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comm1ttee 17: High-voltage switchgear and controlgear. It is an International Standard.

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization'co
ptional electrotechnical committees (IEC National Committees). The object of IEC is to prontoteinter|
peration on all questions concerning standardization in the electrical and electronic fieldsy To this
dition to other activities, IEC publishes International Standards, Technical Specifications,\Technical

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

aration is entrusted to technical committees; any IEC National Committee interestediin the subject d
participate in this preparatory work. International, governmental and non-goverpmental organizationg
the IEC also participate in this preparation. IEC collaborates closely with the)international Organiz
dardization (ISO) in accordance with conditions determined by agreement between the two organiz4

formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an inter|
ensus of opinion on the relevant subjects since each technical cofpmittee has representation

Publications have the form of recommendations for international” use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made,'to ensure that the technical conten
ications is accurate, IEC cannot be held responsible for ‘the way in which they are used or
hterpretation by any end user.

der to promote international uniformity, IEC National' Committees undertake to apply IEC Pub
parently to the maximum extent possible in their national and regional publications. Any divergence
EC Publication and the corresponding national,0r ¥egional publication shall be clearly indicated in th

itself does not provide any attestation of canformity. Independent certification bodies provide co
ssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ces carried out by independent certificatioh bodies.

sers should ensure that they have the-atest edition of this publication.

ability shall attach to IEC or itscdirectors, employees, servants or agents including individual exp
bers of its technical committees~and IEC National Committees for any personal injury, property da
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn to the-Normative references cited in this publication. Use of the referenced publicg
pensable for the correct application of this publication.

htion is drawn)to. the possibility that some of the elements of this IEC Publication may be the subject g
s. IEC shallnot be held responsible for identifying any or all such patent rights.

271200 has been prepared by subcommittee 17C: Assemblies, of IEC teq

hprising
hational
End and
Reports,
Their
balt with
liaising
htion for
tions.

hational
from all

National
of IEC
for any

ications
etween
e latter.

hformity
for any

brts and
nage or
es) and
her IEC

tions is

f patent

hnical

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

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

a)
b)

c)

clause numbering aligned with IEC 62271-1:2017, including the adoption of the subclause
names of Clause 3;

in Clause 3 specific definitions are added for "in service", "normal operating condition" and
"normal use";

internal arc testing on pole-mounted switchgear is taken out of this document, as it is now
covered by the specific standard IEC 62271-214:2019;
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d) a more precise description of earthing circuit is given with the inclusion of ratings and test
requirements;

e) number of mechanical tests on interlocks is reduced for type testing; a more precise
description of forces to apply during type testing is given (refer to 7.102);

f) resistance measuring on main circuit is only needed before continuous current tests (as
reference for routine tests) and no longer needed after this continuous current test.
Rationale for this deletion is that this measured resistance does not mean anything; as the
temperature rise test was just finished, a new temperature rise test will not give new
information;

g) IEC 62271-100:2021, IEC 62271-103:2021, IEC 62271-105:2021 and IEC 62271-
106:2021 are referred to in the document;

h) IEC 62271-107:2019 and IEC IEEE 62271-37-013:2015 are also considered in 740.2;

i) a more precise description of LSC category is given with the inclusion of anyexplgnatory
floychart (Annex D);

j) examples not covered by the IAC test are transferred from Clause 6 to 9.103;

k) thg term "assembly" is defined in Clause 3 and used as synonym for "metal-engclosed
swltchgear and controlgear"” in this document;

) "metallic" is replaced by "metal” where applicable;
m) 6.105 is now covered by 7.7;

n) a s rule was introduced for Criterion 4 during IAC tests regarding hot gases versus glowing
pafticles as cause of ignition;

0) a more precise description of internal arc tests fap switchgear with protrusions is glven in
Annex A.

The teit of this International Standard is based @n the following documents:

FDIS Report on voting
17C/782/FDIS 17C/792/RVD

Full information on the voting for(its approval can be found in the report on voting indicated in
the abpve table.

The lahguage used for the'development of this International Standard is English.

This dpcument was\drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with{/SO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avpilable
at wwv.iec.chiimembers_experts/refdocs. The main document types developed by IHC are
described jn"greater detail at www.iec.ch/standardsdev/publications.

This decument—showtd—bhe—read—in—econjuretonwitht+HEC-622+1-+204++—to—which—it—+efers and
which is applicable unless otherwise specified. In order to simplify the indication of
corresponding requirements, the same numbering of clauses and subclauses is used as in
IEC 62271-1:2017. Amendments to these clauses and subclauses are given under the same

numbering, whilst additional subclauses, are numbered from 101.

The reader's attention is drawn to the fact that Annex C lists all of the "in-some-country" clauses
on differing practices of a less permanent nature relating to the subject of this document.

A list of all parts in the IEC 62271 series, published under the general title High-voltage
switchgear and controlgear, can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT — The "colour inside" logo on the cover page of this document indicates-that it
contdins colours which are considered to be useful for the correct understanding of its
contgnts. Users should therefore print this document using a colour printer.
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INTRODUCTION

High-voltage (IEC 60050-601:1985, 601-01-27) switchgear refers to rated voltages above 1 kV.
However, medium-voltage is commonly used for distribution systems with rated voltages above
1 kV and generally applied up to and including 52 kV; refer to IEC 60050-601:1985, 601-01-28
[1]%.

Although primarily dedicated to three-phase systems, this document can also be applied to
single-phase and two-phase systems.

Switchgear _and controlgear assemblies having a solid-insulation _enclosure are covered by
IEC 64271-201.

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

Part 200: AC metal-enclosed switchgear and controlgear
for rated voltages above 1 kV and up to and including 52 kV

1 Scope

This Wﬁﬁﬁmmmgear
assemplies designed for:

t

— rat

- a

— selvice frequencies up to and including 60 Hz;
— indoor and outdoor installation.
The agsembly can include air-insulated and/or fluid-filled compartments.

ernating current,;

bd voltages above 1 kV and up to and including 52 kV;

For camponents installed in a metal-enclosed switchgear, and” controlgear, this doqument

supplgments or even replaces in some cases, the requirements as stated by the ind
produgt standards.

The lis

2 N

The fo

constijutes requirements of this document. For dated references, only the edition cited a

For u

amendments) applies.

IEC 6Q050-151, International Electrotechnical Vocabulary (IEV) — Part 151: Electric
magndtic devices (available at http://www.electropedia.org)

IEC 6(
contro

IEC 60

requiréments

brmative references

lowing documents are referredto in the text in such a way that some or all of their g

ndated references, the -latest edition of the referenced document (includin

050-441,{Jnternational Electrotechnical Vocabulary (IEV) - Part 441: Switc
gear and fuses (available at http://www.electropedia.org)

060-1:2010, High-voltage test techniques — Part 1: General definitions an

Ividual

t of components which can be inside the metal-enclosed switchgear and controlgear is
not linfited to the ones explicitly cited in this document.

ontent

pplies.
g any

al and

hgear,

d test

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

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

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

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1: Common specifications
for alternating current switchgear and controlgear
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IEC 62271-100:2021, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

IEC 62271-102:2018, High-voltage switchgear and controlgear — Part 102: Alternating current
disconnectors and earthing switches

IEC 62271-103:2021, High-voltage switchgear and controlgear — Part 103: Switches for rated
voltages above 1 kV up to and including 52 kV

IEC 62271-105:2021, High-voltage switchgear and controlgear — Part 105: Alternating current
switch-fuse combinations for rated voltages above 1 kV up to and including 52 kV

IEC 64271-106:2021, High-voltage switchgear and controlgear — Part 106: Alternating ¢urrent
contagtors, contactor-based controllers and motor-starters

IEC 64271-107:2019, High-voltage switchgear and controlgear — Part 107: Alternating ¢urrent
fused gircuit-switchers for rated voltages above 1 kV up to and including,52°kV

IEC 64271-201:2014, High-voltage switchgear and controlgear — Part201: AC solid-insplation
enclosled switchgear and controlgear for rated voltages above 1'kV and up to and ingluding
52 kV

IEC 64271-203:2011, High-voltage switchgear and codtrolgear — Part 203: Gas-indulated
metal-pnclosed switchgear for rated voltages above 52¢kV

IEC 64271-213:2021, High-voltage switchgear and)controlgear — Part 213: Voltage detecting
and inflicating system

IEC 64271-215:2021, High-voltage switchgear and controlgear — Part 215: Phase comparator
used with VDIS

IEC IE[EE 62271-37-013:2015, High-voltage switchgear and controlgear — Part 37-013:
Alternating-current generator citcuit-breakers

3 Térms and definitions

For the purposes ofithis document, the terms and definitions given in IEC 62271-1, IEC §0050-151
and IE|C 60050-441, and the following apply.

NOTE |[The ,elassification system for definitions of IEC 62271-1:2017 is followed. Terms and definitipns are
referengedsand/prioritized in the following order:

— Clause 3 of this document:
- IEC 62271-1:2017;

— |EC 60050-441;

— |EC 60050-151.

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

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

e |ISO Online browsing platform: available at http://www.iso.org/obp
3.1 General terms and definitions

The definitions in 3.1 of IEC 62271-1:2017 are applicable, with the following additions and/or
modifications:


http://www.iso.org/obp
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3.1.101

ambient air temperature

<of an assembly> temperature, determined under specified conditions, of the air surrounding
the enclosure of an assembly

[SOURCE: IEC 60050-441:1984, 441-11-13, modified — "prescribed" has been replaced by

"specified", "complete switching device or fuse" by "enclosure of an assembly" and the note has
been removed.]

3.1.102

disruptive discharge
pheno i
discharge completely bridges the insulation under test,
electrgdes to zero or nearly to zero

reducing the voltage betwegn the

Note 1 to entry: The term is applicable to discharges in solid, liquid and gaseous dielectrics and\te combinations of
these.

Note 2 {o entry: A disruptive discharge in a solid dielectric produces permanent loss. of dielectric strength (non-
self-resforing insulation); in a liquid or gaseous dielectric, the loss can be only temporary (self-restoring instilation).

Note 3 o entry: The term "sparkover" is used when a disruptive discharge occdrs in a gaseous or liquid diglectric.
The terth "flashover” is used when a disruptive discharge occurs over the sutface“of a solid dielectric in gageous or
liquid medium. The term "puncture" is used when a disruptive discharge occuxs/through a solid dielectric.

3.1.10B
relatiie pressure
pressyre that refers to the local atmospheric pressure

Note 1 fo entry: When defining a filling level it is in refergnce to the standard atmospheric pressure of 10},3 kPa,
as definled in IEC 62271-1.

3.1.10p4
segre@ation
<of conductors> arrangement of conductors with earthed metal interposed between them in
such g4 manner that disruptive discharges can only occur to earth

Note 1 to entry: A segregation can he'established between the conductors as well as between the open contacts of
a switchling device like a disconnector.

Note 2 o entry: This definition ‘does not specify any mechanical protection (IP and IK).

[SOURCE: IEC 60050-441:1984, 441-11-11, modified — Notes to entry have been added.]

3.1.10p
in seryice
<cond|tién of an assembly> condition where at least one high voltage part in the assembly is
energized

3.1.106
normal operating condition
<of an assembly> in service condition with all doors and covers properly closed and secured

3.1.107

normal use

<of an assembly> use of the assembly as defined by the manufacturer's instructions reference,
corresponding to the conditions and operations in service

Note 1 to entry: "normal use" may include maintenance activities within an accessible high-voltage compartment.
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3.2 Assemblies of switchgear and controlgear

The definitions in 3.2 of IEC 62271-1:2017 are applicable, with the following additions and/or
modifications:

3.2.101

metal-enclosed switchgear and controlgear

assembly

switchgear and controlgear assemblies with a metal enclosure intended to be earthed, and
complete except for external connections

Note 1 to entry: This term generally is applicable to high-voltage switchgear and controlgear

Note 2 fo entry: The term "external connections" corresponds to "external conductors (cables or bars))comnecting
the ass¢mbly to the network or an external installation".

[SOURCE: IEC 60050-441:1984, 441-12-04, modified — The second preferred-term "assembly"
and N¢te 2 to entry have been added and in the definition "external” has beeh deleted.]

3.2.10p
multi-fier design
design of an assembly in which the main switching devices of two er more functional unfits are
arrangled vertically (one above the other) within a common enclasure

3.3 Parts of assemblies

The definitions in 3.3 of IEC 62271-1:2017 are applicable.

3.4 [Switching devices

The dgfinitions in 3.4 of IEC 62271-1:2017 are applicable.

3.5 [|Parts of switchgear and controlgear

The deéfinitions in 3.5 of IEC 62271=1:2017 are applicable, with the following additions [and/or
modifi¢cations:

3.5.101
enclogure
<of an|assembly> part-of an assembly providing a specified degree of protection of equlpment
againdt external influences and a specified degree of protection against approach to or dontact
with liye parts and against contact with moving parts

[SOURCEANIEC 60050-441:1984, 441-13-01]

3.5.102

metal enclosure

<of an assembly> outermost enclosure made of metal, which can be composed of several
elements, enclosing all high-voltage parts

3.5.103

functional unit

<of an assembly> part of an assembly comprising the main circuits, earthing circuit and auxiliary
circuits that contribute to the fulfilment of a single function

Note 1 to entry: Functional units can be distinguished according to the function for which they are intended, e.g.,
incoming unit, through which electrical energy is normally fed into the assembly, outgoing unit, through which
electrical energy is normally supplied to one or more external circuits
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[SOURCE: IEC 60050-441:1984, 441-13-04, modified — "of switchgear and controlgear" and "all
the components of" have been deleted; "earthing circuit" has been added.]

3.5.104

component

<of an assembly> essential part of the high-voltage or earthing circuits of an assembly which
serves a specific function (e.g. circuit-breaker, disconnector, switch, fuse, earthing switch,
instrument transformer, bushing, busbar)

3.5.105

main circuit
hao hicah valtaoaos o o nartc aof ~an

<Of a accambhlh, ol _+ ondueting accao (WA
IS TTTHITY T tHrc— T gV oo g e c oottty C—par to— oot oS CTioTy 1t

which s intended to carry the rated continuous current

H—aq circuit

[SOURCE: IEC 60050-441:1984, 441-13-02, modified — "high voltage" is added:and "transmit
electrical energy" is replaced by "carry the rated continuous current".]

3.5.10p
auxiliary circuit
<of an assembly> all the conductive parts of an assembly of switchgear and contfolgear
included in a circuit (other than the high-voltage parts) intended to.control, measure, sigral and
regulate

Note 1 fo entry: The auxiliary circuits of an assembly include the_gantrol and auxiliary circuits of the switching
devices

[SOURCE: IEC 60050-441:1984, 441-13-03, modified — "main circuit" is replaced by|"high-
voltage parts".]

3.5.10y
earthipg circuit
<of an|assembly> conductors, connectioens, and the conducting parts of earthing devices or of
the metal frame, intended to conneet.the high-voltage conductive parts of an assembly|to the
earthing point provided

Note 1 o entry: The earthing circuitCan include short-circuiting circuits between poles and phase-to-earth| circuits
from eafh pole to the earthing peint and/or from the short-circuiting point of phase-to-earth circuits to the garthing
point prpvided.

3.5.10B
earthipg point
<of an| assembly> terminal which is provided on the assembly for connection of the infended
earthed parts:0f'the assembly to the earth system of the installation

3.5.10p
high-voltage compartment

<of an assembly> compartment of an assembly containing high-voltage conducting parts,
enclosed except for openings necessary for interconnection, control or ventilation

Note 1 to entry: A general definition of "compartment” is provided in IEC 60050-441:1984, 441-13-05, as "a part of
an assembly enclosed except for openings necessary for interconnection, control or ventilation".

3.5.110

interlock-controlled accessible compartment

high-voltage compartment designed to be opened for normal use, in which access is controlled
by the integral design of the assembly
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3.5.11

1

procedure-based accessible compartment
high-voltage compartment designed to be opened for normal use, in which access is controlled
by a suitable procedure combined with locking

3.5.11
tool-b

2
ased accessible compartment

high-voltage compartment that can be opened only through the use of tools, but not designed
to be opened for normal use

3.5.11
non-a

3

conccoihl comp-aktoaant
T

high-v

Note 1
manufa

3.5.11
fluid-f
high-v
or liqu

Note 1 fo entry: For fluid-filled compartments with gas, the term "gas-filled compartment" is used.

Note 2 fo entry: The pressure is maintained by one of the following systems:

a)
b)

c)

Note 3 flo entry: For pressure systems, refer to 3.6.6 6f \EC 62271-1:2017.

3.5.11

presslire relief device
device| intended to relieve overpressure from a compartment

3.5.11
partiti

<of an assembly> part of.an assembly separating one high-voltage compartment fronj
compgrtments and providing a specified degree of protection

Note 1

[SOURCE: |IEC-60050-441:1984, 441-13-06, modified — "high-voltage" and "and provi

specifi

3.5.11

a
pPeCCooToTC—CoTTTgTt ot

Dltage compartment that is designed not to be opened by the user

o entry: By default, every high-voltage compartment not declared accessible by the manufacture
turer's instructions reference, is considered as a non-accessible compartment.

i
[led compartment
pltage compartment of an assembly, filled with a fluid, either g&as, '0ther than ambig
d, for insulation purposes

controlled pressure system;
closed pressure system;

sealed pressure system.

-

D

I~

8
pn

p entry: Partitions can be fitted with parts that allow interconnection between compartments (e.g. bul

led degree of protection" have been added.]

rin the

ent air,

other

shings).

ding a

!

bushing
insulator forming a passage for a conductor through a non-insulating partition

[SOURCE: IEC 60050-151:2001, 151-15-40]

3.5.11

8

shutter
<of an assembly> part of an assembly that can be moved from a position where it permits
contacts of a removable part, or moving contact of a disconnector, to engage fixed contacts, to
a position where it becomes a part of the enclosure or partition shielding the fixed contacts

[SOURCE: IEC 60050-441:1984, 441-13-07, modified — "moving contact of a disconnector" has
been added.]
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3.5.119

removable part

<of an assembly> part of an assembly that may be removed entirely from the assembly and
replaced

[SOURCE: IEC 60050-441:1984, 441-13-08, modified — "even though the main circuit is alive"
has been deleted.]

3.5.120

withdrawable part
<of an assembly> removable part of an assembly that can be moved to one or more positions
in which-ar-iselatirg-dgistanrce-orasegregationbetweenr-openr-contactsis-establshed—while the
part rgmains mechanically attached to the assembly, even though the main circuit to™which it
was connected is live

[SOURCE: IEC 60050-441:1984, 441-13-09, modified — "even though the main\eircuit to] which
it was [connected is live" has been added; the Note has been deleted.]

3.5.121L
fuse-link
the part of a fuse (including the fuse-element(s)) intended to bée _replaced after the fuge has
operated

Note 1 o entry: In this document the term is exclusively used in relation with high-voltage fuses.

[SOURCE: IEC 60050 441:1984, 441-18-09, modified*< The Note to entry has been addgd.

D
o
[

3.6 |Operational characteristics of switchgear and controlgear

The définitions in 3.6 of IEC 62271-1:2017.;are applicable, with the following additions jand/or
modifi¢cations:

3.6.10L
loss off service continuity categary
LSC
<of a functional unit> category defining the possibility to keep other high-voltage comparfments
and/or| functional units energized when opening an accessible high-voltage compartment, as
stated|in definitions 3,5.110 to 3.5.112, giving access to at least part of the high-voltage|circuit
contained within

Note 1 {o entry: /Fhe LSC category describes the extent to which the assembly is intended to remain opgrational
where gccess to\a-high-voltage compartment is provided. The extent to which it is considered necessary [to open
high-voltage compartments of an installation in service might be dependent on several aspects (refer to 9.101).

Note 2 fo'entry: The LSC category does not describe or relate to different levels of reliability of assembligs (refer
to 9.1017:

Note 3 to entry: In relation to providing access to high-voltage compartments and the associated service continuity,
four categories are defined: LSC1, LSC2, LSC2A, LSC2B (refer to Annex D and Figure D.1).

3.6.102

category LSC2

<of a functional unit> category of functional units having at least a separate accessible
compartment for the high-voltage connection of that functional unit (called connection
compartment), such that, when this compartment is open, at least one busbar may remain
energized and all other functional units of the assembly may be operated normally

3.6.103

category LSC2A

<of a functional unit> category of functional units of category LSC2 such that, when any
accessible compartment (other than its connection compartment and the busbar compartment
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of single-busbar assemblies) is open, at least one busbar may remain energized and all other
functional units of the assembly may be operated normally

3.6.104

category LSC2B

<of a functional unit> category of functional units of category LSC2A, where the high-voltage
connections (e.g. cable connections) to the functional unit may remain energized when any
other accessible high-voltage compartment (other than its connection compartment and the
busbar compartment of single-busbar assemblies) of the corresponding functional unit is open

3.6.105

categery—+HSSH

<of ajunctional unit> category of functional units having one or more high-voltage achassibIe
compdrtments, such that, when any of these accessible high-voltage compartmentsis‘open, at

least dne other functional unit shall not remain energized

3.6.10p
partitipn class
<of anl assembly> class defining whether only metal or also non-metal material is uged for
partitigns

3.6.10
class PM
<of an|assembly> partition class for an assembly providifg continuous metal partitions jand/or
shuttefs (if applicable), intended to be earthed, between opened accessible compartmer]ts and
high-vpltage live parts

3.6.10B
class PI
<of an| assembly> partition class for an assembly having one or more non-metal partitijons or
shuttefs between opened accessible compartments and high-voltage live parts

3.6.10p
servicle position

connegcted position
<of a removable part> position of a removable part in which it is fully connected for its infended
functign

[SOURCE: IEC 60050-441:1984, 441-16-25]

3.6.11p
test ppsition
<of a |withdrawable part> position of a withdrawable part in which an isolating distahce or
segredalin i : ! ST : . P e cted

[SOURCE: IEC 60050-441:1984, 441-16-27]

3.6.111

disconnected position

isolated position

<of a withdrawable part> position of a withdrawable part in which an isolating distance or
segregation is established in all the circuits of the withdrawable part, that part remaining
mechanically attached to the assembly

Note 1 to entry: In enclosed high-voltage switchgear and controlgear, the auxiliary circuits are generally not
disconnected.

[SOURCE: IEC 60050-441:1984, 441-16-28, modified — In the Note 1 to entry, "may not be" has
been replaced by "are generally not".]
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3.6.112

removed position

<of a removable part> position of a removable part when it is outside and mechanically and
electrically separated from the assembly

[SOURCE: IEC 60050-441:1984, 441-16-29]

3.6.113
degree of protection
extent of protection provided by an enclosure, partition or shutter if applicable, against access

to hazardous parts, against ingress of solid foreign objects and/or ingress of water and verified
by Sta -\Anrrli-:nd tcsf mathaodc

oot T T TeTToTS

Note 1 fo entry: Refer to 3.3 of IEC 60529:1989.

3.6.114
minimum functional level
<of flu|d-filled compartments> pressure (or density) according to definitions.3.6.5.5 and 3.6.5.6
of IEC|62271-1:2017, or liquid mass at and above which the rated values of the assembly are
maintdined

3.6.11p
designm pressure
<of flujd-filled compartments> upper limit of the relative pressure between the pressure|inside
a compartment at the design temperature, under defifted installation conditions, and the
pressyre outside that compartment, that is used to determine the design of the compartment.

Note 1 fo entry: The transient pressure occurring during andvafter a breaking operation (e.g. circuit-breaker) is not
considefed in the determination of the design pressure.

3.6.11p
desigmp temperature
<of flujd-filled compartments> highest,average temperature over the compartment, whigch can
be reached by the gas or liquid underservice conditions

3.6.11y
internpl arc classification
IAC
<of an| assembly> classification of an assembly for which specified criteria, for protection of
persorns, are met«in-the event of internal arc for specified installation conditiops, as
demorjstrated by-type tests

Note 1 to entrys=The internal arc classification is completed with the characteristics indicated in definitions B.6.118,
3.6.119/3.7.101 and 3.7.102.

3.6.118
type of accessibility

<of IAC> characteristic related to the level of protection given to people accessing a defined
area around the enclosure of an assembly in the event of internal arc

3.6.119

classified sides

<of IAC> accessible sides of the assembly having a defined level of protection of persons in
the event of internal arc

3.7 Characteristic quantities

The definitions in 3.7 of IEC 62271-1:2017 are applicable, with the following additions and/or
modifications:
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3.7.101

arc fault current

<of IAC> three-phase and, where applicable, the single-phase-to-earth RMS value of the
internal arc fault current for which the assembly is designed to protect persons in the event of
an internal arc

3.7.102

arc fault duration

<of IAC> duration of the internal arc fault current for which the assembly is designed to protect
persons in the event of an internal arc

3.8  frdexeotdetnitons

A-B
Ambiemt air temperature (0f an asSeMBIY) ........ovvviiiiiiiiee e S e 8.1.101
Arc faylt current (OF TAC) ....oueiiee et e T 8.7.101
Arc faylt duration (OF TAC) ......eeeiiiiiee et e 8.7.102
Y TY=T 001 o] /USSR 30 SRR 8.2.101
Auxiliafy circuit (of an assembly) ... O 8.5.106
BUSIIND .t e e e e e et 8.5.117

C
Categqry LSC1 (of a functional Unit) ........cccuvvieeieeoiiiiiee e 0 e e 8.6.105
Categqry LSC2 (of a functional Unit) .........cceeevriereii e 8.6.102
Categqry LSC2A (0f & funCtional UNIt)..........ovoiiiiiei e s A ettt 8.6.103
Categqry LSC2B (0f a fuNCtional UNIt)..........uviiiieiiiis o e e e e e e s ae e e e e e e B.6.104
Class PI (0f an aSSEMDBIY)....cccoiiiiiiiiieeeee 30 e et e e e e e e 8.6.108
Class PM (0f an assembBDIY)......o.euuiiiii i ed et e e e e 8.6.107
Classifled SIAES (OF TAC) ...iiii e T ettt e e e e st e e e e e e neeaees 8.6.119
Compgnent (Of @n ASSEMDBIY) .. ...uuiiiiie s e e e e s s e e s sr e e e e e s s s e e e e s e e ar e e e e e e e annraees B.5.104
Connegted position (0f @ removable PAIT) ..........ccoiiiiiiiiiiie e ———— 8.6.109
D

[DI=To (=T Ho) i o] o] (=10t (o] B PO PTTURPTRPPR 8.6.113
Design| pressure (of fluid-filled COMPArtMENTS).........cooiiiiiiiiiiiiie e 8.6.115
Design|temperature (of fluid-filled COMPArtMeNtS) ........c.ccoiiiiiiiiiiii e 8.6.116
Disconpected position (of a withdrawable Part)...........cccciiiiiiiii e 8.6.111
DISTUPTIVE ISCRANGE ..ottt e e e e e s et e e e e e e e e annbeeeeaae s 8.1.102

E-F
Earthl \J;Ibuit (Uf art aooculbly) ................................................................................................... \3.5.107
Earthing point (0f @n @SSEMIDIY) ..o 3.5.108
Enclosure (0f an aSSEMBIY) ......cooiiiiiiiii e 3.5.101
[ (01T B 11 T=To [ oo g 0] o F= T 1 1= | P 3.5.114
Functional unit (Of an aSSEMDIY) ..o 3.5.103
FFUSE-TINK ettt e oo ettt e e e e e s bbb e e e e e e e e e e bbe b e e e e e e e e e annbraneeaaeas 3.5.121

H-I
High-voltage compartment (of an assembly)............ooo 3.5.109
IAC (Of @N @SSEMDIY) ..ottt e e e e e e e st b e e e e e e e e e ennrraeeeaeeas 3.6.117
In service (condition Of aN aSSEMDBIY) .......uiiiiiiiii e 3.1.105
Interlock-controlled accessible COMPAMTMENT ..........ooiiiiiiiii e 3.5.110

Internal arc classification (Of an aSSEMDIY) .........uuiiiiiii 3.6.117
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Isolated position (of a withdrawable Part)...........ccuveeriie i 3.6.111
L-M-N
Loss of service continuity category (of a functional UNit).............ccooiiiiiiiiiiii e, 3.6.101
IS @3 (o) = 1 {1 [ox 1 o] o = L U o1 ST 3.6.101
Main circuit (0f @an @SSEMBIY) .....oceii i ———————— 3.5.105
Metal-enclosed switchgear and CONLIOIgEAY............coiii it 3.2.101
Metal enclosure (Of an aSSEMDIY) ... 3.5.102
Minimum functional level (of fluid-filled compartments) ..........cccccviiiiii e 3.6.114
UL 1= e (2] T | o SRR 3.2.102
Non-aqeessibte bUIIIPClItIIICIIt ........................................................................................................ 3.5.113
Norma| operating condition (Of an aSSEMDIY).......ccuuiiiiiiiiii e (e 8.1.106
Norma| use (0f @n aSSEMDBIY).......ciiiiiiii e T 8.1.107
P
Partitign class (0f an assembIly) .....cccoooeiiiiiii e 8.6.106
Partition (of an assembly) ......cccooooiiiioii i o 8.5.116
Pressufre relief deViCe ... seieeee e G 8.5.115
Procedure-based accessible compartment..........cocceevvieeeinienenn o e 8.5.111
R
REIALVE PIrESSUIE.....eiiiiiiiiiieiiiiie ettt sttt e sttt e e st e e e sabb e e e e sanneee s 8.1.103
Removable part (of an assembly) ... e 8.5.119
Removed position (of a removable Part) ... s B.6.112
S
Segredation (Of CONAUCTOIS) ......uuiiiiiiiieiiiiie e ettt e s e e enees 8.1.104
Service position (of a removable Part).........all 8.6.109
Shuttelf (of an assembBIY) ... —————— 8.5.118
T-W
Test pgsition (0f a Withdrawable Part) ..........ooiiiiiiii e 8.6.110
Tool-bgsed accessible COMPAMENT............ccovviiiiiiiii e B.5.112
Type of acCeSSIDIlity (OF IAG) ... e e e e e s s e e e e e e e sanbeaeeeeeeesananes 8.6.118
Withdrawable part (0f @nasSSEMDIY) ......covii i e e 8.5.120
4 Normal and. Special service conditions
Clausg 4-0f IEC 62271-1:2017 is applicable with the following addition:

Unless otherwise specified in this document, the assembly is designed to be used under normal
service conditions.

Assemblies, under the scope of IEC TS 62271-304:2019 [2] and intended to be used in service
conditions more severe with respect to condensation and pollution than the normal service
conditions specified in this document, can be classified as "class 1" or "class 2" according to
IEC TS 62271-304:2019 to indicate its ability to withstand such severe conditions.

NOTE IEC TS 62271-304:2019 proposes, to gain experience, further classes for service conditions with associated
testing procedure in its informative Annex E.
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5 Ratings

51

General

Subclause 5.1 of IEC 62271-1:2017 is applicable with the following additions:

k) rat
) rat

m) rat

ed short-time withstand current for earthing circuits (l,.);
ed peak withstand current for earthing circuits (Ipe);

ed duration of short-circuit for earthing circuits (t,.);

n) ratings of the components forming part of the assembly including their operating devices

an

| auxiliary equipment;

Optional ratings:

0) rat
p) rat
q) rat

r) rat

5.2

ed voltage for AC cable test voltage (Ug (ac));
ed voltage for DC cable test voltage (U (pcy);
ed duration for DC cable test voltage (t¢; (pc));

ngs of the internal arc classifications (IAC).

Rated voltage (U,)

Subclguses 5.2.1 and 5.2.2 of IEC 62271-1:2017 are applicable.

NOTE

Components forming part of an assembly can have individual values of rated voltage in accordance

relevan{ standards.

5.3

Subclg

5.4

Subclg

5.5

Subclg

Some
rated

Rated insulation level (Ug, Uy, Ug)

use 5.3 of IEC 62271-1:2017 is applicable.

Rated frequency (f,)
use 5.4 of IEC 62271-1:2017 is applicable.
Rated continuots current (I,)

use 5.5 of JEC 62271-1:2017 is applicable with the following addition:

main-circuits of an assembly (e.g. busbars, feeder circuits) may have different va
ontinyous current.

ith their

ues of

5.6

Rated short-time withstand currents (I, l,¢)

Subclause 5.6 of IEC 62271-1:2017 is applicable with the following additions:

5.6.101 Rated short-time withstand current (I,)

In principle, an assembly has one rated short-time withstand current value. However, there are
several situations where it is permissible to assign different rated short-time withstand current

values

to different portions of the main circuit, including:

e circuits protected by current-limiting fuses;

e circuits under interlocked switching devices commutating two branches of a circuit.
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The rated short-time withstand current values (l,) assigned to the assembly are also applicable
to the short-circuiting parts of the related earthing circuits, including earthing devices.

5.6.102 Rated short-time phase-to-earth withstand current (l,.)

A rated short-time withstand phase-to-earth current (I, ) shall be assigned to the assembly for
the parts of the earthing circuit connecting each phase of the main circuit to the earthing point
provided or, where applicable, connecting the short-circuiting point between phases to the
earthing point provided. This value may be lower than that of the main circuit.

NOTE The short-circuit current ratings assigned to the earthing circuit define the possible earthing conditions of
the systEmT neutrar or the Network on Which the assembly can be mstalted. Rerter 10 9.102.

5.7 [Rated peak withstand currents (Ip, Ipe)

Subclg

5.7.10

In prin
severs
to diffe

e Cir
e Cir

The r3
the sh

5.7.10

A rate

use 5.7 of IEC 62271-1:2017 is applicable with the following additionss

1 Rated peak withstand current (Ip)

ciple, an assembly has one rated peak withstand current value. However, the
| situations where it is permissible to assign different rated/peak withstand current
rent portions of the main circuit, including:

Cuits protected by current-limiting fuses;

Cuits under interlocked switching devices commutating two branches of a circuit.

Drt-circuiting parts of the related earthing-circuits, including earthing devices.

P Rated peak phase-to-earth withstand current (Ipe)

] peak phase-to-earth withstand current (Ipe) shall be assigned to the assembly

re are
values

ted peak withstand current values (Ip) assigned to the assembly are also applicable to

for the

parts ¢f the earthing circuit confiecting each phase of the main circuit to the earthing point
provided or, where applicable,)connecting the short-circuiting point between phases |to the
earthing point provided. This value may be lower than that of the main circuit.

5.8 |Rated durationsof short-circuit (t,, t,.)

Subclguse 5.8 of IEC 62271-1:2017 is applicable with the following additions:

5.8.10L Rated duration of short-circuit (t)

In prineipte—an—-assemblyrhaseneratedduration-ofshorteiretit—However—there—aredeveral
situations where it is perm|SS|bIe to assign d|fferen rated durations of short-circuit to different

portions of the main circuit including:

e circuits protected by current-limiting fuses and/or circuit-breakers;

e circuits under interlocked switching devices commutating two branches of a circuit.

The rated short-time withstand current values (t,) assigned to the assembly are also applicable
to the short-circuiting parts of the related earthing circuits, including earthing devices.

5.8.102 Rated duration of phase-to-earth short-circuit (t,.)

A rated duration of phase-to-earth short-circuit (t,.) shall also be assigned to the assembly for
the parts of the earthing circuit connecting each phase of the main circuit to the earthing point
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provided or, where applicable, connecting the short-circuiting point between phases to the
earthing point provided. This value may be lower than that of the main circuit.

5.9

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

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

5.10

Rated supply frequency of auxiliary and control circuits

Subclause 5.10 of IEC 62271-1:2017 is applicable.

5.11

Subclg

5.101

When
class |
to that

The cl
a circy

5.102

5.102.

If the 4
the bu
voltag

5.102.

The rated power-frequency cabje test voltage is the maximum AC test voltage with a d

of 1 m

service.

5.102.

The rated DC _cable test voltage is the maximum DC test voltage that may be applied to

when

RKated pressure or compressed gas supply 1or controlied pressure systems

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

Classification of earthing function through main switching device

the earthing function is performed by the main switching devices/in“combination
FO earthing switch, class E1 or E2, as defined in IEC 62271-102:2018, may be as
earthing function.

bssification for the earthing function is not applicable whé&n’the earthing is perforn
it-breaker with the protection operative until the earthed situation is attained.

Rated cable test voltages (Uc (acy: Uet (pcy)

1 General

ssembly is designed to allow for dielectric testing of connected high-voltage cable
sbar(s) of the associated functional uhit remain in service, one or more rated cab
bs shall be assigned.

P Rated power-frequency cable test voltage Ug; (ac)

in. that may be applied to cables when connected to the assembly, which may

2

B Rated DC.cable test voltage U (pcy With rated duration te pc)

onnetted to the assembly, which may be in service.

with a
signed

hed by

5 while
le test

iration
be in

cables

A rate

Hd DC cable test Vn!tagn is—considered r\n\'ln'ri'n'g MOy lows frnqunnr\y tnepng (n g d

with peak value up to the rated DC value for the same rated duration.

If no rated duration t.; (pc) is specified, then by default this duration is 15 min.

NOTE
5.103

5.103.

Guidance can be found in IEEE 400.2 [3].
Ratings of the internal arc classification (IAC)

1 General

,1 HZ)

If an IAC classification is assigned by the manufacturer, several ratings shall be specified.

These

ratings shall be indicated by means of a designation as follows:

— Classification: IAC (Internal Arc Classification);
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— Type of accessibility: A, B;

— Classified sides of the enclosure: F, L R;

— Rated three-phase arc fault values: current I, [ kA ] and durationty [ s ];

— Rated single-phase arc fault values (where applicable): current I, [ KA] and duration
the [S ]

5.103.

2 Types of accessibility

Two types of accessibility to the enclosure of an assembly at the site of installation are defined:

- Ac
- A

(@]

NOTE 1l For pole-mounted switchgear and controlgear, refer to IEC 62271-214 [4].

NOTE 2 IAC classification as defined in this document does not apply to opened compartments and to arc pr|

PCooTiIoTty

Cessibility Type B: unrestricted accessibility, including that of the general public.

ptection

betweern compartments, except if opening is necessary to perform switching operations. IEEE €37.20.7 defings Suffix

B designation for opened low-voltage compartments and Suffix C designation fer arc protection
comparfments [5].

5.103.

B Classified sides

etween

In cas¢ of IAC, at least the front side of the assembly shall beclassified for at least accegsibility

type Al by the manufacturer. The sides of the assembly which meet the criteria of the i
arc tegt are designated as

F for
L for
R for

The front side shall be clearly stated by.the*manufacturer.

5.103.

The v
IEC 6(

Two rg
a) thr
b) sin

The m

front side;
lateral side;
rear side.

4 Rated arc fault currents*(la, lae)

hlue of rated arc faultscurrents should be selected from the R10 series speci
059 [6].

tings of the arc-fault currents are recognized:

ee-phase areifault current (1,);

gle-phase-to-earth arc fault current (1,.), when applicable.

curren

anUfacturer shall specify the compartments to which the single-phase-to-earth ar

nternal

fied in

c fault

uction

will prevent the arc from becoming multiphase, as demonstrated during the internal arc test.

In the case where all high-voltage compartments are only designed for single-phase-to-earth
arc faults, instead of 1,, the I, rating shall be assigned.

NOTE

Information about the relationship between the type of network neutral earthing and the single-phase-to-
earth arc fault current is provided in 9.103.6.

5.103.5 Rated arc fault duration (t, tpe)

Recommended values for the three-phase arc fault duration (t,) are 0,1s,0,5s and 1 s.

If applicable, the rated duration (t,.) of the single-phase-to-earth arc fault shall be assigned by
the manufacturer.
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NOTE

It is in general not possible to calculate the permissible arc duration for a current which differs from that used
in the test.

6 Design and construction

6.1

Requirements for liquids in switchgear and controlgear

Subclause 6.1 of IEC 62271-1:2017 is applicable.

6.2

Subcls

Requirements for gases in switchgear and controlgear

use 6.2 of IEC 62271-1:2017 is applicable

NOTE

6.3

Subclg

6.3.10

All hig
have f{]
remov
withdr

Where
in the
shall b

The cq
dimen

6.3.10

Metal

provid
examp
metall

For the handling of SF; and its mixtures refer to IEC 62271-4 [7].

Earthing of switchgear and controlgear

use 6.3 of IEC 62271-1:2017 is applicable with the following additions:

1 Earthing of the high-voltage conductive parts

n-voltage conductive parts to which access is provided with/the assembly in service

hble parts which become accessible after being separated from the assembly
hwable parts in test position or in disconnected position (refer to 6.101).

earthing connections shall be able to carry:the full three-phase short-circuit currg
case of the short-circuiting connections msed for earthing devices), these conng
e dimensioned accordingly.

nnection from the short-circuiting\point between phases to the earthing circuit n
sioned to the specifications of the earthing circuit.

P Earthing of enclosute(s)

bd. Small parts fixed*to metal enclosure(s), up to a maximum of 12,5 mm in diame
le screw heads; heed not be electrically connected to the earthing point provided.
c parts intended to be earthed and not belonging to a high-voltage or auxiliary

shall glso be eleetrically connected to the earthing point provided.

The in
fasten

terconnections within each functional unit shall be made by adequate mean
ng’ by-bolting or welding), providing electrical continuity between the frame, covers

metal

, shall

he possibility of being earthed prior to becoming aceessible. This is not applicable to

and to

ent (as
ctions

hay be

enclosure(s) shall be ‘electrically connected (directly or indirectly) to the earthing point

er, for
All the
circuit

5 (e.g.
doors,

partitions or other structural parts to the earthing point. Doors of the high-\

oltage

compartments shall be electrically connected to the frame by adequate means.

NOTE 1

Enclosure and doors are considered in 6.102.

NOTE 2 EMC demands for the complete installation can require a special approach of the earthing circuit of the
assembly.

6.3.103 Earthing of withdrawable and removable parts

The normally earthed metallic parts of a withdrawable part shall remain connected to earth in
the test and disconnected positions and in any intermediate position. Connections to earth in
any position shall provide a current-carrying capability not less than that required for enclosures
(refer to 6.102.1).
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On insertion, the normally earthed metallic parts of a removable part shall be connected to earth
prior to the making of the contacts of the fixed and removable parts of the main circuit.

If the withdrawable or removable part includes any earthing device, intended to earth the main
circuit, then the earthing connection in the service position shall be considered as part of the
earthing circuit with associated rated values (refer to 5.6, 5.7 and 5.8).

6.3.104 Earthing circuit

The parts of the earthing circuit of the assembly connecting each functional unit to the earthing
point shall be capable of carrying the rated short-time and peak phase-to-earth withstand

curren

NOTE 1
unit.

For tra
be cap

Parts ¢f metal enclosures may form part of the earthing circuit.

If a de
shall b

NOTE 2

for the fated short-time withstand current, a current density in the“earthing conductor, not exceeding 200 A

a rated

NOTE 3

The earthing circuit is normally designed to withstand one occurrence of a single short

fault, 3

6.4

Subclg

6.5

Subcls

6.6

Subcls

(l L) and duration (1. )
CRET pe’ \TKe/

It is assumed that the short-circuiting point between phases of the earthing circuit is within.each fu

nsport units to be assembled during final installation, the resulting eatthing circu
able of carrying its rated short-time and peak withstand currents and duration.

licated earthing conductor is applied as earthing circuit of'the assembly, its cross-s
e not less than 30 mm2.

If the earthing circuit consists of an earthing copper conduetar extending the whole length of the ag
Huration of 1 s or 125 A/mm? for a rated duration of 3 s\is*generally sufficient.

A method of calculating cross-sectional areas_of\«Conductors is given in IEC 60724 [8].

nd maintenance could be needed-after such an event; refer also to 9.102.

Auxiliary and control equipnent and circuits

use 6.4 of IEC 62271-1:2017 is applicable.

Dependent powef 0Operation

use 6.5 of IEC62271-1:2017 is applicable.

Stored energy operation

use\6/6 of IEC 62271-1:2017 is applicable.

nctional

t shall

ection

sembly,
mm? for

circuit

6.7

Independent unlatched operation (independent manual or power operation)

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

6.8

Manually operated actuators

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

6.9

Operation of releases

Subclause 6.9 of IEC 62271-1:2017 is applicable.
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6.10

Pressure/level indication

—27—

Subclause 6.10 of IEC 62271-1:2017 is applicable.

6.11

Nameplates

Subclause 6.11 of IEC 62271-1:2017 is applicable, except for Table 9, with the following
additions:

Assemblies shall be provided with durable and clearly legible nameplates which shall contain
the information in accordance with Table 1.

Table 1 — Nameplate information

or kg

Abbreviation Unit Marking Conditiof:
*) Marking only rejquired if
(1P (2)2 (3) 4) (5)
Name ¢f manufacturer X
Manufgcturer's type designation X
Serial pumber X
Manufgcturer's instructions reference X
Year of manufacture X
Applicgble standard X
Rated yoltage U, kv X
Rated frequency f, Hz X
Rated lightning impulse withstand voltage Up kv X
Rated power-frequency withstand voltage Uy kv X
Rated power-frequency cable test voltage Uet (ac) kV (X)
Rated PC cable test voltage Ut (oo kv (X)
Rated fluration for DC cable test tet (oC) min (X)
Rated gontinuous current I A X
Rated ghort-time withstand.current I kA X
Rated peak withstahd._eurrent |p kA X
Rated fluration.of*short-circuit t, s X
Rated ghart-time phase-to-earth withstand le kA Y different from I (ain
current circuit)
Rated peak phase-to-earth withstand current |pe kA different from Ip
Rated duration of phase-to-earth short-circuit tee s different from t, (main
circuit)
Filling level for insulation and/or switching (*) Prer Pres Me | kPa, kg/m3 (X)
or kg
Alarm level for insulation and/or switching (*) Poe Paer Moo | kPa, kg/m3 Y closed pressure system
or kg with minimum functional
pressure above 200 kPa
(abs.)
Minimum functional level for insulation and/or | p_ . p . m__ | kPa, kg/m3 (X)
switching (*) or kg
Filling level for operation (*) Prow Pr M | kPa, kg/m?3 (X)
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Abbreviation Unit Marking Condition:
* Marking only required if
(1)2P (2)2 (3) 4) (5)
Alarm level for operation (*) Pam Pam' Mam | kPa, kg/m?3 Y closed pressure system
or kg with minimum functional
pressure above 200 kPa
(abs.)
Minimum functional level for operation (*) P Prrm kPa, kg/m?3 X)
Meom or kg
Loss of service continuity category LSC (X)
Interngrarc crassification TAC x)
Type of accessibility AorB (X)
Classified sides F,L,R (X)
Arc fault current and duration I ta kA, s (X)
Single-phase-to-earth arc fault lne tae KA, s X)
current and duration
Rated supply voltage(s) of auxiliary and U, \Y, (X)
control|circuits.
Specify DC/AC (with rated frequency)
Type apd mass of fluid (liquid or gas) for M kg X)
insulatfon
Mass df the assembly (including any fluid) M kg more than 300 kg
Minimym and maximum ambient air °C different from — 5|°C
temperpture and/or 40 °C
(@) Density or absolute pressure (abs.) or relative préssure (rel.) to be stated at 20°C for gases, and| mass for
ljquids
(**) = the marking of these values is mandatory;
X) = the marking of these values is where applicable;
= conditions for marking of these values are given in column (5).
2 The abbreviation in column (2) canbe used instead of the terms in column (1).
b When terms in column (1) are, used, the word "rated" need not appear.
The information according to Table 1, of the complete assembly, shall be legible during pormal

service. If applicakle, one common nameplate for the complete assembly may apply wjth the
generdl information, with a separate nameplate for each functional unit, containing the specific

informption.

Detail¢d\information of the fixed components applied need not be legible during normal sgervice.

The removable parts, if any, shall have a separate nameplate which, if applicable, may contain
data relating to the functional unit(s) they are designed for. These nameplates need only be
legible when the removable part is in the removed position.

NOTE Fuses are removable devices that do not require such specific information because they respond to

standardized dimensions.

6.12 Locking devices

Subclause 6.12 of IEC 62271-1:2017 is applicable with the following additions:

Interlocks between different components of the equipment are provided for reasons of
protection and for convenience of operation. Interlocks shall not be damaged by attempted
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incorrect operations of any associated switching devices under the conditions specified in

7.102.

a) Fo

b) Fo

Regar
fuse-b

2. The following provisions are defined for switching devices of main and earthing circuits.

r removable parts of assemblies

the withdrawal or engagement of any switching device shall be prevented unless it is in
the open position;

the operation of any switching device shall be prevented unless it is only in the service,
disconnected, removed or test position;

the interlock shall prevent the closing of any switching device in the service position
unless any auxiliary circuits associated with the automatic opening of these devices are
connected. Conversely, it shall prevent the disconnection of the auxiliary circuits with
the circuit-breaker closed in the service position.

I other parts of assemblies

interlocks shall be provided to prevent operation of disconnectors under ¢cgndition$ other
than those for which they are intended (refer to IEC 62271-102:2018).\The opergtion of
a disconnector shall be prevented unless the circuit is open. The following are eempt:

e switch-disconnector;

e double busbar system designed to have a busbar(ctransfer without g¢urrent
interruption.

the operation of the circuit-breaker, switch or contactar shall be prevented by intgrlocks
as long as the associated switching devices, i.e. disconnector and/or earthing $witch,
have not reached their dedicated closed or open_pasition;

if earthing of a circuit is provided by the main<gswitching device (circuit-breaker, [switch
or contactor) in series with an earthing switch (or any earthing device), the earthing
switch shall be interlocked with the main switching device. Provision shall be made for
the main switching device to be secured<@gainst unintentional opening, for exaniple by
disconnection of tripping circuits and/or'blocking of the mechanical trip;

earthing switches having a rated-short-circuit making capacity less than the rateg peak
withstand current of the main circuit should be interlocked with the associated swltching
devices.

jing removable fuse-links,\their withdrawal or engagement shall be prevented unlgss the
ase contacts are earthed/or isolated from all sources of supply; see also 6.101.

The manufacturer shall)give all necessary information on the character and funcfion of

interlo

NOTE

Cks.

For interloeks with covers and doors, refer to 6.102.2.

If elecfricat-interlocks are provided, the design shall be such that no improper situations can

occur |n €ase of lack of auxiliary supply. However, for emergency control, the manufacturger may
provid iti i i i i iliti case,

the manufacturer shall clearly identify this facility and define the procedures for operation.

6.13

Position indication

Subclause 6.13 of IEC 62271-1:2017 is applicable. In addition, for all devices involved in
disconnecting and earthing functions, 6.104.3 of IEC 62271-102:2018 is applicable.

6.14

6.14.1

Degrees of protection provided by enclosures

General

Subclauses 6.14.1, of IEC 62271-1:2017 is applicable.
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6.14.2 Protection of persons against access to hazardous parts and protection of the
equipment against ingress of solid foreign objects (IP coding)

Subclause 6.14.2 of IEC 62271-1:2017 is not applicable. The minimum degree of protection

shall be [IP2X, according to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013.

Additional requirements are specified in 6.102 and 6.103.

6.14.3 Protection against ingress of water (IP coding)

Subclause 6.14.3 of IEC 62271-1:2017 is applicable

6.14.4] Protection of equipment against mechanical impact under normal opérating
conditions (IK coding)

Subclguse 6.14.4 of IEC 62271-1:2017 is applicable with the following addition:
For indoor installation, the minimum impact level shall be IKO7 according to IEC 62262 (2 J).

6.15 |[Creepage distances for outdoor insulators

Subclduse 6.15 of IEC 62271-1:2017 is not applicable.

6.16 |[Gas and vacuum tightness

Subclduse 6.16 of IEC 62271-1:2017 is applicable with the following addition:
Additignal requirements are specified in 6.103:2.3.

6.17 |[Tightness for liquid systems

Subclguse 6.17 of IEC 62271-1:2017is applicable with the following addition:
Additignal requirements are specified in 6.103.2.3.

6.18 [Fire hazard (flantmability)

Subclduse 6.18 of IEC62271-1:2017 is applicable.

6.19 [Electremagnetic compatibility (EMC)

Subclgquse*6.19 of IEC 62271-1:2017 is applicable.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:2017 is applicable.

6.21 Corrosion

Subclause 6.21 of IEC 62271-1:2017 is applicable.

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 is applicable.
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6.101 General requirements for assemblies

Assemblies shall be designed so that the operations in normal use can be carried out safely.
Examples of operations a manufacturer can define as normal use are:

— determination of the presence or absence of voltage related to "in service conditions" on the
main circuit including the checking of phase sequence, refer to IEC 62271-213:2021 and
IEC 62271-215:2021;

— earthing of connected cables, locating of cable faults, voltage tests on connected cables;
— the elimination of dangerous trapped electrostatic charges.

d from

— high-voltage parts that are moved to the disconnected position with corresponding shutters

— high-voltage parts, if embedded by solid-insulation material and.Complying with af least
prdtection category PA of IEC 62271-201:2014.

Discornnecting devices used for isolation shall be secured against;re-connection.

If a withdrawable or removable part does not include an earthing device that is intended t¢ earth
the main circuit of that removable part before becoming“accessible, it shall be possible, by
manudl earthing means, to safely discharge trapped.charges from that removable paftt. The
manufacturer shall define the recommended procedure in the manufacturer's instructions
referefnce.

All removable parts and components of the same type, rating, and construction shall be
mechgnically and electrically interchangeable.

Remoyable parts and components 0f“equal or greater current and insulation ratings may be
installeéd in place of removable parts and components of equal or lesser current and insplation
ratingg where the design of these removable parts and components and compartment jallows
mechgnical interchange ability- This does not generally apply for current-limiting deviceg.

NOTE [Installing a removable part or component of a higher rating does not necessarily increase the capabjlities of
a functipnal unit or imply that the functional unit is capable of operation at the increased ratings of the removable
part or gomponent.

Components contained in an assembly shall be in accordance with their various rglevant
standdrds. This document supplements or even replaces the standards for the indjvidual
compdnents’regarding their installation in assemblies.

For main circuits with current-limiting fuses, the manufacturer of the assembly may assign the
maximum peak and Joule integral of the let-through current of the fuses to the main circuit
downstream of the fuse.

6.102 Metal enclosure
6.102.1 General

The walls of a room shall not be considered as parts of the enclosure. The floor surface below
the installed assembly may be considered as part of the enclosure. The measures to be taken
in order to obtain the degree of protection provided by floor surfaces shall be given in the
installation manual.

The enclosure shall be metal. The following exceptions apply:
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— parts of the enclosure may be of non-metal material, provided that all high-voltage parts are
completely enclosed by metal partitions or shutters that are connected to the earthing circuit;

— inspection windows complying with 6.102.4;

— the floor surface below the installed assembly provided that it is solid and does not allow
access underneath the assembly.

When the assembly is installed, the enclosure shall provide at least the degree of protection
IP2X, according to IEC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013. The specified degree of protection shall be provided by the
enclosure with all the doors and covers closed as under normal operating conditions,
irrespective of how these doors and covers are held in position.

Encloqures shall also ensure protection in accordance with the following conditions:

— Metal parts of the enclosures shall be designed to carry 30 A (DC) with a voltage drop of
maximum 3 V to the earthing point provided.

— Parts of the enclosure enclosing tool-based-accessible high-voltage compartments shall be
prqvided with a clear labelling of the electrical risk if removed or opened.

— The horizontal surfaces of enclosures, for example roof plates,@re’ normally not dekigned
to pupport personnel or additional equipment not supplied as part of the assembly| If the
manufacturer states that it is necessary to stand or walk uponthe assembly during opgration
or maintenance, the design shall be such that the relevant areas will support the welight of
thg operator. In such a case, the IP degree shall not be‘\affected as well as no permanent
deformation is allowed and the areas on the equipmentiwhere it is not safe to stand of walk,
forlexample pressure relief flaps, shall be clearly identified.

6.102.p Covers and doors

Cover$ and doors that are part of the enclosure shall be made of metal. However, covelrs and
doors [may be made of insulating materialgprovided that high-voltage parts are enclosed by
metal partitions or shutters connected to.the earthing point provided.

When fovers and doors that are partof the enclosure are closed, they shall provide the degree
of protection specified for the enclosure.

Covers and doors shall not.be‘made of woven wire mesh, expanded metal or similar.|When
ventilating openings, vent outlets or inspection windows are incorporated in the cover of door,
referempce is made to 6.102.4 or to 6.102.5.

Cover$ and doors.that exclusively give access to compartments which are not high-Voltage

compartments (€/g. low-voltage control compartment, or possible mechanism compartment),
are nof subject to this subclause.

Several.categories of covers and doors are recognized with regard to the type of high-oltage
accesirbb—eemﬁ-&ﬁmeﬁ{e—ekiey—pﬁmde—aeeees—m—' f :

a) Covers and doors that give access to tool-based accessible compartments

These covers and doors (fixed covers) need not be opened for normal use as stated by the
manufacturer. It shall not be possible for them to be opened, dismantled or removed without
the use of tools. Special procedures are required to safeguard that opening can only be
realized if precautions to ensure electrical safety have been taken.

b) Covers and doors that give access to interlock-controlled accessible or procedure-based
accessible compartments

These covers and doors shall be provided if there is a need to access the compartment for
normal use as stated by the manufacturer. These covers and doors shall not require tools
for their opening or removal and shall have the following features:

— interlock controlled accessible compartments shall be provided with interlocking devices
so that opening of the compartment shall only be possible when the high-voltage parts
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contained in the compartment being made accessible are isolated and earthed, or are in

the disconnected position with corresponding shutters closed;

procedure-based accessible compartments shall be provided with provision for locking,
for example padlocking. Suitable procedures should be put in place by the user to ensure
that a procedure-based accessible compartment is opened only when the high-voltage
parts contained in the compartment being made accessible are isolated and earthed, or
in the disconnected position with corresponding shutters closed. Procedures may be

dictated by legislation of the country of installation or by user safety documentati

on.

If interlock-controlled or procedure-based accessible compartments have other covers that
can be opened by tools, proper procedures or specific warning labels should be applied.

6.102.8
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of protection IP2X.

respect it should be noted that:

artition or shutter becomes a part of the enclosure if it is accessible in any of the po
ined in 3.6.110 to 3.6.112 and if no door is provided which canbe closed in the po
ined in 3.6.109 to 3.6.112;

door is provided which can be closed in the positions-defined in 3.6.109 to 3.6.1
tition or shutter behind the door is not considered to be a part of the enclosure.

1 Inspection windows

tion windows shall provide at least the degree of protection specified for the encld

hall be covered by a transparent sheet of mechanical strength comparable to that
ure. Precautions shall be taken. to, prevent the formation of dangerous electr
s, either by clearance or by electrostatic shielding (e.g. a suitable earthed wire-m
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protection as thatspecified for the enclosure is obtained. Such openings may make use
mesh pr thedike provided that it is of suitable mechanical strength.

6.103 | High-voltage compartments

6.103.1 General

High-voltage compartments may be of various types, for example:

— air insulated;

— liquid-filled (see 6.103.2);
— gas-filled (see 6.103.2).

High-v

oltage compartments should also be classified as accessible or non-accessible.

NOTE 1 Only accessible high-voltage compartments are considered when defining the LSC category of a functional

unit.
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A high-voltage compartment shall be designated by the main component contained therein, for
example circuit-breaker compartment, busbar compartment, or by the main functionality
provided, for example connection compartment.

Electrical connections between the main circuit of the assembly and the external conductors
(cables or bars) to the electrical network or high-voltage apparatus of the installation shall be
made within a high-voltage accessible compartment. This compartment shall be designated as
a "connection compartment”.

Where other main components (e.g. circuit-breakers, busbars) are contained in the
connection compartment, then the designation should primarily remain as the

connegHer-eompartrent

The connection compartment may be further identified according to the several-eomppnents
enclosed, for example connection/CT, or connection/circuit-breaker compartmept. Howeyer, for
the purposes of LSC categorization, the designation is "connection compartment”.

The USC category can only be assigned to functional units that.include a conrection
compdrtment. This implies that a bus-sectionalizer or bus-coupler fungtional unit, for example,
will have no LSC category, refer to Figure 9.

Busbaf compartments may extend through several functignal” units without the neged for
bushings or other equivalent means. However, in the case oflDSC2, LSC2A, LSC2B assemblies
with accessible busbar compartments (refer to 9.101.3), separate compartments shall be
provided for each set of busbars, for example in double busbar systems and for sectijons of
switchpble or disconnectable busbars.

NOTE 2 The busbar system is not considered as a functional unit.

Parts pf the busbar systems, in between two high-voltage compartments of functional units,
shall e considered as part of their adjacent compartments if IP2X is ensured for thgse "in
betwegn" parts by the enclosures of both adjacent high-voltage compartments. In case IP2X is

not mat, a separate compartment shall be defined for these "in-between" parts.

Parts ¢f the busbar at the end of‘the busbar system shall be considered as part of the adjacent
compdrtment if their length out of the enclosure of the high-voltage compartment is legs than
12,5 mm. If this criterionfisihot met, a separate compartment shall be defined for these busbar
extengion elements.

6.103.p  Fluid:filled compartments (gas or liquid)

6.103.p.1 General

Compartments shall be capable of withstanding the normal and transient pressures to|which
they are—subjectedmservice:

Gas-filled compartments, when permanently pressurized in service, are subjected to particular
conditions of service which distinguish them from compressed air receivers and similar storage
vessels. These conditions are such that gas-filled compartments are normally filled with a gas
that is stable and non-corrosive in the conditions that prevail inside the compartment; since
measures to maintain the gas in this condition with only small fluctuations in pressure are
fundamental to the operation of the assembly and since the compartments will not be subjected
to internal corrosion, there is no need to make allowances for these factors in determining the
design of the compartments.

Gas-filled compartments with design pressures higher than 300 kPa (relative pressure) shall be
designed according to the pressure requirements of IEC 62271-203.

NOTE See also Annex C.
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6.103.2.2 Design

The design of a fluid-filled compartment shall be based on the nature of the fluid, the design
temperature and when applicable, on the filling level as defined in this document.

For indoor installations, the design temperature of the fluid-filled compartment is generally the
upper limit of ambient air temperature increased by the temperature rise of the fluid due to the
flow of rated continuous current. For outdoor installations, other possible influences, for
example solar radiation, shall be taken into account.

The design pressure of a compartment shall be at least equal to the maximum pressure
differepce-hetween the fluid inside the compartment at design temperature that the fluid used
for inqulation can reach under specified maximum service conditions, and the surrounding
media] like ambient air or insulation fluids in other compartments.

In addjtion to the design temperature, the design pressure calculation shall caonsider:

a) thg full differential pressure possible across the compartment walls grpartitions, ingluding
any evacuation process if used during filling or maintenance operations;

b) thdg resulting pressure in the event of an accidental leak betweémthe compartments|in the
case of adjacent compartments having different service pressures.

6.103.R.3 Tightness

The mfanufacturer shall state the pressure system used~and the permissible leakage rpte for
the flujd-filled compartments (refer to 6.16 and 6.17 of/IEC 62271-1:2017). This shall take into
account the relative limits fixed in Table 15 of IEC.62271-1:2017 for temporarily incfeased
leakage rates at temperatures other than 20 °C.

If reqyested by the user, in order to permit entry to a fluid-filled compartment of closed or
controlled pressure systems, the permissible leakage across partitions should also be [stated
by the|manufacturer.

For gas-filled compartments whereithe minimum functional pressure exceeds 100 kPa (rglative
pressyre) an indication shallbe>provided when the pressure at 20 °C has fallen belpw the
minimym functional level (referto 3.6.114).

A partition, separating_a compartment filled with insulating gas from a neighbouring
compdgrtment filled with/liquid should not show any leakage affecting the dielectric properfties of
the twp media.

6.103.p.4 Pressure relief of fluid-filled compartments

Wherg| pressure-relief devices or designs are provided, they shall be orientated so| as to
minimize the danger to an operator during the time that he 15 performing his normat operating
duties if gases or vapours are escaping under pressure. The pressure relief devices shall not
operate below 1,3 times the design pressure. The pressure relief device may be a designed,
deliberate weak area of the compartment or a dedicated device, for example a bursting disc.

6.103.3 Partitions and shutters
6.103.3.1 General

A compartment can contain barriers, structures or components that are designed to provide
various functions, such as mechanical or dielectrical integrity, but not designed to function as
a partition or enclosure.
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Partitions and shutters, when accessible in service, shall provide at least the degree of
protection IP2X according to IEC 60529:1989, |IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013.

Conductors passing through partitions shall be provided with bushings or other equivalent
means to provide the required IP level.

Openings in the enclosure of an assembly and in the partitions between compartments
accessible during service, through which contacts of removable or withdrawable parts engage
fixed contacts, shall be provided with automatic shutters to ensure the protection of persons in
any of the positions defined in 3.6.110 to 3.6.112. Means shall be provided to ensure the reliable
operatjer—efthe—shutters—or—example—by—a—mechanicaldrve—where—the—mevementof the

shuttefs is positively driven by the movement of the removable or withdrawable part,

The stptus of shutters may not in all situations be readily confirmed from an open High-Joltage
compdrtment, (e.g. connection compartment is opened, but shutters. (are locafled in
circuit{breaker compartment). In such situations, verification of the shutter status may fequire
access to the second compartment or provision of an inspection window, or reliable indjcating
device|

If one |or more set(s) of fixed contacts can be made accessible.through opened shuttergs (e.g.
for majintenance or test purposes), then the shutters shall be“provided with means of Ipcking
each get independently in the closed position.

If the qutomatic closing of shutters can be made inopenative in order to retain them in th¢ open
positign (e.g. for maintenance or test purposes), then it shall not be possible either for the
switch|ng device to return to the service position @r10 close the switching device in the gervice
positign, until the automatic operation of the shutters is restored. This can be realized for
example by preventing the switching devicexto return to its service position or by autpmatic
restoration when returning the switching device to the service position.

It may|be possible to use a temporary-inserted partition to prevent the live set of fixed cqntacts
being pxposed (refer to 11.5). Insertion of such a temporary partition shall be possible [before
the compartment to be opened.exposes the high-voltage parts that are intended to be kept
energiged.

For class PM, partitions:®and shutters between opened compartments and renjaining
high-vpltage live partsTofthe assembly shall be metal; otherwise, the class is Pl (refer to 3.6.106
to 3.6.[L08).

6.103.B.2 Metal partitions and shutters

Metal partitions and shutters or metallic parts of them shall be connected to the earthing point
provided\With a voltage drop of less than 3 V at 30 A (DC).

Discontinuity in the metal partitions and closed metal shutters which may become accessible
shall be less than 12,5 mm.

NOTE The word "discontinuity" covers any insulating or non-earthed area, or path, through the partition.
6.103.3.3 Non-metal partitions and shutters

Non-metal partitions and shutters, made or partly made of insulating material, which may
become accessible shall meet the following requirements:

a) the insulation between high-voltage live parts and the accessible surface of insulating
partitions and shutters shall withstand the test voltages specified in 5.3 of IEC 62271-1:2017
for voltage tests to earth and between poles;
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b) the insulating material shall withstand the power-frequency test voltage specified in item a).
The appropriate test methods given in IEC 60243-1 [9] should be applied;

c) the insulation between high-voltage live parts and the inner surface of insulating partitions
and shutters facing these shall withstand at least 150 % of the rated voltage of the
equipment if a separate insulating medium, i.e. gas or liquid, is in-between;

NOTE Solid-insulation embedding high-voltage conducting parts is not considered as a partition.

d) if a leakage current can reach the accessible side of the insulating partitions and shutters
by a continuous path over insulating surfaces or by a path broken only by small gaps of gas
or liquid, it shall be not greater than 0,5 mA under the specified test conditions (refer to
7.104.3).
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In IAC classified assemblies, the transfer of withdrawable parts to or from service position shall
not reduce the specified level of protection in the event of an internal arc. This is achieved, for
example when the operation is only possible when doors and covers intended to ensure
personnel protection are closed. Other design measures providing equivalent level of protection
are acceptable.

6.105

Provisions for dielectric tests on cables

Assemblies may be designed to allow the testing of cables while they are connected to the
assembly. This may be performed either from a dedicated test connection, or from the cable
terminations. In both cases the assembly shall have rated cable test voltage(s) as specified in
5.102 applied to those parts which remain connected to the cable, at the same time as the rated
voltage is applied to those parts of the main circuit designed to remain live during testing cables.


https://iecnorm.com/api/?name=8c4a9b4f2ba0688b4aca3421bb0e7690

- 38 — IEC 62271-200:2021 © |IEC 2021

6.106 Internal arc fault

Assemblies that satisfy the requirements of this document are designed and manufactured, in
principle, to prevent the occurrence of internal arc faults. However, where internal arc
classification IAC is assigned, the assembly shall be designed to give a defined level of
protection of persons in the event of an internal arc, when the assembly is in normal operating
conditions.

Normal operating conditions imply that doors and covers are closed unless opening is
necessary to perform switching operations.

If IAC is nccignnd, then this dncignntinn shall be included.-in the nnmnlnlntn (rnfnr to 6.1 )

Some examples for designations of the IAC classification are given in 9.103.6.

7 Type tests

7.1 General
7.1.1 Basics

Subclguse 7.1.1 of IEC 62271-1:2017 is applicable with the following addition:

Compaonents contained in an assembly shall comply with their individual component standards,
takinglinto account Clause 7.

Becauge of the variety of types, ratings and pessible combinations of components, it|is not
practidqable to make type tests with all the arrangements of an assembly. The validity ¢f type
tests gerformed on one test object with a defined set of ratings to other assemblies of thg same
family with a different set of ratings or differeént arrangements of components may be evaluated;
in that|case IEC TR 62271-307 [10] should be applied.

The type tests and verifications.comprise:

Manddtory type tests to verify the:

a) rated insulation levelof the equipment (see 7.2);
b) mgasurement of\the resistance of circuits (see 7.4);

c) rated continigus current of any part of the equipment and measurement of the resistance
of pircuits\(see 7.5);

d) capability of the main and earthing circuits to be subjected to the rated peak and the rated
shprtstime withstand currents (see 7.6);

e) making and breaking capacity of the included switching devices (see 7.101);

f) mechanical operation of the included switching devices and removable parts (see 7.102);
g) IP protection code (see 7.7.1);

h) IK protection code (see 7.7.2).

Mandatory type tests, where applicable, to verify the:

i) auxiliary and control circuits (see 7.10);

j) protection of persons against dangerous electrical effects (see 7.104);
k) pressure withstand of gas-filled compartments (see 7.103);

I) tightness of gas- or liquid-filled compartments (see 7.8);

m) IAC classification (see 7.105);
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n) electromagnetic compatibility (EMC) (see 7.9);

0) X-radiation level for vacuum interrupters (see 7.11);

p) protection of the equipment against external effects due to weather (see 7.7.1);
q) rated cable test voltages (see 7.2.101).

Optional type tests (subject to agreement between manufacturer and user):

r) tests to evaluate the insulation of the equipment by the measurement of partial discharges
(see 7.2.10).

Type tests may impair the suitability of the tested parts for subsequent use in service. Therefore,
test olpjects uUsed for type testing shall not be USed In Service without agreement batween
manuffcturer and user.

7.1.2 Information for identification of test objects

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

7.1.3 Information to be included in type-test reports

Subclguse 7.1.3 of IEC 62271-1:2017 is applicable with the followinig addition:
For th¢ test report regarding continuous current tests, refer also to 7.5.101.
For the¢ report regarding internal arc tests, refer to 7.X0576.

7.2 Dielectric tests
7.2.1 General

Subclguse 7.2.1 of IEC 62271-1:2017 is\applicable.

7.2.2 Ambient air conditions during tests

Subclguse 7.2.2 of IEC 62271-1:2017 is applicable.

7.2.3 Wet test procedure

Subclguse 7.2.3 of 1EC 62271-1:2017 is not applicable.

7.2.4 Arrangement of the equipment

Subclgquse 7.2.4 of IEC 62271-1:2017 is applicable with the following addition:

Overvoltage protective devices shall be disconnected or removed for the test.

For assemblies using fluid (liquid or gas) for insulation, dielectric tests shall be performed on
the test objects filled with the insulating fluid specified by the manufacturer, to the minimum
functional level also specified by the manufacturer.

7.2.5 Criteria to pass the test

Subclause 7.2.5 of IEC 62271-1:2017 is applicable with the following modifications:

The second paragraph of item a) that refers to wet test is not applicable.
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For fluid-filed compartments tested with test bushings that are not part of the assembly,
impulses resulting in flashover along the surface of the test bushings are not considered as part

of the

7.2.6

test series.

Application of the test voltage and test conditions

Subclause 7.2.6 of IEC 62271-1:2017 is applicable with the exception of 7.2.6.2 and with the

followi

ng additions:

Because of the great variety of designs, it is not feasible to give specific indications of the tests
to be performed on the main circuit, but, in principle, they shall cover the following tests:

a) To
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earth and between phases

b test voltages specified in 7.2.7 shall be applied connecting each phase_¢ondu
main circuit in turn to the high-voltage terminal of the test supply. All othet’cond
he main circuit and the auxiliary circuits shall be connected to the earthing condu
frame and to the earth terminal of the test supply.

ne phase conductors are segregated, only tests to earth shall apply.

b dielectric tests shall be made with all switching devices closed,and all removablg
heir service position. Attention shall be given to the possibility’ that switching dey|
ir open position or removable parts in the disconnected{removed or test positig
ult in less favourable field conditions. Under such conditions the tests shall be re
h such device(s) in those specific positions. Howeveri_switching devices do not n
tested in open position when their component standard does not require to test t
b open position, and removable parts themselves shall not be subjected to these
ts whilst they are in the disconnected, test or removed position. The earth
hovable parts in these positions during the tests shall be as in service.

case specific devices, such as currenttransformers, cable terminations or overq
bases/indicators, could influence the electrical fields, they shall be installed as in s
ing these tests. For impulse voltage' tests, the arrangements according to 7.2.7
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side accessible during operation or maintenance, in the most unfavourable situation
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wed. In case of doubt about the most unfavourable arrangement, tests shall be re

rder to check compliance-with the requirements of 6.102.4 and item a) of 6.1

, with a circular «ornsquare metal foil having an area as large as possible 4
eeding 100 cm% which shall be connected to earth. In case of doubt about the
avourable situation, the tests shall be repeated with different situations. For conve

tal foil may be applied simultaneously, or larger parts of the insulating material n
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in 7.2.7 according to the test procedures as stated in 7.2.6.3 of IEC 62271-1:2017.
The isolating distance could be formed by:

a disconnector in the open position;

the distance between the two parts of the main circuit intended to be connected by a

withdrawable or removable switching device;
the sum of the clearances between several open gaps in series.

If, in the disconnected or test position, an earthed metal shutter is interposed between the
disengaged contacts to ensure a segregation, the gap between the earthed metal shutter
and the live parts shall withstand only the test voltages required to earth according to item a)
above.

If there is no segregation between the fixed part and the withdrawable part when an isolating
distance is established, the test voltages specified across the isolating distance shall be
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c)

7.2.7 Tests of switchgear and controlgear of U, < 245 kV
7.2.7.1 General

Subclguse 7.2.7.1 of IEC 62271-1:2017 is applicable.

7.2.7.2 Power-frequency voltage tests

Subclguse 7.2.7.2 of IEC 62271-1:2017 is replaced by the*following provisions:

applied under the following conditions: the withdrawable part shall be in whichever of the
disconnected or test positions that creates the shortest distance between the fixed and
movable contacts. The switching device of the withdrawable part shall be in the closed
position. When it is not possible to have the switching device in the closed position (e.g. by
interlocking), then two tests shall be performed as follows:

— with the withdrawable part in the position with shortest distances between the fixed and
movable contacts and the switching device of the withdrawable part open;

— with the withdrawable part in the other defined position and the switching device closed.
Complementary tests

In order to check compliance with the requirement of item c) of 6.103.3.3, if applicable, the
i f fe f TSt i i ftpns or
tters shall be subjected to a power-frequency test voltage of 150 % of the rated“\oltage
for 1 min. after covering the inner surface of the partition or shutter facing the live parts

by [an earthed metal foil as described under a) above.

Assemnlblies shall be subjected to short-duration, power-frequency voltage withstand tests in
accordance with IEC 60060-1. The test voltage,shall be raised for each test condition|to the

test vdlue and maintained for 1 min.

The tepts shall be performed in dry conditions.

Instrument transformers, power transformers or fuses may be replaced by replicas reprofducing
the field configuration of the hightvoltage connections. A transformer, a coil, or a similar device
normally connected between(phases shall be disconnected from the pole stressed with test

voltag

11”2

At conpmon value power=frequency voltage tests, one terminal of the test transformer shall be

connec¢ted to earth and to the enclosure of the assembly.

For isglating distance power-frequency voltage tests, 7.2.6.3 of IEC 62271-1:2017, is applicable,

with "frame" to be replaced by "enclosure".

For thespectatcasesconsideredin

2.0 L 0 ) H 1 - (- b
72000 —thetsotatingdistanceay be

tested as follows:

Preferred method: In this case, neither of the two voltage values applied to the two terminals
shall be higher than the rated withstand voltage phase-to-earth;

Alternative method: The voltage to earth of the frame U; does not need to be bonded so
accurately and the frame may even be insulated from earth.

7.2.7.3 Lightning impulse voltage tests

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

Instrument transformers, power transformers or fuses may be replaced by replicas reproducing
the field configuration of the high-voltage connections.
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Current transformer secondary windings shall be short-circuited and earthed. Current
transformers may have their primaries short-circuited too.

For common value lightning impulse voltage tests, one terminal of the impulse generator shall
be connected to earth and to the enclosure of the assembly.

For isolating distance lightning impulse voltage tests, 7.2.6.3 of IEC 62271-1:2017, is applicable
with "frame" to be replaced by "enclosure".

7.2.8 Tests of switchgear and controlgear of U, > 245 kV

Subclduse 7.2.8 of TEC 62271-1:2017 is not applicable.

7.2.9 Artificial pollution tests for outdoor insulators

Subclguse 7.2.9 of IEC 62271-1:2017 is not applicable.

7.2.10| Partial discharge tests

Subclgquse 7.2.10 of IEC 62271-1:2017 is applicable with the following additions:

If the test is performed, it shall be according to Annex B.

NOTE [It is good engineering practice to carry out a partial discharge type test on a complete functiona| unit or
assembly (where possible).

7.2.11] Dielectric tests on auxiliary and control circuits

Subclguse 7.2.11 of IEC 62271-1:2017 is applicable with the following additions:

Current transformer secondary windings.may be short-circuited and disconnected from|earth.
Voltage transformer secondary windings 'may be disconnected.

Voltage-limiting devices in the auxiliary and control circuits, if any, shall be disconnected.

Functipns like voltage indi¢ation or voltage detection (e.g. VPIS, VIS, VDIS and VDS) which are
tested|according to thejrtelevant standards, are excluded.

7.2.12] Voltage test'as condition check

Subclguse 7.2.12 of IEC 62271-1:2017 is applicable.

7.2.10[L.5/Dielectric tests on cable testing circuits

This type test is applicable only to assemblies having one or more rated cable test voltage(s).

For each rated cable test voltage value, the following test voltages shall be applied:

a) the rated voltage U, shall be applied as a single-phase voltage between all phase
conductors on the busbar side connected together and earth;

b) the rated cable test voltage U (acy OF Ut (pcy shall be applied to each pole in turn of the

cable test connection. The other two cable test connections shall be connected to earth
when energizing a pole.

The test voltages defined under a) and b) shall be applied simultaneously. If, during this test,
there is segregation between the cable test connections and the busbars, the test voltage on
the busbar side may be omitted.
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For AC test voltages, the two test voltages shall be in phase opposition.

For AC cable test voltages Ug ac) the duration of the test shall be 1 min. For DC cable test
voltages U, (DC): its rated duration shall be kept for each polarity (refer to 5.102.3).

7.3

Radio interference voltage (RIV) test

Subclause 7.3 of IEC 62271-1:2017 is not applicable.

7.4

Resistance measurement

7.4.1

Subclg

7.4.2

Subclg

7.4.3

Subclg

7.4.4

Subclg

The m

assemfply after mechanical and/or making-~and breaking tests is defined in the corresp

switch

7.5
7.5.1

Subclg

7.5.2

Subclg

Where

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

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

Measurement of the resistance of auxiliary contacts class 3

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

Electrical continuity of earthed metallic parts test

use 7.4.3 of IEC 62271-1:2017 is applicable.

Resistance measurement of contacts and confections in the main circuit
condition check

use 7.4.4 of IEC 62271-1:2017 is applicable.with the following addition:

aximum acceptable increase of resistance for individual switching devices with
ng device standard of the IEC 62271 series.
Continuous current tests

Condition of the test object

use 7.5.1 of IEC 62271-1:2017 is applicable.

Arrangement of the equipment

use 7.502\of IEC 62271-1:2017 is applicable with the following modifications:

AS a

in the
bnding

the design provides alternative components or arrangements, the test shall be per

with th

ormed

ose’components or arrangements for which the most severe conditions are obtaingd. The

representative functional unit shall be mounted approximately as in normal service, including
all normal enclosures, partitions, shutters, etc., and the covers and doors closed.

In case of functional unit(s) incorporating fuses, the test shall be performed with the fuse-links
generating the highest power dissipation from the reference list provided by the assembly
manufacturer.

7.5.3

Test current and duration

7.5.3.1 Test on main circuit

Subclause 7.5.3.1 of IEC 62271-1:2017 is applicable with the following modifications:
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Each functional unit of the assembly shall be tested once at its rated continuous current, with
the adjacent functional units (if any) at the maximum continuous current that the electrical
scheme of the assembly and the rated continuous current of each functional unit allows.
Alternatively, each functional unit may be individually tested for its rated continuous current
with either heat insulation or heaters at the sides reproducing the same conditions as with the
preceding testing procedure.

When testing with the fuse-links generating the highest power dissipation, the continuous
current indicated on the list of fuse-links provided by the assembly manufacturer shall be
applied.

7.5.3.2 Fest-oftheawdHaryandcontroleguipment
Subclguse 7.5.3.2 of IEC 62271-1:2017 is applicable with the following exception:

This tgst need not be performed on circuits and components of auxiliary and control equipment
which | already have demonstrated their operation at ambient temperature limits [during
mechgnical tests with the high-voltage switching devices installed /nside the assgmbly,
according to the relevant component standard, for example |IEC 62271-100, IEC 62271102 or
IEC 64271-103.

7.5.4 Temperature measurement during test

Subclduse 7.5.4 of IEC 62271-1:2017 is applicable with the following modifications to 7.5.4.2:

The tgmperature of the test conductors shall be measured at the point where they leayve the
encloslure and at a distance of 1 m externally along'the temporary feeding connections. The
tempefature difference shall not exceed 5 K. However, in case this temperature diffegrence
exceetfs 5 K, the test may be considered as.valid if the above indicated point at 1 m frgm the
assempply is the hottest and all criteria to pass the test defined in 7.5.6 are fulfilled.

7.5.5 Resistance of the main circuit

Subclgquse 7.5.5 of IEC 62271-1:2017 is applicable with the following addition:

The mpeasured resistance, before the continuous current test, across the complete main|circuit
of an |assembly is indicative of the proper condition of the current path. This measured
resistgnce shall be the ‘reference for the routine test (refer to 8.4).

7.5.6 Criteriartopass test

Subclguse 75.6 of IEC 62271-1:2017 is applicable with the following additions to 7.5.6.1:

The tgmpéerature rise of assemblies containing components which are subject to indjvidual
component standards shall not cause these components to exceed their temperature limits as
permitted in their relevant standard.

The maximum permissible temperatures and temperature rises to be taken into account for
busbars are those specified for contacts, connections and metal parts in contact with insulation,
as the case may be.

7.5.101 Test report

In addition to the requirements of 7.1.3, in case the test object is equipped with high-voltage
fuses, the following fuse information shall be included in the test report:

e manufacturer;

e type designation;
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e rated voltage and rated current;

e power (in watts) dissipated by each individual (1-phase) fuse-link just before the end of the
test period.

NOTE 1 The power dissipated by the fuse-link is defined by the product of the applied AC continuous test
current (RMS value) and the measured steady voltage drop across the fuse-link.

NOTE 2 The voltage drop is measured on the fuse-link contacts as close as possible to the point of contact
with the immediate mating contact piece.

7.6  Short-time withstand current and peak withstand current tests

7.6.1 General

Subclguse 7.6.1 of IEC 62271-1:2017 is applicable with the following additions:

a) Tept on main circuits

Malin circuits of assemblies shall be tested to verify their capability to withstand thg rated
short-time and peak withstand current under the intended conditions oftiristallation and use,
i.e] they shall be tested as installed in the assembly with all associated comppnents
influencing the performance or modifying the short-circuit current!

Pafts of the main circuits which incorporate current-limiting fuses do not need to be|tested
if dne of the conditions below is fulfilled:

— |the making and breaking tests of the switching funetion incorporating the fuse$ have
been performed within the assembly;
NOTE 1 An example of switching function incorporating‘etrrent-limiting fuses is a switch-fuse comfination.

— |breaking tests of the fuses, when the fusesh)are not part of a switching function, have
been performed within the assembly;

— |a short-time withstand current test, ‘with a solid metal link replacing the fuge-link,
demonstrating that both the applied:peak current and resulting thermal effects (i.e} Joule
integral 12t) are equal to or higher'than, those which would be obtained with fuses at the
rated voltage, has been performed within the assembly.
In pll cases, the performed tests shall at least cover the situations of maximum breaking
cufrent (up to I, and Ip of the branch of the assembly incorporating current-limiting |[fuses)

ang of maximum let-through 12t for the fuses which can be used within the asgembly
ac¢ording to the reference list provided by the manufacturer.

NOTE 2 The maximlmllet-through 12t is generally obtained with a lower prospective current than I

Cohnections/tovauxiliary devices (such as voltage transformers, auxiliary transformers,
sufge arresters, surge capacitors, voltage detection devices, and similar items) are njot part
of the main circuit (refer to 3.5.105).

b) Teptson earthing circuits

Earthing devices, earthing conductors, earthing connections and other conductive parts
forming part of the earthing circuit of an assembly shall be tested to verify their capability to
withstand their rated short-time and peak withstand currents (I, I, ty and lig, lye, tye — as

applicable). They shall be tested as installed in the assembly with all associated components
influencing the performance or modifying the short-circuit current.

The short-time withstand current and peak withstand current tests shall be carried out on
the short-circuiting parts of each earthing circuit according to the number of phases of the
corresponding earthing device (I, Ip, t,). Additionally, single-phase tests shall be performed

on all parts of the earthing circuit that are designed to provide the connection between the
earthing device and the earthing point provided, at the rated short-time and peak withstand
currents (lge, Ipe: tee)-

When there are removable earthing devices, the earthing connection(s) between the fixed
part (of the assembly) and the removable earthing device shall be tested at the rated short-
time and peak withstand currents (ly, I, t and Iy, Ipe, te — as applicable). The current
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shall flow along the earthing conductor between the fixed part and the earthing point

of the

removable part. Additionally, where the earthing device in the assembly can be operated in
alternative positions to the service position, the test shall be repeated for all alternative

positions.

Each test shall be preceded by a no-load operation of the mechanical switching device(

s) and

by measurement of the resistance of the main circuit according to 7.4.4. 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.

Earthing switches and earthing circuits are excluded from resistance measurement.

7.6.2 Arrangement of the equipment and of the test circuit

Subclguse 7.6.2 of IEC 62271-1:2017 is not applicable.

The cifcuits of the test object shall be selected in such a way that the mgst.onerous con
are obtained concerning the maximum lengths of unsupported conductors, configuration
condug¢tors and connections within the equipment, and the assigned.rated values. In th

ditions
of the
P case

of assgmblies incorporating the same switching device at several locations, it also shall be

checked that the most onerous location of the switching deviceds tested.

The tgst connections to the terminals of the assembly shall-be arranged in such a way
avoid binrealistic stressing of, or support to, the terminals,*The distance between the ter|
and the nearest supports of the test conductors on‘both sides of the assembly shal
accordance with the manufacturer's instructions reference.

The sHort-time withstand current and peak withStand current tests shall be carried out acg
to the humber of phases of the circuit under.test. However, each earthing circuit shall be
with itg number of phases at its Iy, I, and &, and tested single-phase at its I, I,c and t,

the earthing point provided on the test object. These tests may be performed on differe
samplg¢s. Parts of the earthing circtiit’already satisfactorily tested may be replaced be
tests gn different earthing circuits:

Current transformers and tripping devices that may be present shall be installed as in
service, but with the release made inoperative.

Equipment which dees not include any current-limiting device may be tested at any cony
voltage. Equipment which incorporates a current-limiting device shall be tested at the
voltage of the @ssembly, except if the test set-up at a lower voltage results in mechanio
thermal effects that are equal to, or higher than, those with the incorporated current-I
devicel aprated voltage. Refer to 7.6.1 a) for further details on fuse-link selection, and ac
alterngtives to demonstrate this performance.

as to
minals
be in

ording
tested
L up to
Nt test
tween

normal

enient

rated
al and
miting
Cepted

Self-tripping circuit-breakers, if any, shall be set on their maximum tripping values.

NOTE The definition of self-tripping circuit-breakers is provided in 3.4.113 of IEC 62271-100:2021.

Current-limiting fuses, if any, shall be provided with fuse-links having the maximum
current specified.

The test arrangement shall be noted in the test report.

7.6.3 Test current and duration

Subclause 7.6.3 of IEC 62271-1:2017 is applicable with the following additions:

rated
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For equipment including current-limiting devices the prospective current (peak, RMS value and
duration) shall not be less than the rated values.

The rated duration for these tests will be t, or t,,, whichever is applicable for the tested circuit.

7.6.4

Conditions of the test object after test

Subclause 7.6.4 of IEC 62271-1:2017 is applicable with the following additions:

The maximum acceptable increase of resistance for the complete main circuit of an assembly
as condition check is considered to be satisfactory if this resistance increase does not exceed

20 % ¢f the value measured before the test. It the resistance Increase exceeds 20 %

contin
contin

devic
the e
inspec
case (
testing

7.7
7.7.1

Subcls

For ve
matter

Acces

7.7.2

Subclg

For ve
matter

7.8

Subclg

lous current test (see 7.5) is applicable to determine if the test object can carry |ts
lous current.

, earthing conductors, earthing connections and other conductive parts forming
rthing circuit is permissible, but the continuity of the circuit shall\be preserved.
tion should be sufficient to check that continuity of the circuit)has been preser
f doubt if certain earth connections are (still) adequate, thelearthing shall be V

with 30 A (DC) to the earthing point provided. The voltage\drop shall be lower tha

AfteréFe test on each earthing circuit, some deformation and degradation-of the e:

Verification of the protection
Verification of the IP coding

use 7.7.1 of IEC 62271-1:2017 is applicable with the following additions:

rification of the IP coding, the service*condition is with all doors and covers clos
how they are expected to be locked.or not.

bible partitions and shutters, as defined by the manufacturer, shall be verified on |

Verification of the IK*¢oding

use 7.7.2 of IEC 62271-1:2017 is applicable with the following addition:

rification of the_IK coding, the service condition is with all doors and covers clos
how they are'expected to be locked or not.

Tightness tests

then a
5 rated

arthing
part of
Visual
ed. In
erified
in 3 V.

ed, no

P2X.

ed, no

use, 7.8 of IEC 62271-1:2017 is applicable with the following additions to 7.8.1:

The tightness of each representative tight compartment shall also be tested once at the
maximum ambient air temperature of the specified service conditions as defined in Clause 4 of
IEC 62271-1:2017. The leakage rate shall stay within the limits defined in Table 15 of
IEC 62271-1:2017.

For a defined type of switchgear and controlgear, a tight compartment design is considered to
be validated if all types of sealings for a specific design are tested at least once on

repres

entative compartments.

These tests may be performed during other tests at temperature limits (if any) as specified in
component standards.
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7.9 Electromagnetic compatibility tests (EMC)

Subclause 7.9 of IEC 62271-1:2017 is applicable with the following addition to 7.9.1.2:

Stationary emission tests should be performed on a typical lay-out of the assembly, based on
the standard wiring rules of the manufacturer.

7.10 Additional tests on auxiliary and control circuits
7.10.1 General

Subclause 7.10.1 of IEC 62271-1:2017 is applicable with the following addition:

Wherel applicable, the tests under 7.10 shall be performed on a typical lay-out of thesasspmbly,
based|on the standard wiring rules of the manufacturer.

7.10.2] Functional tests

Subclguse 7.10.2 of IEC 62271-1:2017 is not applicable.

NOTE [Functional tests on auxiliary and control circuits are performed as routiffe tests, refer to 8.3.2.
7.10.3| Verification of the operational characteristics of @uxiliary contacts

Subclguse 7.10.3 of IEC 62271-1:2017 is applicable withithe following addition:

This stbclause is not applicable to the auxiliary contacts already tested according to thgir own
standgrd.

7.10.4| Environmental tests
Subclguse 7.10.4 of IEC 62271-1:2017-is*applicable with the following limitations:

— tedts do not apply for indoor @ssemblies operated under normal service conditigns as
defined by 4.1.2 of IEC 62271-1:2017;

— when the tests as stated-in 7.10.4 of IEC 62271-1:2017 have been performed ¢n the
se;farate componentsthof a representative auxiliary and control circuit, no further
enyironmental testscare needed.

7.10.5] Dielectric‘test

Subclguse 7.10°5 of IEC 62271-1:2017 is applicable.

7.11 [X«fadiation test for vacuum interrupters

Subclause 7.11 of IEC 62271-1:2017 is applicable.

NOTE This test is applied to the vacuum interrupter, not to a functional unit.
7.101 Verification of making and breaking capacities
7.101.1 General

Switching devices forming part of the main circuit and earthing switches of assemblies shall be
tested to verify their rated making and breaking capacities according to the relevant standards
and under the proper conditions of installation and use. That is, they shall be tested as normally
installed in the assembly with all associated components that may influence the performance,
such as connections, supports, provisions for venting. These tests are not necessary if making
and breaking tests have been performed on the switching devices installed in assemblies with
identical or more onerous conditions.
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NOTE In determining which associated components are likely to influence the performance, the following can be
relevant: mechanical forces due to the short-circuit, the venting of arc products, the possibility of disruptive
discharges, etc. It is recognized that, in some cases, such influence can be quite negligible. IEC TR 62271-307 lists
the relevant design parameters that are considered to establish the same or less onerous conditions.

As it is not possible to cover all possible configurations and designs of switching devices, the
following procedures shall be followed:

a) ifthe appropriate making and breaking test series have been made with the switching device
in a representative compartment, then the tests referred to above are also valid for
compartments with similar or less onerous conditions;

b) if type tested switching devices, tested with or without an enclosure, are used and a) is not
applicable, the test duties set outin 7.101.2 and 7.101.3 below shall be repeated in each of

thg compartments where these switching devices are installed;

c) where compartments are designed to accept more than one particular type, orydesign of
swjtching device, each variant of switching device shall be fully tested in accordange with
thg requirements of item a) or, where appropriate item b) above.

Wherel multiple high-voltage compartments, either side-by-side or multi-tier designs, gre not
identidal but are designed to accept the same switching device, the @above stated tesfs/test-
duties|shall be performed in the compartment in which the most severe|eonditions are obtained,
as apgropriate to the requirements of the relevant standard.

7.101.p Test requirements for main switching devices
The fojlowing test duties shall be performed as appropriate for the switching device:

— |IEC 62271-100:2021: test duties T100s, T100a,and critical current tests (if any) also|taking
intp account the requirements of 6.103.4 %of that standard for the test connection
arrengement, where applicable. For circuit-breakers that are already type tested in
altgrnative configurations for both kpIO = 1)5and 1,3, then T100s and T100a only hav¢ to be

demonstrated for kpp =1,5;

- |IEQ 62271-103:2021: Test duty TD; 542 (10 CO operations). Where the switch has g4 rated
short-circuit making capacity, the'10 CO operations of TD,,,4, shall be followed by teft duty
TD},,5 according to class E1y:E2 or E3, as applicable;

— |IECQ 62271-105:2021: Test duties TD|¢., and the highest value of TD4sfer @Nd TDy;

— |EC 62271-106:2020\Verification of coordination with SCPDs;
- |IEC 62271-107:2049: Test duties TD,,, and TD|, and TDy;,;

— |ECQ IEEE 62271-37-013:2015: Test duties 1 and 2.

Refer {o 7.4.4 for maximum allowed resistance increase along the main circuit after making and
breakipgtests.

7.101.3 Test requirements for earthing function

If the earthing function has an assigned class E1 or E2, it shall be tested in accordance with
the requirements of IEC 62271-102:2018 for short-circuit making operations. The tests shall be
performed in accordance with the requirements for earthing switches of class E1 or class E2,
as applicable.

If the class E1 or E2 earthing function is performed by the main switching device in combination
with a class EO earthing switch, then the test requirements shall be the same as for a combined
function earthing switch as defined in 7.101 of IEC 62271-102:2018. In this case the
requirements of 7.101.8 and 7.101.9 of IEC 62271-102:2018 apply to both the class EO earthing
switch and the main switching device.
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7.102 Mechanical operation tests
7.102.1 Switching devices and removable parts

All switching devices not previously tested as mounted in the assembly, shall be operated 50
times C-O, mounted in the assembly. Test conditions and criteria to pass the test are identical
to the ones defined on each corresponding switching device standard for mechanical tests.

If a removable part is intended to be used as a disconnector, then the mechanical endurance
shall be in accordance with IEC 62271-102:2018. Otherwise, removable parts shall be inserted
25 times and removed 25 times to verify satisfactory operation of the equipment. The force
required to insert and remove the parts shall remain lower than 150 % of that required for the
first ogeration.

The relliable operation of shutters, for example by a mechanical drive, where themovement of
the shltters is positively driven by the movement of the removable or withdrawable parg, shall
be chgcked.

For fupctional units including several switching devices, the operations may be performed as
part off a sequence of operations involving all these switching devices . Af the insertion/removal
of a r¢gmovable part is involved in the sequence, the number of-such sequences should be
limited to 25. Any operations not included in this sequence shodldbe separately tested.

In the fase of manually operated equipment, the normal manual operation handle shall bg used
to perform the tests.

7.102.2 Mechanical and electromechanical interlocks and locking devices
The inferlocks and locking devices shall be setn all positions intended to prevent:

— thg operation of the switching devices;
— thd access to operation interfaces;
— thd insertion or withdrawal of removable parts.

The fol]lowing tests shall be made in order to attempt to defeat the interlocks and locking devices:

a) 10|attempts to open any interlocked or locked door or cover;

b) 10|attempts to access or engage the operation interface, when access or engagement is
prevented due te an interlocking or locking device (shutter, selector lever, etc.);

c) 20|attempts<to-operate the switching devices manually, when the operation interface is
acgessible;

d) 10|attempts to operate the switching device manually in the wrong direction shall be ¢arried
ouf intaddition to, but anywhere in, the above sequence of 20 attempts;

e) 10 attempts to insert and 10 attempts to withdraw the removable parts;

f) in case of electrical interlocks, switch off the auxiliary power supply and carry out one
attempt of items a) to e);

g) in case of automatic closing of shutters that can be made inoperative in order to retain them
in the open position: check that the switching device cannot be returned to the service
position before the automatic operation of the shutters is restored (refer to 6.103.3.1).

The normal manual operation handle (if any) shall be used to perform these tests.

During the tests, the following prospective force or torque shall be applied:

— force of 400 N on handles of doors, covers and actuators of drive mechanisms with the
exceptions given below;
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force of 750 N on handles of drive mechanisms with an interlock or lock blocking the
operating shaft;

force of 100 N on handles of shutters, selectors, etc. preventing access to the operation
interface;

force of 100 N on small linear actuators like push-button, plunger, etc.;
torque of 3 Nm on small rotating actuators like knobs.

The force shall be applied halfway along the length of the gripping part of the handle or actuator.

Where operating handles and actuators incorporate a feature which limits the transmitted force
or torgque,the maximum test force or torgue shall be limited to that which can he :applinrl by the

handlg or actuator, provided that the handle or actuator is not interchangeable withl other

handlgs or actuators.

No adfustment shall be made to the switching devices, removable parts or (nterlocks [during

these fests.

The integrity of sliders or other devices preventing access to the operation interface shall be

verifiefl in accordance with 7.7.2 (verification of the IK coding).

Wherel mechanical interlocks are designed to prevent the opération of motorized swjtching

devicess, the following additional tests shall be performed using the motor:

20 |attempts to operate the switching devices;

10|attempts to operate the switching device inthe wrong direction shall be carried|out in
adglition to, but anywhere in, the above sequenee of 20 attempts.

110 %|of the rated supply voltage of auxiliary<gircuits shall be applied for a duration of 2| s.

The inferlocks are considered to be satisfactory if:

a)
b)
c)
d)

NOTE |[These tests can be performed as part of the mechanical operations test sequence.

7.103 LPressure withstand test for gas-filled compartments

the switching devices cannot be operated;
acgess to the interlocked compartments is prevented;
the insertion and withdrawal of the removable parts are prevented;

the switching devicesyremovable parts and the interlocks are still operative and the effort
to pperate them before and after the tests, does not differ from the maximum hand opé¢rating
forces (manualtvoperation) or peak energy consumption (motor operation) by morg than
50(%. In case)of'the test with 750 N, damage is acceptable, provided that the interlock still
prevents operation.

7.103.1 Pressure withstand test for gas-filled compartments with pressure relief

devices

Each design of a gas-filled compartment with design pressure lower than or equal to 300 kPa
(relative pressure) shall be subjected to a pressure test according to the following procedure:

adjacent compartments (if any) shall be at atmospheric pressure if the manufacturer's
instructions reference allow for maintenance of that compartment. Alternatively, they may
be evacuated, if allowed by the manufacturer;

NOTE 1 The testis intended to demonstrate the over-pressure behaviour under service conditions;

NOTE 2 The design pressure (relative pressure) already considers the situation of adjacent compartment
evacuated, if allowed by the manufacturer.
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the relative pressure shall be increased in order to reach a value of 1,3 times the design
pressure of the compartment for a period of 1 min. The pressure relief device shall not
operate;

then the relative pressure shall be increased up to a maximum value of three times the
design pressure. It is acceptable that the pressure relief device may operate, as designed
by the manufacturer, below this value. This opening pressure shall be recorded in the type
test report. After the test, the compartment may be distorted, but the compartment shall not
rupture;

visual inspection of the orientation of the pressure relief device shall be made to assess the
direction of escaping gases.

Gas—fi!edmmmmﬁﬁmmmh@mm%ﬂmmmwall be
rdance with the testing requirements of IEC 62271-203.

in acc

7.103.p Pressure withstand test for gas-filled compartments without pressure-relief

devices

Each design of a gas-filled compartment shall be subjected to a pressuré test according|to the

followipg procedure:

thg adjacent compartments (if any) shall be at atmospheric pressure. Alternatively, they may
belevacuated, if allowed by the manufacturer;

The relative pressure shall be increased up to three titmes the design pressure |of the
compartment for 1 min. After the test, the compartment may be distorted, bpt the
compartment shall not rupture.

Gas-filled compartments with design pressures higher than 300 kPa (relative pressure) shall be

in accordance with the testing requirements of 6,103 of IEC 62271-203:2011.

NOTE [The test is intended to verify the safety margih for possible overpressures under service conditions,|
7.104 | Tests to verify the protection of*persons against dangerous electrical effects

7.104.L General

Subclguse 7.104 is applicablé to non-metallic partitions and shutters intended for protection
from gffects of live parts. When these partitions contain bushings, tests shall be carried out
under the appropriate conditions, i.e. with the primary parts of the bushings disconnect¢d and

earthe(d.

Solid-ihsulation embedded high-voltage parts that are intended to remain live when accessing

the high-voltageycompartment shall be tested according to 6.104 of IEC 62271-201:2014.

7.104.p ¢ Dielectric tests

a)

b)

c)

Themsutatiom betweenm high-voltage five parts andtheaccessibte surfaceof imsulating
partitions and shutters shall withstand the rated withstand voltages specified in 7.2.7.1 for
voltage tests to earth and between poles. For the test set-up, refer to item a) of 7.2.6.

A representative sample of the insulating material shall withstand the power-frequency test
voltage specified in item a) above. The appropriate test methods given in IEC 60243-1 [9]
should be applied.

The insulation between high-voltage live parts and the inner surface of insulating partitions
and shutters facing these shall be tested at 150 % of the rated voltage of the equipment for
1 min. For the test, the inner surface of the partition or shutter shall be earthed by applying
a conductive layer of at least 100 cm?, at the most onerous point. The test set-up shall be
as specified in item a) of 7.2.6.
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7.104.3 Measurements of leakage currents

When an assembly contains insulating partitions or insulating shutters, the following tests shall
be made in order to check compliance with the requirement of item d) of 6.103.3.3.

The main circuit shall, at the discretion of the manufacturer, be connected either to a three-
phase supply of power-frequency voltage equal to the rated voltage of the assembly, with one
phase connected to earth, or to a single-phase supply of a voltage equal to the rated voltage,
the live parts of the main circuit being connected together. For three-phase tests, three
measurements shall be made with the different phases of the supply successively connected to

earth.

In the case of single-phase tests, only one measurement is necessary.

A met
surfac
about

The m
but no

leakage current flowing through the metal foil to earth shall be measured with the insulat

and cl

The va

of 6.103.3.3, the continuous path over insulating surfaces js:broken by small gaps of

liquid,

passag@e of the leakage current from live parts to accessible parts of insulating partitio
s, the gaps shall withstand the test voltages specified in 7.2.7.1 for voltage tests t¢ earth

shutte
and bg

It is n
approf

insulating partitions and shutters.

7.105
7.105.

The te
coveri
which

allowahce for effeetsracting on all parts of the enclosure, such as internal overpressure, t

effects

7.105.

h| foil shall be placed in the most unfavourable situation for the test on the accé
b of the insulation providing the protection against contact with live parts. In case/o
he most unfavourable situation, the test shall be repeated with different situation

etal foil shall be approximately circular or square, having an area as large as pq
exceeding 100 cm?2. The enclosure and the frame of the assembly\shall be earthe]

ean.

such gaps shall be shorted out electrically. If these gaps are incorporated to av

tween poles.

Dt necessary to measure leakage curtents if earthed metal parts are arranged
riate manner to ensure that leakage-currents cannot reach the accessible parts

Internal arc test

1 General

ng the event of a@n)arc fault within the enclosure or within components having ho
form part of the Jenclosure in normal operating conditions. The internal arc test

of the argdor its roots, the effects of ejected hot gases and glowing particles.

P Test conditions

pssible
doubt

D .

ssible
d. The
on dry

lue of the leakage current measured shall not exceed 05.mA. If, as indicated in item d)

gas or
bid the
ns and

in an
of the

5t is applicable to assemblies for which an internal arc classification has been asgigned,

usings
makes
hermal

The te|

t'shall be carried out with the assembly in the following conditions:

— the position of high-voltage switching devices and withdrawable parts is set to realize the
supply circuit according to A.5.1. All other equipment, for example measuring instruments
and monitoring equipment shall be in the position as it is in normal service;

— all covers and doors of the assembly shall be closed and correctly secured. However, in
case of accessibility type A, if any cover has to be removed and/or any door has to be
opened to perform switching operations, the internal arc test shall be carried out with the
cover and/or door removed;

— if handle flaps of switching devices do not automatically close after removing the handle,
the internal arc test shall be performed with handle flaps in open position.

Every high-voltage compartment of representative functional units of the assembly shall be

tested

. More than one test object may be necessary to perform all the internal arc tests.
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Compartments which are protected by type-tested current-limiting fuses shall be tested with the
fuse type that causes the highest cut-off current (let-through current). The actual duration of
the current flow will be controlled by the fuses. The tested compartment will be designated as
‘fuse-protected'. The tests shall be performed at the rated voltage U,.

Any device (e.g. protection relay) that can automatically trip the circuit before the end of the
prospective duration of the test shall be made inoperative during the test. If compartments or
functional units are equipped with devices intended to limit the duration of the arc itself by other
means (e.g. by transferring the current to a metallic short-circuit), they shall be made
inoperative during the test. However, if the manufacturer declares that these devices are an
integral part of the design of the compartment or assembly which prevents to make them

inoper

tive withaut maodification of the construction of the r\nmpnrfmnnf or-the enclaosu

re, the

releva

Nt compartment of the assembly may be tested with the device operative;™b

compdrtment shall be qualified according to the actual duration of the arc. The test curren

be ma

NOTE 1

If, duri
test o
initiatg
numbs

NOTE 2
is that t

7.105.
The eq
— thd

prd
do

ntained for the rated short-circuit duration of the main circuit.

For possible measures to mitigate the effects of internal arcs, refer to Cigré Technical Brochure 6

g the test, an arc ignites in other non-previously arc-tested compartment(s) of the
ject, the test shall be regarded as valid only for the compartment where the a
d. The other affected compartment(s) shall be (or have been) tested for at lea
r of phases involved in this take-over ignition.

Reason for not accepting the test result in case of transfer to a‘'compartment that was already arg
he test result can be influenced by the contamination in that compartment.

B Arrangement of the equipment
uipment shall be arranged as follows:

test object shall be fully equipped. Mock-ups of internal components are pe
vided they have the same volumeand external material as the original items an
not affect the main and earthing-Circuits;

— tedts shall be performed on all*types of functional units that may be combined i

asy
Th

embly, as stated by the manufacturer regarding the different possible assembly la
e following applies:

in case of assembligs consisting of extensible (modular) functional units, the test
shall consist of -fwo functional units connected together as in service, unle
manufacturer specifies a different minimum number of functional units;

if by design.of'the assembly, a type of functional unit is not intended to be used
end unit nder service conditions, for its test, it shall be configured in the assen
close as_possible to the lateral side — furthest away from the wall of the room sim(
in an‘arrangement of more than two functional units;

in<case of assemblies with at least one high-voltage compartment belonging tq

ut this
t shall

B6 [11].

same
c was
\1st the

-tested,

mitted
d they

nto an
-outs.

object
5s the

as an
bly as
lation,

more

Than one functional unit (€.g. Severat main Switching devices im one compartme
test object shall consist of functional units where the shared high-voltage compa
is complete;

t), the
rtment

the tests shall be made in all high-voltage compartments of a functional unit, as close
as possible to the lateral side — furthest away from the wall of the room simulation;

in case of assemblies having functional units that contain identical high-voltage
compartments with the same internal arc test conditions, one test on this type of
compartment is sufficient, provided that the test object was placed as close as possible

to the lateral side — furthest away from the wall of the room simulation, as stated
manufacturer regarding the different possible assembly lay-outs;

— the test object shall be earthed at the earthing point provided;

by the

— tests shall be carried out on compartments not previously subjected to arcing, or, if
subjected, being in a condition which does not affect the result of the test;


https://iecnorm.com/api/?name=8c4a9b4f2ba0688b4aca3421bb0e7690

IEC 62271-200:2021 © |IEC 2021 - 55—

fluid at its filling pressure (x10 % of the relative pressure) for insulation;

for

insulation and/or switching (x10 % of the relative pressure).

NOTE Test results with air instead of SF are considered to be representative.

7.105.4 Test procedure

The method to verify the internal arc classification is defined in Clause A.5.

7.105.5__Criteria to pass the test

in case of fluid-filled compartments (other than SFg) the test shall be made with the original

for environmental reasons, it is recommended to replace SFg with air at the filling pressure

IAC ¢
assem|

Criter

Correq
part c
the clg
classif

IP codg after the test.

To ext
additid

— thd

— exhausting gases are not directed to the wall.

Criterjon No. 2

— nolfragmentation of the enclosure.occurs;

— nolejection of fragments or of other parts of the assembly of an individual mass of §
mare occur;

— objects of an individuakmass of 60 g or more falling to the floor in the immediate vic
thg assembly are accepted (in the case of accessible sides, this means betwe
assembly and thesindicator rack).

Criterjon No. 3

Arcing| does<not cause holes by burning through in the classified sides up to a he

2 000 mm.

bly if the following criteria are met:

on No. 1

mes as far as the position of the indicator mounting frames(er/the walls (which
sest) on every side and no openings with dimensions larger than 50 mm occurred
ed sides up to a height of 2 000 mm. The assembly dges not need to comply

end the acceptance criterion to an installation mounted closer to the wall than teste
nal conditions shall be met:

permanent deformation is less than the intended distance to the wall;

assification according to the relevant type of accessibility, is demonstrated Wjor the

tly secured doors and covers do not open. Deformations are accepted, provided that no

BvVer is
in the
vith its

d, two

0gor

nity of
bn the

ght of

NOTE 1 Holes in the enclosure which are created after the duration of the test by other effects than burning through,
are disregarded.

Criteri

on No. 4

Indicators do not ignite during the test and within 1 s after the current duration. If indicators
have been ignited after 1 s after the current duration and if proof is established of the fact that
the ignition was caused by glowing particles rather than hot gases, the assessment criterion
has also been met. Pictures taken by high-speed cameras, video or any other suitable means
should be used by the test laboratory to establish evidence.

Indicators ignited as a result of paint or stickers burning are also excluded.
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NOTE 2 It is assumed that the physical dimensions of the test laboratory are large enough to prevent hot gas
reflections towards the indicators from surfaces not belonging to the room simulation (e.g. from other walls or
measuring equipment).

Criterion No. 5

The enclosure remains connected to its earthing point. Visual inspection is generally sufficient
to assess compliance. In case of doubt, the continuity of the earthing connection shall be
checked (refer to 7.6.4).

7.105.6 Test report

In addjti

— description of the test object with a drawing showing the main dimensions, details’rglevant
to the mechanical strength, the arrangement of the pressure relief flaps and the method of
fixing the test object to the floor and/or to the walls;

— thgdistance between the upper part of the test object and the ceiling of thelfoom or byilding.
Fof this purpose, the manufacturer shall state the point of the assémbly from whig¢h this
distance is measured;

NOJ'E Because the distance between the upper part of the assembly and the ceiling under internal [arc test
conditions can be different from the distance under installation conditionSs the information in the test feport is
about the validity of the test results regarding the ceiling height for installation.

— point and method of initiation of the internal arc fault;

— drgwings of test arrangement (room simulation, test.6bject and mounting frame of indi¢ators)
with respect to the type of accessibility (A or B),.classified sides (F, L or R) and instgllation
conditions;

— applied voltage and frequency;
— for|the prospective and/or test current (refer to A.4.3):
1) |RMS value of the AC component.daring:
o the first three half-cycles;
e the last three half-cycles;
2) | highest peak value (actual and/or prospective);
3) |average RMS valuéof the AC component over the actual duration of the test;
4) |duration of arcfault current;
5) |prospective RMS value and duration of the test current.
— osg¢illogram(s) showing currents and voltages;
— opfionallys-total arc energy, peak arc power;

— opfiogally, measurement of pressure in compartments;

— assessment of the test results, including a record of the observations in accordance with
7.105.5 and observations regarding compartments where take-over ignition took place (if

any);
— other relevant remarks.

7.105.7 Extension of validity of test results

The validity of the results of a test carried out in a functional unit of a particular metal-enclosed
design of assembly may be extended to another one (refer to 7.1.1 and to
IEC TR 62271-307:2015) provided that the original test was more onerous and this other
functional unit may be considered as similar to the tested one in the following aspects:

— dimensions;
— structure and strength of the enclosure;

— architecture of the partition;
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ins

performance of the pressure relief device, if any;

ulation system;

physical influences (pressure rise, gas flow and thermal effects).

8 Routine tests

8.1

General

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

— partial discharge measurement (if applicable):

8.101;

— mechanical operation tests:

— prgssure tests of gas-filled compartments (if applicable):

- te

- meg
8.2

Subclg

The pd
The te

IEC 67
to the
earth

otherw

The te
discon

Overv
8.3
8.3.1
Subclg

8.3.2

s after erection on site:

asurement of fluid conditions after filling on site (if applicable):
Dielectric test on the main circuit

use 8.2 of IEC 62271-1:2017 is applicable, with the following additions and exceq

wer-frequency voltage test shall be performed according to the requirements in 7,
5t voltage specified in 7.2.7.1 for Uy, common valug, from column 2 of Tables 1 a

271-1:2017, shall be applied, connecting each phiase conductor of the main circuit
high-voltage terminal of the test supply, with, the other phase conductors conne
hnd the continuity of the main circuit ensured-(e.g. by closing the switching dev
ise).

st voltage may be applied at highen than the rated frequency in order to avq
nection of voltage transformers.

bltage protective devices shall'be disconnected or removed during the test.

Tests on auxiliary and.dontrol circuits

Inspection of auxiliary and control circuits, and verification of conformity
circuit diagrams and wiring diagrams

use 8.3.1 ofFfEC 62271-1:2017 is applicable.

Functional tests

8.102;
8.103;
8.104;
8.105.

tions:

.2.7.2.
nd 2 of

inturn
ted to
ces or

id the

to the

Subclg

use”8.3.2 of IEC 62271-1:2017 is replaced by:

A functional test of all low-voltage circuits shall be made to verify the proper functioning of

auxilia

ry and control circuits in conjunction with the other parts of the assembly.

Functional tests as specified in the relevant IEC component standards shall be performed on
auxiliary and control circuits of each component, subassembly or after mounted on the

assem

bly.

Additionally, all existing auxiliary and control circuits (including electrical interlocks) shall be
verified on their proper operation in conjunction with the other parts of the assembly.

The tests shall be performed with the upper and lower value limits of the supply voltage defined
in 6.9 of IEC 62271-1:2017.


https://iecnorm.com/api/?name=8c4a9b4f2ba0688b4aca3421bb0e7690

8.3.3

- 58 - IEC 62271-200:2021 © |IEC 2021

Verification of protection against electrical shock

Subclause 8.3.3 of IEC 62271-1:2017 is applicable.

8.3.4

Dielectric tests

Subclause 8.3.4 of IEC 62271-1:2017 is applicable.

8.4

Measurement of the resistance of the main circuit

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

Where
the tes

8.5

Subcls
Tightn

8.6

Subclg

8.101

This te
be in 4

NOTE
manufa
manufa

8.102

Opera

auxiligry circuits functionseorrectly and that the mechanical interlocks work properly.

The te

ith normalOperating forces;

there is no continuous current test for the configuration being tested, the condit
t and the limits of resistance values shall be given by the manufacturer.

Tightness test

use 8.5 of IEC 62271-1:2017 is applicable with the following modjfication:
bss tests shall be performed after the pressure withstand testsa@according to 8.103,

Design and visual checks

use 8.6 of IEC 62271-1:2017 is applicable.

Partial discharge measurement

st is optional. If such a routine test is performed on the assembly, the procedur
ccordance with Annex B.

The measurement of partial discharges,«as’a routine test, can be helpful to detect possible matg
turing defects especially for organic solid insulating components. The test can also serve as §
turing test of assembly.

Mechanical operation tests

ion tests shall be made to ensure that the switching devices, removable par

5ts shall be performed as specified in 7.102 except that:

case of manual operation, 5 operations or attempts shall be performed in each di

Case -of auX|I|ary supply voltage, and switching dewces not tested within the fun

ons of

if any.

e shall

rial and
quality

s and

ection

ctional

upper and Iower I|m|t of theauxmary supply voItage of the operatlng deV|ces

— devices having a predetermined sequence of operation, shall be operated:

with the most unfavourable limit values of auxiliary supply voltage;
5 times in succession in the intended conditions of use and operation;

It shall be verified that:

pcified

— the switching devices open and close correctly within the specified limits of the supply

vol

tage and pressure of their operating devices;

— each removable part can be inserted and removed correctly;

— the interchangeability of removable components of the same rating and construction is
checked (refer to 6.101);
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- all
- all

interlocks function correctly;
auxiliary devices have operated properly;

— the effort to operate is practically the same before and after the tests.

8.103

Pressure tests of gas-filled compartments

Each gas-filled compartment with a filling pressure greater than 50 kPa (relative pressure) and
a design pressure lower than or equal to 300 kPa (relative pressure), shall be subjected to a

test at

1,3 times the design pressure for 1 min.

This is not applicable for sealed compartments with a filling pressure of 50 kPa (relative

pressy

After t
the op

Gas-filled compartments with design pressures higher than 300 kPa (relati\rg pressure) s

tested

8.104

After g

All rod
shall b

Additig
filled @
a) Vo

Po
of
theg

Th
ap

ey and betow.

nis test the compartments shall show no signs of distress or any distortion likely tg
bration of the assembly.

according to the requirements of IEC 62271-203.

Tests after erection on site

rection, the assembly shall be tested to check correct @peration.

tine tests of Clause 8 which have not been performed at the manufacturer's prg
e performed on site.

nally, for parts which are assembled on site and for compartments which are gas o
n site and which all have been previously Toutine tested, the following is applicab

tage test of the main circuit;

ver-frequency voltage tests in dry conditions should be carried out on the main ¢
hn assembly after the erection\oh site in exactly the same manner as specified in
routine test at the manufacturer's premises.

b power-frequency testivoltage should be 80 % of the values indicated in 8.2 3
blied to each phase.conductor of the main circuit in succession with the other

affect

hall be

bPmises

r liquid
e:

ircuits
8.2 for

ind be
phase

comductors earthed For the tests, one terminal of the test transformer is connected t¢ earth

an

Vo
fre

b) Tid
c) Mg

| to the enclosure-of the assembly.

tage transfermers should be disconnected during dielectric site tests, unless th
uency used-for the site test is high enough to prevent core saturation;

htness:tests: 8.5 is applicable;

asurement of fluid condition after filling on site: 8.105 is applicable.

e test

8.105

Measurement of fluid condition after filling on site

The condition of the fluid in fluid-filled compartments shall be determined and shall meet the
manufacturer's specification.

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

9.1

General

Subclause 9.1 of IEC 62271-1:2017 is applicable with the following additions:

Assemblies may be constructed in various forms that have evolved with changing technologies
and functional requirements. The selection of an assembly essentially involves an identification
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of the functional requirements for the service installation and the form of internal partitioning
that best meets these requirements.

Such requirements should take account of applicable legislation and user safety rules.
Table 4 provides a summary of the considerations for specifying an assembly.

9.2 Selection of rated values

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

of the|r components required by normal load and fault conditions. The rated values| of an

For arjiven duty in service, the assembly is selected by considering the individual rated yalues
assempbly may differ from those of its component parts.

The rdted values should be chosen in accordance with this document having regard for the
charadteristics of the system as well as its anticipated future developmentrThe list of ratings is
given in Clause 5.

Other parameters such as local atmospheric and climatic conditions and the use at alfitudes
exceedling 1 000 m should also be considered.

The dyty imposed by fault conditions should be determined by calculating the fault currgnts at
the pldce where the assembly is to be located in the system. Reference is made to IEC 60909-0
in this|regard [12].

9.3 [Cable-interface considerations

Subclguse 9.3 of IEC 62271-1:2017 is applicable with the following additions:

Users [should select the type of terminations from a list provided by the manufacturer|of the
assemply.

Users [should specify values @af rated cable test voltages allowing adequate margins abdve the
actual|cable test voltages expected to be applied.

9.4 [Continuous ortemporary overload due to changed service conditions

Subclguse 9.4 of{EC 62271-1:2017 is applicable.

9.5 [Envik@nmental aspects

Subclguse’9.5 of IEC 62271-1:2017 is applicable.

9.101 Selection of design and construction
9.101.1 General

An assembly is generally identified by insulating technology (e.g. air- or gas-insulated) and by
fixed or withdrawable design. The extent to which individual components should be
withdrawable, or removable, is primarily dependent upon the requirement (if any) for
maintenance and/or the provisions for testing. The operating instructions defined by the
manufacturer should be considered for normal use, for example for the opening of the door of
a procedure-based or interlock-based accessible connection compartment.

Development of switching devices with low maintenance requirement has reduced the need for
frequent attention to some items subject to arc erosion. However, there remains a need for
accessibility to expendable items, for example fuses, and for occasional inspection and testing
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of cables. Lubrication and adjustment of some mechanical parts can also be required for some
designs.

The extent to which access may be required for maintenance, and/or whether complete
assembly shutdowns may be tolerated, may determine a user preference for air or fluid
insulation and fixed or withdrawable pattern. If maintenance demands are infrequent, as is often
preferred practice nowadays, then assemblies equipped with low-maintenance components,
may provide a practical solution. Fixed pattern assemblies, particularly those employing low-
maintenance components, may provide a cost-effective through-life arrangement.

9.101.2 Architecture and accessibility to high-voltage compartments

The fofms of internal partitioning defined in this document attempt to balance such requitgments
as seryice continuity and maintainability. In this subclause, some guidance is given, regarding
the exient to which the different forms can provide maintainability.

NOTE 1l Temporary inserted partitions, to prevent accidental contact with live parts while "performing| certain
maintenfance procedures, are addressed in 11.5.

NOTE 21 Possible alternative maintenance procedures, e.g. the establishment of safety.distances and/or sgtting up
and use| of temporary barriers, are outside the scope of this document.

The domplete description of an assembly includes the Jlist~"and type of high-\oltage
compgrtments, for example busbar compartment, circuit-breaker compartment, the type of
accesgibility provided to each, and the pattern (withdrawable/non-withdrawable).

There jare four types of high-voltage compartments, three being accessible to the user and one
non-agcessible.

Accessible high-voltage compartments: three:fmethods of controlling the opening of accgssible
high-vpltage compartments are defined:

— thd first is by use of interlocks to ensure that all live parts inside are isolated and earthed
belore opening, or are in the disconnected position with corresponding shutters glosed.
Suph compartments are designated "interlock-controlled accessible compartments";

NOJE 3 Generally, it can be passible to open shutters or temporary inserted partitions manually after adcessing
the [high-voltage compartment:

— thg second relies op~user procedure and locking to ensure safety, the compartmen{ being
supplied with facilities for padlocking or equivalent; this type of compartment is designated
a "procedure-based accessible compartment”;

— thdg third doés—not provide any built-in feature to ensure electrical safety before ogening.
Sugh compartments need tools to be opened; they are designated "tool-based accgssible
compartments".

pes of accessik . oF are available to the user and are
provided for normal operation and maintenance. Corresponding covers and/or doors of these
two types of accessible high-voltage compartments do not require tools for opening.

If a high-voltage compartment requires tools for opening, then this is a clear indication that this
compartment is not designed for opening in normal use. The user should take other measures
to ensure safety, and possibly to ensure performance integrity, for example insulating conditions.
When made accessible, attention should be paid to the requirement (if any) to operate the
switching devices without voltage/current on the main circuit with doors and covers open as
part of the maintenance procedures.

Non-accessible high-voltage compartments should not be opened by the user as the opening
could destroy the integrity of the compartment. A clear indication not to open is provided on, or
is evident by a feature of the compartment, for example a completely welded GIS tank.
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9.101.3 Service continuity of the switchgear

The metal-enclosure is intended to provide a level of protection of persons against access to
hazardous parts and protection of the equipment against ingress of solid foreign objects. With
appropriate sensing and auxiliary control devices, it is also possible to provide a level of
protection against failure of insulation.

For each functional unit of an assembly the loss of service continuity category (LSC) describes
the extent to which other high-voltage compartments and/or functional units may remain
energized when a high-voltage compartment of this functional unit is opened.

Categ

accesgible compartment(s) and may require complete disconnection of the assembly Hr

syste

and making high-voltage conductive parts isolated and earthed before such-ope

Categry LSC2 family: these forms are intended to allow maximum continuity ef’service

netwo

openi

rg of accessible high-voltage compartments in a functional unit is possible while k

the other functional units of the same section energized. This implies.that at least one
may bg kept energized. Insertion of a movable partition may be used.to achieve this caf
refer tp 11.5.

LSC2
keepi
comp

LSC2

requires as a minimum that it is possible to open the connection compartmen
ng the busbar(s) live. There may or may not/,b€ other accessible high-\
grtments (e.g. main switching device).

A is applicable to an assembly that has accessible compartments other than fo

voltagé connection (for instance the main switching device compartment); this requires
is alloyved, after making the relevant high-voltage circuit isolated and earthed, or moved
discognected position with corresponding shutters closed, to open any high-\

comp

rtment while keeping the busbar(s)nergized (it is of course not allowed to open t

busbaf compartment(s) unless the live~¢onductors are embedded by solid-insulation m

and c

It cou

accesy

occur
etc.).

dmply with at least protection eategory PA of IEC 62271-201:2014).

If be of additional value fo,keep the high-voltage connection (e.g. cables) energized

vhen alternative pewer supplies are part of the installation (loop operation, gene
For these situations assemblies may be specified to be LSC2B; this requires th

connettion (cable) compartment may be kept energized when any other accessible high-y

comp

artment is opern.

The thfee categories of the LSC2 family can be summarized as follows:

— LS[2¢{, Designation for functional units with accessible high-voltage conn

co

of any
bm the
ning.

of the

k during access to the high-voltage compartments inside the assembly. It means that

beping
busbar
egory,

while
oltage

high-
that it
to the
oltage
he live
aterial

when

ing such other compartments of the corresponding functional unit. This situatign can

rators,
at the
oltage

ection

nor the other functional units to be put out of service;

TPartments wiere opemning the conmectonm compartment does not Tequite the busbar(s)

— LSC2A: Designation dedicated to LSC2 functional units in which all accessible high-voltage
compartments (other than the busbar of single busbar equipment) may be opened with a
busbar live;

— LSC2B: In addition to the requirements of LSC2A, the high-voltage connections (e.g. cables)
to the functional unit being accessed may be kept energized. This implies that there also is
a point of disconnection, as well as proper partitioning, between the accessed compartment
and the high-voltage connections.

Exam

ples:

1) LSC1 (Figure 1): a circuit-breaker functional unit with cable connections in the same

compartment as the circuit-breaker and busbar will be categorized as LSCL1.
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In Figures1-to Figure 9, the letter A means "Accessible compartment”.

2)

3)

4)

5)

6)

7)

8)

9)

LSC2 (Figure 2): a non-withdrawable circuit-breaker functional unit has two accessible
high-voltage compartments (other than the busbar compartment), and a disconnector in
the circuit-breaker compartment. It is not allowed to open the circuit-breaker
compartment with the busbar live. However, the high-voltage connection may be earthed
via the circuit-breaker: if there is full partitioning between the connection compartment
and the circuit-breaker compartment, then the connection compartment may be opened
with the busbar live. The functional unit should be categorized as LSC2.

LSC2 (Figure 3): a circuit-breaker functional unit with cable connections in the same
compartment as the circuit-breaker, this compartment being accessible with the busbar
live because it can be isolated and earthed by disconnector and earthing switch placed
in the busbar compartment.

LoCLZ (FIgure 4)7 Simifalr 10 FIgure o5, a TyplCal ring mailn Unit design (Kiviu) wnegre the
busbar compartment contains the switch-disconnectors or circuit breakers of ‘geveral
functional units is also categorized as LSC2.

LSC2A (Figure 5): this is similar to example 2, except that the disconnegiaris located in
the busbar compartment, and there is full partitioning between the busbar and gircuit-
breaker compartments. Both the circuit-breaker compartment and the connection
compartment may be opened safely with the busbar live after the-disconnector is dpened
and the earthing switch is closed. Access to the circuit-breakerCompartment rgquires
that the cables are isolated and earthed.

LSC2B (Figure 6): for non-withdrawable main switchingddevice designs. This is gimilar
to example 4, but in addition a second disconnector and earthing switch are prov{ded in
the connection compartment; there is full partitioning between the circuit-breaker
compartment and connection compartment. This,allows the circuit-breaker compajrtment
to be opened with both the busbars and conneCtioh compartment live.

LSC2B (Figure 7): for withdrawable designs-not incorporating an integrated earthing
switch on the withdrawable part. If the main switching device of each LSC2B fungtional
unit is fitted in its own accessible compattment, maintenance may be performed pn this
main switching device without \de-energizing the corresponding conrection
compartment. As a consequence,ca' minimum of three compartments for each LSC2B
functional unit is necessary in this*example:

— for each main switching device;
— for components connected to one side of a main switching device, e.g. feeder gircuit;
— for components connected to the other side of the main switching device, e.g. Husbar.

LSC1 (Figure 8):a bus-sectionalizer functional unit with a tool-based accgssible
compartment and-both busbar sections in one compartment is categorized as LS[C1.

No LSC assigned (Figure 9): Sectionalizer functional unit, each busbar section |fis in a
separatecempartment. No LSC can be assigned, because no connection compartment
is present in this functional unit.

Busbar
Disconnector/ compartment

i
Busbar |
earthing switch |

compartment

Disconnector/ |
||' earthing switch

_| || || Disconnector |

earthing switch |

I'___j____'
I

Al

CB compartment | |

Connection .
compartment Connection |
A Connection | compartment Al

\/
——————— ~ Y _ compartment A YA
IEC IEC ec

Figure 1 — LSC1 Figure 2 — LSC2 Figure 3 —LSC2
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Higure 4 — LSC2 Figure 5 — LSC2A Figurey6-- LSC2B
I » - - — - — — 1 I N I |
i Busbar | Busbar | ' Busbar | Busbar |
| compartment | | compartment | | compartment | compartmen |
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Figure 7 — LSC2B Figure 8 — LSC1 Figure 9 — No LSC assigned
9.101.4 Partition classés
There |are two types ¢f defined partition class, Class PM (3.6.107) and Class Pl (3.6.108).
Class |PI: one of/more accessible high-voltage compartments are surrounded by at legst one
partitign and/or_shutter made from solid-insulation material. Safety aspects are covered b}y tests,
refer tp 6.103.3.3.
Class Pir—aceessibte hlgh vu:tayc \,unlpaltlllcnta are—strrotndetd uu:y by metat 323 titions

and/or shutters that are earthed. A shutter may or may not be visible in the opened accessible
compartment itself.

The purpose is that no electric field is present in the opened compartment.

NOTE When a shutter is changing its position, the electrical field distribution around live parts behind the shutter
changes. This applies especially for class PM.

9.102 Ratings related to earthing circuits

For systems with a solidly earthed neutral, the maximum phase-to-earth current of the earthing
circuit I, could reach levels up to the rated short-time withstand current of the main circuit.
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For systems with other than solidly earthed neutral, the maximum phase-to-earth current of the
earthing circuit I, could theoretically reach levels up to 87 % of the rated short-time withstand

current of the main circuit (short-circuit under conditions of double-earth fault). However,
double-earth faults at independent locations have a very low probability of occurring completely
through the earthing circuit of the assembly. Therefore, this condition could be not applicable
and the user can select a reduced phase-to-earth short-time withstand current.

9.103 Internal arc fault
9.103.1 General

If the assembly is installed, operated and maintained in accordance with the manufacturer's
instrudtions reference, there should be little probability that an internal arc occurs, but|it may
not be completely disregarded. Failure within the enclosure of an assembly due-geithgr to a
defect|or an exceptional service condition or maloperation may initiate an intermal-arc,| which
constifutes a hazard, if persons are present.

When |selecting an assembly, the possibility of the occurrence of internal*arc faults shduld be
propefly addressed, with the aim of providing an acceptable protectionclevel for operatols and,
wherelapplicable, for the general public.

This protection is achieved by reducing the risk to a.tgdlerable level. Accord|ng to
ISO/IHC Guide 51:2014 [13], risk is the combination of the probability of occurrence of & harm
and the severity of the harm. (Refer to Clause 5 of ISO/IEC Guide 51 2014 [13] on the cpncept
of safdty.)

Thereflore, the selection of adequate equipment, in¥elation to internal arc, should be goyerned
by a pfocedure to achieve a level of tolerable risk: Such a procedure is described in Clause 6
of ISOfIEC Guide 51:2014 [13]. This procedure™is based on the assumption that the useff has a
role to|play in the risk reduction.

9.103.p Causes and preventive megasures

Experience has shown that faults are more likely to occur in some locations inside an endlosure
than in others. For guidance,~Table 2 gives a list of locations where experience shows that
faults are most likely to occur.talso gives causes of failure and possible measures to deg¢rease
the probability of internal arc faults. If necessary, the user should implement those applicable
to the jnstallation, commissioning, operation and maintenance.

2t.

NOTE [t is well documented that the arc energy transferred during internal arc testing is not predictable by
9.103.8 Supplementary protective measures

The finstproetective measure if the risk of an internal arc fault is not negligible is to spec|fy IAC
classifjed*assemblies.

Other measures may be adopted to provide protection to persons in case of an internal arc.
These measures are aimed to limit the external consequences of such an event.

The following are some examples of these measures:

— rapid fault clearance times initiated by detectors sensitive to light, pressure or heat or by a
differential busbar protection;

— application of suitable current-limiting devices (e.g. fuses, or devices that employ
pyrotechnic means to commutate current to a current-limiting fuse) to limit the let-through
current and fault duration;
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fast elimination of arc by diverting it to metallic short-circuit by means of fast-sensing and
fast-closing devices;

NOTE Arc limiting devices are out of the scope of this document. For more information about arc limiting
devices, refer to Cigré Technical Brochure 686 [11].

remote operation instead of operation in front of the assembly;
pressure-relief device;

transfer of a withdrawable part to or from the service position only when the front door is
closed.
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Table 2 — Locations, causes and examples of measures
to decrease the probability of internal arc faults

Locations where internal
arc faults are most likely
to occur

(1)

Possible causes of
internal arc faults

(2)

Examples of possible preventive meas

(3)

ures

Connection compartments

Inadequate selection of
cable and/or cable
connection

Selection of adequate dimensions.
Use of appropriate materials.

Faulty installation

Avoidance of crossed cables connections. Checking of

workmanship on site. Correct torque.

Failure of solid or liquid Checking of workmanship and/or dielectric tesf on site.
insulation Regular checking of liquid levels, where.applidable.
(defective or missing)

Disconpectors Maloperation Interlocks (refer to 6.12). Delayed-reopening.

- Independent manual operation./NMaking capacity for
Switchgs switches and earthing switches, Ifstructions td
Earthirjg switches personnel.

Bolted [connections and Corrosion Use of corrosion inhibiting“coating and/or greases. Use

contacts of plating. Encapsulation, where possible.
Supplemental hegating to prevent condensatior].

Faulty assembly Checking of workmanship by suitable means. Correct
torque. Adeguate locking means.

During racking-in or racking- | Checking of workmanship at site.

out of withdrawable parts,

e.g. due to dielectric change

of state in combination with

damage or distortion of the

plugging contacts and/or

shutters

Instrunjent transformers Ferro-resonance Avoidance of these electrical influences by suitable
design of the circuit.

Short-circuit on-fow-voltage | Avoid short-circuit by proper means, e.g. protgction
side for VTs cover, low-voltage fuses.

Circuit{breakers Insufficient maintenance Regular programmed maintenance.

Instructions to personnel.

All locdtions Error by personnel Limitation of access by compartmentalization.
Insulation embedded live parts. Instructions to
personnel.

Ageing under electric Partial discharge routine tests.

stresses

Pollution, moisture ingress Measures to ensure that the specified service

of dust, vermin, etc. conditions are achieved (refer to Clause 4). Uge of gas-
filled compartments.

OVETVOItages SUTgE protection. Adequate msutation co-ordimation.

Dielectric tests on site.

9.103.4

Considerations for the selection and installation

The user shall make a proper selection, taking into account the characteristics of the network,
operating procedures and service conditions. As well, considering the protection of the persons
during service, the following points shall be considered:

— not all assemblies are IAC classified;

— not all assemblies are of withdrawable design;

— not all assemblies are fitted with a door which can be closed in the positions defined in

3.6.109 to 3.6.110.
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As a guide for the selection of the adequate assembly with respect to the risk of internal arcs,
the following criteria may be used:

— where the risk is considered negligible, IAC classification is not necessary for the assembly;

— where the risk is considered to be relevant, only assemblies with IAC classification should
be used.

For the second case, the selection should be made by taking into account the foreseeable
maximum level of current and duration of the fault, in comparison with the rated values of the
tested equipment. In addition, the installation instructions of the manufacturer should be
followed (refer to Clause 11). In particular, the location of personnel during an internal arc event
is important. The manufacturer should indicate which sides of the assembly are classified as
accesgible and the user should follow the instruction carefully. Allowing personnel to,enter an
area npt designated as accessible may lead to personnel injury.

The piotection of persons in case of an internal arc is not only a matter of-design anfd IAC
classifjcation of the assembly, but depends also on the installation conditions?)Internal arg faults
inside|an assembly can occur in a number of locations and can causé various physical
phenomena. For example, the arc energy resulting from an arc developed\in any insulating fluid
within the enclosure will cause an internal overpressure and local ovérheating which will result
in meghanical and thermal stressing of the equipment. Moreover, the materials involvgd may
produge hot decomposition products, either gaseous or vaporous,-which may be discharnged to
the odtside of the enclosure. From this point of view, immediate evacuation and further
ventilation of the switchgear room, before re-entering the(site, is required and appropriate
measures should be considered for the installation on sjt&¢

9.103.p Internal arc test

The infernal arc test is in general intended to verify the effectiveness of the design in protecting
persorns in case of an internal arc, when thecassembly is in normal operating conditiof. This
test ddes not assess the behaviour of the assembly under any condition of maintenance of work,
when parts of the enclosure, including thedow-voltage compartment, are open or dismantled.

The internal arc test is only applicable to assemblies that have an assigned internal arc
classifjcation.

Internal arc tests are not_iftended to cover for example:

— thdinfluences of anh internal arc between compartments, nor the damage to internal partition
angl shutters not\b€ing accessible in normal operating conditions;

— ard faults outside the enclosure, for example in the connecting cables;

— thg effectsscaused by an explosion of high-voltage components;

— thg presence of gases with potential toxic characteristics, or the hazard of fire propdgation
to cambustible materials or equipment placed in the proximity of the assembly;

— the effect of change of state of shutters while withdrawable or removable parts are moving;

— arc faults during operation of switching devices or during connection or disconnection of
removable components;

— arc faults during maintenance works;
— overpressure effects inside the building where the hot gases are released.

NOTE 1 |IEEE C37.20.7 addresses IAC classification with Suffix B designation for opened low-voltage
compartments and with Suffix C designation for arc protection between compartments [5].

NOTE 2 It is in general not possible to calculate the permissible arc duration for a current which differs from that
used in the test. The maximum pressure during the test will generally not decrease with a shorter arcing time and
there is no universal rule according to which the permissible arc duration can be increased with a lower test current.

NOTE 3 Lower current level can influence the behaviour of the pressure relief devices and the burn through
performance.
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9.103.6 IAC classification

9.103.6.1 General

Classification IAC gives a tested level of protection of persons under conditions as stated in
7.105.2. It relates to personnel protection under these conditions; it does not relate to personnel
protection under maintenance conditions nor to service continuity.

In the case where classification IAC is assigned according to 5.103, the assembly will be

design

ated as follows:

— general: classification IAC (initials for Internal Arc Classification);

- ac
— clal

— rat
Sin
wh
du
sin
sin
the
ea

essibility: A or B (according to 5.103.2 and A.2.2);
ssified sides: F,L, R (according to 5.103.2 and A.2.2);

bd values: arc fault current in kilo-amperes (kA), and duration in\secong
gle-phase values may be assigned to an assembly, having one or mare compar
pre its construction will prevent the arc from becoming multiphases ‘as demons
ing the internal arc test. The relationship between network{ heutral earthin
gle-phase-to-earth arc fault current is given in Table 3. dJsérs should spe
gle-phase-to-earth arc fault current rating when they require alvalue higher than 8
three-phase rating, or may accept a lower value, depending on the network
thing.

Table 3 — Single-phase-to-earth arc fault current
depending on the network neutral earthing

s (s).
ments
strated
g and
cify a
7 % of
neutral

Typ§

of network neutral earthing Singlesphase-to-earth arc fault current

Isola

ed neutral up to 87 % of thejthree-phase rated arc fault current

Impe|

Hance earthed neutral 100 % of the rated single-phase-to-earth arc fault current

Solid

y earthed neutral 100 % of(the three-phase rated arc fault current

NOT
other

NOT
reach
cond
of a

somg

F 1 If the rated single-phase-to-earth~arc fault current covers the condition of solidly earthed neut
earthing conditions of the network are“also covered.

F 2 For systems with isolated\ieutral, the maximum single-phase-to-earth fault current could theorg
levels up to 87 % of the thrée-phase rated arc fault current (single-phase-to-earth fault current
tions of double-earth fault). However, double-earth faults at independent locations in the proximate
single-phase-to-earth fault subjected assembly have a very low probability. Therefore, this condi
times not applicable(and the user can specify a reduced single-phase-to-earth arc fault current ratin

ral, all

btically
under
icinity
tion is
g.

The dg

9.103.

signationyis included in the product documentation (refer to 6.11).

5.2 Examples

EXAM

PLE 1

An assembly rated for a fault current (RMS) of 12,5 kA, for 0,5 s and for installation in a site of

public accessibility in front, lateral and rear side, is designated as follows:
IAC BFLR

Arc fault current 12,5 kA

Arc fault duration 0,5s

Designation: IAC BFLR 12,5 kA, 0,5 s
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EXAMPLE 2

An assembly rated for a fault current (RMS) of 16 kA, for 1 s and for installation in the following
conditions:

front: public accessibility
rear: restricted to operators
lateral: not accessible

is designated as follows:

IAG BF-AR
Arg¢ fault current 16 kA
Ar¢ fault duration 1s

Designation: IAC BF-AR 16 kA, 1 s
EXAMPLE 3

An asgembly, restricted to be used with plug-in connectors in earth fault protected, idolated
neutral or impedance earthed networks where a maximum earth fault current of 2 kA prevails.
If rategl for a fault current (RMS) of 20 kA, for 0,5 s, but forthe connection compartment only
for 2 k]A for 1 s, with assigned access, for authorized personnel only, to front, lateral arnd rear
side, i$ designated as follows:

IAC AFLR
Arg fault current 20 kA
Arg fault duration 055 s
Single-phase-to-earth arc fault current’, 2 kA

Sirjgle-phase-to-earth arc fault duration 1s

Designation: IAC AFLR 20 kA, 0,5;s (connection compartment l,: 2 KA, 1 s)

EXAMPLE 4

An asgsembly with solid-insulation enclosing the high-voltage conductors, rated for a single-
phaseffault current.(RMS) of 12,5 kA, for 0,5 s and for installation in a site of public accessibility
in fronf, lateral andrear side, is designated as follows:
IAC BFLR
Si
Single-phase-to-earth arc fault duration 0,5 s

rglephase-to-earth arc fault current 12,5 kA

Designation: IAC BFLR 1. 12,5 kA, 0,5 s

EXAMPLE 5

An assembly with a top compartment for the voltage transformers, protected by fuses that are
located in another compartment.

The functional unit is tested for a fault current of 20 kA for 1s except the voltage transformers
compartment which is tested with the (dummy) fuse type that causes the highest cut-off current
(refer to 7.105.2).
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The assembly intended to be installed in rooms for authorized personnel only with access to
front and lateral sides, is designated as follows:

IAC
Arc
Arc

Design

AFL
fault current 20 kA
fault duration 1ls
ation: IAC AFL 20 kA, 1 s (VT-compartment: fuse protected)

EXAMPLE 6

make them inoperative, as declared by the manufacturer, are tested with the 16 kA short

curren

charadteristics of the arc limiting device at 45 ms (refer to 7.105.2).

An as1embly with arc limiting devices being integral part of the design without the possik

ility to
circuit

and a protection relay setting of 1s. The duration of the arc is defined by the

The agsembly intended to be installed in rooms for authorized personnelhonly with acdess to
the front, lateral and rear sides is designated as follows:
IAC AFLR
Arg¢ fault current 16 kA
Arg fault duration 0,045 s
Designation: IAC AFLR 16 kA, 0,045 s
9.104 | Summary of technical requirements, ratings and optional tests
Techn|cal requirements, ratings and optional.tests for assemblies are summarized in Ta

Table 4 — Summary 0f¢technical requirements, ratings
and optional tests for assemblies

ble 4.

User to indicate

Information
not relevant)

Clause/subclause of | requirement as appropriate
this document (leave blank if unknown or

Particlulars of system (not eguipment rating):

Nom

nal voltage kv

Fregpency Hz

Numper of phases

Type

of network neutral earthing 9.102

Characteristics of the assembly

Number of poles

conditi

Class —indoor, outdoor (or special service 4

ons)
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Information

Clause/subclause of
this document

User to indicate
requirement as appropriate
(leave blank if unknown or

not relevant)

Type of compartment (specify type for each high- 3.5.109 Busbar compartment:
voltage compartment) if applicable: ) )
Main device compartment:
Interlock-controlled accessible compartment 3.5.110 )
Connection compartment:
Procedure-based accessible compartment 3.5.111
CT compartment:
Tool-based accessible compartment 3.5.112
VT compartment:
Non-accessible compartment 3.5.113 )
Connection/CT compartment:
Main switching device/CT
compartment:
Other compartments (s{ate):
Partitipn class 3.6.106
Clas$ PM 3.6.107
Clas$ PI 3.6.108
Withdfawable/non-withdrawable (main device type) 3.5.120 (Withdrawable/non-
withdrawable):
Loss qf service continuity category (LSC) per type of
functignal unit
LSC 3.6,402
LSC2A 3.6)103
LSC?B 3.6.104
LSC 3.6.105
Rated|voltage U, 5.2
3,6 kV; 7,2 kV; 12 kV; 17,5 kV; 24 kV; 36 kV, etc.
Number of phases 1, 2 or 3
Rated|insulation level: 5.3 (Common value/across|the
. isolating distance)
powqr-frequency withstand voltage Uy
a) /
Lightning impulse withstand voltage Up b) /
Rated|frequency f, 5.4
Rated|continuous current I 5.5
Incomer a)
Bushar b)
Feeder c)
Rated Short=time withstand curTent 56
Main circuit (incomer/busbar/feeder) I, a)
Phase-to-earth earthing circuit o 9.102 b)
Rated peak withstand current 5.7
Main circuit (incomer/busbar/feeder) Ip a)
Phase-to-earth earthing circuit Ipe 9.102 b)
Rated duration of short-circuit 5.8
Main circuit (incomer/busbar/feeder) t, a)
Phase-to-earth earthing circuit t 9.102 b)
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Information

Clause/subclause of
this document

User to indicate

requirement as appropriate
(leave blank if unknown or

not relevant)

Rated supply voltage of closing and opening devices

and of auxiliary and control circuits U,

a) Closing and tripping
b) Indication

c) Control

5.9

a)
b)

c)

Rated supply frequency of closing and opening and of

5.10

auxiligrycircaits

Interngl arc fault IAC

Types|
side(s

of accessibility to the assembly (specify the
for which they are required)

A regtricted to authorized personnel only

B unfestricted accessibility (includes public)

Classification current value in kA and duration in s

3.6.106
5.103.2

Examples in 9.103.6

5.103.4 and 5.103.5

Y/N

Ffor\front side:
Lfor lateral side:

R for rear side:

(state fany additional requirements to 5.11)

Rated|cable test voltages U 5.102 AC and/or DC
Low- dnd high-pressure interlocking and monitoring 6.10

devicgs (state requirements e.g. lock-out on low-

pressyre indication, etc.)

Lockir]g devices 6.12

Degreps of protection by enclosures (if not IP2X):

6.14.2 (refer to
6.102.1 and 6.102.3)

With|doors closed a)
With|doors open 6.14.3 b)
WeatHerproofing test
Partia| discharge tests 7.2.10 Agree with manufacturgr the
test values
Partia| discharge measuremeant 8.101 Agree with manufacturgr the
test values
Additional information, e.g. installation conditions
10 Infornration to be given with enquiries, tenders and orders (informative)

10.1 General

Subclause 10.1 of IEC 62271-1:2017 is applicable.

10.2 Information with enquiries and orders

Subclause 10.2 of IEC 62271-1:2017 is not applicable.

When enquiring about or ordering an assembly, the following information should be supplied by

the enquirer.

a) Particulars of the system:

Nominal and highest voltage, frequency, type of system network neutral earthing.
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b) Service conditions if different from normal service conditions (refer to Clause 4):

To be addressed is any condition deviating from the normal service conditions, as, for
example, exposure to unusual vapour, moisture, fumes, explosive gases, excessive dust or
salt, thermal radiation (e.g. solar), altitude, the risk of earth tremors or other vibrations due
to causes external to the equipment to be delivered.

c) Specification of the assembly:

1)
2)
3)

indoor or outdoor installation;
number of phases;
number of busbars, as shown in the single line diagram;

4)
5)
6)
7)
8)
9)
10
11
12
13
14
15
16

17
18

rated frequency;

rated insulation level;

rated continuous currents of busbars and feeder circuits;
rated short-time withstand current (1,);

rated duration of short-circuit (if different from 1 s);

rated peak withstand current (if different from 2,5 1,);

rated cable test voltages, if required;

rated values of components;

degree of protection for the enclosure and partitions;

circuit diagrams;

description by name and type (accessibility) of the various compartments, if reg

loss of service continuity category (SC1, LSC2, LSC2A or LSC2B) for each {
functional unit, where applicable;

Partition class (PM or PI), if any;

classification IAC, if required) with corresponding accessibility type, arc fault (
and duration, as applicable.

d) Pdlrticulars of the operating devices:

1
2)
3)
4)
5)

Beyon

type of operating devices;

rated supply voltage (if any);
rated supply frequency (if any);
rated sapply pressure (if any);
specialinterlocking requirements.

. thesSe items, the enquirer should indicate every condition which might influen

uired;
ype of

urrent

ce the

tender

orrtha ardar for axvamnle cshnecial maountina aor eraction conditions tha rilac faor nr
S—He-orae—+oexatipres—SpectarodhitHihig-o—erecHo-coRatHohRsS—tHe- e sS1o+pHt

essure

vessels, requirements for cable testing, treatment of exhausting gases, specific dimensions.

The enquirer should state any request for conformity assessment information, documentation
or procedure. Information should be supplied if special type tests and/or routine tests are
required.

10.3

Information with tenders

Subclause 10.3 of IEC 62271-1:2017 is not applicable.

The following information, if applicable, should be given by the manufacturer with descriptive
material and drawings:

a) Rated values and characteristics as enumerated in item c) of 10.2;
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b) Conformity assessment evidence as requested;
c) Constructional features, for example:
1) mass of the heaviest transport unit;
2) overall dimensions of the installation;
3) arrangement of the connections to external conductors;
4) facilities for transport and mounting;
5) mounting provisions;
6) description by name and category of the various compartments;

7) classified sides;

8)| instructions for installation, operation and maintenance,;
9)| type of gas-pressure or liquid-pressure system;
10) filling level and minimum functional level,
11) volume of liquid or mass of gas or liquid for the different compartments;
12) specification of gas or liquid condition.
d) Pdlrticulars 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;
4) |list of recommended spare parts that should bé&/procured by the user.

11 Trdansport, storage, installation, operating instructions and maintenance

11.1 |[General

Subclguse 11.1 of IEC 62271-1:2017 istapplicable.

11.2 |Conditions during transport, storage and installation

Subclquse 11.2 of IEC 62271-1:2017 is applicable.

11.3 [Installation

Subclguse 11.3 ofSlEC 62271-1:2017 is applicable with the following additions to 11.3.4;

The purchaser(user) should evaluate the risks of the installation and decide how to insfall the
assemply.\However, it should be noted that in the case of IAC classified assemblies, any
deviatjon‘ffom the installation instructions, which shall be provided by the manufacturer| could
impair the internal arc performance.

Possible overpressure inside the building, due to an internal arc fault in the assembly, should
be considered.

11.4 Operating instructions

Subclause 11.4 of IEC 62271-1:2017 is applicable with the following additions:

The individual high-voltage compartments of each type of functional unit shall be defined from
the four types of high-voltage compartments that are distinguished; three that can be opened,
called accessible and one not designed to be opened, called non-accessible, refer to 3.5.110
to 3.5.113.
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The manufacturer shall state in the manufacturer's instructions reference which type is

applicable for each compartment within the assembly.

— For interlock-controlled accessible compartments, refer to 6.12 and 6.102.2;

— For procedure-based or tool-based accessible compartments, refer to 6.102.2;

— Special procedures are required for opening tool-based accessible compartments;

— Non-accessible compartments should not be opened by the user as the integrity of the
compartment could be destroyed.

The LSC category of each type of functional unit shall be given, where applicable (refer to
3.6.101 and 6.103).

Operating instructions are provided as "Instructions for Use" which shall be defined|in the
manufpcturer's instructions reference. This is considered as part of "normal usg®. Refer to
3.1.10f.

11.5 [Maintenance

Subclguse 11.5 of IEC 62271-1:2017 is applicable with the following-additions:

If temporarily inserted partitions are required, while performing .certain maintenance procg¢dures,
to preyent accidental contact with live parts, then:
— thg manufacturer shall offer to supply the required pattitions or their design;

— thg manufacturer shall give advice direction regarding the maintenance procedure apd use
of partitions;

— wheninstalled according to the manufacturer’s directions, the requirements IP2X (acdording
to [EC 60529:1989, IEC 60529:1989/AMD13;1999 and IEC 60529:1989/AMD2:2013) spall be
meit;

— su¢h partitions shall meet the requirément of 6.103.3;

— thdg partitions and their supports shall have sufficient mechanical strength to avoid inc{dental
comtact of live parts.

NOTE |[Barriers and supports provided for mechanical protection only are not subject to this document.

After & short-circuit event*in service, the earthing circuit should be examined for pdtential
damade and replaced-in-whole or in part if needed.

12 Safety

Clause¢ 12'of IEC 62271-1:2017 is applicable, with the following additions:

12.101 Procedures

Suitable procedures should be put in place by the user to ensure that a procedure-based
accessible compartment may be opened only when the part of the main circuit contained in the
compartment being made accessible is isolated and earthed, or in the withdrawn position with
corresponding shutters closed, or that parts remaining live are embedded by solid-insulation
material complying with at least class PA of IEC 62271-201:2014. Procedures may be dictated
by legislation of the country of installation or by user safety documentation (e.g. EN 50187 [14]).

12.102 Internal arc aspects

As far as the protection of persons is concerned, the correct performance of the assembly in
case of an internal arc is not only a matter of design of the equipment itself, but also of the
installation conditions and operating procedure, refer to 9.103 and 11.3.
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13 Influence of the product on the environment

Clause 13 of IEC 62271-1:2017 is applicable.
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A.l1l

The rdom shall be represented by a floor, ceiling and two walls perpendicular to each
Wherel intended for evacuation of internal arc gases, simulated cable access ways

exhau

NOTE I The dimensions of the room simulation establish defined test conditions, however real ins|
conditiops generally deviate, refer to 11.3.

Ceilin

The tept shall be performed at a ceiling height as specified by themanufacturer.

The cgiling height is always stated from the floor or false floor level where the assern

actual
during

HoweVer, the ceiling shall be located as a minimum:

The he¢ight of the test object is determined by its most upper part that influences the ga

includi
The p

The te

and cdiling larger than the*tested ones.

EXAMP

higher distances.

If the
betwe
distan
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Annex A
(normative)

Internal arc fault —
Method to verify the internal arc classification (IAC)

Room simulation

Room simulation for indoor assemblies

5t ducts shall also be built.

y

y placed, refer to Figure A.8. This is also the level where the indicator racks are
the IAC test.

at a distance not less than 200 mm (£504mm) above the height of the test object

at a distance of 2 000 mm (£50 mm).from the floor or false floor, if the height of t
object is less than 1 800 mm, referto Figure A.5.

ng pressure relief flaps (if any) in the highest open position by design and constr
essure relief flaps shall not-strike the ceiling during opening.

5t results performediwith these conditions are valid for all distances between test

| E A test performed with a distance between the test object and ceiling of 600 mm is valid for this

other.
and/or

fallation

nbly is
placed

and
he test

5 flow,
Liction.

object

and all

manufacturer states a distance between the ceiling and the height of the test

ceuray be declared as admissible for the installation instructions.

Lateral wall

object

bn0.mm and 200 mm, the test results are only valid for this ceiling distance aTd this

The lateral wall shall be placed at 100 mm (x30 mm) from the left or right lateral side of the test
object. A lower distance may be chosen provided that it can be demonstrated that any
permanent deformation of the lateral side of the test object is not interfered with or limited by
the wall.

The test results performed with these conditions are valid for all distances between the test
object and lateral wall larger than the tested ones, provided that the gases are not directed to
the walls.
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Rear wall

The test object shall be placed at a distance to the rear wall depending on the accessibility of
the rear side of the assembly. Test objects consisting of functional units with various depths
shall have the required distances at the functional unit with the largest depth.

In all cases the distance from the rear wall to the assembly is measured from the surface of the
enclosure, disregarding protruding elements not expected to influence the evacuation of hot
gases (e.g. handles).

Non-accessible rear side

Unlesg the manufacturer states a larger minimum clearance, the wall shall allow a cleargnce to
the redr of the test object of 100 mm (30 mm). A lower clearance may be chosencprevided that
it can be demonstrated that any permanent deformation of the rear side of the teéstobjecf is not
interfeyed with or limited by the wall.

This t¢st arrangement is deemed valid for an installation mounted closer to the wall thian the
test drrangement, provided that two additional conditions are' |met (refer to 7.105.5
criterign No. 1).

If thesp conditions cannot be demonstrated, or the manufactucer requires direct qualificdtion of
a wallimounted design, a specific test without clearance to‘the rear wall shall be carried out.
HoweVer, the validity of such a test shall not be extended to any other installation condition.

When |the test is carried out at any larger clearance to the rear wall, as stated by the
manuffcturer, this clearance shall be declared.as a minimum admissible for the instgllation
instrudtions. The instructions shall also includevguidance on the obligation to adopt megasures
preverting persons to enter that area.

Acceslsible rear side

The refar wall shall leave a standard clearance of 800 mm (+108 mm) from the rear side| of the

test ohjject.

The tept also covers ipstallation conditions with the rear side at a distance to the wall of 3p0 mm
and more in case @f ;dccessibility type A has been tested, or 100 mm and more in cpase of
accesgibility typeyB-has been tested, although such installation conditions may prevent|actual
accesg to the rear side. A lower clearance than 300 mm to the rear wall may be covered|by the
type Altest foraccessible rear side, when the type A indicators are fitted at the rear side| as for
accesgibjlity type B.

Special case, use of exhausting ducts

If the manufacturer claims that the design requires that cable access way and/or any other
exhausting duct, not belonging to the assembly, need to be used to evacuate gases generated
during the internal arc, their minimum cross-section dimensions, location and output features
(flaps or grid, with their characteristics) shall be stated by the manufacturer. The test shall be
carried out with simulation of such exhausting ducts. The output end of the exhausting ducts
shall be at least 2 000 mm away from the assembly under test.

If tests are performed with the exhausting duct installed on top of the object, the recommended
distance of the test object to the ceiling is 100 mm (x50 mm), in order to document in the test
report permanent deformations of the exhausting duct. The test results performed with this
distance are valid for all distances between test object and ceiling larger than the tested one.
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If the exhausting duct is mounted below the assembly, the simulated false floor shall be placed
at a height allowing installation of the specified duct, refer to Figure A.8 b).

NOTE 2 The possible effects of hot gases at the end and around the exhausting duct beyond the indicators, are not
covered by the tests in this document.

A.1l.2 Room simulation for outdoor assemblies

Neither ceiling nor walls are required if accessibility is stated for all sides (F, L, R). Simulation
of cable access ways shall be constructed, if necessary, as indicated above.

From the point of view of internal arc, an outdoor assembly with IAC performance validated
underlmaoor Installation conditions I1s considered t0 be validated also for outdoor appljcation
with the same accessibility requirements, cable access ways and floor disposition.

In casps where assemblies for outdoor application are intended to be placed @nder a ghelter
(e.g. for protection against rain) which lowest part is less than 1 500 mm ahqve the assgmbly,
a corr¢sponding ceiling shall be placed for internal arc test. If such an assembly has dlready
been tpsted for indoor installation conditions, the outdoor application is-already covered|in this
respedt. The ceiling height used for the indoor test is considered asyminimum height for the
sheltef.

A.2 [|Indicators (for assessing the thermal effects ofi.the gases)

A.2.1 General

Indicafors are pieces of black cotton cloth so arranged that their cut edges do not point foward
the tegt object.

Black |cretonne (cotton fabric approximately 150 g/m?2) or black cotton-interlining lawn
(approximately 40 g/m2) shall be used for‘indicators, depending on the accessibility confition.

NOTE |[Black cretonne (cotton fabric approximately 150 g/m?) is considered to represent workman's [clothes,
whereag cotton-interlining lawn (approxifately 40 g/m?) is considered to represent light summer wear of the[general
public.

It shal] be prevented that Vertical indicators can ignite each other. This is achieved by fitting

them ip a frame of steel~sheet, with a depth of 2 x 30 mm (,(3) mm) (refer to Figure A.1),

With the horizontal'indicators, ensure that glowing particles do not accumulate. This is achieved
if the ihdicators-are mounted without frame (refer to Figure A.2).

+15
m

The indicator dimensions shall be 150 mm x 150 mm ( 8 m)

A.2.2 Arrangement of indicators

Indicators shall be placed at each classified side on a mounting rack, at distances depending
on the type of accessibility. Both vertical and horizontal indicators shall be evenly distributed,
arranged in a checkerboard pattern, covering 40 % to 50 % of the areas to check.

The length of the mounting rack shall be larger than the test object to take into account the
possibility of hot gases escaping at angles of up to 45°, from the surface under test. This means
that the mounting frame on each side, if applicable, shall be at least 100 mm longer than the
functional unit under test in case of accessibility type B, or at least 300 mm in case of
accessibility type A, provided that the position of the wall in the arrangement of the room
simulation does not limit this extension.
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The requirements for the indicators are:

a) Accessibility type A (authorized personnel)

Black cretonne (cotton fabric approximately 150 g/m2) shall be used for the indicators.

Indicators shall be fitted vertically at all classified sides of the assembly up to a height of
2 000 mm (£50 mm), refer to Figure A.3 and Figure A.4.

The distance from the indicators to the assembly shall be 300 mm (x15 mm).

Indicators shall also be arranged horizontally at a height of 2 000 mm (x50 mm) above the
floor as described in Figure A.3 and Figure A.4 and covering the whole area between
300 mm (30 mm) and 800 mm (30 mm) from the assembly. When the ceiling is placed at

etght-of 2-0686-mm -mm-above-the-floot(referto At nohotrizontatindicaters are

a

b) Acgessibility type B (general public)

The distance from the vertical indicators to the assembly.shall be 100 mm (5 mm).

The di
of the
to influ

If the
placed

#ll be used for these horizontal indicators.

tever the height of the assembly; black cotton-interlining lawn (approXimately 4Q

ck cotton-interlining lawn (approximately 40 g/m?2) shall,be)used for indicators
e B classified sides.

For test objects greater than or equal to 1 900 mm:

Vertical indicators shall be fitted vertically at\alt classified sides for the assembly
2 000 mm (£50 mm) above the floor, referd¢o)Figure A.3 and Figure A.6.

Horizontal indicators shall be arranged'@t a height above the floor and coveri
whole area between 100 mm (x5 mm)*and 800 mm (x50 mm) from the assembly
to Figure A.6.

For test objects with actual height lower than 1 900 mm:

object, refer to Figure A.3(@nd Figure A.7.
Horizontal indicators shall be placed above the upper accessible surface, at a di
of 100 mm (£5 mm)y.refer to Figure A.7.

stance from theTindicators fitted vertically to the assembly is measured from the s
pnclosure of the functional unit under test, disregarding protruding elements not ex
ence the gyvacuation of hot gases (e.g. handles).

as,shown in Figure A.9, and in case of accessibility type B, the indicators shall be

r walk

pssible

pe B),
g/m?)

or the

up to

ng the
, refer

Vertical indicators shall be_fitted up to a height 100 mm (£50 mm) higher than the test

stance

urface
pected

surface of the assembly is not regular, the indicators for accessibility type A shall be

pblaced

100 m

m from the surface of the protrusion

In the case where a bottom exhaust duct is part of the assembly and is walkable as integrated
part of the simulated false floor, additional horizontal indicators shall be placed 100 mm above
the bottom exhaust duct in an area between the vertical indicators and 800 mm from the

assem

bly, refer to Figure A.10.
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Tolerances for geometrical dimensions of test arrangements

Summary of tolerances for geometrical dimensions of test arrangements as given in the text
(the values given there in brackets are tolerances only for the actual test arrangement and do
not extend the required values):

Distance between test object and ceiling: +50 mm
Distance between test object and lateral wall: +30 mm
Distance between test object and rear wall (non-accessible): +30 mm
Distance between test object and rear wall (accessible): 0/+100 mm
Indicator dimensions: 0/+15 mm
Depth of-the-steetframe-for-indicators: =379 mm
Heigh{ of indicators: +50 mm
Distangce between test object and indicators
Accepsibility type A: +30 mm
Accepsibility type B: 5 mm
A.4 |Test parameters
A.4.1 General
A test |performed at a given voltage, current and duration is generally valid for all lower palues

of curn

A.4.2

The te
voltag

a) thq
co

b) thg
Te
the
lag
co

A.4.3
A.4.3.

The te
the ap

ent, voltage and duration.

Voltage

b lower than the rated voltage is chosencthe following conditions shall be met.

average RMS current value during-the test as computed by a digital recording
mplies with the current requirements’ of A.4.3.1;

arc is not extinguished premdturely in any of the phases in which it has been in

intervals without currentidees not exceed 2 % of the test duration and the single
t no longer than to the next prospective current zero, provided that the integral of
mponent of the current equals at least the value specified in A.4.3.1 in the relevant

Current
| AC cemponent

S5t current’shall be set within a £5 % tolerance of the rated arc fault current (1, or

plied_voltage is equal to the rated voltage, this tolerance is applicable only
ctive current.

prosp€

mporary single-phase extinguishing is permitted, as long as the cumulated dura

st shall be performed at any suitable voltage’up to and including the rated voltage. If a

device

tiated.
tion of
events
he AC
bhase.

Ine)- If
to the

The current should remain constant. If the capability of the test plant does not permit this, the
test shall be extended until the integral of the AC component of the current (I*t) equals the

value specified within a tolerance of (+18 %). In this case, the current shall be equal to the

specified value at least during the first three half-cycles and shall not be less than 50 % of the

specifi

ed value at the end of the test.

If a value of 1, is assigned to the assembly which is greater than 87 % of 1,, any two-phase

tests s

NOTE

hall use the value of I, for the test current.

Rationale for 87 % is the arc fault test with 2-phase ignition.
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A.4.3.2 Peak current

The instant of closing shall be chosen so that the peak current is flowing in one of the outer
phases, and a major loop also occurs in the other outer phase.

If the applied voltage is equal to the rated voltage, the peak value of the prospective current
shall be set to 2,5 times (for frequencies up to 50 Hz) or 2,6 times (for both 50 Hz and 60 Hz)

the RMS value of the AC component defined in A.4.3.1 with a tolerance of +8 %. If a higher DC

time constant is specified by the manufacturer, a uniform value of 2,7 times the RMS value of
the AC component should be used as a rated value for both 50 Hz and 60 Hz applications.

If the
irrelev
value.

In cas

voltage is lower than the rated voltage, the peak value of the prospective cur
ant, but the peak value of the test current shall not drop below 90 % of the-rate

b of two-phase initiating of the arc, the instant of closing shall be chosen to provi

maximum possible DC component.

A.4.4

At a rd
shall b
by mo

A.5

A.5.1
A.5.1.

The sy
The n4
in suc
arrang

A.5.1.

One tg

Frequency

ited frequency of 50 Hz or 60 Hz, the frequency at the fitst three half-cycles of t
e between 48 Hz and 62 Hz. At other frequencies it shall not deviate from the rateg
e than +10 %.

Test procedure

Supply circuit
| Three- and two-phase tests

pply circuit shall be three-phase,and all three phases of the assembly shall be ene
utral point of the supply circuit‘may be either isolated or earthed through an impe
h a way that the maximum earth current is less than 100 A. In this situatio
ement covers all situations of neutral treatment.

p Single-phasétests

brminal of the _supply circuit shall be connected to the earthing point provided

assemply, the other'to the phase under test.

The tw
No dif

o repfathing phases of the test object shall be energized at rated phase-to-earth v
erence in phase angle is needed. The source(s) may be low power and are not int

rent is
l peak

de the

ne test
value

gized.
Hance,
n, the

pn the

bltage.
ended

to supply.any significant short-circuit current in case of ignition.

If any of the remaining phases ignites, the test shall be repeated as a three-phase test.

A.5.1.3 Feeding arrangements

Feeding direction shall be as follows:

— for a connection compartment: supply from the busbar, through the main switching device;

— for a busbar compartment: the supply connections shall not introduce any opening in the
compartment under test. Supply shall be made through one barrier or through a suitable
feeder functional unit, from the opposite end of the assembly. In case of non-symmetrical
designs of busbar compartment, the most onerous internal arc initiation should be
considered, with respect to arc energy and burn through;
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— for the main switching device compartment: supply from the busbar, with the device in closed
position;

— for a compartment with several main circuit components inside: supply through one available
set of incoming bushings, with all switching devices in closed position, except for earthing
switches, if any, which shall be in open position.

A.5.2 Arc initiation
A.5.2.1 General

The arc shall be initiated between all the phases under test by means of a metal wire of about
0,5 mm in diameter or, in the case of a single-phase-to-earth arc fault current, between one
phaseland earth.

The pqint of initiation shall be located at the furthest point, downstream in the current path from
the supply, within the compartment under test. If the main circuit of the compartment under test
includes current limiting devices (e.g. fuses), the point of initiation shall be chosen upstream
from the limiting device.

The ndmber of phases to be tested, the connection arrangements, and the action to be thken if
other phases are affected, shall be in accordance with Table A.1,according to the constfuction
of the pompartment under test.

If a vplue of 1, is assigned to the assembly at least, one compartment shall be [tested
single{phase-to-earth.

In the fase of single-phase-to-earth ignition, the ate_shall be initiated between the middle|phase
and clpsest earth.

In the |case of two-phase ignition, the arc_shall be initiated between the middle phase and the
outer phase, where outer phase is detertained as being furthest away from the supply sigle and
closest to the indicators on the IAC classified sides, where applicable.

A.5.2.2 Compartments withusolid-insulation

In confpartments where the live parts are covered by solid insulating material, the arc shall be
initiatgd at the following-lecations:

—

a) at pgaps or joining'surfaces between the insulation of insulation-embedded parts;

b) by|perforatian-at insulated joints made on site when prefabricated insulating parts gre not
used;

¢) when &) and b) are not applicable, by perforation or partial removal of solid-insulation from
thg cenductors.

A.5.2.3 Connection compartments
A.5.2.3.1 Compartments with plug-in solid-insulation connections

For outer-cone plug-in connections, the phase(s) to be ignited shall be fitted with lugs without
insulation.

For inner cone connections, the initiation shall be made by perforating or partly removing their
insulation directly below the cable plug(s) of the phase(s) to be ignited.

The other phase(s) shall be provided with a plug-in connector as may be used in service, able
to be energized with at least the voltage as used for the actual test.
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