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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 5: Common specifications for direct current
switchgear and controlgear

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization)com
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern]

co-
ina

peration on all questions concerning standardization in the electrical and electronic fields.)To this ¢
ddition to other activities, IEC publishes International Standards, Technical Specifications,, Technical R

Pufjlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC, Rublication(s)”)

pre
ma

witH
Sta

baration is entrusted to technical committees; any IEC National Committee interested in the subject de|
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreementhetween the two organiza

2) Thg formal decisions or agreements of IEC on technical matters express, a§ nearly as possible, an interr

con

sensus of opinion on the relevant subjects since each technical .Gommittee has representation f

interested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and are accepted by IEC N

Co

hmittees in that sense. While all reasonable efforts are madé. to ensure that the technical content

Pulflications is accurate, IEC cannot be held responsible for the way in which they are used or

mis|
4) In

Interpretation by any end user.

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi

tranisparently to the maximum extent possible in their national and regional publications. Any divergence b
any| IEC Publication and the corresponding national\gr.regional publication shall be clearly indicated in th

5) IE(] itself does not provide any attestation of conformity. Independent certification bodies provide cor

ass|
ser
6) Al

7) No
me
oth

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

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

liability shall attach to IEC or its-directors, employees, servants or agents including individual expé€]
nbers of its technical committéés-and IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq

expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

8) Attgntion is drawn to the_Normative references cited in this publication. Use of the referenced publica

indi

spensable for the eorrect application of this publication.

9) Attgntion is drawnto‘'the possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shalln6t be held responsible for identifying any or all such patent rights.

IECT
and c

S 62271-5 has been prepared by IEC technical committee 17: High-voltage switg
bnirolgear. It is a Technical Specification.

prising
ational
nd and
eports,

Their
alt with
liaising

the IEC also participate in this preparation. IEC collaborates closely with the_ International Organizaltion for

ions.

ational
fom all

ational
of IEC
or any

cations
etween
b |atter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

hgear

The text of this document is based on the following documents:

Draft Report on voting

17/1136/DTS 17/1143B/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 document is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The list of all parts of the IEC 62271 series under the general title, High-voltage switchgear and
controlgear, can be found on the IEC website.
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INTRODUCTION

This 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.

This specification is applicable for both LCC and VSC HVDC technology.

SC 171

- C

incuit-breakers (IEC TS 62271-313 [1])7;

— digconnectors and earthing switches (IEC TS 62271-314 [2]);
— trgnsfer switches (IEC TS 62271-315 [3]);
— byrpass switches and paralleling switches (IEC TS 62271-316 [4]).

SC 17

62271-318 [5]).

Stand
energ

TC 9
install
of ins

lardization of direct voltages is the responsibility of FC 8 (System aspects of ele
y supply).

D (Insulation co-ordination and system engineering of high voltage electrical
lations above 1,0 kV AC and 1,5 kV DC) definess requirements of DC substations for
Ilation, equipment, installation and earthigg (IEC 61936-2).

TC 115 (High Voltage Direct Current (HVBC) transmission for DC voltages above 100

respo

hsible for DC transmission system-aspects. It is the responsibility of TC 115 to

requirements for different equipmenic(e. g. switching devices) from system point of view.

defini
Maint

ions are implemented in «documents from other TCs. Several Working Group
bnance Teams are preparifig documents on reliability, EMC, asset management, s

desigmn, DC harmonics, testing, HVDC grids, VSC and LCC converter and insulation coordi

for HV

DC systems.

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

C is in the process of preparing a document for DC gas insUlated switchgears (IEC TS

Ctrical

bower
safety

KV) is
Hefine
[hese
5 and
ystem
hation

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

Part 5: Common specifications for direct current
switchgear and controlgear

1 Scope

This part of IEC 62271, which is a Technical Specification, applies to DC swﬁchgea];r and
contrqlgear designed for operation on HVDC transmission systems having direct voltages of
100 kY and above.

This document applies to all high-voltage switchgear and controlgear for indoor and/or o

install
of swi

2 N

Ftion except as otherwise specified in the relevant IEC documents for the particul
chgear and controlgear.

lormative references

The fgllowing documents are referred to in the text in such a way that some or all of their c

tdoor
r type

bntent

constitutes requirements of this document. For dated references, only the edition cited applies.
For Jyndated references, the latest edition of the{referenced document (including any
ameng@ments) applies.

IEC 6

IEC 6

D038:2009, /EC standard voltages

D050-614:2016, International Electrotechnical Vocabulary (IEV) — Part 614: Gene

transmission and distribution of electricity’— Operation

IEC 6

IEC 6
instal

IEC 6

IEC 6

IEC 6

D050-826:2022, International Electrotechnical Vocabulary (IEV) — Part 826: Ele
ations

D060-1, High-veltage test techniques — Part 1: General definitions and test requiref
D068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

D068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

D050-811, International Electrotechnical Vocabulary (IEV) — Part 811: Electric tract]

ation,

on

ctrical

nents

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

IEC 60071-11:2022, Insulation co-ordination — Part 11: Definitions, principles and rules for
HVDC system
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IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

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

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

IEC 60296, Fluids for electrotechnical applications — Mineral insulating oils for electrical
equipment

IEC 376, Specification of technical grade sulphur hexafluoride ‘/QFD) and complementary

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

IEC 6P417:2006, Graphical symbols for use on equipment (available at http:.//www.grapghical-
symbals.info/equipment)

IEC 6P437, Radio interference test on high-voltage insulators

IEC §0480, Specifications for the re-use of sulphur hexafluoride (SFg) and its mixtufes in
electrical equipment

IEC 6Pp512-2-2, Connectors for electronic equipment — TeSts and measurements — Paft 2-2:
Electrycal continuity and contact resistance tests — Test-2b: Contact resistance — Specifigd test
curreft method

IEC 6D529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 6P529:1989/AMD1:1999
IEC 6P529:1989/AMD2:2013

IEC 6p633:2019, High-voltage direct current (HVDC) transmission — Vocabulary

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

IEC 6{1000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurgment
technlques — Electricalfast transient/burst immunity test

IEC 6[1000-4-11;.Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurgment
technlques —( 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 Flpr‘tmmagnpfir‘ r‘nm'nafihilify (FMC) — Part 4-17- Testind 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

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

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

IEC 61000-6-5, Electromagnetic compatibility (EMC) — Part 6-5: Generic standards — Immunity
for equipment used in power station and substation environment
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IEC 61180, High-voltage test techniques for low-voltage equipment — Definitions, test and
procedure requirements, test equipment

IEC TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to be used
on DC systems

IEC 61810-7:2006, Electromechanical elementary relays — Part 7: Test and measurement
procedures

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

IEC 6R271-1:2017, High-voltage switchgear and controlgear — Part 1. Common specifications
for alternating current switchgear and controlgear
IEC 6R271-1:2017/AMD1:2021

IEC 6R271-4, High-voltage switchgear and controlgear — Part 4: Handling-procedures for gases
for ingulation and/or switching

CISPR 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturpance
charatteristics — 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

CISPR TR 18-2, Radio interference characteristics,of overhead power lines and high-vpltage
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 60633 and the
followjng apply.

ISO aphd IEC maintain terminological databases for use in standardization at the following
addrepses:

e |E[ Electropedjat.available at http://www.electropedia.org/
e ISP Online bnowsing platform: available at http://www.iso.org/obp

NOTE | Terms_and definitions are classified in accordance with IEC 60050-441. References from other pafts than
IEC 60p50-441 are classified so as to be aligned with the classification used in IEC 60050-441.

3.1 L[General terms and definitions

3.11

switchgear and controlgear

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

[SOURCE: IEC 60050-441:1984, 441-11-01]

3.1.2
nominal direct voltage
mean value of the direct voltage required to transmit nominal power at nominal current

[SOURCE: IEC 60071-11:2022, 3.2, modified — Replacement of “DC” with “direct”.]
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3.1.3

HVDC system

electrical power system which transfers energy in the form of high-voltage direct current
between two or more AC buses

[SOURCE: IEC 60633:2019, 8.1]

3.1.4
HVDC transmission system
HVDC system which transfers energy between two or more geographic locations

[SOURCE: IEC 60633:2019, 8.2]

3.1.5
two-términal HVDC transmission system
HVD({ transmission system consisting of two HVDC substations and the connecting HVDC
transmission line(s)

[SOURCE: IEC 60633:2019, 8.2.1]

3.1.6
multiferminal HVDC transmission system
HVD({ transmission system consisting of more than two separated HVDC substations and the
intercpnnecting HVDC transmission lines

[SOURCE: IEC 60633:2019, 8.2.2]

3.1.7
HVD( system pole
part df an HVDC system consisting of @ll' the equipment in the HVDC substations and the
intercpnnecting transmission lines, if -any, which during normal operation exhibit a common
direct|voltage polarity with respect to.earth

[SOURCE: IEC 60633:2019, 8.5]

3.1.8
HVD({ substation

HVD({ converter station
part df an HVDCSsystem which consists of one or more converter units installed in a pingle
locatipn togethet with buildings, reactors, filters, reactive power supply, control, moniforing,
protegtive, measuring and auxiliary equipment

Note 1 fo€ntry: An HVDC substation forming part of an HVDC transmission system may be referred to as arf HYDC
transmissiomsubstatiorn:

[SOURCE: IEC 60633:2019, 8.12]

3.1.9
HVDC substation pole
part of an HVDC system pole which is contained within a substation

[SOURCE: IEC 60633:2019, 8.14]

3.1.10

external insulation

distances in atmospheric air and along the surfaces in contact with atmospheric air of solid
insulation of the equipment which are subject to dielectric stresses and to the effects of
atmospheric and other environmental conditions from the site
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Note 1 to entry: Examples of environmental conditions are pollution, humidity, vermin, etc.

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

3.1.11

internal insulation

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

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

3.1.12
degree of protection
exteny of protection provided by an enclosure against access to hazardous pafts,” apainst
ingregs of solid foreign objects and/or ingress of water and against mechanical jmpact

[SOURCE: IEC 60529:1989, 3.3, modified — Deletion of “verified by standardized test mefhods”
and afldition of “against mechanical impact” after “water and”.]

3.1.13
IP cogle
coding system to indicate the degrees of protection provided by<@n enclosure against access to
hazarfgous parts, ingress of solid foreign objects, ingress*of water and to give addjtional
information in connection with such protection

[SOURCE: IEC 60529:1989, 3.4]

3.1.14
protegtion provided by an enclosure against access to hazardous parts
protegtion of persons against

— contact with hazardous low-voltage-live parts;

— contact with hazardous mechanical parts;

— approach to hazardous  high-voltage live parts below adequate clearance insige an
enclosure

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

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

[SOURCE: IEC 60529:1989, 3.6]

3.1.15
IK code
coding system to indicate the degree of protection provided by an enclosure against harmful
external mechanical impacts

[SOURCE: IEC 62262:2002, 3.3]

3.1.16

maintenance

combination of all technical and management actions intended to retain an item in, or restore it
to, a state in which it can perform as required

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

[SOURCE: IEC 60050-192:2015, 192-06-01]
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3.1.17
visual inspection
visual investigation of the principal features of the switchgear and controlgear

Note 1 to entry: This inspection is generally directed toward pressures and/or levels of fluids, tightness, position of
relays, pollution of insulating parts, but actions such as lubricating, cleaning, washing, etc. which can be carried out
with the switchgear and controlgear in service are also included.

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

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

[SOURCETEC 62Z71-T:2017, 3.T1.8]

3.1.18
diagnlostic test
comparative test of the characteristic parameters of switchgear and controlgglar to verifyJthat it
performs its functions, by measuring one or more of these parameters

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

[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 jout of
tolerapce by inspection, diagnostic test, examination or as required by manufaciurer's
maintgnance manual, in order to restore the compaenent and/or the switchgear and contrplgear
to an pcceptable condition (within tolerance)

[SOURCE: IEC 62271-1:2017, 3.1.10]

3.1.2(
failurg
loss of ability to perform as required

Note 1 [to entry: A failure of an item is an event that results in a fault of that item: see fault (IEC 60050-19p:2015,
192-04101).

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

Note 3 o entry:*Qualifiers, such as misuse, mishandling and weakness, may be used to categorize failures acfording
to the dause-of\failure.

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

3.1.21

major failure

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

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

[SOURCE: IEC 62271-1:2017, 3.1.12]
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3.1.22

minor failure
<of switchgear and controlgear> any failure of a constructional element or a subassembly which
does not cause a major failure of the switchgear and controlgear

[SOURCE: IEC 62271-1:2017, 3.1.13]

3.1.23
defect
imperfection in the state of an item (or inherent weakness) which can result in one or more
failures of the item itself, or of another item under the specific service or environmental or

maint
[SOU

3.1.24

eNance conaruiuons, 10l a stated perioa or tme

RCE: IEC 62271-1:2017, 3.1.14]

ambiént air temperature

tempe
switch

Note 1
the eng

[SOU

3.1.25
monit
obser
detec

rature, determined under prescribed conditions, of the air surrounding the con
ing device or fuse

to entry: For switching devices or fuses installed inside an enclosure, it\isjthe temperature of the air
losure.

RCE: IEC 60050-441:1984, 441-11-13]

oring
vation of the operation of a system or part\of a system to verify correct function
ing incorrect functioning, this being don€ by measuring one or more variables

systefn and comparing the measured values with the specified values

Note 1
of appl

[SOU

3.1.26
supef

to entry: Some definitions are given for this term in IEC 60050 (all parts). They are related to differen|
cation.

RCE: IEC 62271-1:2017,.3(1:16]

vision

hplete

putside

ng by
Dbf the

t cases

activity, performed ejthefr manually or automatically, intended to observe the state of an ftem

Note 1

[SOU

3.1.217

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

RCE; {£E€ 62271-1:2017, 3.1.17]

Unified Specific Creepage Distance
USCD
creepage distance of an insulator divided by the maximum operating voltage across the

insula

Note 1

tor.

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

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

3.1.28

Reference DC Unified Specific Creepage Distance
RUSCDDC

value of Unified Specific Creepage Distance for a DC system at a pollution site determined from
ESDD and NSDD value corrected for NSDD, CUR, etc. according to IEC TS 60815-4:2016
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Note 1 to entry: This is generally expressed in mm/kV.

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

3.1.29

Hydrophobicity Transfer Material

HTM

polymer materials which exhibit hydrophobicity and the capability to transfer hydrophobicity to
the layer 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.

3.1.3(
multijpart test
serieq of tests which adequately demonstrate the specified performance,lin the case that this
perfofmance 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 tgsts, as
well as|for short-circuit making and breaking tests.

Note 2 fto entry: Because of, for example, limitations of test field, maybe‘not all parameters concerning test ¢urrent,
test voltage or dissipated energy can be fulfilled in one test setup. In‘this case the test may be split in two ¢r more
parts wWith same current stress but different voltages stresses ordifferent energy dissipation devices to c¢ver all
requirements. For each partial test of this series, the number of tests steps shall be the same as the number required
for the Fespective test-duty.

3.2 |Assemblies of switchgear and controlgear

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

[SOURCE: IEC 62271-1:2017, 3.2:1]

3.3 Parts of assemblies

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

[SOURCE: {EC62271-1:2017, 3.3.1]

3.3.2
busbar
low-impedance conductor to which several electric circuits can be connected at separate points

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

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

3.4 Switching devices

Various types of switching devices are used in HVDC substations as their examples are given
in Annex A (informative). This subclause provides only the definitions of fundamental switching
devices. Regarding each switching device, see IEC 60633, IEC TS 63014-1 and the relevant
product standards.
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3.4.1

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, e.g. air, SF, oil.

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

3.4.2

DC cireuit-breaker
type qf 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 specifiedctime |direct
currents under specified abnormal circuit conditions such as those of short-circuit

3.4.3
discornector
mechanical switching device which provides, in the open position, amisolating distance in
accorflance with specified requirements

Note 1 [to entry: A disconnector is capable of opening and closing a circuit when’either negligible current is|broken
or made, or when no significant change in the voltage across the terminals ‘of the disconnector occurs. lIt|is also
capablg¢ of carrying currents under normal circuit conditions and carrying curcents for a specified time under ajnormal
conditipns such as those of short-circuit.

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

3.44
earthing switch
mechamical switching device for earthingparts of a circuit, capable of withstanding|for a
specified time currents under abnormal>conditions such as those of short circuit, blit not
required to carry current under normal-gonditions of the circuit

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

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

3.4.5
high-speed DC switch
type of switchgear used on an HVDC scheme, required to open or close rapidly (< 1 s), including
in some cases the-need to commutate load current into a parallel conducting path, but wWith no
requirement {0 interrupt fault or load current

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

[SOURCE: IEC 60633:2019, 9.20]

3.4.6
DC transfer switch
high-speed DC switch used to transfer direct current from one return path to another return path

Note 1 to entry: High speed switch in DC transfer switch application will usually include an oscillating branch.

3.4.7

by-pass switch

BPS

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

[SOURCE: IEC 60633:2019, 9.30]

3.4.8
parall
PS

eling switch

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.

[SOU

3.5

3.5.1
enclo
housi

Note 1
shapes|
suitablg
when ti

[SOU

3.5.2
hazar

part that is hazardous to approach or touch

[SOU
3.5.3
main

<of a
which

[SOU

3.5.4

RCE: IEC TS 62271-316:20—, 3.4.104]

Parts of switchgear and controlgear

ure
g affording the type and degree of protection suitable for the intended application

to entry: Enclosures provide protection of persons or livestock against access to hazardous parts. B
of openings or any other means (whether attached to the enclosure6r'formed by the enclosed equ
to prevent or limit the penetration of the specified test probes, arencensidered as a part of the end
ey are secured in position either by means of interlocks, keys, or byshardware requiring a tool to be re

RCE: IEC 60050-826:2022, 826-12-20, modified «"Addition of Note 1 to entry.]

dous part

RCE: IEC 60529:1989, 3.5]

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

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

auxilipry circuit
<of a pwitehing device> all the conductive parts of a switching device which are intended
included’in-a circuit other than the main circuit, the earthing circuit and the control circ
the davice

arriers,
pment)
losure,
moved.

Circuit

to be
hits of

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

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

3.5.5

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

[SOURCE: IEC 60050-441:1984, 441-15-03]
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ct

<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
auxili

ary contact

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

[SOU

3.5.8
contr
conta

[SOU
“mech

3.5.9

auxilipry switch

<of a

mechanically operated by a switching device

[SOU

3.5.1(
contr
<for g
contrg
interlg

Note 1

[SOU

3.5.11

connéction

<boltg
contin

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

bl contact
ct included in a control circuit of a switching device and operated by this device

RCE: IEC 60050-441:1984, 441-15-09, modified — Deletiom) of “mechanical’
anically”.]

switching device> switch containing one or mofe control and/or auxiliary co

RCE: IEC 60050-441:1984, 441-15-11]

bl switch

lling the operation of switchgear or controlgear, including signalling, ele
cking, etc.

RCE: IEC 60050-441:1984, 441-14-46]

d or the equivalent> two or more conductors designed to ensure permanent
uitywhen forced together by means of screws, bolts or the equivalent

-~

to entry: A control switch,consists of one or more contact elements with a common actuating systeny.

and

htacts

ontrol and auxiliary circuits> mechanical switching device which serves the purpo¢se of

Ctrical

Circuit

[SOU

O . 1= nnn—Z4 4. 0NAaA7 N - ani
CL. TV OZ27 1T=1T.2UTT, 9.9.TU]

3.5.12

positi

on indicating device

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

[SOURCE: IEC 60050-441:1984, 441-15-25]

3.5.13
monitoring device
device intended to observe automatically the status of an item

[SOURCE: IEC 62271-1:2017, 3.5.12]
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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]

3.5.1¢
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]

3.5.11
splice
conngcting device with barrel(s) accommodating eféctrical conductor(s) with or without
additipnal provision to accommodate and secure the<‘nsulation

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

3.5.18
termipal
point pf interconnection of an electric.circuit element, an electric circuit or a network with| other
electr|c circuit elements, electric circlits or networks

Note 1 |to entry: For an electric circuityelement, the terminals are the points at which or between which the |related
integra| quantities are defined. At.each terminal, there is only one electric current from outside into the elemgnt.

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

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

3.5.19
termipal block
assenpbly,'ef terminals in a housing or body of insulating material to facilitate interconngction
betweien.multiple conductors

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

3.5.20

contactor

mechanical contactor

mechanical switching device having only one position of rest, operated otherwise than by hand,
capable of making, carrying and breaking currents under normal circuit conditions including
operating overload conditions

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

[SOURCE: IEC 60050-441:1984, 441-14-33, modified — Deletion of “Mechanical” in Note 1 to
entry.]
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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]

3.5.22

vacuum interrupter
compopnent 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]

3.5.2

operdtion counter
devic¢ indicating the number of operating cycles a mechanieal) switching devicg¢ has
accomplished

[SOURCE: IEC 62271-1:2017, 3.5.22]

3.5.24
coil
set of[series-connected turns, usually coaxial

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

3.5.25
auxilipry and control circuits
entity |of

— control and auxiliary circuits, mounted on or adjacent to the switchgear or contrglgear,
in¢luding circuits in central“control cubicles;

— equipment for monitoring, diagnostics, etc. that is part of the auxiliary circuits ¢f the
switchgear or contrelgear;

— cifcuits connected to the secondary terminals of instrument transformers, that are part of
th¢ switchgear-or controlgear

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

3.5.2
subassembly

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

[SOURCE: IEC 62271-1:2017, 3.5.25]

3.5.27

interchangeable subassembly

<of auxiliary and control circuits> subassembly which is intended to be placed in various
positions within an auxiliary and control circuits, or intended to be replaced by other similar
subassemblies

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

3.6 Operational characteristics of switchgear and controlgear

3.6.1'l

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 supgly (to
solengids, electric or pneumatic motors, etc.)

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

3.6.2
stored energy operation
<of a| mechanical switching device> operation by means-\of” energy stored in the|drive
mechanism itself prior to the completion of the operation and sufficient to complete it junder
predefermined conditions

Note 1 [to entry: This kind of operation may be subdivided according to:
— thg manner of storing the energy (spring, weight, etc.);
— thq origin of the energy (manual, electric, etc.);

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

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

3.6.3
indeplendent unlatched operation
stored energy operation whereenergy is stored and released in one continuous operation such
that the speed and force of the operation are independent of the rate of applied energy

Note 1 [to entry: The energyjstored for the operation may originate from the operator (manual) or a power solirce.

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

3.6.4
positively-driven operation
operation’which, in accordance with specified requirements, is designed o ensure that aukiliary
contacts of a mechanical switching device are in the respective positions corresponding to the
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 mechanically
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.

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

pressure (in Pa), for insulation and/or for switching, referred to the standard atmospheric air
conditions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or absolute
terms, to which the assembly is filled before being put into service, or automatically replenished

[SOURCETTEC 62Z7T-T:2077, 3.6.5.1]

3.6.5.p
fillind pressure for operation
Prm
filling density for operation
Prm
presstpire (in Pa), for operation, referred to the standard atmospheric,airyconditions of 20 °|C and
101,3|kPa (or density), which may be expressed in relative or absolute terms, to whig¢h the
energly storage device is filled before being put into service or automatically replenished

[SOURCE: IEC 62271-1:2017, 3.6.5.2]

3.6.5.p
alarm| pressure for insulation and/or switching
Pae
alarm| density for insulation and/or switching
Pae
pressyire (in Pa), for insulation and/or for;switching, referred to the standard atmospheric air
condifions of 20 °C and 101,3 kPa (or density), which may be expressed in relative or abpolute
terms| at which a monitoring signal*may be provided

[SOURCE: IEC 62271-1:2017, 3:6.5.3]

3.6.5.4
alarm| pressure for operation
Pam
alarm| density foroperation
Pam
pressure (in'Pa), for operation, referred to the standard atmospheric air conditions of 20 °[C and

101,3|kPa(or density), which may be expressed in relative or absolute terms, at wirich a
monit 1ring qignal from the energy storage device may he prnvidpd

[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
terms, at which and above which rated characteristics of switchgear and controlgear are
maintained
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[SOURCE: IEC 62271-1:2017, 3.6.5.5]

3.6.5.6
minimum functional pressure for operation

Pmm
minimum functional density for operation

Pmm

pressure (in Pa), for operation, referred to the standard atmospheric air conditions of 20 °C and
101,3 kPa (or density), which may be expressed in relative or absolute terms, at which and
above which rated characteristics of switchgear and controlgear are maintained and at which a
replenishment of the energy storage device becomes necessary

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

[SOURCE: IEC 62271-1:2017, 3.6.5.6]

3.6.6 Terms and definitions relating to gas and vacuum tightness

3.6.6.(
contrplled pressure system for gas
volumie which is automatically replenished from an external compressed gas supply or internal
gas spurce

Note 1|to entry: Examples of controlled pressure systems are air-blast circuit-breakers or pneumati¢ drive
mechanisms.

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

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

3.6.6.p
closef pressure system for gas
volumle which is replenished when needed by manual connection to an external gas source

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

[SOURCE: IEC 62271-1:2017,73.6.6.2]

3.6.6.p
sealefl pressure system
volumie for which ™o further liquid, gas or vacuum processing is required during its exgected
operaling duration

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

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

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

[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

3 1

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

[SOURCE: IEC 62271-1:2017, 3.6.6.4]
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5
issible leakage rate of a gas

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

[SOU

3.6.6.
relati

RCE: IEC 62271-1:2017, 3.6.6.5]

6
ve leakage rate

Frej L

absollite leakage rate related to the total amount of gas in the system at filling préssu
density)

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

[SOURCE: IEC 62271-1:2017, 3.6.6.6]

3.6.6.

time between replenishments

It

time ¢lapsed between two replenishments performed manually when the pressure (de

reachgs the alarm level, to compensate the leakage ratedF
Note 1 [to entry: This value is applicable to closed pressure systems.
[SOURCE: IEC 62271-1:2017, 3.6.6.7]

3.6.6.B

numbler of replenishments per day of-a“gas

N

number of replenishments to compensate the leakage rate F
Note 1 [to entry: This value is applicable to controlled pressure systems.
[SOURCE: IEC 62271-1:20417, 3.6.6.8]

3.6.6.p

pressjure drop of<a gas

Ap

drop 9f pressure in a given time caused by the leakage rate F, without replenishment

[SOU

re (or

nsity)

RCE: IEC 62271-1:2017, 3.6.6.9]

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

[SOU

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

3.6.6.11

sniffi

ng

action of slowly moving a leak meter sensing probe around an assembly to locate a gas leak

[SOU

RCE: IEC 62271-1:2017, 3.6.6.11]
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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]

3.6.7 Terms and definitions relating to liquid tightness

3.6.7.1
absolute leakage rate of a liquid

amount of liquid escaped by time unit

Note 1[to entry: The absolute leakage rate is usually expressed in cm3 x s°1.

[SOURCE: IEC 62271-1:2017, 3.6.7.1]

3.6.7.p
permissible leakage rate of a liquid

F .
p(lig)
maximum permissible leakage rate specified by the manufacturér for a liquid pressure syistem

[SOURCE: IEC 62271-1:2017, 3.6.7.2]

3.6.7.p
numbler of replenishments per day of a liquid

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

[SOURCE: IEC 62271-1:2017, 3.6.7.3]

3.6.7J4
pressjure drop of a liquid

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

[SOURCE: IEC 622F%1-1:2017, 3.6.7.4]

3.7 |Characteristic quantities

3.71
rated 'value
value of a quantity used for specification purposes, established for a specified set of operating
conditions of a component, device, equipment or system

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

3.7.2

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

Um

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.

[SOURCE: 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.]

3.7.4

supplly voltage
<of alixiliary and control circuits> RMS value or, if applicable, the DC value, Yof the vpltage
existing at a given instant at a point of supply, measured over a given time jinterval

Note 1 [to entry: If a supply voltage is specified for instance in the supply contract, then it\is called “declared|supply
voltage!.

Note 2 [to entry: The supply voltage of auxiliary and control circuits is measured at the circuit terminals| of the
apparajus itself during its operation, including, if necessary, the auxiliary resistors-or accessories supplied or required
by the |manufacturer to be installed in series with it, but not including the ‘edonductors for the connection to the
electridity supply.

[SOURCE: IEC 60050-614:2016, 614-01-03, modified «"Addition of Note 2 to entry.]
3.7.5
diode| bridge current feed for VSC converter

<HVD(C substation using VSC> steady-state value of the short-circuit current supplied frgm AC
system through VSC diode bridge before AC circuit-breaker opens

3.8 Index of definitions

A
Absollte [eakage rate ... ..., 3.6.6.4 and 3.6.7.1
o3 {0 = | o B.5.16
Alarm| pressure (or density) for insulation and/or switching ..o, 3.6.5.3
Alarm| pressure (or,density) for operation ............coooiiiii i 3.6.5.4
AmDbignt air temM P e atUNE ... e B.1.24
AuXili@iry and CONrol CIFCUILS ......ie e B.5.25
Auxiligiry ciretit (of a switching deviCe)..........oiiiiii 3.54
AUXI B CONEACT ... e 3.5.7
Auxiliapp-switeh(efamechanicalswitehing-deviece i 07m7mii 3.5.9
B
BUS DA .. e 3.3.2

BY-PaSS SWICN e e 3.4.7
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C
Closed pressure System fOr Gas .. ... 3.6.6.2
o 11 3.5.24
Connection (bolted or the equIValeNt)........ccoiiiiii e 3.5.11
Contact (of a mechanical switching deViCe)........coouiiiiiiiii i, 3.5.6
Control circuit (of @ SWItChing deVICE) ... ..o 3.5.5
CoNtrol CONTACT .. e e 3.5.8
Control switch (for control and auxiliary CirCuits) ........coooiiiiiiiiiii e 3.5.10
Controlled pressure System fOr Gas .. ..o 3.6.6.1
Cumulative Inakagn measurement 3.5.6.12
D
DC CIfCUIt-Dreaker. ... ..o e Ce e 3.4.2
DC transfer switCh ... N 3.4.6
1Y T o PP o J SRS 8.1.23
Degree of proteCtion ..o G B.1.12
Dependent power operation (of a mechanical switching device).......Caiiiiniiniiniinnn. 3.6.1
DIagNPSHIC 1S . e e 8.1.18
Diode| bridge current feed for VSC converter........c.ccovvveivie ot 3.7.5
D 1= To o] 1 4 1= (o o i 3.4.3
E
Earthing switCh ..o e 3.4.4
ENCIOBUIE L. DR D e 3.5.1
Extermal inSUlation ... P e 8.1.10
F
F AU e T e 8.1.20
Filling pressure (or density) for insulation and/or switching ............ccoooiiiii i, 3.6.5.1
Filling pressure (or density) for 0peration............cooiiiiiiiii e 3.6.5.2
H
[ Eo V2= 1o (o ] U - o T- T o e S 3.5.2
Highept voltage for eqUipmMent.... ..o e 3.7.3
High-gpeed DC SWIlCH . ... e 3.4.5
HVD( substation~(HVDC converter station) .............c.ocoiiiiiiiii e 3.1.8
HVDQ SUDSTAON POIE . ... e e 3.1.9
HY DG Sy S M e e 3.1.3
HVDQ SYSIEM POIE ...ttt et e e 3.1.7
HV D C Iransmission SY S em ... ... e e e e e e e e e eae e eeeaeneenns 3.1.4
Hydrophobicity Transfer Material ... 3.1.29
|
S o7 Yo = 3.1.15
Independent unlatched operation ... 3.6.3
Interchangeable subassembly (of auxiliary and control circuits) ...........ccoeveiiiiiiininnans, 3.5.27
]} =Y g Fo Yo 147 o o £= V2 o= 3.5.28
INternal INSUIAtION ... e 3.1.11
o7 oY = P 3.1.13

Isolating distance (of a pole of a mechanical switching device) ..........cccooiiiiiiiiiinnnn. 3.7.2
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M
Main circuit (of @ SWItChiNg deVICEe) ... 3.5.3
=TT (=Y o F= T o e = P 3.1.16
Major failure (of switchgear and controlgear) .........ccoeiiiiiiiii e 3.1.21
(Mechanical) CONTACION. .. .. e e e e e eaaeanas 3.5.20
Mechanical SWItChing deViICe ... ... e 3.4.1
Minimum functional pressure (or density) for insulation and/or switching........................ 3.6.5.5
Minimum functional pressure (or density) for operation ..........ccoocoiiiiiiiiii i, 3.6.5.6
Minor failure (of switchgear and controlgear) ..o 3.1.22
Monitgring 3.1.25
MONITPIING AEVICE. .. et en e e B.5.13
T o= o A = T P G B.1.30
Multiterminal HVDC transmission System ..........oocoiiiiiiiiiiiiniinieciecneen e s Ve 3.1.6

N
Nominal direct voltage .........ccoiiiiii e G e 3.1.2
Numbjer of replenishments perday.........ccoooieviiiiiiiiiiiiininne G 3.6.6.8 and 3.6.7.3

(0]

Opergtion COUNTEr ... ..o e e B.5.23
(@ A=Y o = L B.1.19
P
Parallleling SWItCh ... et ettt et e 3.4.8
Partition (0f @an @ssSembIY) ... P et B.5.15
Permissible leakage rate...... ..o O 3.6.6.5 and 3.6.7.2
PIlOt QUWITCR Lo et 8.5.14
Positipn indicating deViCe.... ... B.5.12
Positiyely driven operation ............ s 3.6.4
e =TT VT =T I o o L S 3.6.6.9 and 3.6.7.4
Proteg¢tion provided by an enclosure against access to hazardous parts ......................... B.1.14
R
Rated Value ... e e 3.7.1
Refergnce DC Unified Specific Creepage Distance ............ccooveeiiiiiiiiiiiiiiiiieccee B.1.28
Relative [€aKag@iurate . ... 3.6.6.6
S
Seale PlESSUIE SYSTOM ... e 3.6.6.3
ST 0111 T PP 3.6.6.11
ST o] o= X PPN 3.5.17
0] = o (Y 3.5.21
Stored energy operation (of a mechanical switching device) .........ccccoiiiiiiiiiiiiiiiens 3.6.2
Subassembly (of auxiliary and control CirCUits).........ooiiiiiiiiii e 3.5.26
ST o= 0V 1 T ] o PR 3.1.26
Supply voltage (of auxiliary and control CirCUitS) ........covviiiiiii i 3.7.4

Switchgear and CONTrOIGEAT ... ..cui i e e 3.1.1
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T

1= .41 = S 3.5.18

Terminal DIOCK ... e et 3.5.19

=TT 800 o 1= e Y 3.21

Tightness coordination Chart ... e 3.6.6.10

Time between replenishments. ... ..., 3.6.6.7

T AN S POt UNit oo ettt aaas 3.3.1

Two-terminal HVDC transmissSion SYStemM . .. ..o 3.1.5
U

Unified Specific Creepage DiStancCe ... B.1.27
\'

Vacuym interrupter ... N 8.5.22

VisUa| iINSPECHION ... . f ) N B.1.17

4 Nprmal and special service conditions

41 Normal service conditions

4.1.1 General

Unlesp otherwise specified, high-voltage switchgear and“controlgear, including the opegrating

devicg¢s and the auxiliary equipment which form an‘integral part of them, are intended|to be

used |n accordance with their rated characteristicsand the normal service conditions ligted in

4.1.

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

accor

4.1.2
The n

a) th

b) th
c) th
d) th

galses, Vapours or salt;

NOTE 1

An

jing to this document and the relevant product standard.

Indoor switchgear and _controlgear

brmal service conditions-for indoor switchgear and controlgear are:

period of 24 h do€s not exceed 35 °C. The ambient air temperature does not drop
OC,

bre is no influence from solar radiation;

b altitude does not exceed 1 000 m;

b ambient air is not significantly polluted by dust, smoke, corrosive and/or flam

b ambient air tempetature does not exceed 40 °C and its average value, measured over

below

mable

nex B (informative)).

e) the conditions of humidity are as follows;

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

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 e
2,2 kPa;

xceed

the average value of the relative humidity, over a period of one month, does not exceed

90 %;

the average value of the water vapour pressure, over a period of one month, does not

exceed 1,8 kPa.

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

of high
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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 not
exceed the impact of vibrations caused by operation of the switchgear itself.

4.1.3 Outdoor switchgear and controlgear
The 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 below -25 °C;

NQTE 1 Rapid temperature changes can occur, for example a hot sunny day followed by a sudden rdin.

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

NQTE 2 Details of global solar radiation are given in IEC 60721-2-4 [38].
c) thp altitude does not exceed 1 000 m;
d) thp ambient air can be polluted by dust, smoke, corrosive gas, vapours or salt;

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

e) ic¢ coating does not exceed 20 mm;
f) the wind speed does not exceed 34 m/s;

NQTE 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. Condensatipn or
precipitation can occur;

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

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

h) vibrations due to causes externalto the switchgear and controlgear or earth tremors ¢lo 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 diil;erent
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.

NOTE Appropriate actions are also taken to ensure proper operation under such conditions of other comppnents,
such ag 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 =¢"7710008190) "\yhere 1 is the

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

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

NOTE 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].
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4.2.3 Exposure to pollution

For outdoor application ambient air that can be polluted by dust, smoke, corrosive gas, vapours
or salt at a level that exceeds DC site severity covered by a RUSCDDC of 60 mm/kV for non-
HTM insulators and 45 mm/kV for HTM insulators, more information can be found in Annex B
(informative).

For indoor application, ambient air that can be polluted by dust, smoke, corrosive gas, vapours
or salt at a level that exceeds DC site severity covered by a RUSCDDC between 20 mm/kV and
30 mm/kV, more information can be found in Annex B (informative).

4.2.4

(I | H Y
LLASEREACRELLAC R

For installation at a location where the ambient temperature can be different fromcthe normal
ice condition ranges stated in 4.1, the ranges of minimum and maximum temperaturg to be
specifiied should be:

a) -5p °C to 40 °C for extremely cold climates;

b) -4D °C to 40 °C for very cold climates;

c) -30 °C to 40 °C for cold climates;

d) -2p °C to 40 °C for cold climates (indoor conditions);

e) -1p °C to 40 °C for moderate climates (indoor conditions);
f) -5|°C to 55 °C for very hot climates.

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

NOTE In certain regions with frequent occurrence offwarm humid winds, sudden changes of temperature and/or
atmosplheric pressure can occur.

NOTE 2 For special indoor conditions with powef-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

Standprd switchgear and controlgear is designed for mounting on substantially level strugtures,
free flom excessive vibration, shock, or tilting. Where any of these standard conditions ¢lo not
exist, the requirements-for'the particular application should be specified by the user.

For inptallations where earthquakes are likely to occur, the severity level according to a relevant
publidation or speecification should be specified by the user. In case of earthquake risk, the user
should specify.the operational requirements and admissible damage level.

Installations with other unusual forms of vibration shall be identified, such as installatipns in

close }JIU)\;IIIity tomine b:actilly ormobite qpp“uatiuuc.

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.

4.2.7 Other parameters

When special environmental conditions prevail at the location where switchgear and controlgear
shall be placed in service, they should be specified by the user by reference to IEC 60721-1 [35],
IEC 60721-2 (all parts) [36] and IEC 60721-3 (all parts) [39].
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5 Ratings

5.1 General

The common ratings of switchgear and controlgear assigned by the manufacturer, including
their operating devices and auxiliary equipment, shall be selected from the following (as
applicable):

a) rated direct voltage (U,q);

b) rated insulation level (Uyq, Us and U, where applicable);

c) rafedcontintous—current{fg);

d) rafed short-time withstand direct current (/. 4);

e) raled peak withstand current (Ipd);

f) rafed duration of short-circuit (z,4);

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

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

NOTE | Other ratings can be necessary and will be specified in the relevafqt [EC product standards.

Ratings define the common specifications of the switchgéar and controlgear that are necgssary
for adequate selection and use in a particular network:,Other important characteristics [of the
switchgear and controlgear are defined in Clause. 3} e.g., minimum functional pressure for
insulation, some of which are included on thesnameplate but are not ratings. Still|other
charagteristics refer to installation, operation @nd maintenance; they are not considered as
ratingp since they are related to the technology‘used for switchgear and controlgear. Examples
include normal filling level or filling / alarm pressure (density) of fluids and tightness for liguids,
gas ahd vacuum systems.

5.2 |Rated direct voltage (U,q4)

5.2.1 General

The rated direct voltagesef*HV switchgear and controlgear (U,4) is the highest direct vpltage

pole tp earth that include harmonics for which it is designed in respect of its insulation gs well
as other characteristics, to operate as specified for the service life (lifetime).

The typical system direct voltage (U, 4) is @ system voltage in normal operation conditior}. This
is a rq unded value that is derived as an average from multiple projects and typical valug¢s are
showt
excee
system are mcluded in the values given.

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

NOTE 1 The inclusion of voltage ripple and harmonics in the values is in line with CIGRE recommendations [75]
and [73].

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

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


https://iecnorm.com/api/?name=a18a89511e522bbeacde71fd09c8591c

IEC TS 62271-5:2024 © |EC 2024 - 37 -

5.2.2

Rated voltages

105 kV — 160 kV — 210 kV — 265 kV — 340 kV — 420 kV - 525 kV - 630 kV — 840 kV

NOTE Values for rated voltages lower than 100 kV cannot be defined adequately. The reason is the lack of
applications or products. However, as an indication, for preferred voltages lower than 100 kV values are provided as

a guide

5.3

in Annex C (informative).

Rated insulation level (Uyq, Uy, Us)

The insulation levels for rated voltages of 105 kV and above should be selected from the

prefer

red rated values given in Table 1.

NOTE
(inform

Withs
normsa
Howe

Examples of preferred insulation levels for rated voltages lower than 105 kV are given(invA
Btive).

and values given in Table 1 cover the application of switchgear and controlgear
| service conditions defined in 4.1 including altitudes from sea level™up to 10
ver, for testing purposes to verify a rating or capability, they shall be consider

(101,
condi

NOTE 2

stated
documé

NOTE
40 °C f
The rd
(Ug) (

marke

The s
the lig

insula{ion values at the standardized reference atmosphere temperature (20 °C), pre

kPa) and humidity (11 g/m3) specified in IEC 60071-1:2019, 5:9.2. For special s
ions, refer to IEC TR 62271-306 [62].

The normal environmental conditions and the standard reference atmospheric conditions are curre
n IEC 60071-11:2022. In terms of these conditions, 5.9.1 and 5.9:2.0f IEC 60071-1:2019 are applied
nt.

The insulation levels in Table 1 are considered being @pplicable in the temperature range of -40 °
br DC systems. Reference is made to IEC 60071-1:2019, 5'9.1 for AC systems.

ted withstand voltage values for lightning impulse voltage (Up), switching impulse v
vhen applicable), and direct voltage (Ugq) shall be selected without crossing the hori
d lines in Table 1.

iperimposed voltage is a compOsite voltage consisting of the rated direct voltage U
htning impulse voltage U, or switching impulse voltage Ug, as shown in Figure 1.

nnex C

under
00 m.
ed as
ssure
Brvice

htly not
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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,
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 isolating
and/or isolating device (NOTE 4) distance?
distanee
(NOTE 4)
(NOTE 3)
(1) (2) (3) (4) (3) (6) (7)
100 105 160 -- -- 380 380(+1[05)
150 160 240 -- -- 450 450(+1p0)
550 550(+2[10)
200 210 315 550 550(+210)
650 650(+2[10)
550 550(+2B5)
550 550(+265)
650 650(+2B5)
250 265 395
650 650(+265)
650 650(+265)
750 750(+265)
650 650(+3¢0)
650 650(+340)
750 750(+340)
750 750(+3¢0)
320 340 505 750 750(+340)
850 850(+3¢0)
850 850(+3¢0)
850 850(+340)
950 950(+3¢0)
850 850(+4R0)
850 850(+420)
950 950(+4R0)
400 420 630 950 950(+4R0)
950 950(+420) 1 050 1 050(+$20)
1175 1 175(+§#20)
950 950(+5R5)
950 950(+525)
1 050 1 050(+p25)
1 050 1 050(+p25)
1050 1 050(+525)
500 525b 790 1175 1175(+p25)
1175 1 175(+525)
1175 1 175(+525) 1 300 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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Typical Rated Rated direct Rated switching impulse Rated lightning impulse
system direct withstand voltage withstand voltage withstand voltage
direct voltage U, U
U, s P
voltage U dd
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?
distance
(NOTE 4)
(NOTE 3)
(1) (2) (3) (4) (3) (6) (%)
1550 1.550(+B40)
1550 1 550(+840)
1675 1 675(+B40)
800 840 1260 1675 1 675(+B40)
1675 1 675(+840) 1. 800 1 800(+B40)
1°950 1 950(+B40)

NOTE The typical system direct voltage values in column (1) are referred to IEC'60071-11:2022, Annex ¢.

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

voltage| based on that the ripples and harmonics are in the range of 2 to.§ % of the typical system direct Joltage.

Referefpce is made to CIGRE Technical Brochure 684 [73].

NOTE The rated direct withstand voltage U,, is 150 % of the‘rated direct voltage U 4 of the HVDC gystem,

reference is made to IEC TS 63014-1.

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

2 In dolumn (5) and (7), values in brackets are the rated direct voltage applied to the opposite terminal (combined
volfage). For multi-terminal grids or other systefmconfigurations, where the full direct voltage can occuf at the
opplosite terminal, the 100 % rated direct voltage shall be applied. For typical two terminal DC systems| where
no higher values can occur at the opposite terminal, the value of 10 % of rated direct voltage should be ¢hosen.
Forlequipment not subjected to direct voltage at the opposite terminal, columns (5) and (7) are not applidable.

®  Insfead of Uyg = 525 kV rated direetivoltage, Uyg = 550 kV can also be reasonable. Reference is njade to
IEC160071-11:2022, Annex C. In~this case, the values in brackets of column (5) and (7) has to be adapted to the
higher value of U, and the rated direct withstand voltage in column (3) shall be re-calculated according to

NO

[E 2.
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Figure 1 — Schematic representation of'superimposed impulse voltage tests

5.4 |Rated continuous current (I,4)

This fating defines the value ofxthe current the switchgear and controlgear can|carry
continuously for its service conditions (see Clause 4).

The values of rated continuous current should be selected from the R 10 series, specified
in IEQ 60059 [11].

NOTE The R 10 seriesscomprises the numbers 1 -1,25-16-2-2,5-3,15-4 -5 - 6,3 — 8 and their pfoducts
by 10",

NOTE 2 Continuous current defined in this document does not include any harmonics or induced current.
5.5 |Rated values of short-time withstand current

5.5.1 —Typicalwaveform of short-circult current

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

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

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

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

Annex D (informative) gives further information on the circuit topologies, assumptions, and
calculations.
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In Figure 2c), the positive slope (Sp) is determined by the total series reactance in the fault path,
as shown in Figure D.5. A typical value is 2 kA/ms < Sp < 10 kA/ms.
NOTE The definition of typical waveform for DC short-circuit currents is in the scope of IEC TC 73 (Short-circuit

currents) activities. The definitions in 5.5 are provisionally provided by IEC TC 17 (High-voltage switchgear and
controlgear) for the purpose of this document, and will be updated when definitions from TC 73 become available.
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Figure 2 — Typical waveform of a short-circuit current in an HVDC system

c) HVDC system (or DC grid) with DC CB
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5.5.2

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

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

condit

ions (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.

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

by 10",
5.5.3
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Rated peak withstand current (Ipd)

hting defines the peak value of the short circuit current. The value of rated peak with
t depends on the type of waveform. Annex D (informative) gives the details.

referred value of rated peak withstand current is:
circuit in Figure 2a), 1,5 I;

circuit in Figure 2b), 2,0 /,4;

circuit in Figure 2c¢), Sp tpd-

ere It is diode bridge current feed for VSC converter in Figure 2a) (see D.1) and §
are positive slope and time to peak of short-circuit current time in Figure 2c), respe
be D.3).

ernative value higher than above may, be chosen.

me to peak short-circuit current, is'around 0,01 s for Figure 2a) and 0,07 s for Figu
01 s for Figure 2c) but it will*depend on the operating time of DC CB and protecti
Ip protection) time. D.4 gives-further information.

Rated duration of'short-circuit (z,4)

ating defines the.interval of time for which the switchgear and controlgear can ca
bsed position, a-current equal to its rated short-time withstand direct current.

referred(value of rated duration of short circuit is:

ciréuit in Figure 2a), 0,7 s;

stand

and
ctively

e 2b)
bn (or

rry, in

- fo

circuit in Figure 2b) 0 7 s: In case of full-bridge MMC HVDC a much smaller valu

be chosen, depending on the DC circuit and the converter controller;

— for circuit in Figure 2c), 0,5 s.

An alt

5.6

5.6.1

ernative value higher than above may be chosen.

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

General

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

E may
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5.6.2 Rated supply voltage (U,)

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

U

a

24
78
60
110
125
220
250

Table 3 — Alternating voltage of auxiliary and{eontrol circuits

Lihe Three-phase, three-wire or Single-phase, three-wire Single-phase, two-wire
numnjber four-wire systems systems systems
\ 14 \Y
S) (2) (3) (4)
1 - 120/240 120
4 120/208 - 120
3 (220/380) - (220)
4 230/400 - 230
§ (240/415) - (240)
q 277/480 - 277
1 347/600 - 347
NOTH 1 The value 230/400,V indicated in line 4 of this table will be, in the future, the IEC standard vpltage
replaging the values 220/380 V and 240/415V in lines 3 and 5. The voltage variations of existing syptems
at 22(/380 V and 240{415°V will be brought within the range 230/400 V + 23/40 V. The reduction of this range will
be copsidered in thésnext and subsequent revisions.
NOTH 2 Thelawer values in the column (2) of this table are voltages to neutral and the higher values are vo|tages
betwgen phases. The lower value in the column (3) is the voltage to neutral and the higher value is the vpltage
between Jines.

5.7 Rated supply frequency of auxiliary and control circuits

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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6 Design and construction

6.1 Requirements for liquids in switchgear and controlgear

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

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

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

6.2 |[Requirements for gases in switchgear and controlgear

The manufacturer shall specify the type and the required quantity, and qualjty~6f the gaq used
in swifchgear and controlgear.

The manufacturer shall provide the user with necessary instructionsder renewing the gds and
maintgining its required quantity and quality (refer to 11.5.2 anhd item a) of 11.5.3)] This
requirement does not apply to sealed pressure systems.

For splphur hexafluoride (SFg) filled switchgear and controlgear, SFg in accordancg with
IEC 6P376 for new SFg and its mixture and IEC 60480/for reused SFg and its mixture shall be

used.| For gas handling of switchgear and controlgear with gas, reference is made to
IEC 6R271-4.

In order to prevent condensation, the maximum allowable humidity content within gad-filled
switchgear and controlgear at the filling density for insulation shall be such that the dew point
at fillihg 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

Switclngear and controlgear shall be provided with a reliable earthing point for connection of an
earthipng conductor suitable for specified fault conditions. The connecting point shall be marked
with [the “protective ;€arth” symbol, as indicated by symbol IEC 60417-5019:2006-08.
Cond:l:qctive parts_of. the switchgear and controlgear intended to be connected to the edrthing
system, can bedesigned to be part of the earthing circuit.

All cqgnduective components and enclosures that can be touched during normal opdrating

condifions and are intended to be earthed shall be designed to carry 30 A (DC) with a vpltage
drop![ : 3V I hi . ided I el | I

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.

6.4 Auxiliary and control equipment and circuits
6.4.1 General

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

Auxiliary and control equipment and circuits shall operate normally when the voltage measured
during operation at the supply terminals of the auxiliary and control equipment and circuits:

e is within 85 % to 110 % of rated supply voltage (U,);
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e inthe case of DC, a ripple voltage is not greater than 5 % of Uy;

e 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 61000-4-11 (AC
supply voltage).

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

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

¢ the_manufa ha 3 ]
t on internal energy storage);

) a 13ge gets
inferrupted (for example impac

e the manufacturer shall state the behaviour of the device when the supply voltageyétdrns;

e supbsequent actions shall only be completed in response to a new valid operational conjmand
(where applicable).

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

NOTE Possible actions can be:

a) commpleting the pending action without manual intervention such that th€_equipment achieves a defingd, safe
opegrating state for example open, closed, charged, discharged;

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

c) coimnpleting the action after giving another command for the same switching operation that was interruptgd.

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

Specific conditions are given in 6.9 of IEC62271-1:2017 for shunt closing releases, [shunt
openipg releases and under-voltage releases.

For sypply voltages lower than the minimum stated above, precautions shall be taken to prevent
any damage to electronic equipment.and/or unsafe operation.

Requirements for the interface” with digital communication that ensure compliancg with
IEC 6{1850 (all parts) [57] aredetailed in IEC 62271-3 [61].

NOTE 2 The logical nodes=~inIEC 62271-3:2015 (XCBR, XSWI) and their additional data objects descrjbed in
Annex B of IEC 62271-3:2015/cover only some properties required by the electronic nameplates of some swijchgear
and coptrolgear of the IEC/62271 series of standards. The other properties required for the physical namnjeplate,
tenderipg, quotation and‘ordering phases are not covered.

6.4.2 Protection against electric shock

6.4.2.11 Protection of auxiliary and control circuits from the main circuit

Auxiliary and confrol circuits that are installed on the frame of switchgear and confrolgear shall
be suitably protected against disruptive discharge from the main circuit. This is verified by
dielectric type tests specified in 7.2, see 7.2.5 f).

6.4.2.2 Safety clearance during service

Auxiliary and control circuits to which access is required during 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

All components 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
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auxiliary 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 [fo ensure the proper operation of switchgear and controlgear until the end of this 2-hour
period.

After this 2-hour period non-operation is acceptable. If the loss of the “suitable {precautigns” is
longef than 2 h but does not exceed 24 h in total, the functionality of the\switchgegqr and
contrglgear shall come back to its original characteristics when the service conditiors are
recovered.

Wher¢ heating is essential for correct functioning of the equipment,xmonitoring of the heating
circuif shall be provided.

In th¢ case of switchgear and controlgear designed (for outdoor installation, syitable
arrangements (ventilation and/or internal heating, etc.)ean be necessary to prevent harmful
condgnsation in auxiliary and control circuit enclosures:

6.4.3.p2 Accessibility

Closing and opening actuators and emergengy shut-down system actuators shall be Iqcated
betwelen 0,4 m and 2 m above the floorgiground or operating platform normally usgd by
operating personnel.

Other|actuators should be located at’such a height that they can be easily operated. Indifating
devicgs should be located at suchva height as to be readily legible.

Wher¢ a component needs adjustment during its service life, access shall be provide with
protegtion level of at least’ IP XXB, refer to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 6P529:1989/AMD2:2013.

6.4.3.B Identification

Identification,of components installed in enclosures shall be in agreement with the indigation
on thg wiring diagrams and drawings. If a component is of the plug-in type, an identifyind mark
should_b€& pla i .

6.4.3.4 Requirements for auxiliary and control circuit components
6.4.3.4.1 General

The auxiliary and control circuit components shall comply with applicable IEC standards if one
exists. Annex E (informative) is provided as a quick reference to many of the component
standards.

6.4.3.4.2 Cables and wiring

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

Condrda&mmdwwmwmwm no
mechanical damage can occur to the conductors as a result of movement of these doors

6.4.3.|4.3 Terminals
If facilities are provided for connecting incoming and outgoing neutral, protective anqd PEN

(protective earthed neutral) conductors, they shall be situated in the vicinity of the assofiated
phasg conductor terminal.

6.4.3.4.4 Auxiliary switches

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

Auxiligry switches which are operated in conjunction#with the main contacts shall be pOjitiver
driven| in both directions. An auxiliary switch can-gconsist of a set of two one-way posfitively
driver] auxiliary contacts (one for each direction)!

6.4.3.4.5 Auxiliary and control contacts
Auxiligry and control contacts shall be suitable for the number of operating cycles specified for

the switching device. This requirement is verified by the mechanical endurance test of thg high-
voltage switching devices to which they are linked.

The dperational characteristics of the auxiliary contacts that are made available to the user
shall ¢comply with one of the classes shown in Table 4.

Examples of the uselof the three contact classes are shown in Figure 3.
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Table 4 — Auxiliary contact classes

Direct current

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

NOTE 1 Control contacts which are included in a control circuit of a mechanical switching device can be covered
by thi§table:

NOTE|2 If insufficient current is flowing through the contact, oxidation can increase the resistance.cTherefore, a
minimpm 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 qan be
reduced if current-limiting equipment, other than fuses, is employed.

NOTE|4 For all classes, breaking capacity are based on a circuit time constant of 20 ms_with a tolerance of Q% %.

NOTE|5 An auxiliary contact which complies with class 1, 2 or 3 for DC is nopmally able to handle corresp¢nding
AC cufrent and voltage.

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

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

mm Lo

-V
IEC

Figure 3 — Examples of classes of contacts

6.4.3.4.6 Heating elements

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

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

6.4.3.5 Operation counter

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

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

Except for slow operation during maintenance, the main contacts shall only move under the
action of the drive mechanism and in the designed manner. The closed or open position of the

main contacts shall not change as a result of loss of the energy supply or the re-application of
the en erqgy Qupply after a loss of energy to the r‘lnqing and/or nppning device

6.6 [Stored energy operation
6.6.1 General

A switching device arranged for stored energy operation shall be capable of making and
break|ng all currents up to its rated values when the energy storage deviceris suitably charged.
Except for slow operation during maintenance, the main contacts shall"only move undgr the
action of the drive mechanism and in the designed manner, and not'due to re-application|of the
energly supply after a loss of energy (electric power or pressure Supply).

A deyice indicating when the energy storage device is eljarged shall be mounted gn the
switchiing device except in the case of an independent unlatched operation.

It sha|l not be possible for the moving contacts to move from one position to the other, dnless
the stpred energy is sufficient for satisfactory campletion of the opening or closing opefation.
Storedl energy devices shall be able to be discharged to a safe level prior to access.

6.6.2 Energy storage in gas receivers:or hydraulic accumulators

When|the energy storage device is_a~gas receiver or hydraulic accumulator, the requirements
of 6.6]1 apply at operating pressures-between the limits specified in items a) and b).
d) EXternal pneumatic or hydraulic supply

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

These limits do netapply when the gas receivers also store compressed gas for interrdption.
e) Campressor.orpump integral with the switching device or the operating device
THe limits ‘of) operating pressure shall be stated by the manufacturer.

6.6.3 Energy storage in springs (or weights)

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

6.6.4 Manual charging

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

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

The maximum actuating force required for manually charging a spring (or weight) shall not
exceed 250 N.
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6.6.5 Motor charging

Motors, and their electrically operated auxiliary equipment for charging a spring (or weight) or

for driving a compressor or pump, shall operate satisfactorily between 85 % and 110 %

of the

rated supply voltage (refer to 5.6), the frequency, in the case of AC, being the rated supply

frequency (refer to 5.7).

For electric motors, the limits do not imply the use of non-standard motors but only the selection
of a motor which at these values provides the necessary power, and the rated voltage of the
motor does not need to be equal to the rated supply voltage of the auxiliary and control circuits.

6.6.6 —Energy-storage-in—capacitors

When| the energy storage is a charged capacitor, the requirements of 6.6.1 apply~whq
capaditor is charged.

6.7 |Independent unlatched operation (independent manual or power‘operation)

The rlechanism shall not reach the energy release point of a close operation if the swi
devicg is in the closed state or of an open operation if it is open.

NOTE This requirement is to prevent the inadvertent, and potentially damaging, discharge of stored
againsf an already closed or already open switching device.

It shall not be possible to progressively store energy by incomplete operations agairn
interlgck, if supplied. During the operation, any movemént of the contacts prior to release
energly shall not reduce any electrically stressed gap{to below that which will withstand
insulation levels.

For a|switching device with short-circuit making capacity but no short-circuit current brg
capadity, a time delay shall be introduced between the closing and opening operation. Thi
delay|shall be not less than the rated duration of the short-circuit (refer to 5.5.4).

NOTE 2 The intention of the provision is to\et the switching device “ride out” the short-circuit in the closed §
until a back-up device safely clears the fauit.

6.8 [Manually operated actuators

The djrection of operation-of manually operated actuators shall be self-evident or explicit.

Prefefred operation principles are to

e turn clockwise to close and anti-clockwise to open, or

e push. in to close and pull out to open, or

n the

ching

energy

st an
of the
rated

aking
5 time

osition

e moveright to close and move left to open, or

e move upwards to close and move downwards to open.
Other design may be implemented.

NOTE Reference is made to IEC 60447 [29].

6.9 Operation of releases

6.9.1 General

See 6.4.1 for the basis of operation limits with respect to supply voltage.
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6.9.2 Shunt closing release

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

6.9.3 Shunt opening release

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

6.9.4 Capacitor operation of shunt releases

When|a rectifier-capacitor combination is provided as an integral part of the' switching device
for stgred energy of a shunt release, the charge of the capacitors derived/from the voltage of
the mpin circuit or auxiliary supply, shall be sufficient for satisfactory operation of the rglease
5 s affer the voltage supply has been disconnected from the terminals of the combinatign and
repladed by a short-circuiting link.

The vpltages of the main circuit before disconnection shall-be taken as the lowest voltage of
the sylstem associated with the rated voltage of the switching device. IEC 60038:2009 shall be
referrgd to for the relation between “highest voltage fof\equipment” and system voltages

6.9.5 Under-voltage release

When|an under-voltage release is provided, it.\shall operate to open and prevent closing |of the
switchling device for all values of the voltage at its terminals below 35 % of its rated supply
voltage.

Betwden 70 % and 35 % of its rated supply voltage, the under-voltage release can opgerate,
opening the switching device and preventing its closing.

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

The dlosing of the\switching device shall be possible when the value of the voltage pt the
termirnals 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).

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.

6.10.2 Liquid level

A device for checking the liquid level, with indication of minimum and maximum limits
permissible for correct operation, shall be provided. This requirement is not applicable to
dashpots or shock-absorbers.
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6.11

6.11.1

Nameplates

General

Switchgear and controlgear (and their operating devices where applicable) shall be provided
with nameplates that contain the information required to identify the equipment, its ratings and
appropriate operating parameters as specified in the relevant IEC standards.

6.11.2 Application

Table 5 shall be used where applicable if the product standard does not provide more specific

information.

In particular, the terminology, symbols and units given in the table shall be used as appropriate.

Annex F (informative) provides an extended list including non-rated values. The™ following

reconimendations should be considered as appropriate:

a) thpe type and mass of insulating fluid should be noted either on a nameplate or on g label
placed in a visible location;

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

c) switchgear and controlgear installed outdoors or in high humidijty should have nameplates
arld have methods of attachment that are weather-proof and-corrosion-proof;

d) fol an operating device combined with a switchgear devjice, it may be sufficient to usg only
orle combined nameplate;

e) ngmeplates should be visible in the position of narmal service and installation;

f) teghnical characteristics on nameplates and/or«ifr documents which are common to s¢veral
kinds of high-voltage switchgear and controlgear should be represented by the |same
syimbols;

g) since other characteristics (such as type of gas or temperature limits) are specialized, they

sh

all be represented by the symbols.\which are used in the relevant standards.
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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 Uy kv X
4 Rated direct withstand voltage U3d KV X
5 Rated lightning impulse withstand U KV X
voltage P
6 Rated switching impulse withstand U KV Y ratedVdirect voltage
voltage s 210kV and abdve
7 Rated continuous current Iy A X
8 Rated short-time withstand direct Iy KA X
current
9 Rated peak withstand current Ipd kA X
10 Rated duration of short-circuit ted S X
11 Filling pressure for operation(*) Prm MPa X
12 Filling pressure for insulation(*) Pre MPa X
13 Alarm pressure for insulation(*) 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
7| | specify DC / AC (with. ratéd a v X
frequency)
18 Type anc_i mass| of)fluid (liquid or M, kg X
gas) for insulation
Mass of.switchgear and
19 controlgéar (including any fluid) M kg Y more than 300 kg
20 Year,of manufacture X
Minimum and maximum ambient o different from -5/°C
21 . C Y o
air temperature and/or 40 °C

(**) X =the marking of these values is mandatory, where applicable.

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

(*) Absolute pressure (abs.) or relative pressure (rel.) to be stated on the nameplate.

NOTE 1

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

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

6.12 Locking devices

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

e it shall be possible to read the position-indicating device when operating locally;
o all stable positions such as open, closed and test positions shall be clearly indicated.

Identification of the open, closed and where appropriate earthed positions should use symbols
and/orcototrs—defined by theretevanttEC pub:iuatiuna. HEC-66673 {14] forcototursHEC$0417

[27] fqr symbols and IEC 60617 [30] for diagrams.

6.14 |Degrees of protection provided by enclosures
6.14.1 General

The epclosures shall provide degrees of protection in accordance with 6:14.2 through 6.14.4.

6.14.3 Protection of persons against access to hazardous parts and protection ¢f the
equipment against ingress of solid foreign objects/(IP'coding)

to hazardous parts of the main circuit, control and/or atixiliary circuits and to any hazgrdous
movinlg parts and against ingress of solid foreign objects shall be at least IP1XB according to
IEC 6P529:1989, IEC 60529:1989/AMD1:1999 and JEC 60529:1989/AMD2:2013.

The dggree of protection of persons and of equipment provided by an enclosure against 3ccess
r

6.14.3 Protection against ingress of water (IP coding)

For equipment of indoor installation, no minimum degree of protection against harmful irjgress
of water is specified, i.e. the second characteristic numeral of the IP code is X accordjng to
IEC 6P529:1989, IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

Equipment for outdoor installation shall be at least IPX3 according to |IEC 6052911989,
IEC 6p529:1989/AMD1:1999(and IEC 60529:1989/AMD2:2013. If it is provided with add|tional
protedtion features against rain and other weather conditions (supplementary letter W), the
performance refers to the: situation with these features in place and shall be demonsfrated
accor@ling to Annex G-(normative) (see 7.6.1).

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

For indoor.installation, the preferred impact level is IKO7 according to IEC 62262:2002 (4 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.

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.
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6.16 Gas and vacuum tightness
6.16.1 General

The following specifications apply to all switchgear and controlgear that use vacuum or gas,
other than ambient air, as an insulating, switching, combined insulating and switching, or
operating medium.

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

NOTE IEC TR 62271-306 [62] and CIGRE Brochure 430 [71] Ci\/n some information _examples and gllid nce for
tightness.

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

An ingreased leakage rate at extreme temperatures is permissible, provided that this rate fesets
to a Value not higher than the permissible value F, at standardized ambient temperature of

20 °C| The increased temporary leakage rate shall not exceed the values given in 7.7.1.

NOTE 2 The average leakage rate observed during service life can be highér‘than the specified leakage r@te due
to the temporary increased leakage rate at temperatures above or below thexstandardized ambient temperatyire.

6.16.32 Controlled pressure systems for gas

The {fightness of controlled pressure systems for gas is specified by the number of
replerlishments per day (V) or by the pressure drop.per day (Ap). SFg4 gas and SFg mixturgs are

not applicable for controlled pressure systems.

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

The tightness of closed pressurensystems for gas is specified by the relative leakage rafe F

of ea¢h compartment. The maximum value under the standardized ambient temperatpire of
20 °Clis 0,5 % per year irrespective of gas type.

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

The tiphtness 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 Thai “ : » H i ol L g »
- e tet i Service— M peS— oG e Tve CoOnMaTtonS—

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
that the minimum functional pressure (density) shall not be attained before the expected end of
life. The manufacturer shall specify a permissible leakage rate.

NOTE 1 For some designs verification of an expected operating duration greater than 20 years can be impractical
for a type or routine test.
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NOTE 2 Sealed SF; switchgear and controlgear is considered to have insignificant SFy losses (less than
0,1 % per year) during their expected operating duration.

6.17 Tightness for liquid systems
6.17.1 General

The following specifications apply to all switchgear and controlgear that use liquids as insulating,
or combined insulating and switching, or operating medium with or without permanent pressure.

6.17.2 Leakage rates

The o(liq) A clear
distin¢tion shall be made between internal and external tightness where internal tightnéss|refers
to leakage between two compartments within a single closed system and externabtightness
refers|to leakage outside of the closed system.
a) tolal tightness (sealed pressure system): no liquid loss can be detected;
b) relative tightness: slight loss is acceptable under the following conditions:
— | the leakage rate, Fj;q shall be less than the permissible leakageyrate, F,iq);
— | the leakage rate, Fj;; shall not increase with time or in the case of switching deyices,
with number of operations;
— | the liquid leakage shall not cause malfunction of the switchgear or controlgear, nor fause
any injury to operators in the normal course of their duty.
6.18 |Fire hazard (flammability)

No teg¢hnical requirement is defined for high-voltage switchgear and controlgear due to thg large
variety of designs and lack of acceptance:(criteria. The information below is providéd for
guidance.

IEC 6PD695-1 (all parts) [33] provides, guidance for assessing the fire hazard of electrotechnical
produfts.

IEC 6PD695-7 (all parts) [34] provides guidance on the minimization of toxic hazards due tp fires
involvling electrotechnicalproducts.

6.19 |[Electromagnétic compatibility (EMC)

Switclhgear and¢«Controlgear shall be capable of satisfying the EMC tests specified in 7.8,

6.20 |X-ray'emission

This gsubClause is applicable to vacuum interrupters used in switchgear and contrdlgear.
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].

6.22 Filling levels for insulation, switching and/or operation

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

applic

able):

— alarm pressure p,, (or density p,,) for insulation and/or switching;

— alarm pressure p,,, (or density p,,) for operation;

- mi

- mi

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

nimum functional pressure p.,, (or density p.,,,) for operation.

7 Type tests

7.1
7.1.1

The ty
contrg

type t
for se

devicgs and auxiliary equipment, all of which in principle shall be-in, or restored to, a ne

clean

Recor
releva
laborg

Tolerd

Information regarding the extension of validity of type tests is given in Annex | (informati

7.1.2

The nLanufacturer shall submit to,'the testing laboratory, drawings and other data cont

suffici

switcljgear and controlgear presented for test. A summary list of the drawings and

sched
conta

are the correct version’and represent the switchgear and controlgear to be tested.

The t

essential details and parts of the test object but is not responsible for the accuracy

detail

General
Basics

pe tests are for the purpose of proving the ratings and characteristics 'of switchge
Igear, their operating devices and their auxiliary equipment. Each dndividual type

bst sequence shall be made on test objects as defined in 3.2.1, in_ the condition as re
rvice (filled with the specified types and quantities of liquid or‘gas), with their ope

condition at the beginning of each type test or type test sequence.

ditioning during individual type tests or test sequence’may be allowed, according
nt IEC product standards. The manufacturer shiall provide a statement to the t
tory of those parts that may be renewed during.the tests.

nces on test quantities are listed in Table,H:1.

Information for identification of test objects

nt information to unambiguously identify by type the essential details and parts

ules shall be supplied by the manufacturer and shall be uniquely referenced and
n a statement that'the manufacturer guarantees that the drawings or data sheets

bsting laboratory shall check that drawings and data sheets adequately represe

pd information.

r and
st or
uired
rating
W and

to the
esting

e).

hining
of the
data
shall
listed

ht the
Df the

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).

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;

— the rated characteristics of the test object as specified in the relevant IEC standards.;

— the general description of the test object;
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— the manufacturer, type, serial numbers and ratings of essential parts, where applicable (for
example, drive mechanisms, interrupters, shunt impedances);

— the general details of the supporting structure of the switching device or enclosed switchgear
of which the switching device forms an integral part;

— the details of the operating-mechanism and devices employed during tests, where

a

- P

pplicable;
hotographs 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 the

e
- a
- d

ssential parts of the test nhjpnf'

tatement that the test object complies with the drawings submitted;

tails of the testing arrangements (including diagram of test circuit);

— statements of the behaviour of the test object during tests, its condition after-tests ar

p

rts renewed or reconditioned during the tests;

— in|case of breaking operations with some specific technologies, nonisdstained disr

d

ischarge can occur during the recovery voltage period. Their number is of no signifi

tolinterpreting the performance of the device under test. They shall be reported in th
report only in order to differentiate them from restrikes;

- re

standards;

— the location, laboratory name where the tests were cofiducted and date of test.

7.2 |Dielectric tests

7.2.1 General

Dielegtric tests shall be performed in compliance with IEC 60060-1, unless otherwise spe
in thig document.

7.2.2 Ambient air conditions during tests

Refergnce shall be made to IEEC80060-1 regarding standard reference atmospheric cong
and afmospheric correction faetors.

For tept objects where lexternal insulation in ambient air is of principal concern, the atmos
corregtion factor K shall be applied.

The
ambi

nt air is of principal concern.

d any

Liptive
cance
e test

cords of the test quantities during each test or test duty;as specified in the relevant IEC

cified

itions

bheric

jumidity correction factor k, shall be applied only for the dry tests where insulation in

For test objects having external and internal insulation, the correction factor K; shall be a

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.

pplied

If K, is above 1,0 then to fully test the external insulation system, the internal insulation will be

overstressed and steps may be necessary to prevent overstressing the internal insulation
systems. If K, is below 1,0 then to test the internal insulation system fully, the external insulation

will be overstressed and steps may be necessary to prevent overstressing the external
insulation systems. Some methods are discussed in IEC 60060-1.

For test objects having only internal insulation, the ambient air conditions are of no influence
and the correction factor K; shall not be applied.
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For combined tests, parameter g shall be calculated considering the total test voltage value.

For cases where the equipment is installed where the maximum specified ambient air
temperature 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
correction among other possible combinations of temperature and humidity under service
condition.

NOTE In valve halls, a combination of a high temperature and a very low humidity can happen (see 4.2.2). As an
example, the most stringent combination of temperature and low humidity level can be such as 50 °C and 1 g/m?.
Other combinations are also possible.

7.2.3 Wet test procedure

When| a wet test is required, the standard wet test procedure given in IEC 60060-1 shall be
followged.

7.2.4 Arrangement of the equipment

Dielegtric tests shall be made on switchgear and controlgear completely assembled,|as in
service with any supplementary insulation such as tape or barriers{if-stated in the installation
instrugtions; the outside surfaces of insulating parts shall be in cfean condition.

The test object shall be mounted for test with minimumiclearances as specified Hy the
manufacturer if such surrounding influences the performance.

NOTE | Each HVDC system pole usually maintains a sufficient.cl&arance from each other.

Tests|shall be performed with the test object installed at a height above ground equal to gr less
than the height used in service.

If arcing horns or rings are part of thexdesign for gradient distribution, they shall remain in
positipn for the test. If they are proposed as overvoltage protection devices for the systen, they
are ngt part of the design of the test*object and shall be not installed for tests.

For tgst 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.

For dlelectric testing: of switchgear and controlgear incorporating vacuum switching deyvices,
precaptions 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 pafety
measlires established.

7.2.5 L —GCriteriatopass-thetest
a) Direct voltage tests
The test object shall be considered to have passed the test if no disruptive discharge occurs.

If during a wet test a disruptive discharge (as defined in IEC 60060-1) on external self-
restoring insulation occurs, this test shall be repeated in the same test condition without
intermediate cleaning and the test object shall be considered to have passed this test
successfully if no further disruptive discharge occurs.

b) 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 object
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;
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— no disruptive discharge on non-self-restoring insulation occurs. This is confirmed by
5 consecutive impulse withstands following the last disruptive discharge.

This procedure leads to a maximum possible number of 25 impulses per series.
c) Superimposed impulse tests

The test object shall be considered to have passed the tests if the following conditions are
fulfilled.

— pre-stress with rated direct voltage has been applied for 2 h, and no disruptive discharge
occurs;

— the number of disruptive discharges does not exceed two for each complete series;

— [o distuptive discitarge om non-seff-restormng msutation occurs. 1This 15 confitmed by
5 consecutive impulse withstands following the last disruptive discharge.

This procedure leads to a maximum possible number of 25 impulses per series)
d) Polarity reversal tests

The test object shall be considered to have passed the test if no disruptive'discharge ofcurs.
e) Voltage test as condition check

The test object shall be considered to have passed the test if no distuptive discharge ofcurs.
f) 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 insylating
properties of other downstream parts of equipment (circuit-breakers, disconngctors,
other bays). It is recommended that parts be tested in sequence, starting with thje 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 probgbility
with the increased number of voltage applications or by reflected voltage after a
disruptive discharge at a remote loecation within the equipment. To reduce the probpbility
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 prgssure
should be clearly identifigd/in the test report(s).

— | A disruptive discharge-to the auxiliary and control circuits shall be considered as a
failure.
7.2.6 Application"of‘the test voltage and test conditions

7.2.6.1 General

Distingtion shall be made between the general case, where the three test voltages (pgle-to-
earth,| across open switching device and across the isolating distance) are the same anpd the
specielll cases where the test voltages across the isolating distance is higher than thg test-
voltage pofe to earth:

Some insulating materials retain a charge after a voltage application, and for these cases care
should be taken when reversing the polarity. To allow the discharge of insulating materials, the
use of appropriate methods, such as the application of two impulses between 60 % and 80 %
of the rated withstand voltage in the reverse polarity before the test, is recommended.

When testing switchgear incorporating an open vacuum interrupter, for each polarity a maximum
of 25 preliminary impulses maybe performed at up to and including the rated withstand voltage.
The number and level of preliminary impulses shall be stated by the manufacturer. Breakdowns
that are observed during these preliminary tests shall be disregarded for the purpose of
withstand statistics used to determine pass or fail performance of the equipment.
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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
J) / O
a a
Frame

F Ly

Figure 4 — Diagram of connections of a switching device

IEC

Table 6 — Test conditions in general case

[est condition

Switching device

Voltage applied to

Earth connected| to

1 Closed Aa F
2 Open A aF
3 Open a AF
NOTE| Test condition 3 can be omitted if the arrafgement of the terminals is symmetrical with respect to the frame.
7.2.6.B Special cases
7.2.6.5.1 Impulse voltage tests across the isolating distance (or open switching
device)
In cage of impulse voltage tests across the isolating distance (or open switching devicg), the

test vpltage shall<be applied according to Table 7, as applicable.

Table 7 — Test conditions in case of impulse voltage tests across
the isolating distance (or open switching device)

Test condition

Main part

Compliementary part

Voltage applied to

Earth connected to

1
2

A

a

a
A

F
F

NOTE Test condition 2 can be omitted if the arrangement of the terminals is symmetrical with respect to the frame.

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 applicable.

NOTE 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

[est condition Switching device Voltage applied to Earth connected| to
1 Closed Aa F
NOTE 2 To date, there is no design of disconnectors with solid insulating materials between the isolating digtance.

This me¢ans that surface and space charge effects can be largely excluded. Presstressing with direct voltage |n open
position is not necessary.

7.2.7 Tests of switchgear and controlgear
7.2.7./ General

The tgst voltage shall be applied according to Table.1. In the closed position, the tests shall be
perforimed in condition 1 of Table 6. In the open pasition, the tests shall be performed as stated
below| (but refer to 7.2.4).

7.2.7.p Direct voltage tests

The test object shall be subjected)to direct withstand voltage tests in accordance with
IEC 6P060-1. The test shall be>¢arried out at rated direct withstand voltage and ambient
tempgrature at positive and negative polarity. The test voltage shall be raised for each test
condifion to the test value and-maintained for 1 h.

The tgsts shall be performed in dry conditions and also in wet conditions for outdoor switghgear
and controlgear withexternal insulation.

The dgpen switehing device and/or isolating distance shall be tested in condition 2 angd 3 of
Table|6.

NOTE | Thedirect voltage test is carried out to verify the withstand voltage under short-time loads. Possible DC
chargingeffectsareverifredby dietectric testsspecifredby theretevant product stamdards:

7.2.7.3 Switching impulse voltage tests

Switching impulse voltage tests are applicable for rated direct voltages U4 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.

The 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.
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The test object shall be subjected to lightning impulse voltage tests in dry conditions only. The
tests shall be performed with voltages of both polarities using the standard lightning impulse
1,2/50 ys according to IEC 60060-1.

The open switching device and/or isolating distance shall be tested in condition 1 and 2 of

Table

7.

the te

The d

applie
after ¢

The t
super

Each
not le
using

7.2.7.

PolarJy reversal tests are applicable for LEC applications only. In case that there is n
ed solid dielectric material, this testray be omitted with an agreement between use¢r and

stres
manu

also im wet conditions for outdoor switchgear and controlgear with external insulation.

The o
Table

NOTE

Figure
1,25t

OppoSs
stresg
step ¢

5t object shall be in dry conditions only.

uration of pre-stress with the rated direct voltage shall be 2 h. This pre-stress sh
d before each superimposed impulse voltage test. A recharging time©f 2 h is nece

bsts have to be carried out for unipolar (same polarity) and<{bipolar (opposite p9g
position of impulse voltage at the rated direct voltage as shown in Figure 1.

fest series has at least 15 impulses. The time betweentwo successive impulses sh
5s than 1 minute. The superposition of an impulse wave on a direct voltage is obtair

b Polarity reversal tests

acturer. The test object shall be subjected to polarity reversal tests in dry condition

pen switching device and/or isolating distance shall be tested in conditions 2 an
6.

Superimposed impulse test on switchgear makes polarity reversal tests unnecessary.

5 shows thetest sequence for polarity reversal test. The duration of pre-stress
mes of the“rated direct voltage shall be ;. After the polarity reversal, the duration

ite test\voltage shall be ¢,. After the complete procedure, an additional direct v
-1,25 % U,q shall be added with duration z,. Preferred values for the durations of

hanging the voltage waveform or disconnecting the test object from\the DC source.

all be
bplied,

all be
ssary

larity)

all be
ed by

a blocking capacitor or a sphere gap and a cufrent limiting resistor, refer to Annex K
(informative). The waveform of impulse voltage shall‘be ‘according to IEC 60060-1.

b high

s and

i 3 of

with -
of the
hltage
each

re.given in Table 9. If, due to capacitance of the test object, polarity reversal cannot be

achieved within 2 min, the duration for polarity reversals shall be agreed between user and
manufacturer and the duration shall be stated in the test report.
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+1,25U,4 i

Time

1 257
7

I 1)

IEC

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

7.2.8 Artificial pollution tests for outdoor insulators

Artificjal pollution tests are not required for insulators having creepage distances that are
followjng the suggested values of 6,15 and Annex B (informative).

If the|creepage distances differ“from the suggested values given in Annex B (informative)
artificlal pollution tests shall be performed according to IEC TS 61245, using the rated vpltage
and the application factars.given in IEC TS 60815-4:2016.

NOTE | IEC TS 61245 describes the test procedure only for non-HTM insulators. No test procedure is available at
presen{ for HTM insulators.

7.2.9 Partial)ydischarge tests

Unlesp otherwise specified by the relevant product standard, partial discharge tests afe not
required:When tests are required, the measurements shall be made according to IEC 6(270.

7.2.10 Dielectric tests on auxiliary and control circuits

The dielectric test on auxiliary and control circuits are covered under 7.9.5.

7.2.11 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.

The test voltage shall be the following value:
— For isolating distances 100 % of the rated direct withstand voltages divided by\/i;

—  For other test situation 80 % of the rated direct withstand voltages divided by /2.
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The 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

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

One gample of each type of class 1 and class 2 auxiliary contacts shall be inserted*jnto a

resistive load circuit through which flows a current of (10 £+ 2) mA when energized-by 'a qJource
: S : . 0 :

having an open circuit voltage of 6 V DC with a relative tolerance of _15 % and'the resigtance

measlired according to IEC 60512-2-2.

The rgsistance of the closed class 1 and class 2 auxiliary contacts shall not exceed 50 Qunder

these|measuring conditions.

NOTE | On contact materials, oxidation which decreases the effective current<carrying capabilities can occdr. This

results|in an increased contact resistance or even no conduction at very lew.voltage while no problems are olserved

at highpr voltage. This test is intended to verify the contact performance’under these low-voltage conditiofs. The

assessnent criterion takes into account the non-linearity of the resistance. The 50 Q value results from statistical

considgrations and has already been taken into account by users

7.3.2 Measurement of the resistance of auxiliary contacts class 3

One gample of class 3 auxiliary contacts shall'\be inserted into a resistive load circuit through

which| flows a current < 10 mA when energized by a source having an open circuit vpltage

< 30 mV DC and the resistance measured;according to 4.12 of IEC 61810-7:2006.

The r¢sistance of the closed class, 3\auxiliary contacts shall not exceed 1 Q.

7.3.3 Electrical continuity of earthed metallic parts test

Genetally visual inspectiontis sufficient to assess compliance with requirements in 6.3.

Howeyer, as an alternative, the metallic components and enclosures that can be touched ¢uring

normgl operating)conditions and are intended to be earthed may be tested at 30 A (DC) [to the

earthihg point‘provided. The voltage drop shall be lower than 3 V.

NOTE | Coating can be removed locally at measuring points.

7.3.4 Resistance measurement of contacts and connections in the main circuit as a

condition check
7.3.4.1 Resistance measurement test procedure

When resistance measurements are called for as a condition check after a specific test, the

follow

ing procedure shall be applied.

The 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
manufacturer’s recommendations such as no-load operation cycles or the application of rated
continuous current for some time.

The rg¢sistance measurements before and after shall be performed at ambient temperature with
a makimum difference of 10 K between the measurements. The resistance()ncregse is
calculpted by the difference between the average value of the measurements before and after
the tept.

7.3.4.p Making and breaking tests

For nllaking and breaking tests of any switching device, the resistancé condition check of the
test sample after completion of the test is considered to be satisfacCtory if the resistance indrease
determined in 7.3.4.1 is not greater than 100 %.

NOTE | The acceptance criterion of 100 % increase in resistance as(a condition check after making and bfeaking
test is @ default value for this document. The criterion cannot be appropriate for all switchgear designs, e.g. flesigns
with pafallel arcing and main contacts. In such cases, the relevaht pfoduct standards provide their own methods or
criteria|for a condition check.

7.3.4.8 Other tests

For tests other than making and breaking tests, the resistance condition check of the test pbject
after gompletion of the test is considered to be satisfactory if the resistance increase determined
in 7.3]4.1 is not greater than 20 %. If the resistance increase exceeds 20 % then a contihuous
current test (7.4) is applicable to détermine if the test object can carry its rated contipuous
current.

NOTE | The acceptance criterion of 20 % increase in resistance as a condition check after test is a default value for
this dogument. The criterion cannot be appropriate for all switchgear designs, in which case, the relevant product
standagds provide their own.methods or criteria for a condition check.

7.4 |Continuous,cufrrent tests
7.4.1 Condition of the test object
The cpntinupus current test of the main circuits shall be made on a test object, if applipable,

with gleancontacts and filled with the appropriate liquid or gas at the minimum fungtional

pressure (nr dnnelfy) 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
surrounding a busbar extension), and shall be protected against undue external heating or
cooling.
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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.

These tests shall be made in principle on complete switchgear and controlgear but maybe made
on a single unit provided the influence of the other units is negligible.

For particularly large test objects for which the insulation to earth has no significant influence
on temperature rises, this insulation may be appreciably reduced.

Where temporary connections to the main circuit are used, they shall be such that there is no
significant difference in heat conducted away from, or conveyed to, the test object compared to
the cdnnections intended to be used for service (see 7.4.4.2).

NOTE | To make the continuous current test more reproducible, the type and/or sizes of the temporary-connctions
can be|specified in relevant standards.

7.4.3 Test current and duration
7.4.3./ Test on main circuit

The tg¢st shall be made at the rated continuous current (/,4) of the switchgear and contrgligear.
The sppply current shall be direct current with a ripple coefficient-that does not exceed 5| %.

The tgst shall be made over a period of time sufficient for the-temperature rise to reach a gtable
value| This condition is deemed to be obtained when theVariation of temperature rise dogs not
exceed 1 Kin 1 h. This criterion will normally be met after test duration of five times the thermal
time qonstant of the test object.

The time for the whole test may be shortened\by preheating the circuit with a higher vilue of
current, provided that sufficient test data isvrecorded to enable calculation of thermal time
constant.

For the convenience of testing, alternating current may be used alternatively. In such alcase,
the RMS value of the alternating current shall be equal to the rated continuous current (Z,4).

Frequency of the test current shall be recorded in the test report. Alternating current fest is
applidable for devices except for semiconductor devices.

NOTE | When using alternating current, the power losses during the entire test duration will be greater than the
losses while tested with diréct current. Measured temperature rise values by alternating current test is highler than
these Hy direct current'test caused by skin effect, by complex construction of switchgear and by material with iron
compoment.

7.4.3.p Test of the auxiliary and control equipment

The tgstis'made with the specified supply voltage (AC or DC), and for AC at its rated frequency

T2
(tolerance _5 %).

The auxiliary equipment shall be tested at its rated supply voltage (U,) or at its rated continuous
current. The AC supply voltage shall be practically sinusoidal.

Coils rated for continuous duty shall be tested over a period of time sufficient for the
temperature rise to reach a constant value. This condition is usually obtained when the
temperature variation does not exceed 1 Kin 1 h.

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
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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 operation, the test shall be made by energizing the circuit once for
duration of 15 s.

7.4.4 Temperature measurement during test

7.4.4.1 Ambient air temperature

The ambient air temperature is the average temperature of the air surrounding the test object
(for enclosed switchgear and controlgear, it is the air outside the enclosure). It shall be regorded
during the tests by means of at least three thermometers, thermocouples or other temperpture-
measliring devices equally distributed around the test object at about the average heigh{ of its
current-carrying parts and at a distance of about 1 m from the test object. The thermome
thermpcouples shall be protected against air currents and undue influence of 'h¢at.

In order to avoid indication errors because of rapid temperature changes, ithe thermomefers or
thermpcouples maybe put into small bottles containing about 0,5 | of ©il.

During the last quarter of the test period, the change of ambient ajirtemperature shall not ekceed
1 K in 1 h. If this is not possible because of unfavourable temperature conditions of thie test
room,|the temperature of an identical switchgear and controlgear under the same condjtions,
but without current, may be taken as a substitute for the ambient air temperature. This add|tional
switchgear and controlgear shall not be subjected to an.undue amount of heat.

The aanbient air temperature during tests shall bemore than 10 °C but shall not exceed|[40 °C
withouyit the consent of the manufacturer. No corpection of the temperature-rise values shall be
made|for ambient air temperatures within this.range and above.

7.4.4.2 Temperature of test object

Precaptions shall be taken to reduce’the variations and the errors due to the time lag befween
the temperature of the test objectyand the variations in the ambient air temperature.

For cqils, the method of measuring the temperature rise by variation of resistance shall nofmally
be used. Other methods\are permitted only if it is impracticable to use the resistance method.

The t¢mperature«ofithe various parts other than coils for which limits are specified shfall be
measlired with_thermometers or thermocouples, or other sensitive devices of any suitablg type,
placed at the hottest accessible point.

The surface temperature of a component immersed in a dielectric liquid shall be measurefd only
by thermocouptesattachedtothe—surfaceof thiscompoment—Thetemperature—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;

c) when bulb thermometers are employed in places where there is any varying magnetic field,
it is recommended to use alcohol thermometers in preference to mercury thermometers, as
the latter are more liable to be influenced under these conditions.
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Sufficient temperature measurements shall be made during the test, at time intervals not
exceeding 30 min, in order to calculate the thermal time constant, and shall be recorded in the
test document.

The temperatures at the terminals of the main circuit and at the temporary connections at a
distance of 1 m from the terminals shall be measured. The difference in temperature rise shall
not exceed 5 K.

However, if the temperature rise of the temporary connections at the distance of 1 m from the
terminal of the main circuit exceeds by more than 5 K the temperature rise of the terminal, the
test can be considered as valid if all criteria to pass the test defined in 7.4.6 are fulfilled.

7.4.5

This gubclause is only applicable for mechanical switching device.

A mes
test,
proce

The r

betwelen the switchgear and controlgear type tested for centinuous current and all

switch

7.4.6

Resistance of the main circuit

surement of the resistance of the main circuit shall be made before the continuous c
vith the test object at the ambient air temperature according-'to"the measur
Hure as defined in 7.3.4.

bsistance value measured before the continuous current tests is made for comp

gear and controlgear of the same type subjected to routine tests (see Clause 8).
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The t
which

If the
tempe
of ten

If the
exam

shall mot exceed the limits specified in the relevant standards.
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7.4.6.£ General

st object has passed the test if the temperature rise of the parts of the test objg
limits are specified, has not exceeded the values specified in Table 10.

insulation of a coil is made of several different insulating materials, the permi
rature rise of the coil shall be‘taken as that for the insulating material with the lowes
perature rise.

test object is fitted with various equipment complying with particular standard
ble, rectifiers, motors, low-voltage switches, etc.), the temperature rise of such equi
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be alternating current is applied as a substitute of direct current, the test obj
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ered to(pass the test if the temperature rise does not exceed the relevant tempefature

limit described in Table 10. Test results will be more severe when alternating current is uped in
comparison’to direct current. If the test object fails to pass the test with an alternating cyrrent,
the tegt\nay be repeated with a direct current; maintenance before repeating the test is allpwed.
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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
(Refer to points 1, 2 and 3 in 7.4.6.2) (Refer to NOTE 1)

Maximum value

Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(NOTE 2)
°C K
1 Contacts (refer to point 4)
Bare-copper or bare-copper alloy
— |in OG (refer to point 5) 75 35
— |in NOG (refer to point 5) 115 75
— Jin oil 80 40
Siler-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
Tinjcoated (refer to point 6)
— |in OG (refer to point 5) 90 50
— |in NOG (refer to point 5) 90 50
— |inail 90 50
2 Cornection, bolted or the equivalent (refer to point 4)
Barg-copper, bare-copper alloy or bare-aluminium alloy
— |in OG (refer to point 5) 100 60
— |in NOG (refer to point 5) 115 75
— |in oil 100 60
SilVer-coated or nickel-coated (refer to point 6)
— |in OG (refer to point 5) 115 75
— |in NOG (refer to point 5) 115 75
— Jin oil 100 60
Tin{coated
— |in OG (refer to poin¥’5) 105 65
— |in NOG (refefto point 5) 105 65
— Jin oil 100 60
Al e ontactsor comectons made ofbae MEIIE | (et to pont7) | (Refer 0 oin

4 Terminals for the connection to external conductors by
screws or bolts (refer to points 8 and 14)

— bare 100 60

— silver or nickel coated 115 75

— tin-coated 105 65

— other coatings (Refer to point 7) (Refer to point 7)
5 OQil for oil switching devices (refer to points 9 and 10) 90 50

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

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
7 Materials used as insulation and metal parts in contact
with insulation of the following classes (refer to
point 12)
- Y 90 50
- A 105 65
- [E 120 80
- B 130 0.
- |F 155 1145
— [Enamel: oil base 100 60
synthetic 120 80
- H 180 140

C other insulating material

(Refer to point 13)

(Refer to point 1B)

8 Any part of metal or of insulating material in contact with
. 100 60

oil, lexcept contacts
9 Acdessible surfaces (Refer tg_point 15) (Refer to point 1p)

Surfaces of manual control components to be touched in

norfnal operation:

— |Uncoated metal 55 15

— [Coated metal 55 15

— Non metal 65 25

Othler surfaces to be touched in normal operation but

not|to be held continuously in the hand:

— |[Uncoated metal 65 25

— [Coated metal 70 30

— [Non metal 80 40

Surfaces not to be touched in normal operation:

— |Uncoated metal 80 40

— [Coated metal 80 40

— |Non metal 90 50
NOTE|1 The points referred to in this table are those in 7.4.6.2.
NOTE|2 /Fer/ switchgear and controlgear with special service conditions including a maximum tempgrature
differgnt\frem 40 °C, the maximum values of temperature applies and the maximum values of temperature rise are
calculatetaccordingty-

7.4.6.2 Particular points of Table 10

The following points are referred to in Table 10 and complete it.

Point

1 According to its function, the same part can belong to several categories as listed

in Table 10.

In this case the permissible maximum values of temperature and temperature rise
to be considered are the lowest among the relevant categories.
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Point 2

Point 3

Point 4

For vacuum switching devices, the values of temperature and temperature-rise
limits do not apply to parts in vacuum. The remaining parts shall not exceed the
values of temperature and temperature rise given in Table 10.

Care shall be taken to ensure that no damage is caused to the surrounding
insulating materials.

When engaging parts have different coatings or one part is of bare material, the
permissible temperatures and temperature rises shall be:

a) for contacts, those of the surface material having the lowest value permitted in

Point|5

item—+of-Fabte—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,jaré non-repctive
gases that are considered as not accelerating ageing of contacts by corrosjon or
oxidation, due to their chemical characteristics and demonstrated operdtional
records.

Recognized NOG are SFg, N5, CO,, CF,. They can bg used pure or as a mixiure of
various NOG.

OG (Oxidizing Gases), for the purposes of this document, are reactive gasgs that
can accelerate ageing of contacts eitheryby corrosion phenomena (presence of
humidity) or by oxidation phenomenas(mostly due to ambient air medium like
oxygen). Gases classified as OG are.ambient air, “dry” air, any gas not clagsified
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, in
future revision of this document.

For description of these corrosion and oxidation phenomena, refer to
IEC TR 60943 [45].

Due to the absence of corrosion and oxidation in NOG, a harmonization of the|limits
of temperature. for different contact and connection parts in the case df gas
insulated switchgear appears appropriate.

The permissible temperature limits for bare copper and bare copper alloy paits are
equal to the values for silver-coated or nickel-coated parts in the case ofl NOG
atmospheres.

In the particular case of tin-coated parts, due to fretting corrosion effecfs, an

Point 6

increase of the permissible temperatures is not applicable, even under the corrosion
and oxidation free conditions of NOG. Therefore, the values for tin-coated parts are
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.

Point

10 Special consideration should be given when low flash-point oil is used in reg
vaporization and oxidation.

ard to

Point

Point

Point

Point

Point

7.5

7.5.1

11  The temperature shall not reach a value where the elasticity of the cmate]
impaired.

12 Classes of insulating materials are those given in IEC 60085.

rial is

13 The temperature is limited only by the requirement not tocause any damdge to
surrounding parts.

14 These values do not take into account any influence’on insulation of cable or|cable
termination.

15 For further details regarding temperature limits for hot surfaces to be touched| refer

to IEC Guide 117 [67].

Short-time withstand current and pealkowithstand current tests

General

The tests apply to the main circuits and where applicable, to the earthing circuits of the test

objeci to demonstrate their ability te'carry their rated peak withstand current and their tHermal
withstand capability for their ratediduration of short-circuit.

The tgst may be performed at any convenient ambient temperature.

7.5.2 Arrangemepnt.of the equipment and of the test circuit

The t¢st object shall be mounted on its own support(s) or on (an) equivalent support(g) and
installed with its¢own operating device(s) as far as necessary to make the test represerjtative
for checking miechanical and thermal effects of the test currents. It shall be in the closed pgsition,
wherd relevant.

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.
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7.5.3 Test current and duration

The peak current shall be not less than the rated peak withstand current (Ipd) and shall not
exceed it by more than 5 % without the consent of the manufacture. The value of Joule integral
[I2dt of the test current shall not be less than the specified value calculated by the specified
waveform, peak current and duration, and shall not exceed by more than 10 % without the
consent of the manufacturer.

NOTE The value of the Joule integral can be calculated by the specified waveform, peak current, and duration by
equations indicated in D.6.

The following deviations are permitted:

a)

b)

c)

if the decrement of the short-circuit of the test laboratory is such that the specified|Joule
infegral value cannot be obtained for the specified duration without applyingtinitiglly an
eXcessively high current, the duration of the test may be increased appropriately to pbtain
the specified joule integral value, provided that the value of the peak current4s not lesp than
that specified and the duration is not extended to more than 5 s;

if,[in order to obtain the required peak current, the Joule integralvalue of the curfent is
in¢reased above the specified value, the duration of the test maye feduced accordipgly;

multi-part test such as separation of the peak withstand current test and the shont-time
withstand current test is permissible:

— | for the peak withstand current test, the time during*which the short-circuit curdent is
applied shall be not less than 0,3 s;

— | for the short-time withstand current test, the time’during which the short-circuit current
is applied shall be equal to the specified duration. However, deviation in time according
to item a) is permitted;

— | for switching devices the test object shall’be kept in closed position between the fests.

For tHe convenience of testing, AC test clrfrent may be used alternatively. In such casg, the

tests $hall be made under the following,conditions:

a)

b)

The fgllowing deviations are permitted:

a)

b)

c)

C peak current shall be not less’than the rated peak withstand current (Ipd) and shall not
ekceed it by more than 5 % without the consent of the manufacturer;

he value of the Joule integral [72dt of AC current shall be not less than the specified|value
of DC Joule integral alue and shall not exceed it by more than 10 % without consent of
the manufacturer.

iffthe 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 initiglly an
ekcéssively high current, the RMS value of the test current may be permitted to fall pelow
the~specified value during the test and the duration of the test may bhe 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;

separation of the peak withstand current test and the short-time withstand current test is
permissible:

— for the peak withstand current test, the time during which the short-circuit current is
applied shall be not less than 0,3 s;

— for the short-time withstand current test, the time during which the short-circuit current
is applied shall be equal to the specified duration. However, deviation in time according
to item a) is permitted;

— for switching devices the test object shall be kept in closed position between the tests.
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7.5.4 Conditions of the test object after test

After the test, the test object shall not show significant deterioration, shall be capable of
operating normally and carrying its rated continuous current.

If the mechanical switching device has a rated making and/or breaking capacity, then the
condition of the contacts shall not be such as to affect the performance materially at any making
and/or breaking current up to its rated value.

The following steps are used to check these requirements:

a a pe load opnanina-opneration—of-tho maoachanical cavadehina daviicea chall ha narfarmmad in the
OO o— o p e g Operatrot— oS e e ocrarear—Syw e e vTee—Sreh o e perrore |

sgme conditions as stated in 7.5.2 immediately after the test, and the contacts shall open
at|the first attempt;

b) eXcept for earthing switches, the variation of the resistance of the main citcdit shiall be
checked according to 7.3.4;

c) visual inspection of the test object and the contacts (if not detrimental).
NOTE | For semiconductor devices, reference is made to IEC 62501, 4.4.2 and 11 [64].
7.6 [Verification of the protection

7.6.1 Verification of the IP coding

In accordance with the requirements specified in Clauses{}1, 12, 13 and 15 of IEC 605291989,
IEC 6P529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013, tests shall be performed, to
demonstrate performances as required in 6.14, on the'enclosures of switchgear and contrplgear
fully assembled as under service conditions. As realcable connections entering the enclqsures
are n¢t normally installed for type tests, corresponding filler pieces shall be used. Trapsport
units ¢f switchgear shall be closed for the tests'by covers providing identical protection quglities
as for|the joints.

The tgsts shall, however, be made onlyif there are doubts regarding the compliance with|these
requirements, they shall be performed in each position of the relevant parts as dgemed
necessary.

When|the supplementary Jetter W is used, test method given in Annex G (normative) sHall be
applidd.

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
servige 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
similar parts, or depression of small dimension can be ignored.

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 deemed necessary.

Auxiliary equipment such as meters, relays etc., which can form part of the enclosure is
exempted from receiving impacts in this test.
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1.7

7.71

Tightness tests

General

The purpose of tightness tests is to demonstrate that the absolute leakage rate F does not
exceed the specified value of the permissible leakage rate Fy at standardized ambient

temperature of 20 °C. Acceptable test condition is an ambient temperature in a range of 15 °C
up to 30 °C.

If tightness tests at the temperature limits of the service condition are required in the relevant
product standards, an increased leakage rate is permissible. The increased temporary leakage

rate s

hall not exceed the values given in Table 11.

Tightriess test shall be performed with the same fluid and under the same pressure (de

as us
for ex

bd in service. If the fluid itself is not traceable additional traceable fluids may be 4
ample helium. The leakage test method shall have sufficient sensitivityyréference is

to IEG TR 62271-306 [62].

Wher¢ possible, the tests should be performed on a complete system, If this is not pra

the te
rate o
the ti

5ts may be performed on parts, components or subassemblies. In such cases, the le
f the total system shall be determined by summation of the.camponent leakage rates

betwelen subassemblies of different pressures shall also bestaken into account.

The ti
be pe
indep

Cumu
to det

rformed both in the closed and open position. of the device, unless the leakage
bndent of the position of the main contacts!

lative leakage measurement, which takes into account all the leaks from a given ass
ermine the leakage rate, shall be used in the calculation of leakage rates.

The type test report should include such information as:

In

description of the object undertest, including its internal volume and the nature of the
gds or liquid;

whether the object under test is in the closed or open position (if applicable);

th

b pressures and\temperatures recorded at the beginning and end of the test arn

number of replenishments (if applicable);

th¢ value ofdhe ambient temperature during the test.

nsity)
dded,
made

lctical,

hkage
using

ghtness coordination chart (refer to IEC TR 62271-306\[62]). The possible leakages

Jhtness test of switchgear and controlgear containing a mechanical switching devicI shall
a

te is

embly

filling

d the

the cut-innand cut-off pressure settings of the pressure (or density) control or monjtoring
ddvice

a

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.

general, for the application of an adequate test method, reference is made to
IEC 60068-2-17:1994.
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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

7.7.2 Controlled pressure systems for gas

Prefefred method for checking the relative leakage rate F,, is by measuring the pressure drop

Ap over a time period ¢ that is of sufficient duration to permit a determination of the prdssure
drop (within the filling and replenishing pressure range). A correction shalllbe made to talje into
account the variation of ambient air temperature during the course of the test. During this period
the replenishment device shall be inoperative.

Fro = 222%,100 (% per day) )
Dr t
A 24
DrsPm 1

t i the test duration (h);

p, ig the filling pressure (Pa);

Pm 19 the replenishingpressure ¢ (Pa);
Ap i9 the pressure drop after time ¢ (Pa);

N id the numbeérof replenishments per day.

NOTE | The linearity of the formula is considered to be maintained provided that Ap is of the same order of mapnitude
asp,—pn-

7.7.3 —¢€iosedpressuresystemsforgas

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
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 givenin 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).
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The tightness test is considered to be successful when the measured leakage rate does not
exceed the permissible leakage rate stated in Table 11 within the limits of +10 %. This
inaccuracy of the measurement shall be taken into account when calculating the period of time
between replenishments.

7.7.4

Sealed pressure systems

Tightness 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

N
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specific tightness tests are required for vacuum interrupters since their tightn

PSS s

ified during manufacturing process and because they are considered to.'have g zero
ledkage rate during their life. Nevertheless, instead of a tightness test, the vacuum in

ample mechanical test, low and high temperature tests, etc.).

e integrity of the vacuum can be verified by the dielectric condition check test
7.2.11.

Liquid tightness tests

urpose of liquid tightness tests is to demonstrate that\the total system leakage ra

not exceed the specified value Fjiq).-

mounted as close as possible as in service.

reased leakage rate at extreme temperatures (if such tests are required in the re
hrds) and/or during operations is-acceptable, provided that this rate resets to the
after the temperature is returned to normal ambient air temperature and/or aft

lion of the switchgear and centrolgear.

witchgear shall be observed over a period sufficient to determine a possible leak
ire drop Apiq. In thiscase, the calculations given in 7.7.2 are valid.

alternative, Using liquids different from those in service or gas for the test is possih
es justification by the manufacturer.

st report shall include such information as:

egrity

all be verified where specific standards ask for a tightness test as caondition chegk (for

refer

te Fiiq

bject under test shall be as in service conditions with all its accessories and its nformal

evant
initial
er the

fions are performed. The increased temporary leakage rate shall not impair the safe

pr the

le but

enéral description of the object under test;

— the number of operations performed;

— the nature and pressure(s) of the liquid;

— the ambient air temperature during test;

— the results with the switchgear device in closed and in open position (where applicable).

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, RI

V)

Radio interference voltage tests apply only to switchgear and controlgear having a rated direct

voltag

e of 210 kV and above, when specified in the relevant product standard.
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Test 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 terminal connected to the
earthed frame and then with the connections reversed if the switching device is not
symmetrical.

The case, tank, frame and other normally earthed parts shall be connected to earth.

in which the test is made. During the tests the test object shall be equipped with all accesgories
such as grading elements, corona rings, high-voltage connectors, etc. which may jnfluenge the
radio |nterference voltage.

The t}st object shall be dry and clean and at approximately the same temperature as the room

The measuring circuit (refer to Figure 6) shall comply with CISPR TR 18-2. The meaguring
circuif shall preferably be tuned to a frequency within 10 % of 0,5 MHz;'but other frequgncies
in the| range 0,5 MHz to 2 MHz may be used, the measuring frequency being recordeq. The
results shall be expressed in pV.
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F O
4 M Test object
o_.
Zs
R
L /
R
L
Ry
. "
Details of M
IEC
Key
F Filter
R The equivalent resistance of R3%in series with the parallel combination of R, and the
equivalent resistance of the'measuring set
Zg Either a capacitor or-a(Circuit composed of a capacitor and an inductor in series
L The inductance used to shunt harmonic currents and to compensate for stray

capacitance at\the measuring frequency

Figure 6. —\Diagram of a test circuit for the radio interference voltage test

The preferredmeasuring impedances are those specified in CISPR publications. If meaguring
impedances, different from those specified in CISPR publications are used as an alternative,
they ghall be from 30 Q up to 600 Q; in any case the phase angle shall not exceed 20{. The

e UIV hlant roadin intarfaranean ynltann enfareand A 290NN ) Ao W ~olaglotaA Acoling the
q et T aUTroO— e T e CC— v Ot GC—T e 1T C OO0 U u—z— CaT— o C—CatCouratCOr—aoSut g

measured voltage to be directly proportional to the resistance, except for test pieces of large
capacitance, for which a correction made on this basis can be inaccurate. Therefore, a 300 Q
resistance is recommended for switchgear and controlgear with bushings with earthed flanges
(for example dead tank switchgear and controlgear).

The filter F shall have high impedance at the measuring frequency, so that the impedance
between the high-voltage conductor and earth is not shunted as seen from the switchgear and
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.
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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 switchgear and controlgear, shall be applied to the test
object with both polarities and maintained for at least 5 min. A much longer test time than 5 min
is als¢ 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*mechianisms
(space|charges, ozone generation, etc.) with a DC applied voltage can be slightly different from-that withfan AC
applied voltage, especially for the polymeric insulated part subjected to direct voltage. In some cases, a lopg-time
such ag one hour or three hours test is possible.

As alfernative method, RIV tests may be performed using an alternating voltage source as
described in IEC 60437, instead of direct voltage. In this case, the RMS value of the alterpating

voltage shall be the direct test voltage divided by J2.

The tgst is passed, if the radio interference level does not exceed 2 500 yV. In a long-time test,
the tept is passed if no more than 30 RIV pulses exceeding 2 500 pV are recorded durirlg any
30-mip period of the test. RIV pulses that are proven toibe external to the test object shall be
disredgarded.

As the radio interference level can be affected by fibres or dust settling on the insulators, it is
permifted to wipe the insulators with a clean cloth before taking a measurement] The
atmolipheric conditions during the test shall*be recorded. If the measured RIV value is pbove
the limit and the relative humidity is above:80 %, the test is not conclusive and shall be regeated
with g[ relative humidity lower than 80 %:

7.8.1.p Emission tests from'the auxiliary and control circuits

Auxiliary and control circuits of switchgear and controlgear shall be subject¢d to
electrpmagnetic emissionytests if they include electronic equipment or components. In|other
cases), no tests are required.

D

For ayxiliary and control circuits of switchgear and controlgear, the EMC requirements and tests
specified in this{document have precedence over other EMC specifications.

The tgst shall be performed only on a representative auxiliary and control circuit, becauge the
singlel 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.

7.8.2 Immunity tests on auxiliary and control circuits
7.8.2.1 General

Auxiliary and control circuits of switchgear and controlgear shall be subjected to
electromagnetic immunity tests if they include electronic equipment or components. In other
cases no tests are required.
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The tests shall be performed on a typical auxiliary and control circuit. Components shall comply

with their relevant standards, if any.

The following immunity tests are specified:

— electric fast transient/burst test (refer to 7.8.2.2). The test simulates the conditions caused

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.

Electrpmagnetic immunity tests shall be made on complete auxiliary and control circy
subagsemblies. The tests can be made on

— theé complete auxiliary and control circuits;

— supassemblies, such as central control cubicle, drive mechanism cubicle) etc.;

— supassemblies within a cubicle, such as metering or monitoring system,

its or

Indiviglual testing of subassemblies is strongly recommended in cas€s where long lengths of

intercpnnections are required, or where significant interference vpltages are expected be
the sybassemblies. Individual testing is mandatory for each intérchangeable subassemb

The tgst voltage shall be applied to the interface of the auxiliary and control circuits or
subasgisembly.

The type test report shall clearly state what system.or subassembly has been tested.

7.8.2.p Electrical fast transient/burst test

An elgctrical fast transient/burst test shall’be performed in accordance with IEC 61000-4-4

fween
Y.

ested

|, with

a repktition rate of 5 kHz. The portstand interfaces shall be chosen in accordance¢ with

IEC 6[1000-6-2. The test voltage and‘\coupling shall be chosen according to Table 12.

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
Chabinet earth.port 2 CDN
Signal-port Shielded and unshielded lines, carrying 2 CCC
analogue and/or digital signals or equivalent coupljng
. methods
control lines
communication lines (for example data
buses)
measuring lines (for example current
transducers, voltage transducers)
Key
CDN Coupling decoupling network.
CCC Capacitive coupling clamp.
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7.8.2.3 Oscillatory wave immunity test

IEC TS 62271-5:2024 © |EC 2024

An oscillatory wave immunity test shall be performed, with shape and duration of the test voltage
in accordance with IEC 61000-4-18.

The ports and interfaces shall be chosen in accordance with IEC 61000-6-2.

Damped oscillatory wave tests shall be made at 100 kHz and 1 MHz, with a relative tolerance

of +30 %.

Tests shall be made for both common and differential mode. The test voltage and coupling

methdd shall be chosen according to Table 13.

Table 13 — Application of voltage at the damped oscillatory wave test

signals
control lines

communication lines (for
example data buses)

measuring lines (for example:
current transducers, voltage
transducers)

Interface Relevance for equipment Test voltage Coupling
kV
Hower port AC and DC power lines Differential mode: 1,0 CDN
Common mode: 2,5 CDN
ignal port Shielded and unshielded lines, Differential mode: #,0 CDN
carrying analogue and/or digital
Common mode:€2,5 CDN

Or equivalent
coupling mefhod

Key

CDN Coupling decoupling network.

7.8.2.4 Behaviour of the(secondary equipment during and after tests

The auxiliary and controh 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.

Tempprary loss of parts of the functionality is permitted according to Table 14.
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Table 14 — Assessment criteria for transient disturbance immunity

Function Criterion

Protec

tion, tele protection A

Alarm

Supervision

Comm

and and control

Measu

rement

Counti

>| 0 |>|0 |

ng

Data g
for hig

for ge

rocessing
h-speed protective system

eral use

Inform

ation

Data qtorage

Proce

sing

Monitg

ring

Man-n|

achine interface

Self-d

| W W |W(>(O|WW >

agnostics

Proce
contro

sing, monitoring and self-diagnostic functions which are on-lihe connected, and are part of commar
circuits, shall fulfil criterion A.

d and

Key
A No
B Te

rmal performance within the specification limits;

mporary degradation or loss of function or perfermance which is self-recoverable.

7.8.3
7.8.3.
The o]

indivigual test on components. Therefore, tests on components which comply with their re
IEC standards and with relevant rated values do not need to be repeated.

7.8.3.p2 Rippléton DC input power port immunity test

This test shall\be performed according to IEC 61000-4-17:1999. The test level shall be |g
and the frequency of the ripple is equal to three times the rated frequency of auxiliar
contrql.€ifcuits.

Additional EMC tests on auxiliary and control circuits
( General
bjective of the tests described below is to qualify the whole assembly without rep

bating
evant

vel 2,
y and

The assessment criterion is: “normal performance within the specification limits” (criterion A).

7.8.3.3

immunity tests

Voltage dips, short interruptions and voltage variations on input power port

Voltage dips, short interruptions and voltage variations tests on AC power ports shall be
performed according to IEC 61000-4-11 and on DC power ports according to IEC 61000-4-29.

The relevant acceptance criteria are present in 6.4.1.
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7.9 Additional tests on auxiliary and control circuits
7.9.1 General

Tests on components, which comply with their relevant IEC standards and with relevant rated
values, shall not be repeated.

7.9.2 Functional tests

A functional test of all auxiliary and control circuits shall be made to verify the proper functioning
of auxiliary and control circuits in conjunction with the other parts of the switchgear and
controlgear. The test procedures depend on the nature and the complexity of the auxiliary and
contrql circuits of the device. They shall be performed with the upper and lower value (limits of
the sypply voltage defined in 6.4.1.

For apxiliary and control circuits, sub-assemblies and components, operation_tests cpn be
omittgd if they have been fully performed during a test applied to the wholexswitchgear and
contrglgear or in relevant circumstances.

7.9.3 Verification of the operational characteristics of auxiliary-contacts
7.9.3.1 General

Auxiligry contacts, which are contacts included in auxiliary-gircuits, shall be submitted fo the
followjng tests unless the equipment has passed the whale type tests as a functional unif.

7.9.3.p Auxiliary contact rated continuous current

This t¢st verifies the rated value of current which.a'previously closed auxiliary contact is cgpable
of carfying continuously.

The circuit shall be closed and opened by.means independent from the contact under tes{. Test
proceflures are described in 7.4.3.2. The contact shall carry its class rated continuous current
accordling to Table 4 without exceeding the temperature rise in Table 10 based on the cpntact
materjal and the working environment.

7.9.3.B Auxiliary contact rated short-time withstand current

This tpst verifies the value of current which a previously closed auxiliary contact is capable of
carryipg for a specified short period.

The circuit shallbe closed and opened by means independent from the contact under tesjt. The
conta¢t shall-earry its class rated short-time withstand current according to Table 4 for 30 ms,
with a|resistive load. The current value to be obtained shall be reached within 5 ms after current

initiatt

. . 1
current duration is +00 %.

This test shall be repeated 20 times with a 1 min interval between each test. The contact
resistance value shall be taken before and after the tests at 50 % of the rated continuous current
in Table 4, with the contacts at ambient temperature for both measurements.

The test is passed:

— if the resistance increase is less than 20 %;

— or, when the increase exceeds 20 %, if the continuous current test according to 7.4.3.2 is
performed successfully.
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7.9.3.4 Auxiliary contact breaking capacity

This test verifies the breaking capacity of an auxiliary contact.

The circuit shall be closed by means independent from the contact under test. The contact shall
carry for 5 s and shall break the current associated with its class according to Table 4, with an

inductive load. The tolerance on the test voltage is +(1)0 % and the tolerance on the test current

amplitude is 42)5 %.

For all classes, the circuit time constant shall be 20 ms with a tolerance of +20 %.

This test shall be repeated 20 times with a 1 min interval between each test:<The regovery
voltage shall be maintained during each 1 min interval and for 300 ms + 30 ms after the last
operation. The contact resistance value shall be taken before and after the tests at 50 % |of the
rated [continuous current in Table 4, with the contacts at ambient\(temperature fon both
measlirements. The resistance increase shall be less than 20 %. If th€)increase exceeds 20 %
then the continuous current test according to 7.4.3.2 shall be performed.

7.9.4 Environmental tests

7.9.4.I General

Heatimg elements, if any, shall be ready to operate.except where otherwise stated.

The fgllowing tests are independent type tests.

Auxiligry and control circuits shall be epéergised and shall remain in the operating corjdition
during and after the test until the functional checks have been performed. At the end of tHe test
duratipn, except for the vibration response test, auxiliary and control circuits shall be checked
to asdertain whether they are capable of functioning in accordance with their design intent.

If othler environmental tests~than indicated under 7.9.4 are requested, due to special
envirgnmental conditions,\then these tests should be performed according to IEC 60068-2 (all
parts)|[13] where applicable.

7.9.4.p Cold. test

A cold test shall be performed according to test Ad of IEC 60068-2-1:2007, under the sprvice
condifions~specified in Clause 4. The test temperature shall be the minimum ambignt air
tempgrature and the test duration shall be 16 h.

7.9.4.3 Dry heat test

A dry heat test shall be performed according to test Be of IEC 60068-2-2:2007 according to the
configuration of auxiliary circuits, under the service conditions specified in Clause 4. The test
temperature shall be the maximum ambient air temperature and the test duration shall be 16 h.

7.9.4.4 Cyclic humidity test

A cyclic humidity test shall be performed according to test Db of IEC 60068-2-30:2005. The
upper temperature shall be the maximum ambient air temperature specified in Clause 4 and the
number of temperature cycles shall be two. Variant 2 may be used for the temperature fall
period and recovery shall take place under standard atmospheric conditions. No special
precautions shall be taken regarding the removal of surface moisture.
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7.9.4.5 Vibration tests

Vibrations due to operation of the associated switchgear or controlgear are checked as follows.

— Atestis performed according to IEC 60255-21-1:1988. Vibration response test parameters
are those corresponding to severity class 1;

— or the auxiliary and control equipment assembly is subjected to the relevant mechanical

en

durance tests in the complete switchgear and controlgear.

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

functi

nality is permitted during the test according to criteria stated in Table 13.

7.9.4.

The p
type t

In the

b Condition check

pwer-frequency voltage withstand tests according to 7.9.5 shall be performed afte
bst, to confirm that there has been no reduction of performance duringtesting.

case the type tests of 7.9.4 are performed as test sequence on thieysame test objed

condifion check may be performed only once at the end.

7.9.5

Auxili
power

a) beg
th

b) if
ca
frg

ADC
a durd

Dielectric test

each

t, this

ary and control circuits of switchgear and controlgear shall be subjected to short-duration

-frequency voltage withstand tests. Each test shall\be performed:

tween the auxiliary and control circuits connected together as a whole and the frgme of

b switching device;

bracticable, between each part of the auxiliary and control circuits, which in norm
n be insulated from the other parts, and the other parts connected together and
me.

pwer frequency tests shall be performed according to IEC 61180. The test voltags
V with duration of 1 min.

fest is acceptable by agreement of the manufacturer, the test voltage shall be 2,8 k
tion of 1 min.

The

uxiliary and cantrol circuits of switchgear and controlgear shall be considered to

passeld the tests if ‘no disruptive discharge occurs during each test.

If mofors and\other devices such as electronic equipment used in the auxiliary and g
circuifs have. already been tested in accordance with their own specification, they sh
disconnécted for these tests.

Bl use
to the
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, with

have

ontrol
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7.10
7.10.1
7.10.1

Tests

X-radiation test for vacuum interrupters
General requirements
.1 Condition of interrupter to be tested

on the X-radiation emission levels shall be performed on new vacuum interrupters.

There is no requirement to test switchgear and controlgear for X-radiation emission, where the

vacuu

m interrupter type has been successfully tested as a component.
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7.10.1

.2 Mounting of specimen

The interrupter shall be mounted in a test fixture, designed so that the open contact spacing
can be set at the minimum distance when installed in the switchgear and controlgear.
Interrupters designed for operation in an insulating medium other than air (such as oil or SFg)

may b

e tested in such a medium, if necessary, to withstand the test voltage.

The container for the insulating medium shall be of an insulating material having radiation
attenuation no greater than that afforded by 9,5 mm thick methyl methacrylate. The insulating
medium between the interrupter and radiation survey instrument shall be the minimum required
for dielectric purposes.

7.10.1

A raﬂiiofrequency shielded radiation survey instrument having the following” mir
i

speci

— ag

- €

NOTE
the det

7.10.1

The s
separ
instru
may |
squar

whers
the v4g

a:])ng this range and with a response time not to exceed 15 s;

.3 Radiation survey instrument

cations shall be used.

curacy: capable of measuring from 5 uySv/h up to 150 ySv/h with an|accuracy of

ergy response range: at least 25 keV to 0,5 MeV.

The selection of the radiation survey measuring instrument is related,to/the test voltage and sensi
bctor across the specified energy response range.

.4 Location of radiation survey instrument

ensing element of the radiation survey instrument'shall be positioned in the plane
hble contacts and pointed at the contacts. Thepreferred distance between the mea
ment and the wall of the vacuum interruptér‘is 1 m. However, any distance up tg
e used in which case the instrument reading shall be adjusted by applying the in
e law as follows:

R(1m)=R(d)xd?

R(d) is the radiation\level measured, at the distance d (in m) from the external surf
cuum interrupter

imum

k25 %

ivity of

of the
suring
15 m
verse

3)

ace of
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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 mir
tt spacing specified, and withsthe radiation survey instrument in place (refer to Figu
hge shall be applied acrossithe interrupter contacts equal the rated direct voltage

itchgear and controlgear:vAfter a minimum of 15 s, the X-radiation level on the rag

conta
a volt

the sv
surve

Next,
direct

X-rad

instrument shall be according to 7.10.3.

7.10.3 Acceptance criteria

The X
the ra

ted direct voltage LI
) 1]

the voltage across)the interrupter contacts shall be raised to a value equal to the
withstand voltage Uyy shown in Table 1 as appropriate. After a minimum of 15

ation level.onithe radiation survey instrument shall be recorded in the test report.

-radiation emitted from vacuum interrupters shall not exceed 5 pSv/h at 1 m dista

imum
re7),
Ul’d of
iation

rated
s, the

hce at

For vacuum interrupters used in switchgear and controlgear that have a rated direct withstand
voltage less than or equal to 240 kV, the X-radiation emitted at the rated direct withstand voltage
Uyq shall not exceed 150 uSv/h at 1 m distance.

For vacuum interrupters in switchgear and controlgear that have a rated direct withstand voltage
greater than 240 kV, the X-radiation emitted at the rated direct withstand voltage Uyy shall be

measured. If the measured value exceeds 150 ySv/h at 1 m distance, then the actual value
shall be declared by the manufacturer.

NOTE 1

NOTE 2 The test duration can be longer than the voltage applied time in actual use.

The declared value can be used to develop a safe working environment in accordance with local regulations
when performing a power frequency withstand test across open contact gaps of vacuum interrupters.


https://iecnorm.com/api/?name=a18a89511e522bbeacde71fd09c8591c

IEC TS 62271-5:2024 © |EC 2024 -91 -

8 Routine tests

8.1 General

The routine tests are for the purpose of revealing faults in material or construction. They do not
impair the properties and reliability of a test object. The routine tests shall be made wherever
reasonably practicable at the manufacturer's’ works on each apparatus manufactured. By
agreement, any routine test may be made on site.

The routine tests given in this document comprise:

a) di
b) tepts 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.

Additipnal routine tests can be specified in the relevant IEC standards.

When|switchgear and controlgear is not completely assembled before transport, separatg tests
shall pe made on all transport units. In this event, the manufacturer shall demonstrafe the
validifly of this test (for example, leakage rate, test voltage, resistance of part of the main circuit).

Test neports of the routine tests are not required unless otherwise agreed upon betweg¢n the
manufacturer and the user.

8.2 Dielectric test on the main circuit

It is pfeferred to carry out the test at short-duration AC power-frequency voltage. Alternatively,
a dry,| short-duration direct voltage testumay be applied. The test duration shall be 1 mifg. The
test pfocedure shall be according to |JEC 60060-1 and to 7.2, except that each pole or transport
unit shall be tested. For sealed pressure systems, the test shall be made at the filling prgssure
for ingulation.

The tpst voltage shall be the rated direct withstand voltage divided by J2 for AC fower-
frequency tests or the rated direct withstand voltage for DC tests. The rated direct withstand
voltages are specified in"column 3 of Table 1.

When|the insulation of switchgear and controlgear is provided only by solid-core insulatofs and
air at jambient.pressure, the voltage withstand test may be omitted if the dimensions befween
the cqgnductive parts — across open switching devices and between conductive parts apd the
frame|—<are’checked by dimensional measurements.

Bases for the checking of dimensions are the dimensional (outline) drawings, which are part of
the type test report (or are referred to in it) of the particular switchgear and controlgear.
Therefore, in these drawings all information necessary for dimensional checking including the
permissible tolerances shall be given.

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

The nature of the materials, the quality of assembly, the finish and, if necessary, the protective
coatings against corrosion shall be checked. A visual inspection is also necessary to check the
satisfactory installation of the thermal insulation, if any.
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A visual inspection of actuators, interlocks, locks, etc., shall be made.

Components for auxiliary and control circuits inside enclosures shall be checked for proper
mounting. The location of the means provided for connecting external wiring shall be checked
to ensure that there is sufficient wiring space for spreading of the cores of multi-core cables
and for the proper connection of the conductors.

The conductors and cables shall be checked for proper routing. Special attention shall be given
to ensure that no mechanical damage can occur to conductors and cables due to the proximity
of sharp edges or heating elements, or to the movement of moving parts.

Furthgrmore, the identification of components and terminals and, if applicable, the identifitation
of cables and wiring shall be verified. In addition, the conformity of auxiliary and contral’c|rcuits
to the|circuit diagrams and wiring diagrams shall be checked.

8.3.2 Functional tests

Functlonal tests are specified, where relevant, in the relevant IEC product standards. When
specified, they shall be made on all auxiliary and control circuits to verify-the proper funct|oning
of aukiliary and control circuits in conjunction with the other pdrts”of the switchgegr and
contrqlgear. The test procedures depend on the nature and the ¢complexity of the auxiliafy and
contrql circuits of the device.

Operdtion tests on auxiliary and control circuits, subasseémblies and components mpy be
omittgd if they have been fully tested during a tesf applied to the whole switchgegqr and
contrqlgear.

8.3.3 Verification of protection against electrical shock
Proteg¢tion against direct contact with the main circuit and safe accessibility to the auxiliafy and

contrgl equipment parts liable to be touéhed during normal operation shall be checked. The
prefeffred method is by visual inspection.

WherT 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
condifions as thoSe‘detailed in 7.9.5.

The test voltage shall be 1 kV with duration of 1 s.

8.4 [Measurement of the resistance of the main circuit

This subclause is only applicable for mechanical switch parts.

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.

The measured resistance shall not exceed 1,2 x R, where R, is equal to the resistance
measured before the continuous current test.

In the case of assemblies, it is possible to calculate the expected resistance based on relevant
type tests.
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8.5 Tightness test
8.5.1 General

Routine tests shall be performed to demonstrate the tightness criteria according to 6.16 at
ambient temperature with the switchgear parts, components or subassemblies at or above the
minimum functional pressure (or density) for insulation.

8.5.2 Controlled pressure systems for gas

The test procedure corresponds to 7.7.2.

8.5.3 Closed pressure systems for gas

The t¢st may be performed at different stages of the manufacturing process or of)assembling
on sitg, on parts, components and subassemblies.

For parts or subassemblies tested in factory, the cumulative test is the preferred method

For gas-filled systems tested in factory, the probing test using a sniffing device may belused.
If any[leak is detected, the test shall be considered to be failed por the leak shall be quaptified
by using a cumulative method.

For rdutine tests at site, the probing test using a sniffing device is the preferred method.
The sgnsitivity of the sniffing device shall be at least 108 Pa x m3/s.

8.5.4 Sealed pressure systems
Depending on the insulation medium two situations are considered:

a) Switchgear and controlgear using gas
The preferred test procedure corfesponds to 7.7.4, item a).

An alternative test procedure corresponds to the sealing tracer gas test with |[mass
sgectrometer, 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
oyt after the mechanical routine test specified in the relevant product standards.

8.5.5 Liquid.tightness tests

Routime tésts shall be performed at normal ambient air temperature with the completely
assenpbled switchgear and controlgear device. Testing of subassemblies is also permissible. In
this caseai i

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 purchase
specification, if any.
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9 Guide to the selection of switchgear and controlgear (informative)

9.1 General

Clause 9 gives general guidance on the appropriate selection of ratings and parameters
depending on the application to be covered by high-voltage switchgear and controlgear. A
summary of the considerations for specifying the ratings of switchgear and controlgear is
provided in Annex L (informative).

9.2 Selection of rated values

chara terlstlcs of the system as weII as |ts ant|C|pated future system development Acflist of
ratingp is given in Clause 5.

differgnt performance criteria or overvoltage patterns. The choice should bé 'made consiglering
the degree of exposure to fast-front and slow-front overvoltage, the type/of earthing pf the
systeqn and the type of overvoltage limiting devices. Other parameters, such as| local
atmogpheric and climatic conditions and the use at altitudes exceeding 1 000 m, should also
be copsidered.

The dputy imposed by fault conditions should be determined by ‘calculating the fault currgnts at
the place where the switchgear and controlgear is located in‘the system.

9.3 Cable-interface considerations

For cannection to cables, the maximum temperature at the terminals at full continuous clurrent
should be below the temperature limits of the cable insulation and cable termination.

9.4 |Continuous or temporary overload due to changed service conditions

Equipment could be required to carrya load current above its rated continuous current ¢luring
a short period of time or whenambient temperatures are favourable to do it providgd the
tempdrature does not exceed the-maximum temperature value specified in Table 10; refdrence
is madle to IEC TR 62271-306.J62].

NOTE | For certain switching\devices the temporary overload could result in a load current that exceeds their
switchipg capability.

9.5 Environmental aspects

9.5.1 Service conditions

Selected/ switchgear and controlgear and its associated operatlng deV|ces and aukiliary

equipl "
conditions required by the user or approprlate 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.

9.5.3 High humidity

For the normal service conditions present in 4.1.2 e), condensation can occasionally occur on,
or in, indoor switchgear and controlgear.
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To 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.

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

Undel certain levels of solar radiation, appropriate measures, for example roofing, forced
ventilation etc., should be taken, or derating can be used, in order not to exceed the)specified
tempdrature and pressure rise limits. Tests with simulated solar gain can. be used to
demonstrate if measures or derating are required.

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

10.1 |[General
The intention of this clause is to define information, which is hécessary to enable the user to

make|an appropriate enquiry for equipment and to enable_the supplier to give an adgquate
tendef.

Furthe¢rmore, it enables the user to make a comparison and evaluation of offers from different
suppliers.

NOTE | The supplier can either be a manufacturer or\a contractor.

When| enquiring about or ordering an .igstallation of switchgear and controlgear the following
information as a minimum should besupplied by the enquirer.

Annex L (informative) provides\similar information items in a tabular form for ease of use.

10.2 |Information with.enquiries and orders

The fgllowing information listed below, if applicable, should be given by the enquirer / usgr.

a) Particulars ofithe system as defined in Clause 3:

Naominal sand highest voltage, normal current and maximum fault current. Unusual
chlaracteristics of the system in which the equipment to be installed should be noted;

b) Servicé conditions if different from normal (refer to Clause 4):

Any condition deviating from the normal service conditions or affecting the satisfactory
operation of the equipment.

In this case high-voltage switchgear and controlgear and associated operating devices and
auxiliary equipment should be designed and validated to comply with any special service
conditions required by the user, or appropriate arrangements should be made.

c) Particulars of the installation and its components:
1) indoor or outdoor installation;
2) unidirectional or bidirectional;
3) number of busbars, as shown in the single-line diagram;
4) rated direct voltage;
5) rated insulation level (Uyq, Uy, Us when applicable);
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rated continuous currents of busbars and feeder circuits;
rated short-time withstand direct current (/,4);

rated peak withstand current (Ipd);
rated duration of short-circuit (#.4) (if different from the preferred values given in 5.5.4);

rated values of components (e.g. for DCVTs or DCCTs in an assembly, for individual
functional units of an assembly.);

degree of protection for the enclosure and partitions;
circuit diagrams.

d) P4riiculars of the operating devices:

1

a B~ W N

)
)
)
)
)
)

(22}

type of operating devices;

rated supply voltage (if any);
rated supply frequency (if any);
rated supply pressure (if any);
special interlocking requirements;

number of available auxiliary contacts required (the usérn should state the cpntact
performance required).

In addition to these items the enquirer should indicate every condition which might influence
the tepder or the order, for example special mounting orinstallation conditions, the locafion of
the external high-voltage connections or any specific rdles for pressure vessels, requirements
for caple testing and, if applicable, whether functionality shall be maintained after a s¢ismic

event|or during and after a seismic event.

Information should be supplied if type test reports or any other conformity assessment rglated

document are requested.

10.3 |Information with tenders

The fgllowing information listed below, if applicable, should be given by the manufacturgr with

descriptive material and drawings.

a) RIted values and chatacteristics as enumerated in item c) of 10.2.

b) C

nstructional features, for example:

mass of the heaviest transport unit;
overall\dimensions of the installation;
arrahgement of the external connections;

futlre extensions if applicable;

12)
13)
14)

faciiities for transportand mounting;

mounting provisions;

accessible sides;

instructions for installation, operation and maintenance;

type of gas-pressure or liquid-pressure system;

filling level /pressure and minimum functional level / pressure;
volume or mass of fluid for the different compartments;
specification of fluid;

number of units in series, or, in parallel;

minimum clearance in air and safety boundaries in operation;
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15) any special arrangements (cooling system, for example) to maintain the rated
characteristics of the equipment at the required temperatures of the ambient air.

c) Particulars of the operating devices:

1) types and rated values as enumerated in item d) of 10.2;

2) current or power for operation;

3) operating times.
d) List of recommended spare parts that should be procured by the user.
e) Any other document or information requested in the enquiry.

11 Transport, storage, installation, operating instructions and maintenance

11.1 |General

It is egsential that the transport, storage and installation of switchgear and controlgear, gs well
as their operation and maintenance in service, is performed in accordance' with instrugtions
given |by the manufacturer.

Consgquently, the manufacturer shall provide the appropriate version of the instruction manual
for thg transport, storage, installation, operation and maintenance.of switchgear and contrplgear.
The ipstructions for the transport and storage should be given”at a convenient time before
delivery, and the instructions for the installation, operationqand maintenance should be|given
by the time of delivery at the latest. It is preferable that.the operation manual be a separate
document from the installation and maintenance manual,

It is impossible, here, to cover in detail the complete rules for the installation, operation and
maintgnance of each one of the different types’,of apparatus manufactured, but the following
information is given relative to the most impartant points to be considered for the instrugtions
provided by the manufacturer.

11.2 |Conditions during transport;storage and installation

A spefial agreement should be made between manufacturer and user if the service conditions
of temperature and humidity defined in the order cannot be guaranteed during transport, sforage
and installation. Special precautions can be essential for the protection of insulation guring
transport, storage and installation, and prior to energizing, to prevent moisture absorptiop due,
for ingtance, to rain, show or condensation. Vibrations during transport should be considlered.
Appropriate instructions should be given by the manufacturer.

Specifl packaging should be proposed by the manufacturer for long term storage of pafts for
maintgnance-needs according to customer specifications.

11.3 lInstallation

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
the installation manual (for example lifting brackets/bolts that are not intended to be left
outdoors shall be removed at site).
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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
the switchgear and controlgear.

11.3.4 Mounting

Instructions for the mounting of switchgear and controlgear, operating device and auxiliary
equipment—should—include—sufficient—detalls—of locations—and—feundations—te—enable site

prepafation to be completed.

Thesq instructions should also indicate:

— the total mass of the apparatus inclusive of extinguishing or insulating fldids;
— thé mass of extinguishing or insulating fluids;

— thé mass of each unit to be lifted separately.
11.3.8§ Connections

Instrugtions should include information on:

— connection of conductors, comprising the necessary. advice to prevent overheating and
unnecessary strain on the switchgear and controlgear and to provide adequate cleqrance
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 gasand gas mixtures for controlled and closed pressur¢
systems

For cpntrolled and closed. pressure systems filled with gas mixture, the percentage pf the
differgnt gases and theirassociated tolerances shall be defined by the manufacturer taking into
account handling amd,Uncertainty of measurement. Appropriate gas filling procedurdgs are

During commissioning or maintenance, the maximum allowable humidity content within gas-
filled switchgear and controlgear filled with gas at the filling pressure (density) for insylation
shall be{ehecked by dew pomt measurement Appropnate correctlon factors shall be usged for

3

aciurers

|nstruct|on manual

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.

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.
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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 and tests which should be made after the
switchgear and controlgear has been installed and all connections have been completed.

These instructions should include:

a schedule of recommended site tests to establish correct aperation;

prpcedures for carrying out any adjustment that can be necessary to obtain\g
operation;

recommendations for any relevant measurements that should be made and récorded t
with future maintenance decisions;

a procedure for qualitative gas tightness test at site (sniffing test) on all field asse
connections for closed pressure systems, reference is made to 8.5.8;

ingtructions for final inspection and putting into service.

Guidalnce for electromagnetic compatibility site measurements is.given in Annex M (inform

11.3. Basic input data by the user

Thesq data should include:

a)
b)

c)
d)
e)

f)
g)

adcess limitations to the local site;

logal working conditions and any restrictions-that can apply (for example, safety equip
ngrmal working hours, union requirements for supervisor, manufacturer’'s and
ingtallation crew, etc.);

avpilability and capacity of lifting and handling equipment;
avjailability, number and expetience of local personnel;

specific pressure vessel-rules and procedures that can apply during installatio
commissioning tests;

inferface requirementsifor high-voltage cables and transformers;

inthe case of extensions to existing switchgear and controlgear:

1)| provisionssfor the extension available within existing primary and secondary equip
2)| in-service*conditions or operating restrictions that apply;

3)| safety. regulations that locally apply.

orrect
D help

mbled

ative).

ment,
local

h and

ment;

11.3.9 “Basic input data by the manufacturer

These data should include:

a)
b)
c)

d)
e)
f)
9)
h)

space necessary for installation and assembly;
size and weight of components and testing equipment;

site conditions regarding cleanliness and temperature for clean installation and preparation

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;
proposed training of installation and service personnel;

in case of extension to existing switchgear and controlgear:
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out-of-service requirements of existing components related to the installation schedule;

safety precautions.

i) gas filling procedure (mixed gases) and dew point verification, if necessary.

11.4

Operating instructions

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

— a general description of the equipment with particular attention to the technical description
of its characteristics and operation so that the user has an adequate understanding of the
main principles involved;

- ajﬁescription of the safety features of the equipment and the operation of the interlock

p
— as|

isq
— as
11.5
11.5.1

The e
manu

11.5.2

Wher¢ applicable, the following information shallcbe provided by the manufacturer:

dlocking facilities;

relevant, a description of the action to be taken to manipulate the equipmentfor ope
lation, earthing, maintenance, and testing;

relevant, measures against corrosion should be given.
Maintenance
General

ffectiveness of maintenance depends mainly on the way\instructions are prepared
acturer and implemented by the user.

Information about fluids and gas to be included in maintenance manual

s and

ration

Dy the

a) type and required quantity and quality of liquid to be used in switchgear and controlggar;
b) type and required quantity and quality-af gas to be used in switchgear and controlgear.
11.5.3 Recommendations for the manufacturer

The manufacturer should be respansible 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 switchgeay and
contrqlgear about corrective actions required by systematic defects and failures detected in
service.

The manufaeturer’s maintenance manual should include the following information listed elow.

a) E

tentrand frequency of maintenance. For this purpose, the following factors shomllld be

CO
1)
2)
3)
4)
5)
6)

Sidered:

switching operations (current and number);
total number of operations;

time in service (periodic intervals);
environmental conditions;

activity after a seismic event (if applicable);
measurements and diagnostic tests, (if any).

b) Detailed description of the maintenance work:

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

2)
3)

procedures for inspection, diagnostic tests, examination, overhaul;

reference to drawings;
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4)
5)
6)

7)

reference to part numbers;
use of special equipment or tools;

precautions to be observed (for example cleanliness and possible effects of harmful

arcing by-products);
lubrication procedures.

c) Comprehensive drawings of the details of the switchgear and controlgear important for
maintenance, with clear identification (part number and description) of assemblies,

Su

bassemblies and significant parts.

NOTE Expanded detail drawings which indicate the relative position of components in assemblies and

subass

mblies-are-a-common-ilustraticn-method

d) Limits of values, which can be measured during operation or routine maintenanc

to
1)
2)
3)
4)
5)
6)
7)
8)
9)

e) Sq
CO|

1)
2)
3)
4)
f) Li
g) Te

h) Lis
fo

i) Eg

established_time schedule.

j) Ha

erances which, when exceeded, make corrective action necessary, for example:
pressures, density levels, gas mixtures tolerance;

insulating liquid or gas characteristics;

quantities and quality of liquid or gas (see IEC 60480 and IEC 6227 1-4 for SFy);

dew point inside gas-filled switchgear compartment accordingto 11.3.6;
resistance and/or capacitance (of the main circuit);

operating times;

permissible erosion of parts subject to wear;

torques;

important dimensions.

ecifications for auxiliary maintenance materials, including warning of known
mpatibility of materials:

grease;

oil;

fluid;

cleaning and degreasing agents.

5t of special tools, lifting.and access equipment.

w 1o proceed with the equipment at the end of its operating life, taking into considg

en

e and

non-

sts after the maintenance work.

5t of the recommended spare parts (description, reference number, quantities) and advice
storage.

timate of/active scheduled maintenance time, carried out in accordance with an

ration

vironmental 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:

— 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 the
life of the switchgear and controlgear;

— da

tes and extent of the maintenance work carried out;
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— the history of service, periodical records of the operation counters and other indications (for
example short-circuit operations);

— references to any failure report.

In case of failures and defects, the user should make a failure report and should inform the
manufacturer by stating the special circumstances and measures taken. Depending upon the
nature of the failure, an analysis of the failure should be made in collaboration with the
manufacturer.

11.5.5 Failure report

The [
contrg
- to
- to

- to

The fq

A faild

a) Id
1)
2)
3)

4)
5)
6)
b) Hi
1)
2)
3)
4)
5)
6)
7)

Igear failures with the following objectives:

describe the failure using a common terminology;
provide data for the user statistics;

provide a meaningful feedback to the manufacturer.

llowing gives guidance on how to make a failure report.

re report should include the points listed below.

entification of the switchgear which failed:
substation name;
identification of the switchgear (manufacturertype, serial number, ratings);

switchgear technology (mechanical switching device, power electronic DC o
breaker, hybrid DC circuit-breaker, vacuym, SFg, gas mixture, etc.);

location (indoor, outdoor);

enclosure;

drive mechanism, if applicable~(hydraulic, spring, motor, manual).
story of the switchgear:

date of commissioning of-the equipment;

date of failure/defeet;

total number of loperating cycles, if applicable;

date of last maintenance;

details of.any changes made to the equipment since manufacture;
total.number of operating cycles since last maintenance;
condition of the switchgear when the failure/defect was discovered (in se

r and

ircuit-

rvice,

mdintenance, etc.).

c) ldentification of the subassembly/component responsible for the primary failure/defect:

1)
2)
3)
4)
d) St
1)

high-voltage stressed components;
electrical control and auxiliary circuits;
drive mechanism, if applicable;
other components.
resses presumed to contribute to the failure/defect:
operation mistake or misuse of the equipment;

2) environmental conditions (temperature, wind, rain, snow, ice, pollution, lightning, etc.).

e) ClI
1)

assification of the failure/defect:

major failure;
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2)
3)

minor failure;
defect.

f) Origin and cause of the failure/defect:

1)
2)

3)

origin (mechanical, electrical, tightness if applicable);

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

operation mistake or misuse.

g) Consequences of the failure or defect:

1)

switchgear down-time. which is time interval during which an item is in a down sta

orrect

te;

2)
3)
4)

A failu

— dr
— ph

- S
- op
- re

- re

12 S

12.1
High-

time consumption for repair;
labour cost;

cost of spare parts.
re report can include the following information:

bwings, sketches;
otographs of defective components;

ngle-line station diagram;

eration and timing sequences;
cords or plots;
erences to maintenance or operating manuals.

afety

General

oltage switchgear and controlgear, complying with the applicable IEC standards, @

considered safe when installed in“accordance with the relevant installation rules inc

instru
manu

High-
Perfo
acces|

High-

acturer's’ instructions (see' Clause 11).

oltage switchgearsand controlgear is normally only accessible by instructed pe
ming operations‘and maintenance is only allowed to skilled persons. When unres
S is availableitoswitchgear and controlgear, additional safety features should be req

oltage_switchgear and controlgear in accordance with IEC offers a high level of

with regard-to“external effects that might harm personnel, mainly because the high-voltagg

can b

b surrounded by an enclosure. Nevertheless, high power equipment, can comprise

an be
uding

ctions provided by the manufacturers and used and maintained in accordance with the

sons.
ricted
uired.

safety
parts
some

poten

ialrisks, 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 an
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 require special attention due to
the complexity of the equipment and its internal parts which are mostly not visible.

Experience has shown that human error is a factor that shall be considered (for example, closing
an earthing switch on an energized conductor).
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12.2 Precautions by manufacturers
The following list provides examples of precautions usually implemented by manufacturers.
— design and test pressurized enclosures, pressure relief devices and relevant switchgear

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 manuals.
Explain precautions to prevent improper operation and the consequences of improper
operation;

surrounding area, possibly ventilation and gas detection information, to minimize.perqonnel

- p}vide the user and/or contractor with appropriate information related to design,_pf the
risks in case a failure occurs;

— propvide safe procedures for dismantling and disposal.
12.3 |Precautions by users

The fgllowing list provides examples of precautions that can be taken by users:

— linmit access to the installation to people who are trained and authorized;

— keep operators and other personnel instructed regarding.risks and safety requirements
in¢luding local regulations;

— kefep switchgear and controlgear maintained and up-tg.date in terms of technical stanglards,
especially interlocking and protection devices;

remote control and have the interlocking system working as intended;

— select equipment that minimizes the risk to personnel from improper operation (for example
edrthing switches with short-circuit making capacity on lines, motor actuators to|allow
refnote operation);

rdinate the protection system with product properties (for example, do not reclgse on
infernal faults);

— prepare earthing procedures eonsidering the difficulty of referring to and understanding the
complex arrangement and-operation of the switchgear and controlgear. Depending ¢n the
configuration of the DC system, monopolar or bipolar, and type of switch, one or both of the
tetminals 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 protgctive
edrthing of the switchgear and controlgear shall be achieved through connecting the
edrthing pointiprovided by the switchgear and controlgear to the system earth (see 6.3 for
edrthing poift);

— label equipment clearly for easy identification of individual devices and gas compartnents.

Espedgially,during maintenance, repair or extension work:

— ensure that maintenance, repair and extension work is carried out only by qualified and
trained personnel;

— prepare a safety and protection plan for the work. Indicate who is responsible for planning,
implementing and enforcing safety and protection measures;

— check interlocking and protection devices before starting;

— pay special attention to manual operations, especially when the switchgear and controlgear
is energized;

— inform personnel who can be near the switchgear and controlgear before operating the
equipment (for example, a horn or flashing light);

— mark emergency exits and keep passages clear of obstructions;

— instruct the people involved how to work safely in a switchgear and controlgear environment
and what to do in an emergency.
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13 Influence of the product on the environment

Documentation shall include the following relevant information about the environmental impact

of the

switchgear:

a) When fluids are used in switchgear and controlgear, instructions shall be provided in order

to

1)

allow the user to:
minimize the leakage rate as far as is practicable;

2) control the handling of the new and used fluids. IEC 62271-4 is referred to gases for

insulation and/or switching.

b) In
of

stroctions concerming disassempty andend-of-tife procedures for the differemntmma
the equipment and indicate the possibility to recycle.

erials
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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
substation. The upper side of Figure A.1 shows an example for LCC, whereas the bottom side
shows that for VSC. The purpose of these examples are to introduce many various types of
switching devices which are used in HVDC substations and they do not represent the real

i aHeor—r—additten—to—the—swiehing—deviees—sh oW tgure At ““:-,.
icg called paralleling switch used for multiterminal HVDC systems. For the details<pf the
purpoge or usage of each switch, references can be made to CIGRE Technical Brochune 683
[72], IEC 60633 and IEC TS 63014-1 [66].
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Voltage Sourced Converter (VSC)
Key
CD Converter Disconnector NBES Neutral Bus Earthing Switch
BPD Bypass Disconnector FES Filter Earthing Switch
FD Filter Disconnector CES Converter Earthing Switch
SD Substation Disconnector SES Substation Earthing Switch
LD Line Disconnector PPES Pole Paralleling Earthing Switch
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

General

2024

The quality of ambient air with respect to pollution by dust, smoke, corrosive and/or flammable
gases, vapours, or salt is a consideration under normal and special service conditions (refer to

Clause 4). This annex defines recommendations for the minimum specific creepage dis

acros

The a
used
from
IEC 6

B.2

In ou

external insulation.

proach for DC insulator design and selection with respect to pollution is different t
or AC. In particular no discrete site severity classes are used, but instead a’direct tr
orrected site pollution severity to necessary USCD is employed. Reference is m
D815-4.

Minimum requirements for switchgear in normal service condition

door normal service condition RUSCDDC of 60 mm/KV is often used for non

insul
with
and 3

IEC T
paran

B.3

In ind
14 mn

ors and 45 mm/kV is often used for HTM insulators.An indoor normal service cor
ncontrolled environment (for example in indoor DC_yard) RUSCDDC between 20 n
D mm/kV satisfies the performance. Reference is‘made to IEC 60071-11:2022.

S 60815-4:2016 gives information how to. calculate USCD and to check the
eters.

Minimum requirements for switchgear in special service condition

oor clean and controlled (valve hall) environment with humidity control RUSCD
n/kV is widely used. Reference is made to IEC 60071-11:2022.

tance

o that
nsfer
de to

-HTM
dition
hm/kV

brofile

DC of

For thle other cases of special service condition (for example outdoor offshore and costal area

install

IECT
paran

ation), IEC TS 60815-4:2016 gives information on how to determine RUSCDDC.

S 60815-4:2016 gives information on how to calculate USCD and to check the
eters.

brofile
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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].

Typical Rated Rated direct withstand voltage Rated lightning impulse
Jystem direct Uyq withstand voltage

direct voltage U,
Voltage Uy kV

Utyp,d v k\.

KV Pole-to-earth, Pole-to-earth and Across the
(NOTE 1) Across open switching device across open isolating distanfe?
and/or isolating distance switching device
(NOTE 2) (NOTE,3)

(1) (2) (3) 4) (3)

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)
NO[TE 1 The rated direct voltage U, takes.into account 5 % of ripples and harmonics to the typical sysfem
dirgct voltage, based on that the ripples. @nd harmonics are in the range of 2 % to 5 % of the typical sysjem
dirgct voltage. Reference is made to .GIGRE Technical Brochure 684 [73] and the nominal voltage is refeqred
to IEC 60071-11:2022.

NOJTE 2 For MVDC systems, the’pole-to-earth over-voltage are limited to 1,7 times the rated voltage of|the
MVPC system, reference istmade to CIGRE Technical Brochure 793 [74].

NOJTE 3 The values for AC switchgear in IEC 62271-1 are referred to due to lack of sufficient data for|DC
swifchgear.

2 [in column (8))values in brackets are the rated direct voltage applied to the opposite terminal (combiped
voltage). For'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 odcur
at the opposite terminal, the value of 10 % of rated direct voltage is chosen.

Withstand values given in Table C.1 cover the application of switchgear and controlgear under
normal service conditions defined in 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 by
AC back-up protection. The worst case DC fault current occurs for DC fault at zero cable length.

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

Pigure D.1 — VSC HVDC under worst-case, pole-pole DC fault

The djode, bridge current feed is supplied from AC system with RMS line voltage 7., through
equiv ac ac KXac = 2L, ormer
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]):

0o (3)

”\/(Rac )2 +(Xac + X +kt2Xarm/2)2

I =

(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:

LS
hd =l 0
R

(D.2)

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 R; are the impedance and resistance, respectively in the DC fault current path after AC CB

opens

D.2

Figure
respo
[76]).
This r
that |¢
LCC ¢
thyris

In Fig
bypas

The rated duration of short circuit (#,4) is expressed\as:

Wher¢ Lg and R; are the impedangceand resistance, respectively, in the DC fault curren

after |

LCC HVDC

D.2 shows the considered LCC HVDC under a DC fault. Normally £CC con
The LCC converter responds to nearby DC fault in the station by blocking and bypa
bsults in rapid LCC converter DC voltage reduction and application©f' negative DC v
ads to DC fault current extinction in 10 ms to 20 ms. A thyristor failure does not

onverter operation because, they fail in short circuit and there‘is a number of redu
ors in each valve.

ure 2b) the LCC converter responds to nearby DC fault in the station by blockin
sing. This is self-protection LCC mechanism for extreme DC currents.

S
tg = —
kd =

| CC bypass, which resembles the circuit in Figure D.1b).

I
sD dc

AC 3P gy PCC ki %
Vac

LCC - I I

verter

nds rapidly to DC fault using one of redundant LCC converter controllers (see TabLe 9 of

sing.
bltage
affect
ndant

g and

(D.3)

[t path

operates
IEC

D.3

Figure D.2 - LCC HVDC under worst-case, pole-pole DC fault

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 (43)
[ Rac ) + (e 10

The preferred value for the rated peak withstand current is 1074.

Iy = (D.4)

The preferred value for rated duration of short circuit is 0,5 s.

The time to peak short circuit current is 0,01 s.

An 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

IEC

a) Circuit diagram

Current

T ’ T T ‘T T T T T

LCC-as diode bridge

: An AC CB opens .
; I
! M A A AA A

Tk

g
[ I T I Ll | | -

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

Figune D.4 — HVDC system with DC circuit-breaker under worst-case, pole-pole DC|fault
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L N
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IEC

Figure D.5 — DC circuit-breaker simple model

The slope of DC line current rise will be the sum of currents slopes on each DC line:
S =(Sp1 + Sp2 +Sp3) (D.5)

Where S, Spp and Sy3 are slopes of current rise on each of the 3 DC lines.

p1
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