
Arcing contact 3.5.103
Arcing time 3.7.107
B
'b" contact, break contact 3.5.105
BPS 3.4.103
Break contact 3.5.112
Break-time 3.7.108
By-pass switch 3.4.103
C
Clearance 3.7.105
Closed position 3.6.108
Close-open time 3.7.112
Closing operation 3.6.104
Closing time 3.7.109
Commudtation 3.7.119
Contact 3.5.105
Continuous current 3711
Converter paralleling switch 3.4.105
CPS 3.4.105
D
Direct withstand voltage 3.7.117
Dependent power operation 3.6.106
E
Enclosure <of an assembly> 3.5.109

External insulation 3.1.106
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Impulse withstand voltage 3.7.118
Indoor switchgear and controlgear 3.1.102
Initiation of (opening or closing) operation 3.7.120
Insulation level 3.7.116
Interlocking device 3.6.112
Internal insulation 3.1.107
L
| ine paralleling switch 374.1106
| PS 3.4.106
M
Main circuit 3.5.101
Main contact 3.5.102
Make contact 3.5.111
Make-time 3.7.110
Mechanical switching device 3.4.102
(0]
Dpening operation 3.6.105
Dpening time <of a mechanical switching device> 3.7.106
Dpen position 3.6.109
Dpen-close time 3.7.113
Dperating cycle 3.6.102
Dperating mechanism 3.5.110
Dperating sequence 3.6.103
Dperation 3.6.101
Dutdoor switchgear and controlgear 3.1.103
P
Paralleling switch 3.4.104
Peak withstand current 3.7.103
Pre-arcing time 3.7.111
PS 3.4.104
R
Rated’value 3.7.101
Retease 35166
S
Short-time withstand current 3.7.102
Shunt release 3.6.110
Stored energy operation 3.6.107
Switchgear and controlgear 3.1.101
Switching 3.6.113
Switching device 3.4.101
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T
Temperature rise 3.1.105
Temporary current 3.7.115
Terminal 3.5.108

4

Normal and special service conditions

g

[3) ]

n o

—h

q

S 335 0

q

—~

a

D -

o O

D

density) of fluids and tightness for liquids, gas and yacdum systems.

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

Ratings

1 General

ubclause 5.1 of IEC TS 62271-5:2024 is replaced by the following.

atings define the common specifications of the switchgear and controlgear that are necessar
r adequate selection and use in a particular network. Other important characteristics of t
vitchgear and controlgear are defined in Clause 9, some”of“which are included on t
hmeplate but are not ratings. Still other characteristics réefer to installation, operation an
aintenance; they are not considered as ratings since they are related to the technology use
r switchgear and controlgear. Examples include normal filling level or filling / alarm pressur

1.101 By-pass switches (BPSs)

he characteristics used to determine rated values of a BPS and its operating mechanism an
Lxiliary equipment are the following:

converter units in series;

direct voltage from terminalto’earth (BPS open). This voltage depends on the configuratig
of the BPS and its connegtion to the HVDC system. Examples of possible configurations ar
given in Annex C;

insulation level (Uyg, Us, Up). The considerations provided under a) also apply to th
insulation level;

continuous_current (I.4) or its temporary current (1;);
short-time withstand direct current (/,.4);
peakiwithstand current (Ipd);

duration of short-circuit (#,q);

direct voltage across the open BPS (BPS open). This voltage depends on the number o¢f

[Ol=]

9
h

supply voltage of auxiliary and control circuits (Uy);

) supply frequency of auxiliary and control circuits.
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5.1.102 Parallelling switches (PSs)

T

he characteristics used to determine rated values of a PS and its operating mechanism and

auxiliary equipment are the following:

a) direct voltage (U,y);

b) insulation level (Uyy, Us, Up);

c) continuous current (I4);

d

e

5

O QO >

Q T

5

S

Slubclause 5.2.1 of IEC TS 62271-5:2024 is applicable with the following addition.

Sluch applicatiens“are subject to agreement between user and manufacturer (see also Clause ¢

SNort-urme witnstana direct currernt de),

peak withstand current (Ipd);

duration of short-circuit (#,4);

supply voltage of auxiliary and control circuits (Uy);
supply frequency of auxiliary and control circuits;

commutation current (for LPS only, see 3.4.106).

2 Rated direct voltage (U,q)

ubclause 5.2 of IEC TS 62271-5:2024 is applicable with the fallowing addition.

2.1 General

s BPSs are installed in parallel with a converter unit, the rated voltage of a BPS is differe:rt
cross open switch and to earth. Therefore, different rated voltages are defined for BPSs fo
arth in open position and across the open BPS.

Ss usually have same rated voltagestacross open switching device and to earth in both (opegn
nd closed) positions.

some applications PSs notvintended for rapid configuration of the HVDC system are
bnnected in series with a-disconnector that always operates and with a short time delay aftgr
e PS, to reduce the duration of voltage stress across the open PS. For such applications, |a
wer value of the rated direct voltage across the open PS can be chosen, whereby dielectr|c
apabilities and creepage distance across open switching device are reduced.

~

2.101 . (Rated direct voltage to earth (U 4,)

uhclatse 5.2.2 of IEC TS 62271-5:2024 is applicable with the following addition.

F

F

or PS this rating is applicable for both open and closed position.

or BPSs this rating is applicable for the open position only and may be specified for one or

both terminals. If the arrangement of the terminals is not symmetrical with respect to the frame,
the rating is applicable for the terminal which is designed for the highest direct voltage to earth.

T

5

S

he manufacturer must in this case specify which terminal the rating is assigned to.

.2.102 Rated direct voltage across open switching device (U,q4,)

ubclause 5.2.2 of IEC TS 62271-5:2024 is applicable.
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