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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationn\comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields:<To this end and
in addition to other activities, IEC publishes International Standards, Technical SpecificationsyTechnical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IECjPublication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement-between the two organizations.

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

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their iational and regional publications. Any divergence between
any IEC Publication and the corresponding nationalorregional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of cenformity. Independent certification bodies provide conformity
assessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

Attention is drawn to theNormative references cited in this publication. Use of the referenced publications is
indispensable for the ‘eofrect application of this publication.

IEC draws attention"to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereaf.'As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latestuinformation, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall«not+be held responsible for identifying any or all such patent rights.

This Jconsolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

and 17C/792/RVD]

and

and its amendment 1 (2024-06) [documents 17C/933/FDIS

17C/938/RVD].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendment 1. Additions are in green text, deletions are in strikethrough red
text. A separate Final version with all changes accepted is available in this publication.
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IEC 62271-200 has been prepared by subcommittee 17C: Assemblies, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is an International Standard.

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

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

c) internal arc testing on pole-mounted switchgear is taken out of this documen{;.as it is now
covered by the specific standard IEC 62271-214:2019;

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 (referto-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¢ VEC 62271-105:2021 and IEC 62271-
106:2021 are referred to in the document;

h) IEC 62271-107:2019 and IEC IEEE 62274-37-013:2015 are also considered in 7.101.2;

i) a more precise description of LSC category is given with the inclusion of an explanatory
flowchart (Annex D);

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

k) the term "assembly" is defined in Clause 3 and used as synonym for "metal-enclosed
switchgear and controlgear”sin this document;

[) "metallic" is replaced by, "metal" where applicable;
m) 6.105 is now covered-by 7.7;

n) a1 srule was introduced for Criterion 4 during IAC tests regarding hot gases versus glowing
particles as cause of ignition;

0) a more precise description of internal arc tests for switchgear with protrusions is given in
Annex A,

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members experts/refdocs. The main document types developed by IEC are

described in greater detail at www.iec.ch/standardsdev/publications.

This document should be read in conjunction with IEC 62271-1:2017, to which it refers 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.
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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.

The committee has decided that the contents of this document and its amendment 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

hd Ib'bUlIfillllb'Ul,
e withdrawn, or

e revised.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. 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 62271-201.

Generally, gas-filed medium-voltage designs have design pressures below®800 kPa, as
mentioned for example in the introduction of EN 50187.

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 part of IEC 62271 is applicable to prefabricated metal-enclosed switchgear and contralgear
assemblies designed for:

— alternating current;

— rated voltages above 1 kV and up to and including 52 kV;

— service frequencies up to and including 60 Hz;

— indoor and outdoor installation.

The assembly can include air-insulated and/or fluid-filled compartments.

For components installed in a metal-enclosed switchgear _and controlgear, this document

supplements or even replaces in some cases, the requiregments as stated by the individual
product standards.

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

2 Normative references

The following documents are referred.to\in the text in such a way that some or all of their content
constitutes requirements of this dogument. For dated references, only the edition cited applies.
For undated references, the lateést edition of the referenced document (including any
amendments) applies.

IEC 60050-151, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic devices (available at http://www.electropedia.org)

IEC 60050-441, ‘International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and\fuses (available at http://www.electropedia.org)

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

HEC 60270:2000, High-voltage test techniques — Partial discharge measurements
IHEC 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 62271-106:2021, High-voltage switchgear and controlgear — Part 106: Alternating current
contactors, contactor-based controllers and motor-starters

IEC 62271-107:2019, High-voltage switchgear and controlgear — Part 107: Alternating current
fused circuit-switchers for rated voltages above 1 kV up to and including 62 kV

IEC 62271-201:2014, High-voltage switchgear and controlgear — Part,201: AC solid-insulation
enclosed switchgear and controlgear for rated voltages above #WkV and up to and including
52 kV

IEC 62271-213:2021, High-voltage switchgear and controlgear — Part 213: Voltage detecting
and indicating system

IEC 62271-215:2021, High-voltage switchgéar and controlgear — Part 215: Phase comparator
used with VDIS

IEC IEEE 62271-37-013:2015, High-voltage switchgear and controlgear — Part 37-013:
Alternating-current generator cireuit-breakers

ISO 4126-2, Safety devices, for protection against excessive pressure — Part 2: Bursting disc
safety devices

3 Terms and definitions

For the purpoeses of this document, the terms and definitions given in IEC 62271-1, IEC 60050-151

and IEC%0050-441, and the following apply.

NOTEY ‘The classification system for definitions of IEC 62271-1:2017 is followed. Terms and definitions are
refexénced and prioritized in the following order:

=/ Clause 3 of this document;
— 1EC 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
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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:

3.1.101
ambient air temperature
£ .l 4 4 ol 4 H pu | 2l W pu | U £ 4l H P H
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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 nete/has
been removed.]

3.1.102

disruptive discharge

phenomenon associated with the failure of insulation under electric stress, in which the
discharge completely bridges the insulation under test, reducing the-'voltage between the
electrodes to zero or nearly to zero

Note 1 to entry: The term is applicable to discharges in solid, liquid and gaseo(s dielectrics and to combinations of
these.

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

Note 3 to entry: The term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid dielectric.
The term "flashover" is used when a disruptive discharge occurs‘over the surface of a solid dielectric in gaseous or
liguid medium. The term "puncture" is used when a disruptive*discharge occurs through a solid dielectric.

3.1.103
relative pressure
pressure that refers to the local atmospheric pressure

Note 1 to entry: When defining a filling leyekit is in reference to the standard atmospheric pressure of 101,3 kPa,
as defined in IEC 62271-1.

3.1.104

segregation

<of conductors> arrangement of conductors with earthed metal interposed between them in
such a manner that disruptive discharges can only occur to earth

Note 1 to entry: A segregation can be established between the conductors as well as between the open contacts of
a switching device_like a disconnector.

Note 2 to 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.]

31105
in service
<condition 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
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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.

12 & blies of switcl | controlaear

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 to entry: The term "external connections" corresponds to "external conductors (cables or bars) connecting
the assembly to the network or an external installation".

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

3.2.102

multi-tier design

design of an assembly in which the main switching‘devices of two or more functional units are
arranged vertically (one above the other) withinva common enclosure

3.3 Parts of assemblies

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

3.4 Switching devices

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

3.5 Parts of switchgear and controlgear

The definitionsin" 3.5 of IEC 62271-1:2017 are applicable, with the following additions and/or
modifications:

3.5.101

encloSure

<of(an*assembly> part of an assembly providing a specified degree of protection of equipment
against external influences and a specified degree of protection against approach to or contact
with live parts and against contact with moving parts

[SOURCE: IEC 60050-441:1984, 441-13-01]

3.5.102

metal enclosure

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

[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

<of an assembly> all the high-voltage conductive parts of an assembly included in a circuit
which is intended to carry the rated continuous current

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

3.5.106

auxiliary circuit

<of an assembly> all the conductive parts 6f an assembly of switchgear and controlgear
included in a circuit (other than the high-voltage parts) intended to control, measure, signal and
regulate

Note 1 to entry: The auxiliary circuits of aprassembly include the control and auxiliary circuits of the switching
devices.

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

3.5.107

earthing circuit

<of an assembly> cenductors, connections, and the conducting parts of earthing devices or of
the metal frameéy.intended to connect the high-voltage conductive parts of an assembly to the
earthing point\provided

Note 1 tesentry: The earthing circuit can include short-circuiting circuits between poles and phase-to-earth circuits
from each*pole to the earthing point and/or from the short-circuiting point of phase-to-earth circuits to the earthing
point provided.

3,5.108
earthing point

<OT an assembly~= terminal wnicn IS providea on the asSsSemply Tor connection or tne mitendeda
earthed parts of the assembly to the earth system of the installation

3.5.109

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".
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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

3.5.111
procedure-based accessible compartment

nign-vonage cormpartmerit Qesigneo 10 De opened Tor norimdl use, fmwhithaccess s controtted
by a suitable procedure combined with locking

3.5.112

tool-based accessible compartment

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

3.5.113
non-accessible compartment
high-voltage compartment that is designed not to be opened by the user

Note 1 to entry: By default, every high-voltage compartment not declared accessible by the manufacturer in the
manufacturer's instructions reference, is considered as a non-accessible compartment.

3.5.114

fluid-filled compartment

high-voltage compartment of an assembly, filled with a fluid; either gas, other than ambient air,
or liquid, for insulation purposes

Note 1 to entry: For fluid-filled compartments with gas, thederm "gas-filled compartment" is used.

Note 2 to entry: The pressure is maintained by one of the following systems:
a) controlled pressure system;
b) closed pressure system;

c) sealed pressure system.

Note 3 to entry: For pressure systemss.rxefer to 3.6.6 of IEC 62271-1:2017.

3.5.115
pressure relief device
device intended to relieve overpressure from a compartment

3.5.116

partition

<of an assembly> part of an assembly separating one high-voltage compartment from other
compartments and providing a specified degree of protection

Noted toentry: Partitions can be fitted with parts that allow interconnection between compartments (e.g. bushings).

[SOURCE: IEC 60050-441:1984, 441-13-06, modified — "high-voltage" and "and providing a
specified degree of protection" have been added.]

3.5.117
bushing
insulator forming a passage for a conductor through a non-insulating partition

[SOURCE: IEC 60050-151:2001, 151-15-40]
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3.5.118

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

peel added. |

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 an isolating distance or a segregation between open contacts is established, while the
part remains 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 & jeven though the main circuit to which
it was connected is live" has been added; the Note fids been deleted.]

3.5.121

fuse-link

the part of a fuse (including the fuse-element(s)) intended to be replaced after the fuse has
operated

Note 1 to entry: In this document the termi\is exclusively used in relation with high-voltage fuses.

[SOURCE: IEC 60050 441:1984,, 441-18-09, modified — The Note to entry has been added.]

3.6 Operational characteristics of switchgear and controlgear

The definitions in 3:6.0f IEC 62271-1:2017 are applicable, with the following additions and/or
modifications:

3.6.101

loss of service continuity category

LSC

<of afunctional unit> category defining the possibility to keep other high-voltage compartments
and/er functional units energized when opening-an—accessible its connection compartment or
any other of its high-voltage compartment(s) accessible in normal use, as stated in definitions
3.5.110+te-3-5-442 and 3.5.111, giving access to at least part of the high-voltage circuit

F o pu | N
Ul TtanTrecawitTT

Note 1 to entry: The LSC category describes the extent to which the assembly is intended to remain operational
where access 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 to entry: The LSC category does not describe or relate to different levels of reliability of assemblies (refer
to 9.101).

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-B-1).
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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

3761

category LSC2A

<of a functional unit> category of functional units of category LSC2 such that, when anpy
accessible compartment (other than its connection compartment and the busbar compartment
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, wheretthe high-voltage
connections (e.g. cable connections) to the functional unit may remaincenergized 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

category LSC1

<of a functional unit> category of functional units having.6ne”or more high-voltage accessible
compartments, such that, when any of these accessible high-voltage compartments is open, at
least one other functional unit shall not remain energized

3.6.106

partition class

<of an assembly> class defining whether{only metal or also non-metal material is used for
partitions

3.6.107

class PM

<of an assembly> partition class*for an assembly providing continuous metal partitions and/or
shutters (if applicable), intended to be earthed, between opened accessible compartments and
high-voltage live parts

3.6.108

class Pl

<of an assempbly>‘partition class for an assembly having one or more non-metal partitions or
shutters between opened accessible compartments and high-voltage live parts

3.6.109

seryice-position

connected position

<of a removable part> position of a removable part in which it is fully connected for its intended
function

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

3.6.110

test position

<of a withdrawable part> position of a withdrawable part in which an isolating distance or
segregation is established in the main circuit and in which the auxiliary circuits are connected

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

NULT T U Ulllly. T Triciuvscu IIIyII'VUIlaHU bVVIlbIIyUdI altd bUIIlIUIyUaI, e aul\llldly CITCUTLS dit HUIIUIdlly LAY
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".]

3.6.112

removed position

<of a removable part> position of a removable part when it is outside and meghanically 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 shdtter if applicable, against access
to hazardous parts, against ingress of solid foreign objects-and/or ingress of water and verified
by standardized test methods

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

3.6.114

minimum functional level

<of fluid-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
maintained

3.6.115

design pressure

<of fluid-filled compartments> upper limit of the relative pressure between the pressure inside
a compartment at the design temperature, under defined installation conditions, and the
pressure outside that ggmpartment, that is used to determine the design of the compartment.

Note 1 to entry: The transient pressure occurring during and after a breaking operation (e.g. circuit-breaker) is not
considered in the determination of the design pressure.

3.6.116

design_temperature

<of fldid-filled compartments> highest average temperature over the compartment, which can
be feached by the gas or liquid under service conditions

3.6.117
|~ internal arc classification

IAC

<of an assembly> classification of an assembly for which specified criteria, for protection of
persons, are met in the event of internal arc for specified installation conditions, as
demonstrated by type tests

Note 1 to entry: The internal arc classification is completed with the characteristics indicated in definitions 3.6.118,
3.6.119, 3.7.101 and 3.7.102.
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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 tTAC>—accessibte sides of the assembty raving a definedfevetof protectionm of personsm
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:

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 protectpersons 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 Index of definitions

A= B
Ambient air temperature (0f an assembIy) ..o e e 3.1.101
Arc fault current (OF TAC) ... B e 3.7.101
Arc fault duration (Of TAC) ... g e e e 3.7.102
=TT = 0] o] Y SRRSO PPETR 3.2.101
Auxiliary circuit (Of @an asSEMDIY) (2. .eeii e 3.5.106
210 T o1 Vo e S PSSP 3.5.117
C
Category LSC1 (of afunctional Unit) ............oiiiiiiiii e 3.6.105
Category LSC2 (of a functional Unit) ............oiiiiiiiii e 3.6.102
Category LSC2A (of a functional UNit)............eoeiiiiiiiiiiii e 3.6.103
Category LSC2B (of a functional Unit)............coooeiiiiiiiiiiiic e 3.6.104
Class PEOf an @ssSembBIy).......ooeiiiii e 3.6.108
Class\PM (0f @n @SSEMDIY).....c.ueiiiiiiii e 3.6.107
ClasSified SIAES (OF IAC) ..eeiiieii et e e e e e e e e e e e e e et e e e e e e e e annraees 3.6.119
Component (Of @N @SSEMDIY) ......uuuiiiiii e e e e e e e e e e e e e e e e e ennaaees 3.5.104
Connected position (of a removable part) .........oooeeieeeeniiiiiiiiiii 3.6.109
D
B =Te ] (=YW o] il o) (o] (Yo i o) o ISP PP UERRRSPPP 3.6.113
Design pressure (of fluid-filled compartments).............cooviiiiiiiiiiiiiie e 3.6.115
Design temperature (of fluid-filled compartments) ..o 3.6.116
Disconnected position (of a withdrawable part).............oceoiii 3.6.111

[T BT o1 (A V2= 0 1T T T o = 3.1.102
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E-F
Earthing circuit (of an @sSemDbIY) .......cooiiiiiii e 3.5.107
Earthing point (0f @an @sSembIy).........oooiiiiii e 3.5.108
ENclosure (Of @n @SSEMDIY) ......ueiiiii it e e e e e e e e e e st e e e e e e e earnreeeaeas 3.5.101
[ 1] To B 11 1=To I oo T a 0] o =T 1.4 1=] | SO EER R PP 3.5.114
Functional unit (0f an assembIY) ... 3.5.103
T T 1 RSP 3.5.121
H-1
High-voltage compartment (of an assembly)............ooo i 3.5,109
IAC (Of @N @SSEMDIY) ...t enneee s e 36.117
In service (condition of an assSemMbBIY) ........cooiiiiiiii e N 3.1.105
Interlock-controlled accessible compartment ... 3.5.110
Internal arc classification (of an assembly) ... W e 3.6.117
Isolated position (of a withdrawable part)............ccceiiiiiii e D 3.6.111
L-M-N
Loss of service continuity category (of a functional unit)..........ccccceveeree s N e 3.6.101
LSC (of @ functional Unit) ...........eeeiiiii e B e e 3.6.101
Main circuit (0f an @sSEMDIY)........ooiiiiii e B N 3.5.105
Metal-enclosed switchgear and controlgear............c..vveveveiiiiic e bt e 3.2.101
Metal enclosure (0f an aSSEMDIY) .....cooiiiiii i e 3.5.102
Minimum functional level (of fluid-filled compartments) .S i, 3.6.114
T8 L (=T o (1] oo SRR 3.2.102
Non-accessible compartMent ... e 3.5.113
Normal operating condition (of an assembly)...ande e i 3.1.106
Normal use (0f @n @SSEMDIY).......uiiiii i A e e e e e e e e e eaa e 3.1.107
P
Partition class (0f an @assembIly) ... a. i s 3.6.106
Partition (Of @n @SSemMDIY).......cc i e 3.5.116
Pressure relief dEVICE .......... i et s s e s e e s e e e st ae e ennaeens 3.5.115
Procedure-based accessibleccompartment ... 3.5.111
R
LS F= A =T o =TT U = Y 3.1.103
Removable part{0f an @aSSEMDIY) ... 3.5.119
Removed position (of a removable Part) ... 3.6.112
S
Segregation (0f CONAUCTIONS) .........uuiiiii i e e e e e e e e e e e e e e enrsneees 3.1.104
Service position (of @ removable Part)...........oo 3.6.109
Shutter (of an assembIy) ... 3.5.118
T-W
Test position (of a withdrawable part) ... 3.6.110
Tool-based accessible compartment...... ... e 3.5.112
Type of accesSibility (Of IAC) ... e e e e e e e e s re e e e e e e e eaanes 3.6.118

Withdrawable part (Of @n @SSEMDIY) .......ccoiiiiiiieii e e e e e e e e e e e 3.5.120
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4 Normal and special service conditions
Clause 4 of 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.

5 Ratings

5.1 General

Subclause 5.1 of IEC 62271-1:2017 is applicable with the following additions:
k) rated short-time withstand current for earthing circuits (/g );

I) rated peak withstand current for earthing circuits (lpe);

m) rated duration of short-circuit for earthing circuitsi{s);

n) ratings of the components forming part of theyassembly including their operating devices
and auxiliary equipment;

Optional ratings:

o) rated voltage for AC cable test voltage (U (AC));
p) rated voltage for DC cable test'voltage (U (DC));
q) rated duration for DC cabjectest voltage (7 (DC));

r) ratings of the internaklarc classifications (IAC).

5.2 Rated voltage.\(U,)

Subclauses 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 with their
relevant standards.

5.3\ Rated insulation level (Uy, U, Us)

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

5.4 Rated frequency (f;)

Subclause 5.4 of IEC 62271-1:2017 is applicable.

5.5 Rated continuous current (/,)

Subclause 5.5 of IEC 62271-1:2017 is applicable with the following addition:
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Some main circuits of an assembly (e.g. busbars, feeder circuits) may have different values of
rated continuous current.

5.6 Rated short-time withstand currents (I, I, )

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

5.6.101 Rated short-time withstand current (1,)

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.

The rated short-time withstand current values (/) 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 ()

A rated short-time withstand phase-to-earth current (/) 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 eatthing circuit define the possible earthing conditions of
the system neutral of the network on which the assembly.can be installed. Refer to 9.102.

5.7  Rated peak withstand currents (I, 1,,¢)

Subclause 5.7 of IEC 62271-1:2017-~is’applicable with the following additions:

5.7.101 Rated peak withstand current (Ip)

In principle, an assembly‘\has one rated peak withstand current value. However, there are
several situations whefre-it is permissible to assign different rated peak withstand current values
to different portions-efithe main circuit, including:

e circuits protected by current-limiting fuses;

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

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

5J7.102 Rated peak phase-to-earth withstand current (Ipe)

A rated peak phase-to-earth withstand current (Ipe) 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.

5.8 Rated durations of short-circuit (7, #,,.)

Subclause 5.8 of IEC 62271-1:2017 is applicable with the following additions:
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5.8.101 Rated duration of short-circuit (z,)

In principle, an assembly has one rated duration of short-circuit. However, there are several
situations where it is permissible to assign different 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 circults under interlocked switching devices commutating two branches of a circuit.

The rated short-time withstand current values (¢,) 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 (7,,.)

A rated duration of phase-to-earth short-circuit (7..) shall also be assigned to thelassembly 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.

5.9 Rated supply voltage of auxiliary and control circuits (L7,)

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 Rated pressure of compressed gas supply for controlled pressure systems

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

5.101 Classification of earthing function through main switching device

When the earthing function is performed by the main switching device in combination with a
class EO earthing switch, class®E1 or E2, as defined in IEC 62271-102:2018, may be assigned
to that earthing function.

The classification for.the earthing function is not applicable when the earthing is performed by
a circuit-breaker with the protection operative until the earthed situation is attained.

5.102 Rated-cable test voltages (Uc (ac): Uct (pc))

5.102.1 \General

If the'\assembly is designed to allow for dielectric testing of connected high-voltage cables while
the*busbar(s) of the associated functional unit remain in service, one or more rated cable test
voltages shall be assigned.

5.102.2 Rated power-frequency cable test voltage Ug (ac)
The rated power-frequency cable test voltage is the maximum AC test voltage with a duration

of 1 min. that may be applied to cables when connected to the assembly, which may be in
service.

5.102.3 Rated DC cable test voltage U pc) With rated duration t.¢ pc,)

The rated DC cable test voltage is the maximum DC test voltage that may be applied to cables
when connected to the assembly, which may be in service.
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A rated DC cable test voltage is considered covering very low frequency testing (e.g. 0,1 Hz)
with peak value up to the rated DC value for the same rated duration.

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

NOTE Guidance can be found in IEEE 400.2 [3].

5.103 Ratings of the internal arc classification (IAC)
5.103.1 General

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);
— Type of accessibility: A, B;
— Classified sides of the enclosure: F,L, R;

— Rated three-phase arc fault values: current 7, [ kA ] and duration £y ['s ;

— Rated single-phase arc fault values (where applicable): current /5, [ KA] and duration
the [ 8]

5.103.2 Types of accessibility

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

— Accessibility Type A: restricted to authaerized personnel only;

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

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

NOTE 2 |AC classification as defined in this dacuntent does not apply to opened compartments and to arc protection

between compartments, except if opening is necessary to perform switching operations. IEEE C37.20.7 defines Suffix

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

5.103.3 Classified sides

In case of IAC, at least thefront side of the assembly shall be classified for at least accessibility
type A, by the manufacturer. The sides of the assembly which meet the criteria of the internal
arc test are designated as

F for front side;
L for lateral side;
R for rear side.

The front side shall be clearly stated by the manufacturer.

5:103.4 Rated arc fault currents (I, Ip,)

The value of rated arc fault currents should be selected from the R10 series specified in
IEC 60059 [6].

Two ratings of the arc fault currents are recognized:

a) three-phase arc fault current (1,);

b) single-phase-to-earth arc fault current (/,,), when applicable.
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The manufacturer shall specify the compartments to which the single-phase-to-earth arc fault
current rating is applicable. Such value may be assigned to an assembly where its construction
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 /,, 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 (z,, 75,)

Recommended values for the three-phase arc fault duration (z5) are 0,1s, 0,5 s and 1's;

If applicable, the rated duration (z5,) of the single-phase-to-earth arc fault shallbe\assigned by
the manufacturer.

NOTE Itis 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 Requirements for gases in switchgear and controlgear

Subclause 6.2 of IEC 62271-1:2017 is appli¢able

NOTE For the handling of SF and its mixtureg«efer to IEC 62271-4 [7].

6.3 Earthing of switchgear and controlgear

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

6.3.101 Earthing of the high-voltage conductive parts

All high-voltage conductive parts to which access is provided with the assembly in service, shall
have the possibility of being earthed prior to becoming accessible. This is not applicable to
removable parts which become accessible after being separated from the assembly and to
withdrawable-parts in test position or in disconnected position (refer to 6.101).

Where*earthing connections shall be able to carry the full three-phase short-circuit current (as
inthe case of the short-circuiting connections used for earthing devices), these connections
shall be dimensioned accordingly.
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dimensioned to the specifications of the earthing circuit.

6.3.102 Earthing of enclosure(s)

Metal enclosure(s) shall be electrically connected (directly or indirectly) to the earthing point
provided. Small parts fixed to metal enclosure(s), up to a maximum of 12,5 mm in diameter, for
example screw heads, need not be electrically connected to the earthing point provided. All the
metallic parts intended to be earthed and not belonging to a high-voltage or auxiliary circuit
shall also be electrically connected to the earthing point provided.
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The interconnections within each functional unit shall be made by adequate means (e.g.
fastening by bolting or welding), providing electrical continuity between the frame, covers, doors,
metal partitions or other structural parts to the earthing point. Doors of the high-voltage
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 togarth in
any position shall provide a current-carrying capability not less than that required for enclosures
(refer to 6.102.1).

On insertion, the normally earthed metallic parts of a removable part shall be ¢onnected 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 shertstime and peak phase-to-earth withstand
current (e, Ipe) and duration (#,).

NOTE 1 It is assumed that the short-circuiting pointbetween phases of the earthing circuit is within each functional
unit.

For transport units to be assembled during final installation, the resulting earthing circuit shall
be capable of carrying its rated short-time and peak withstand currents and duration.

Parts of metal enclosures may-form part of the earthing circuit.

If a dedicated earthing eonductor is applied as earthing circuit of the assembly, its cross-section
shall be not less than:30 mm?2.

NOTE 2 If the earthing circuit consists of an earthing copper conductor extending the whole length of the assembly,
for the rated shorttime withstand current, a current density in the earthing conductor, not exceeding 200 A/mm? for
a rated durationof 1 s or 125 A/mm? for a rated duration of 3 s is generally sufficient.

NOTE 3y “A ' method of calculating cross-sectional areas of conductors is given in IEC 60724 [8].

The-earthing circuit is normally designed to withstand one occurrence of a single short-circuit
fault, and maintenance could be needed after such an event; refer also to 9.102.

6.4 Auxiliary and control equipment and circuits

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

6.5 Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 is applicable.

6.6 Stored energy operation

Subclause 6.6 of IEC 62271-1:2017 is applicable.
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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.

6.10 Pressure/level indication

Subclause 6.10 of IEC 62271-1:2017 is applicable with the following addition to 6.10.1 of
IEC 62271-1:2017.

For gas-filled compartments where the minimum functional pressure excegds 200 kPa (absolute
pressure at 20 °C) an indication shall be provided when the absoluteypfessure at 20 °C has
fallen below the minimum functional level (refer to 3.6.114).

NOTE 1 The indication might include monitoring of pressure (density).

Closed pressure systems with minimum functional pressureyabove 200 kPa (absolute pressure)
shall have a defined alarm pressure (density) level.

NOTE 2 Alarm pressure (density) is defined in IEC 62271-1.20d%, 3.6.5.3 and 3.6.5.4.

An example of pressure coordination chart is shown in Figure E.1.

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

Abbreviation Unit Marking Condition:
**) Marking only required if
(1)*° (2) (3) (4) 5)
Name~ofsmanufacturer X
Mahufacturer's type designation X
Serial number X
Manufacturer's instructions reference X
Year of manufacture X
Applicable standard X
Rated voltage U, kV X
Rated frequency 1y Hz X
Rated lightning impulse withstand voltage U, kV X
Rated power-frequency withstand voltage Uy kV X
Rated power-frequency cable test voltage Ugt (ac) kV (X)
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Abbreviation Unit Marking Condition:
**) Marking only required if
(1)>° (2) (3) 4) (5)
Rated DC cable test voltage Uet (pC) kV (X)
Rated duration for DC cable test !t (DC) min (X)
Rated continuous current I A X
Rated short-time withstand current I kA X
Rated peak withstand current 1p kA X
Rated duration of short-circuit 3 s X
Rated short-time phase-to-earth withstand Lo kA Y different from', (main
current circuit),
Rated peak phase-to-earth withstand current Ipe kA Y different from lp
Rated duration of phase-to-earth short-circuit fe s Y different from ¢ (main
circuit)
Filling level for insulation and/or switching (*) Pre Prer Mo | kPa, kg/m3 (X)
or kg
Alarm level for insulation and/or switching (*) Pae Paer Mae | kPa, kg/m? 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 (*) Prov Prme ey | kPa, kg/m?3 (X)
or kg
Alarm level for operation (*) PafdP e Mam | kPa, kg/m3 Y closed pressure system
or kg with minimum functional
pressure above 200 kPa
(abs.)
Minimum functional level for operation (*) Pmm P kPa, kg/m3 (X)
Mo or kg
Loss of service continuity category LSC (X)
Internal arc classification IAC (X)
Type of accessibitity AorB (X)
Classified sides F,L,R (X)
Arc fault'eurfent and duration IR kA, s (X)
Single-phase-to-earth arc fault Ine ae KA, s (X)
current and duration
Rated-supply voltage(s) of auxiliary and U, \% (X)
contrakcircuits.
Specify DC/AC (with rated frequency)
Type and mass of fluid (liquid or gas) for M, kg (X)
insulation
Mass of the assembly (including any fluid) M kg Y more than 300 kg
Minimum and maximum ambient air °C Y different from — 5 °C
temperature and/or 40 °C

*) Density or absolute pressure (abs.) or relative pressure (rel.) to be stated at 20°C for gases, and mass for
liquids

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

Y = conditions for marking of these values are given in column (5).
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Abbreviation Unit Marking Condition:
**) Marking only required if

(1)>° (2)° 3) (4) (3)

a8 The abbreviation in column (2) can be 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 normal
service. If applicable, one common nameplate for the complete assembly may apply with.the
general information, with a separate nameplate for each functional unit, containing the speécific
information.

Detailed information of the fixed components applied need not be legible during nermal service.

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 infonmation because they respond to
standardized dimensions.

6.12 Locking devices

Subclause 6.12 of IEC 62271-1:2017 is applicable withi 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
incorrect operations of any associated switching devices under the conditions specified in
7.102.2. The following provisions are defined for switching devices of main and earthing circuits.

a) For 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, remaved 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. €onversely, it shall prevent the disconnection of the auxiliary circuits with
the circuit-breaker closed in the service position.

b) For other parts of assemblies

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

e switch-disconnector;

e double busbar system designed to have a busbar transfer without current

interruption.

— the operation of the circuit-breaker, switch or contactor shall be prevented by interlocks
as long as the associated switching devices, i.e. disconnector and/or earthing switch,
have not reached their dedicated closed or open position;

— if earthing of a circuit is provided by the main switching 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 against unintentional opening, for example by
disconnection of tripping circuits and/or blocking of the mechanical trip;
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— earthing switches having a rated short-circuit making capacity less than the rated peak
withstand current of the main circuit should be interlocked with the associated switching
devices.

Regarding removable fuse-links, their withdrawal or engagement shall be prevented unless the
fuse-base contacts are earthed or isolated from all sources of supply; see also 6.101.
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interlocks.

NOTE For interlocks with covers and doors, refer to 6.102.2.

If electrical interlocks are provided, the design shall be such that no improper situations can
occur in case of lack of auxiliary supply. However, for emergency control, the manufacturer may
provide additional means for manual operation without interlocking facilities. In,§uch a case,
the manufacturer shall clearly identify this facility and define the procedures forteperation.

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 Degrees of protection provided by enclosures
6.14.1 General

Subclauses 6.14.1, of IEC 62271-1:2017 is applicable,

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 "EC 60529:1989, IEC 60529:1989/AMD1:1999 and
IEC 60529:1989/AMD2:2013.

Additional requirements are spécified in 6.102 and 6.103.

6.14.3 Protection against ingress of water (IP coding)

Subclause 6.14.3 of [EC 62271-1:2017 is applicable.

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

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

6.15 Creepage distances for outdoor insulators

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

6.16 Gas and vacuum tightness

Subclause 6.16 of IEC 62271-1:2017 is applicable with the following addition:

Additional requirements are specified in 6.103.2.3.
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6.17 Tightness for liquid systems
Subclause 6.17 of IEC 62271-1:2017 is applicable with the following addition:

Additional requirements are specified in 6.103.2.3.

6.18 Fire hazard (flammability)

Subclause 6.18 of IEC 62271-1:2017 is applicable.

6.19 Electromagnetic compatibility (EMC)

Subclause 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.

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 checkipg of phase sequence, refer to IEC 62271-213:2021 and
IEC 62271-215:2021;

— earthing of connected cablgs; locating of cable faults, voltage tests on connected cables;

— the elimination of dangerous trapped electrostatic charges.

In the case where a high-voltage compartment may be opened, i.e. accessible compartment,
safe operation of the’assembly requires (irrespective of whether of fixed or withdrawable pattern)

that the high-voltage’parts are isolated from all sources of supply and earthed. Exempted from
this requirement.are:

— high-veltage parts that are moved to the disconnected position with corresponding shutters
closed;

— high=voltage parts, if embedded by solid-insulation material and complying with at least
protection category PA of IEC 62271-201:2014.

Disconnecting 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 to earth
the main circuit of that removable part before becoming accessible, it shall be possible, by
manual earthing means, to safely discharge trapped charges from that removable part. The
manufacturer shall define the recommended procedure in the manufacturer's instructions
reference.

All removable parts and components of the same type, rating, and construction shall be
mechanically and electrically interchangeable.
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Removable parts and components of equal or greater current and insulation ratings may be
installed in place of removable parts and components of equal or lesser current and insulation
ratings where the design of these removable parts and components and compartment allows
mechanical interchange ability. This does not generally apply for current-limiting devices.

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

Components contained in an assembly shall be in accordance with their various relevant
standards. This document supplements or even replaces the standards for the individual
components 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 enclosufe. The measures to be taken
in order to obtain the degree of protection provided by fleon surfaces shall be given in the
installation manual.

The enclosure shall be metal. The following exceptiahs-apply:

— 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/AMD2:20132 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.

Enclosures 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
provided with a clear labelling of the electrical risk if removed or opened.

~\. The horizontal surfaces of enclosures, for example roof plates, are normally not designed
to support personnel or additional equipment not supplied as part of the assembly. If the
manufacturer states that it is necessary to stand or walk upon the assembly during operation

or maintenance, the design shall be such that the relevant areas will support the weight of
the 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 equipment where it is not safe to stand or walk,
for example pressure relief flaps, shall be clearly identified.

6.102.2 Covers and doors

Covers and doors that are part of the enclosure shall be made of metal. However, covers and
doors may be made of insulating material, provided that high-voltage parts are enclosed by
metal partitions or shutters connected to the earthing point provided.
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When covers and doors that are part of 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 or door,
reference is made to 6.102.4 or to 6.102.5.

Covers and doors that mmluci\mly gi\m access to anlnartmnn’rc which are not high-\/nltagn

compartments (e.g. low-voltage control compartment, or possible mechanism compartment),
are not subject to this subclause.

Several categories of covers and doors are recognized with regard to the type of high-v6ltage
accessible compartments they provide access to:

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

These covers and doors (fixed covers) need not be opened for normal usetas stated by the
manufacturer. It shall not be possible for them to be opened, dismantled orremoved without
the use of tools. Special procedures are required to safeguard that@pening 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. It is permissible that the(mahipulation of some fixing elements
for their opening or removal is required, and they 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
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,
e.g. padlocking. Suitable procedures should be put in place by the user to ensure that a
procedure-based accessible.¢oOmpartment is opened only when the high-voltage parts
contained in the compartmeént being made accessible are isolated and earthed, or in the
disconnected position with corresponding shutters closed. Procedures—may can be
dictated by the legislation of the country of installation or by the user safety
documentation.

NOTE Examples of fixifig elements are screws, bolts, nuts, turning fasteners and sliding fasteners.

If interlock-controlled or procedure-based accessible compartments have-ether covers that
can be opened by tools, other than those that are interlocked or locked, proper procedures
or specificwarning labels should be applied.

Access~toJa closed interlock-controlled or procedure-based compartment through covers
needing-only the use of tools to be opened or removed is not intended for normal use. Once
an~nterlocked or locked door or cover of an accessible compartment is opened or removed
folinormal use, it is permissible that the opening or removing of other covers of the same
accessible compartment requires the use of tools.

6.102.3 Partition or shutter being part of the enclosure

If partitions or shutters become part of the enclosure with the removable part in any of the
positions defined in 3.6.110 to 3.6.112, they shall be metal, earthed and provide as minimum
degree of protection IP2X.

In this respect it should be noted that:

— apartition or shutter becomes a part of the enclosure if it is accessible in any of the positions
defined in 3.6.110 to 3.6.112 and if no door is provided which can be closed in the positions
defined in 3.6.109 to 3.6.112;
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— if a door is provided which can be closed in the positions defined in 3.6.109 to 3.6.112, the
partition or shutter behind the door is not considered to be a part of the enclosure.

6.102.4 Inspection windows

Inspection windows shall provide at least the degree of protection specified for the enclosure.

trrort

enclosure. Precautions shall be taken to prevent the formation of dangerous electrostatic
charges, either by clearance or by electrostatic shielding (e.g. a suitable earthed wire-mesh on
the inside of the window).

The insulation between high-voltage live parts and the accessible surface of the ingpection
windows shall comply with the rated insulation levels Uy and Up according to 5.3.

6.102.5 Ventilating openings, vent outlets

Ventilating openings and vent outlets shall be so arranged or shielded that the same degree of
protection as that specified for the enclosure is obtained. Such openings'may make use of wire
mesh or the like 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, fer’example:

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

High-voltage compartments should alsé be classified as accessible or non-accessible.

NOTE 1 Only interlock-controlled accessible—high-veltage compartments and procedure based accessible
compartments are considered when defining the LSC category of a functional unit.

A high-voltage compartment shall be designated by the main component contained therein, for
example circuit-breaker ‘eompartment, 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 withjn‘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
cannection compartment, then the designation should primarily remain as the
connection compartment.

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

The LSC category can only be assigned to functional units that include a connection
compartment. This implies that e.g. a bus-sectionaliser or bus-coupler functional unit will have
no LSC category, refer to Figure 8 and Figure 9.

Busbar compartments may extend through several functional units without the need for
bushings or other equivalent means. However, in the case of LSC2, LSC2A, LSC2B assemblies
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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 sections of
switchable or disconnectable busbars.

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

Parts of the busbar systems, in between two high-voltage compartments of functional units,

shall be considered as pnri‘ of their nrijnnnnf pnmpnrfmnnfc H 1P2X is ensured for these "in

between" parts by the enclosures of both adjacent high-voltage compartments. In case IP2X is
not met, a separate compartment shall be defined for these "in-between" parts.

Parts of the busbar at the end of the busbar system shall be considered as part of the adjacent
compartment if their length out of the enclosure of the high-voltage compartment is less than
12,5 mm. If this criterion is not met, a separate compartment shall be defined for thése "busbar
extension elements.

6.103.2 Fluid-filled compartments (gas or liquid)
6.103.2.1 General

Compartments shall be capable of withstanding the normal and transient pressures to which
they are subjected in service.

Gas-filled compartments, when permanently pressurized imservice, are subjected to particular
conditions of service which distinguish them from compresseéd air receivers and similar storage
vessels. These conditions are such that gas-filled compartments are-rnermally 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 Wwith 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.

NOTE 1 The non-corrosive conditions that prevail inside gas-filled compartments are maintained by appropriate
measures such as filter material to adsorb\miMidity and decomposition products, if any.

Materials used in the gbnstruction of enclosures should be of known and certified minimum
physical properties.ob’ which pressure tests are based (see 7.103). The manufacturer is
responsible for the'selection of the materials and the maintenance of these minimum properties,
based on certifigation of the material supplier or tests conducted by the manufacturer, or both.

NOTE 2 See also Annex C.
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-thefillinglevel the design pressure as defined in this

document.

For indoor installations, the design temperature of the fluid-filed 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-shal-be-at-least is equal to the maximum pressure
difference between the fluid inside the compartment at design temperature that the fluid used
for insulation can reach under specified maximum service conditions, and the surrounding
media, like ambient air or insulation fluids in other compartments.
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r—addition—to-thedesigntemperature—Therefore, the design pressure calculation shall also

consider:
a) the full differential pressure possible across the compartment walls or partitions, including
any evacuation process if used during filling or maintenance operations;

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

The design of the fluid-filled compartment shall also take into account the possibility of the
occurrence of an internal arc fault.

In normal service, the pressure inside a gas-filled compartment varies from the filling pressure
Pre With the gas temperature variations, at different service conditions, and possiblé feaks.
Several pressure values shall be coordinated when designing a fluid-filled compartment. An
example is shown in Figure E.1.

6.103.2.3 Tightness

The manufacturer shall state the pressure system used and the permissible leakage rate for
the fluid-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 increased
leakage rates at temperatures other than 20 °C.

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

A partition, separating a compartment filled with insulating gas from a neighbouring
compartment filled with liquid should-not show any leakage affecting the dielectric properties of
the two media.

6.103.2.4 Pressure reliefof fluid-filled compartments

Where pressure-relief-devices or designs are provided, they shall be orientated so as to
minimize the dangerte an operator during the time that he is performing his normal operating

duties if gases or. vapours are escaping under pressure.-The-pressure-relief-devices-shall-not
operate-below 3 times-the-designpressure- Pressure relief devices shall operate with relative

pressure above 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 compaonents that are designed to provide

various functions, such as mechanical or dielectrical integrity, but not designed to function as
a partition or enclosure.

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.
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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
operation of the shutters, for example by a mechanical drive, where the movement of the
shutters is positively driven by the movement of the removable or withdrawable part.

The status of shutters may ot attsituations be readity confirmed—frommam opemn high-vottage
compartment, (e.g. connection compartment is opened, but shutters are located in
circuit-breaker compartment). In such situations, verification of the shutter status may require
access to the second compartment or provision of an inspection window or reliable indicating
device.

If one or more set(s) of fixed contacts can be made accessible through opened shutters (e.qg.
for maintenance or test purposes), then the shutters shall be provided with means of locking
each set independently in the closed position.

If the automatic closing of shutters can be made inoperative in order to retain them in the open
position (e.g. for maintenance or test purposes), then it shall not bé)possible either for the
switching device to return to the service position or to close the switching device in the service
position, until the automatic operation of the shutters is restored” This can be realized for
example by preventing the switching device to return to its service position or by automatic
restoration when returning the switching device to the servigce position.

It may be possible to use a temporary inserted partition-to prevent the live set of fixed contacts
being exposed (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
energized.

For class PM, partitions and shutters “between opened compartments and remaining
high-voltage live parts of the assembly shall be metal; otherwise, the class is Pl (refer to 3.6.106
to 3.6.108).

6.103.3.2 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

Naon-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;

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.
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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).

6.104 Removable parts

If the assembly incorporates removable parts which may be exchanged, for example fuse-links,

then the manufacturer shall provide a reference list.

NOTE 1 For a reference list of fuse-links of switch-fuse combinations, IEC 62271-105 provides further information.

Removable parts for ensuring the isolating distance between the high-voltage conductors, shall
comply with IEC 62271-102:2018, except for mechanical operation tests (refer to 7.102 and
8.102). This disconnection facility is intended for maintenance purposes only.

If removable parts are intended to be used as a disconnector or intended to be removed and
replaced more often than only for maintenance purposes, then testing shall also include the
mechanical operation tests according to IEC 62271-102:2018.

Removable parts that are fixed, for example by bolts and/or_screws, are not subject to
mechanical operation tests according to 7.102.1, if not otherwise specified by the manufacturer.

The requirement that it shall be possible to know the operating position of the disconnector
function or earthing switch function is met if one of the following conditions is fulfilled:

— the isolating distance is visible with the removable€ part removed;

— in case of a withdrawable part:

e the position of the withdrawable partsinsrelation to the fixed part, is clearly visible and
the positions corresponding to full connection and full isolation are clearly identified;

o the position of the withdrawable part is indicated by a reliable indicating device.
NOTE 2 Refer to IEC 62271-102:2018 and also to Annex C.

Any removable part shall be so" attached to the fixed part that its contacts will not open
inadvertently due to forces which may occur in service, in particular those due to a short-circuit.

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 acceptabte:

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.

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

If IAC is assigned, then this designation shall be included in the nameplate (refer to 6.11).

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

7 Type tests

7.1 General
711 Basics

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

Components contained in an assembly shall comply with their individual component standards,
taking into account Clause 7.

Because of the variety of types, ratings and possible combinations_Jof components, it is not
practicable to make type tests with all the arrangements of an d@ssembly. The validity of type
tests performed on one test object with a defined set of ratings te'other assemblies of the same
family with a different set of ratings or different arrangements)of components may be evaluated;
in that case IEC TR 62271-307 [10] should be applied.

The type tests and verifications comprise:

Mandatory type tests to verify the:

a) rated insulation level of the equipment{(see 7.2);
b) measurement of the resistance of circuits (see 7.4);

c) rated continuous current of any-part of the equipment and measurement of the resistance
of circuits (see 7.5);

d) capability of the main and €arthing circuits to be subjected to the rated peak and the rated
short-time 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) ouxiliary and control circuits (see 7.10);
P 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);

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):
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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 objects used for type testing shall not be used in service without agreement between
manufacturer and user.

2 42 nf tonfor-identificati 4 biect
Subclause 7.1.2 of IEC 62271-1:2017 is applicable.

7.1.3 Information to be included in type-test reports

Subclause 7.1.3 of IEC 62271-1:2017 is applicable with the following addition:
For the test report regarding continuous current tests, refer also to 7.5.101.
For the report regarding internal arc tests, refer to 7.105.6.

7.2 Dielectric tests
7.21 General

Subclause 7.2.1 of IEC 62271-1:2017 is applicable.

7.2.2 Ambient air conditions during tests

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

7.2.3 Wet test procedure
Subclause 7.2.3 of IEC 62271-1:2017 is\not applicable.

7.2.4 Arrangement of the equipment

Subclause 7.2.4 of IEC 62271~1:2017 is applicable with the following addition:
Overvoltage protectiverdevices 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 leyvel*also specified by the manufacturer.

7.2.5 Criteria to pass the test

Subelause 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.

For fluid-filled 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 test series.

7.2.6 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
following additions:
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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 earth and between phases

The test voltages specified in 7.2.7 shall be applied connecting each phase conductor of
the main circuit in turn to the high-voltage terminal of the test supply. All other conductors
of the main circuit and the auxiliary circuits shall be connected to the earthing conductor or

the frame andto the earthtermimatof the test SUpPPIly.
If the phase conductors are segregated, only tests to earth shall apply.

The dielectric tests shall be made with all switching devices closed and all removable parts
in their service position. Attention shall be given to the possibility that switching deviCes'in
their open position or removable parts in the disconnected, removed or test position may
result in less favourable field conditions. Under such conditions the tests shall be repeated
with such device(s) in those specific positions. However, switching devices dé not need to
be tested in open position when their component standard does not requirettotest them in
this open position, and removable parts themselves shall not be subjected to these voltage
tests whilst they are in the disconnected, test or removed position. The earthing of
removable parts in these positions during the tests shall be as in service.

In case specific devices, such as current transformers, cable terminations or overcurrent
releases/indicators, could influence the electrical fields, they shall'be installed as in service
during these tests. For impulse voltage tests, the arrangements according to 7.2.7.3 are
allowed. In case of doubt about the most unfavourable arrangement, tests shall be repeated
with alternative configurations.

In order to check compliance with the requirements ‘of 6.102.4 and item a) of 6.103.3.3,
inspection windows, partitions and shutters of insulating material shall be covered on the
side accessible during operation or maintenancejih the most unfavourable situation for the
test, with a circular or square metal foil having an area as large as possible but not
exceeding 100 cm?2 which shall be connetfed to earth. In case of doubt about the most
unfavourable situation, the tests shall berepeated with different situations. For convenience
of testing, subject to agreement between testing station and manufacturer, more than one
metal foil may be applied simultangously, or larger parts of the insulating material may be
covered.

Across the isolating distance

Each isolating distance of.the main circuit shall be tested using the test voltages specified
in 7.2.7 according to the test procedures as stated in 7.2.6.3 of IEC 62271-1:2017.

The isolating distange could be formed by:
— adisconnectoriin 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
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.
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c) Complementary tests

In order to check compliance with the requirement of item c) of 6.103.3.3, if applicable, the
insulation between the high-voltage live parts and the inside of insulating partitions or
shutters shall be subjected to a power-frequency test voltage of 150 % of the rated voltage
U, 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.

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

7.2.71 General

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

7.2.7.2 Power-frequency voltage tests

Subclause 7.2.7.2 of IEC 62271-1:2017 is replaced by the following provisions;

Assemblies 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 value and maintained for 1 min.

The tests shall be performed in dry conditions.

Instrument transformers, power transformers or fuses maybe replaced by replicas reproducing
the field configuration of the high-voltage connections.(Ajtransformer, a coil, or a similar device
normally connected between phases shall be disconnected from the pole stressed with test
voltage.

At common value power-frequency voltage-ests, one terminal of the test transformer shall be
connected to earth and to the enclosure of the assembly.

For isolating distance power-frequency voltage tests, 7.2.6.3 of IEC 62271-1:2017, is applicable,
with "frame" to be replaced by "en¢losure".

For the special cases considered in 7.2.6.3 of IEC 62271-1:2017, the isolating distance may 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 (‘nnfigllrafinn of the high-\/nlfngn connections

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

Subclause 7.2.8 of IEC 62271-1:2017 is not applicable.

7.2.9 Artificial pollution tests for outdoor insulators

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

7.2.10 Partial discharge tests
Subclause 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-functional unit or
assembly (where possible).

7.2.11 Dielectric tests on auxiliary and control circuits

Subclause 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.

Functions like voltage indication or voltage detection(e.g. VPIS, VIS, VDIS and VDS) which are
tested according to their relevant standards, are excluded.

7.2.12 Voltage test as condition check

Subclause 7.2.12 of IEC 62271-1:20174s applicable.

7.2.101 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 Ug (ac) O Ugt (pc) shall be applied to each pole in turn of the

cablé\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.

For AC test voltages, the two test voltages shall be in phase opposition.

For AC cable test voltages U (ac) the duration of the test shall be 1 min. For DC cable test
voltages Ug (pc). 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.
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7.4 Resistance measurement
7.4.1 Measurement of the resistance of auxiliary contacts class 1 and class 2

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

7.4.2 Measurement of the resistance of auxiliary contacts class 3

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

7.4.3 Electrical continuity of earthed metallic parts test

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

7.4.4 Resistance measurement of contacts and connections in the main circuit as a
condition check

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

The maximum acceptable increase of resistance for individual switching devices within the
assembly after mechanical and/or making and breaking tests is defined in the corresponding
switching device standard of the IEC 62271 series.

7.5 Continuous current tests
7.5.1 Condition of the test object

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

7.5.2 Arrangement of the equipment

Subclause 7.5.2 of IEC 62271-1:2017 is applicable with the following modifications:

Where the design provides alternative components or arrangements, the test shall be performed
with those components or arrangements for which the most severe conditions are obtained. 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 Testcurrent and duration
7.5.34 Test on main circuit

Subclause 7.5.3.1 of IEC 62271-1:2017 is applicable with the following modifications:

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.
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7.5.3.2 Test of the auxiliary and control equipment

Subclause 7.5.3.2 of IEC 62271-1:2017 is applicable with the following exception:

This test need not be performed on circuits and components of auxiliary and control equipment
which already have demonstrated their operation at ambient temperature limits during
mechanical tests with the high-voltage switching devices installed inside the assembly,
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IEC 62271-103.

7.5.4 Temperature measurement during test

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

The temperature of the test conductors shall be measured at the point where_they leave the
enclosure and at a distance of 1 m externally along the temporary feeding connections. The
temperature difference shall not exceed 5 K. However, in case this tempeérature difference
exceeds 5 K, the test may be considered as valid if the above indicated point at 1 m from the
assembly 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

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

The measured 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
resistance shall be the reference for the routine test(fefer to 8.4).

7.5.6 Criteria to pass test

Subclause 7.5.6 of IEC 62271-1:2017 is:applicable with the following additions to 7.5.6.1:

The temperature rise of assemblies~containing components which are subject to individual
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 spegified 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, thevfollowing fuse information shall be included in the test report:

e ‘manufacturer;
¢ ) type designation;

e rated \/nltagp 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.
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7.6
7.6

Short-time withstand current and peak withstand current tests

A1 General

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

a)

Test on main circuits

Matn-circuits—ot-assemblies—shallbe-testedtoverfytheicapabiityte-withstand-therated
short-time and peak withstand current under the intended conditions of installation and use,

i.e. they shall be tested as installed in the assembly with all associated components
influencing the performance or modifying the short-circuit current.

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

— the making and breaking tests of the switching function incorporating thefuses have
been performed within the assembly;

NOTE 1 An example of switching function incorporating current-limiting fuses is a switch-fuse combination.

— breaking tests of the fuses, when the fuses 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 fuse-link,
demonstrating that both the applied peak current and resulting thermal effects (i.e. Joule
integral 72¢) are equal to or higher than, those which wéuld be obtained with fuses at the
rated voltage, has been performed within the assembly.

In all cases, the performed tests shall at least coyer‘the situations of maximum breaking
current (up to 7, and I, of the branch of the assembly incorporating current-limiting fuses)

and of maximum let-through I2¢ for the fuses Which can be used within the assembly
according to the reference list provided by the-manufacturer.

NOTE 2 The maximum let-through /¢ is generally*obtained with a lower prospective current than 1.

Connections to auxiliary devices (such as voltage transformers, auxiliary transformers,
surge arresters, surge capacitors,.voltage detection devices, and similar items) are not part
of the main circuit (refer to 3.5.,105).

Tests on 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 (/y, 1, # and Iyg, Iy, lke — @S

applicable). Theysshall 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 (J,, 1o, t). Additionally, single-phase tests shall be performed
on-alPparts 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 (Iye, Ipe, fke)-

When there are removable earthing devices, the earthing connection(s) between the fixed

nart (of tha acscsambliv)y and thg ramaovahle earthina device-shall ba tested at the rated short
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time and peak withstand currents (/y, 1, #¢ and Iyg, I, te — @s applicable). The current

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
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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

Subclause 7.6.2 of IEC 622/1-1:2017 1s not applicable.

The circuits of the test object shall be selected in such a way that the most onerous conditions
are obtained concerning the maximum lengths of unsupported conductors, configuration efithe
conductors and connections within the equipment, and the assigned rated values. In the ,case
of assemblies incorporating the same switching device at several locations, it also shall be
checked that the most onerous location of the switching device is tested.

The test connections to the terminals of the assembly shall be arranged in such a way as to
avoid unrealistic stressing of, or support to, the terminals. The distance between the terminals
and the nearest supports of the test conductors on both sides of the~assembly shall be in
accordance with the manufacturer's instructions reference.

The short-time withstand current and peak withstand current tests shall be carried out according
to the number of phases of the circuit under test. However, each*earthing circuit shall be tested
with its number of phases at its /i, /;, and ¢, and tested single-phase at its /¢, /p and 7 up to
the earthing point provided on the test object. These tests)ymay be performed on different test
samples. Parts of the earthing circuit already satisfaCtorily tested may be replaced between
tests on different earthing circuits.

Current transformers and tripping devices thatimay be present shall be installed as in normal
service, but with the release made inoperatiye/

Equipment which does not include any«current-limiting device may be tested at any convenient
voltage. Equipment which incorporatées a current-limiting device shall be tested at the rated
voltage of the assembly, except ifthe test set-up at a lower voltage results in mechanical and
thermal effects that are equal t@; or higher than, those with the incorporated current-limiting
device at rated voltage. Refer\te’ 7.6.1 a) for further details on fuse-link selection, and accepted
alternatives to demonstrate.this performance.

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

NOTE The definitign 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 rated
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:

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 ¢, or ¢, whichever is applicable for the tested circuit.
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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 % of the value measured before the test. If the resistance increase exceeds 20 % then a
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continuous current.

After the test on each earthing circuit, some deformation and degradation of the earthing
devices, earthing conductors, earthing connections and other conductive parts forming-part of
the earthing circuit is permissible, but the continuity of the circuit shall be preserved) Visual
inspection should be sufficient to check that continuity of the circuit has been preserved. In
case of doubt if certain earth connections are (still) adequate, the earthing shall.be verified
testing with 30 A (DC) to the earthing point provided. The voltage drop shall be.lewer than 3 V.

7.7 Verification of the protection
7.71 Verification of the IP coding

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

For verification of the IP coding, the service condition is with”all doors and covers closed, no
matter how they are expected to be locked or not.

Accessible partitions and shutters, as defined by thesmanufacturer, shall be verified on IP2X.

7.7.2 Verification of the IK coding

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

For verification of the IK coding, theservice condition is with all doors and covers closed, no
matter how they are expected to_be‘locked or not.

7.8 Tightness tests

Subclause 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 ambhient 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.

Forsa\defined type of switchgear and controlgear, a tight compartment design is considered to
beXvalidated if all types of sealings for a specific design are tested at least once on
representative compartments.

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

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.
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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:

Where applicable, the tests under 7.10 shall be performed on a typical lay-out of the assembly,

hacad ontha cstandard wirina ritlac af tha maniifactiirar
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7.10.2 Functional tests

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

NOTE Functional tests on auxiliary and control circuits are performed as routine tests, refer to 8.3.2,
7.10.3 Verification of the operational characteristics of auxiliary contacts

Subclause 7.10.3 of IEC 62271-1:2017 is applicable with the following addition:

This subclause is not applicable to the auxiliary contacts already tested/according to their own
standard.

7.10.4 Environmental tests
Subclause 7.10.4 of IEC 62271-1:2017 is applicable with(the following limitations:

— tests do not apply for indoor assemblies operated under normal service conditions 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 on the
separate components of a representative auxiliary and control circuit, no further
environmental tests are needed.

7.10.5 Dielectric test

Subclause 7.10.5 of IEC 62271-1:2017 is applicable.

7.11 X-radiation test for vacuum interrupters

Subclause 7.11 of IEC62271-1:2017 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, SUPPOTts, provisions 10f venting. These 1esis are not necessary i making
and breaking tests have been performed on the switching devices installed in assemblies with
identical or more onerous conditions.

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:
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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
the compartments where these switching devices are installed;

the requirements of item a) or, where appropriate item b) above.

Where multiple high-voltage compartments, either side-by-side or multi-tier designs, are\not
identical but are designed to accept the same switching device, the above stated tests/test-
duties shall be performed in the compartment in which the most severe conditions are obtained,
as appropriate to the requirements of the relevant standard.

7.101.2 Test requirements for main switching devices
The following 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
into account the requirements of 6.103.4 of that standard> for the test connection
arrangement, where applicable. For circuit-breakers that+dre already type tested in
alternative configurations for both k,, = 1,5 and 1,3, thenT\100s and T100a only have to be

demonstrated for kpp =1,5;

— IEC 62271-103:2021: Test duty TD,y,4o (10 CO operations). Where the switch has a rated
short-circuit making capacity, the 10 CO operations of TD,,,4» shall be followed by test duty
TD,,4 according to class E1, E2 or E3, as applicable;

— IEC 62271-105:2021: Test duties TD¢.,~and the highest value of TD;.,ns5er @nd TD;
— |EC 62271-106:2021: Verification of coordination with SCPDs;

- IEC 62271-107:2019: Test duties I D, and TDs. and TD;

- |EC IEEE 62271-37-013:2015; Fest duties 1 and 2.

Refer to 7.4.4 for maximum_ allowed resistance increase along the main circuit after making and
breaking tests.

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.

Ifithe’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 7.10T.8 and 7. 10T.90f IEC 6227 T-102: 2018 apply to both the class EU earthing
switch and the main switching device.

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.
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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 operation.

The reliable operation of shutters, for example by a mechanical drive, where the movement of

e sSrutiers iS pOSiIiVGIy oriven Dy tie moveimmert Or the rermovdpie Or wilnorawaole part, shall
be checked.

For functional units including several switching devices, the operations may be performedyas
part of a sequence of operations involving all these switching devices. If the insertion/removal
of a removable part is involved in the sequence, the number of such sequences should be
limited to 25. Any operations not included in this sequence should be separately tested.

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

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

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

The following tests shall be made in order to attemptto defeat the interlocks and locking devices:

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

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

c) 20 attempts to operate the swijtehing devices manually, when the operation interface is
accessible;

d) 10 attempts to operate the @witching device manually in the wrong direction shall be carried
out in addition 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).

Thenormal 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;

— 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.
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The force shall be applied-halfway-along-the-length at the midpoint of the gripping part of the
handle or actuator- with the following considerations:

— For handles consisting of one or more levers, the gripping part shall be defined by the
manufacturer before testing. In this case, two different scenarios are considered:

e if intended for gripping with one hand, the gripping part shall not extend more than
100 mm from the end of the lever;

e if intended for gripping with two hands next to each other, the gripping part shall not
extend more than 200 mm from the end of the lever.

— For handles where the lever is extensible or sliding, the lever shall be at the longest possible
length, and the full force shall be applied to only one of the gripping parts of the levef(s), if
more than one exists.

Where operating handles and actuators incorporate a feature which limits the transmitted force
or torque, the maximum test force or torque shall be limited to that which can béwapplied by the
handle or actuator, provided that the handle or actuator is not interchangeable with other
handles or actuators.

No adjustment shall be made to the switching devices, removable~parts or interlocks during
these tests.

The integrity of sliders or other devices preventing access to\the operation interface shall be
verified in accordance with 7.7.2 (verification of the IK coding).

Where mechanical interlocks are designed to prevént‘the operation of motorized switching
devices, the following additional tests shall be perfonmed using the motor:

— 20 attempts to operate the switching devices;

— 10 attempts to operate the switching deviCe in the wrong direction shall be carried out in
addition to, but anywhere in, the above. sequence of 20 attempts.

110 % of the rated supply voltage of @uxiliary circuits shall be applied for a duration of 2 s.

The interlocks are considered to“be satisfactory if:

a) the switching devices_cannot be operated;

b) access to the interlocked compartments is prevented;

c) the insertion and,withdrawal of the removable parts are prevented;

d) the switching devices, removable parts and the interlocks are still operative and the effort

to operatesthem before and after the tests, does not differ from the maximum hand operating
forces((manual operation) or peak energy consumption (motor operation) by more than
50 %w.]n case of the test with 750 N, damage is acceptable, provided that the interlock still
prévents operation.

NOIE" These tests can be performed as part of the mechanical operations test sequence.

7.103 Pressure withstand test for gas-filled compartments

7.103.1 Pressure withstand test for gas-filled compartments with pressure relief
devices
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Each design of a gas-filled compartment equipped with its pressure reliﬁzqévices(s) shall be

subjected to pressure tests as follows:

N

Adjacent compartments (if any) shall be set at a pressure n%jSgher than the minimum
functional pressure of those compartments. If the manufa r's instructions reference
allow for maintenance of those compartments, they shal\be at atmospheric pressure.

Alternatively, they even may be evacuated, if allowed b manufacturer.
NOTE 1 This test configuration covers the over-pressure behav&;}under intended service conditions.

NOTE 2 The design pressure (relative pressure) calm@n already considers the situation of adjacent
compartment evacuated, if allowed by the manufacturer.

The ambient temperature shall be betweer(g §)C and 30 °C.

NOTE 3 The temperature range is in accordarQch ISO 4126-2.

For all the following pressure tests@relative pressure shall be increased with a pressure
rise not exceeding 400 kPa/min i der to reach a value of 1,3 times the design pressure
of the compartment for a periqg\(%1 min. The pressure relief device shall not operate and
the compartment shall not signs of distress or any distortion likely to affect the
operation of the assembly.g

N
To determine the high Txpossible value at which the pressure relief device operates, two
possible scenarios s be considered:

e if no certificate§s available for the pressure relief device (for example, in case of integral
pressure relief devices), the operating pressure of the pressure relief device shall be
verifiec@’ testing 5 samples of the pressure relief on the specific compartment design;

o ifa c@l icate according to ISO 4126-2 for the pressure relief device is available for the
range of service temperatures and up to the design temperature, it shall be verified that
‘operating pressure is in the range given by the certificate by a single test on the

ecific compartment design.

r both scenarios, the relative pressure shall be increased with a pressure rise not
exceeding 400 kPa/min up to the pressure relief device operates, as designed by the
manufacturer.

e The opening pressure(s) shall be recorded in the type test report.

e A visual inspection of the orientation of the pressure relief device should be performed.
The direction of escaping gases should be indicated in the test report.

Then, a verification of the safety margin of the compartment with respect to the pressure
relief operation shall be performed as follows:

e the pressure relief device shall be blocked or reinforced without impacting the withstand
pressure of the compartment;
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e then, the relative pressure shall be increased with a pressure rise not exceeding
400 kPa/min up to the highest value where the pressure relief would operate (by
certificate or test mentioned above) multiplied by a safety factor. Two possible cases
shall be considered:

— if a certificate is available for the pressure relief device for the range of service
temperatures and up to the design temperature, the applied safety factor to the upper
value of operation given by the certificate shall be 1,1;

— if no certificate is available for the pressure relief device (for example, in case of
integral pressure relief devices), the highest opening pressure recorded in the 5
previous tests is taken and the applied safety factor shall be 1,5.

e the test pressure level shall be maintained for 1 min;

e the compartment may be distorted, but it shall not rupture during the test.

7.103.2 Pressure withstand test for gas-filled compartments without pressure- relief
devices

Each design of a gas-filled compartmentwithout pressure relief device shall be subjected to a
pressure test according to the following*procedure:

— Adjacent compartments (if any) shall be set at a pressure not higher than the minimum
functional pressure of thosé* compartments. If the manufacturer's instructions reference
allow for maintenance ef‘those compartments, they shall be at atmospheric pressure.
Alternatively, they evefi’may be evacuated, if allowed by the manufacturer.

NOTE 1 This test cogfiguration covers the over-pressure behaviour under intended service conditions.

NOTE 2 The desigh pressure (relative pressure) calculation already considers the situation of adjacent
compartment eacuated, if allowed by the manufacturer.

— The ambient temperature shall be between 15 °C and 30 °C.

— The relative pressure shall be increased with a pressure rise not exceeding 400 kPa/min up
tosthree times the design pressure of the compartment, except for those with cast aluminium
Wwalls with design pressure above 300 kPa where the upper value shall be five times the
design pressure. The test pressure level shall be maintained for 1 min. After the test, the
compartment may be distorted but it shall not rupture.

7.704 Tests to verify the protection of persons against dangerous electrical effects
7.104.1 General

Subclause 7.104 is applicable to non-metallic partitions and shutters intended for protection
from effects 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 disconnected and
earthed.

Solid-insulation embedded high-voltage parts that are intended to remain live when accessing
the high-voltage compartment shall be tested according to 6.104 of IEC 62271-201:2014.
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7.104.2 Dielectric tests

a) The insulation between high-voltage live parts and the accessible surface of insulating
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.

b) 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

c) 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?2, at the most onerous point. The test set-up sHall be
as specified in item a) of 7.2.6.

7.104.3 Measurements of leakage currents

When an assembly contains insulating partitions or insulating shutters, the follawing 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 metal foil shall be placed in the most unfavourable’situation for the test on the accessible
surface of the insulation providing the protection against contact with live parts. In case of doubt
about the most unfavourable situation, the test_shall be repeated with different situations.

The metal foil shall be approximately cireular or square, having an area as large as possible
but not exceeding 100 cm2. The enclosure and the frame of the assembly shall be earthed. The
leakage current flowing through the nietal foil to earth shall be measured with the insulation dry
and clean.

The value of the leakage current measured shall not exceed 0,5 mA. If, as indicated in item d)
of 6.103.3.3, the continuous path over insulating surfaces is broken by small gaps of gas or
liquid, such gaps shall.be“shorted out electrically. If these gaps are incorporated to avoid the
passage of the leakage current from live parts to accessible parts of insulating partitions and
shutters, the gaps shall withstand the test voltages specified in 7.2.7.1 for voltage tests to earth
and between pales.

It is not necessary to measure leakage currents if earthed metal parts are arranged in an
appropriate manner to ensure that leakage currents cannot reach the accessible parts of the
insulating partitions and shutters.

7.105 Internal arc test

71051 General

The test is applicable to assemblies for which an internal arc classification has been assigned,
covering the event of an arc fault within the enclosure or within components having housings
which form part of the enclosure in normal operating conditions. The internal arc test makes
allowance for effects acting on all parts of the enclosure, such as internal overpressure, thermal
effects of the arc or its roots, the effects of ejected hot gases and glowing particles.

7.105.2 Test conditions

The test shall be carried out with the assembly in the following conditions:
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— 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(

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
inoperative without modification of the construction of the compartment or the enclosure, the
relevant compartment of the assembly may be tested with the device operative; but this
compartment shall be qualified according to the actual duration of the arc. The test current shall
be maintained for the rated short-circuit duratign of the main circuit.

NOTE 1 For possible measures to mitigate the effects of internal arcs, refer to Cigré Technical Brochure 686 [11].

If, during the test, an ar&lgnites in another already arc-tested compartment of the same test
object (see 7.105.3), the-test is not valid. However, if during the test, an arc ignites in a non-
previously arc-testedhsompartment(s) of the same test object, the test shall be regarded as valid
for the compartmentiwhere the arc was initiated, under the condition that it can be proven that
the ignition wa$, the consequence of design construction, as declared by the manufacturer
before the teSt Examples of such design constructions are:

— a lower short-circuit withstand of part of the circuit, upstream in the current path from the
cempartment under test;

— \burn-through, or opening of pressure relief flaps, to another compartment.

Fhe manufacturer’s declaration shall be referred to in the test report.

The other affected compartment(s) shall be (or shall have been) tested with the point of initiation
as required in A.5.2.1. The number of phases to be tested shall be in accordance with A.5.2.1
and Table A.1 provided that the arc initiation involves at least the number of phases involved
in this take-over ignition.

NOTE 2 Reason for not accepting the test result in case of transfer to a compartment that was already arc-tested,
is that the test result can be influenced by the contamination in that compartment.
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7.105.3 Arrangement of the equipment
The equipment shall be arranged as follows:

— the test object shall be fully equipped. Mock-ups of internal components are permitted
provided they have the same volume and external material as the original items and they
do not affect the main and earthing circuits;
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assembly, as stated by the manufacturer regarding the different possible assembly lay-outs.
The following applies:

e in case of assemblies consisting of extensible (modular) functional units, the test object
shall consist of two functional units connected together as in service, unless/the
manufacturer specifies a different minimum number of functional units;

o if by design of the assembly, a type of functional unit is not intended to be used as an
end unit under service conditions, for its test, it shall be configured in thevassembly as
close as possible to the lateral side — furthest away from the wall of the,room simulation,
in an arrangement of more than two functional units;

e in case of assemblies with at least one high-voltage compartment belonging to more
than one functional unit (e.g. several main switching devices in.'0ne compartment), the
test object shall consist of functional units where the shared_ high-voltage compartment
is complete;

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

e in case of assemblies having functional units that contain identical high-voltage
compartments with the same internal arc \{est conditions, one test on this type of
compartment is sufficient, provided that theitest object was placed as close as possible
to the lateral side — furthest away from ¢he wall of the room simulation, as stated by the
manufacturer regarding the different possible assembly lay-outs;

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

— 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;

— in case of fluid-filled compartments (other than SFg) the test shall be made with the original
fluid at its filling pressure(¥10 % of the relative pressure) for insulation;

— for environmental reasons, it is recommended to replace SFg with air at the filling pressure
for insulation and/oriswitching (10 % of the relative pressure).

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

7.105.4 Test procedure

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

7.1055 Criteria to pass the test

[AC classification according to the relevant type of accessibility, is demonstrated for the
assembly if the following criteria are met:

Criterion No. 1

Correctly secured doors and covers do not open. Deformations are accepted, provided that no
part comes as far as the position of the indicator mounting frames or the walls (whichever is
the closest) on every side and no openings with dimensions larger than 50 mm occurred in the
classified sides up to a height of 2 000 mm. The assembly does not need to comply with its
IP code after the test.
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To extend the acceptance criterion to an installation mounted closer to the wall than tested, two
additional conditions shall be met:

— the permanent deformation is less than the intended distance to the wall;
— exhausting gases are not directed to the wall.

Criterion No. 2

— no fragmentation of the enclosure occurs;

— no ejection of fragments or of other parts of the assembly of an individual mass of 60 g Or
more occur;

— objects of an individual mass of 60 g or more falling to the floor in the immediate vi¢inity of
the assembly are accepted (in the case of accessible sides, this means between the
assembly and the indicator rack).

Criterion No. 3

Arcing does not cause holes by burning through in the classified sides’ up to a height of
2 000 mm.

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

Criterion 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-speéd cameras, video or any other suitable means
should be used by the test laboratory to establish evidence.

Indicators ignited as a result of paint orstickers burning are also excluded.

NOTE 2 It is assumed that the physical dimensions of the test laboratory are large enough to prevent hot gas
reflections towards the indicators fromysurfaces 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 (refefito 7.6.4).

7.105.6 % Test report
In addition to 7.1.3 the following information shall be included:

—)" description of the test object with a drawing showing the main dimensions, details relevant
to the mechanical strength, the arrangement of the pressure relief flaps and the method of

fixingthetestobjecttothe ftoorand/orto the watts;

— the distance between the upper part of the test object and the ceiling of the room or building.
For this purpose, the manufacturer shall state the point of the assembly from which this
distance is measured;

NOTE 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 conditions, the information in the test report is
about the validity of the test results regarding the ceiling height for installation.

— point and method of initiation of the internal arc fault;
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— drawings of test arrangement (room simulation, test object and mounting frame of indicators)
with respect to the type of accessibility (A or B), classified sides (F, L or R) and installation
conditions;

— applied voltage and frequency;
— for the prospective and/or test current (refer to A.4.3):
1) RMS value of the AC component during:

e the first three half-cycles;
e the last three half-cycles;
) highest peak value (actual and/or prospective);
3) average RMS value of the AC component over the actual duration of the test;
) duration of arc fault current;
5) prospective RMS value and duration of the test current.
— oscillogram(s) showing currents and voltages;
— optionally, total arc energy, peak arc power;
— optionally, 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 afunctional 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;

— performance of the pressure relief device, if any;
— insulation system;

— physical influences(pressure rise, gas flow and thermal effects).
8 Routine tests

8.1 General

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

=<partial discharge measurement (if applicable): 8.101;
— mechanical operation tests: 8.102;
— pressure tests of gas-filled compartments (if applicable): 8.103;
— tests after erection on site: 8.104;

— measurement of fluid conditions after filling on site (if applicable): 8.105.
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8.2 Dielectric test on the main circuit

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

The power-frequency voltage test shall be performed according to the requirements in 7.2.7.2.
The test voltage specified in 7.2.7.1 for Uy, common value, from column 2 of Tables 1 and 2 of

IEC 62271-1:2017, shall be applied, connecting each phase conductor of the main circuit in turn

To the high-voltage terminal of the test supply, wilh the other phase conductors connected 1o
earth and the continuity of the main circuit ensured (e.g. by closing the switching devices or,
otherwise).

The test voltage may be applied at higher than the rated frequency in order to avoid’the
disconnection of voltage transformers.

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

8.3 Tests on auxiliary and control circuits

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

Subclause 8.3.1 of IEC 62271-1:2017 is applicable.

8.3.2 Functional tests

Subclause 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
auxiliary 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 eagh* component, subassembly or after mounted on the
assembly.

Additionally, all existing auxiliafry 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.

8.3.3 Verification of protection against electrical shock

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

8.314 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 there is no continuous current test for the configuration being tested, the conditions of
the test and the limits of resistance values shall be given by the manufacturer.
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8.5 Tightness test
Subclause 8.5 of IEC 62271-1:2017 is applicable with the following modification:

Tightness tests shall be performed after the pressure withstand tests according to 8.103, if any.

8.6 Design and visual checks

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

8.101 Partial discharge measurement

This test is optional. If such a routine test is performed on the assembly, the procedure shall
be in accordance with Annex B.

NOTE The measurement of partial discharges, as a routine test, can be helpful to detect p@ssible material and
manufacturing defects especially for organic solid insulating components. The test can al$6 ‘serve as a quality
manufacturing test of assembly.

8.102 Mechanical operation tests

Operation tests shall be made to ensure that the switching déyices, removable parts and
auxiliary circuits function correctly and that the mechanical interl6cks work properly.

The tests shall be performed as specified in 7.102 except;that:
— in case of manual operation, 5 operations or attempts shall be performed in each direction
with normal operating forces;

— in case of auxiliary supply voltage, and switching devices not tested within the functional
unit, 5 operations or attempts shall be performed in each direction, both for the specified
upper and lower limit of the auxiliary supply voltage of the operating devices;

— devices having a predetermined seguence of operation, shall be operated:
e with the most unfavourable imit values of auxiliary supply voltage;
e 5 times in succession in the intended conditions of use and operation;

It shall be verified that:

— the switching devicés open and close correctly within the specified limits of the supply
voltage and pressure of their operating devices;

— each removable part can be inserted and removed correctly;

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

— all interlocks function correctly;
— @ltauxiliary 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



https://iecnorm.com/api/?name=f8eb1c27a236f40d80d8bb36c54da1c6

IEC 62271-200:2021+AMD1:2024 CSV - 65 - REDLINE VERSION
© IEC 2024

Each gas-filled compartment with a filling pressure above 150 kPa (absolute pressure) shall
withstand during 1 min:

— 2,0 times the design pressure for cast resin, ceramic or cast aluminium gas-filled

4 4 adtlo 4 Lot ol H
CUTTTpdraTicIie witlhfvut procoourtc TTIITT UTVILT,

— 1,3 times the design pressure in other cases.

After this test the compartment shall show no signs of distress or any distortion likely to affect
the operation of the assembly.

8.104 Tests after erection on site

After erection, the assembly shall be tested to check correct operation.

All routine tests of Clause 8 which have not been performed at the manufacturer's premises
shall be performed on site.

Additionally, for parts which are assembled on site and for compartments which are gas or liquid
filled on site and which all have been previously routine tested, the following is applicable:
a) Voltage test of the main circuit;

Power-frequency voltage tests in dry conditions should be carried out on the main circuits
of an assembly after the erection on site in exactlythe same manner as specified in 8.2 for
the routine test at the manufacturer's premises:

The power-frequency test voltage shouldie 80 % of the values indicated in 8.2 and be
applied to each phase conductor of the'main circuit in succession with the other phase
conductors earthed. For the tests, one.terminal of the test transformer is connected to earth
and to the enclosure of the assembly.

Voltage transformers should be-disconnected during dielectric site tests, unless the test
frequency used for the site testiis high enough to prevent core saturation;

b) Tightness tests: 8.5 is applicable;
c) Measurement of fluid_condition after filling on site: 8.105 is applicable.

8.105 Measurement©f 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
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.
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9.2 Selection of rated values

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

For a given duty in service, the assembly is selected by considering the individual rated values
of their components required by normal load and fault conditions. The rated values of an
assembly may differ from those of its component parts.

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

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

The duty imposed by fault conditions should be determined by calculating the \fault currents at
the place 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

Subclause 9.3 of IEC 62271-1:2017 is applicable with the follewing additions:

Users should select the type of terminations from a list{provided by the manufacturer of the
assembly.

Users should specify values of rated cable test voltages allowing adequate margins above the
actual cable test voltages expected to be applied.

9.4 Continuous or temporary overload ‘'due to changed service conditions

Subclause 9.4 of IEC 62271-1:2017 is,applicable.

9.5 Environmental aspects

Subclause 9.5 of IEC 62274-1:2017 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
aprocedure-based or interlock-based accessible connection compartment.

Development of switching devices with Tow 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
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,
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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 forms of internal partitioning defined in this document attempt to balance-such requirements
as service continuity and maintainability. In this subclause, some guidance is given regarding
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NOTE 1 Temporary inserted partitions, to prevent accidental contact with live parts while performing certain
maintenance procedures, are addressed in 11.5.

NOTE 2 Possible alternative maintenance procedures, e.g. the establishment of safety distances and/or_setting up
and use of temporary barriers, are outside the scope of this document.

The complete description of an assembly includes the list and type ofihigh-voltage
compartments, e.g. busbar compartment, circuit-breaker compartment, etcy*the type of
accessibility provided to each; and the pattern (withdrawable/non-withdrawabte).

There are four types of high-voltage compartments, three being accessible to the user and one
non-accessible.

For accessible high-voltage compartments: there are three methods of controlling the opening

of-accessible-high-voltage these compartments-are-defined;

— the first is by use of interlocks to ensure that all live ‘parts inside are isolated and earthed
before opening; or are in the disconnected position with corresponding shutters closed.
Such compartments are designated "interlock-contfrolled accessible compartments”;

NOTE 3 Generally, it can be possible to open shuttefs of temporary inserted partitions manually after accessing
the high-voltage compartment.

— the second relies on user procedure_and locking to ensure safety, the compartment being
supplied with facilities for padlocking\or equivalent; this type of compartment is designated
a "procedure-based accessible compartment";

— the third does not provide any.\built-in feature to ensure electrical safety before opening.
Such compartments need tobls to be opened; they are designated "tool-based accessible
compartments”.

The first two-dypes of accessible high-voltage compartment are available to the user to be
opened for#iarmal use (see 3.1.107). The opening of these two types of accessible high-voltage
compartments can additionally require manipulating some fixing elements for opening. These
compartments can also have other covers and/or doors requiring tools for opening following a
propef procedure and identified with specific warning labels about the electrical risk behind if
opened or removed.

If the access to a high-voltage compartment—requires is only limited by the need of 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, e.g. 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. 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.
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Non-accessible high-voltage compartments (see 3.5.113) should not be opened by the user as
the opening could destroy the integrity of the compartment. Sometimes, a-clear indication not
to open is provided on, or is evident by a feature of the compartment, e.g. a completely welded
GIS tank. However, by default, every high-voltage compartment not declared accessible by the
manufacturer in the manufacturer’s instructions reference, is considered as a non-accessible
compartment.

9710 1-3—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 energised when the connection compartment or any other high-voltage ‘compartment of
this functional unit accessible in normal use is opened. See 3.5.110 and 3,5111.

this form is not intended to provide service continuitylwhen opening any accessible
compartment of the functional unit for normal use. Complet€)disconnection of the functional unit
from the system and the isolation and earthing of the high=voltage conductive parts is required
before opening any compartment.

Category LSC2 family: these forms are intended €0 allow maximum continuity of service of the
network during access to the high-voltage compartments-inside of the-assembly functional unit
accessible in normal use. It means that opening of accessible high-voltage compartments-in of
a functional unit in normal use is possible while keeping the other functional units of the same
section energised. This implies that atileast one busbar may be kept energised. Insertion of a
movable partition may be used to achieve this category, refer to 11.5.

LSC2 requires as a minimum that it is possible to open the connection compartment of the
functional unit while keeping_the busbar(s) live. There may or may not be other-aceessible high-
voltage compartments that are accessible in normal use (e.g. main switching device
compartment).

LSC2A is applicableto-an-assembly a functional unit that has-aeeessible compartments (at least
one), other than—fer the high-voltage connection compartment, that are accessible in normal
use (for instance the main switching device compartment); this requires that it is allowed, after
making isglating and earthing the relevant high-voltage circuit-iselated-and-earthed, or-moved
moving the withdrawable part to the disconnected position with corresponding shutters closed,
to open>any such high-voltage compartment while keeping the busbar(s) energised (it is of
course not allowed to open the live busbar compartment(s) unless the live conductors are
embedded by solid insulation material and comply with at least protection category PA of
IEC 62271-201:2014).

It could be of additional value to keep the high-voltage connection (e.g. cables) energized when
accessing such other compartments of the corresponding functional unit. This situation can
occur when alternative power supplies are part of the installation (loop operation, generators,
etc.). For these situations assemblies may be specified to be LSC2B; this requires that the
connection (cable) compartment may be kept energized when any other accessible high-voltage
compartment is open.

The three categories of the LSC2 family can be summarized as follows:
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LSC2: Designation for functional units with accessible high-voltage connection
compartments where opening the connection compartment does not require the busbar(s)
nor the other functional units to be put out of service;

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;

| SC2R- In addition to the requirements of | SC2A _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.

Examples:

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 LSC:

2) 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©ompartment may be opened
with the busbar live. The functional unit should be catederized as LSC2.

3) 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.

4) LSC2 (Figure 4): Similar to Figure 3, a typical ring main unit design (RMU) where the
busbar compartment contains the switeh-disconnectors or circuit breakers of several
functional units is also categorized as\LSC2.

5) LSC2A (Figure 5): this is similar totexample 2, except that the disconnector is located in
the busbar compartment, and there is full partitioning between the busbar and circuit-
breaker compartments. Bothdthe circuit-breaker compartment and the connection
compartment may be opened-safely with the busbar live after the disconnector is opened
and the earthing switchsis*closed. Access to the circuit-breaker compartment requires
that the cables are isolated and earthed.

6) LSC2B (Figure 6)«for non-withdrawable main switching device designs. This is similar
to example 4, but-in addition a second disconnector and earthing switch are provided in
the connection~compartment; there is full partitioning between the circuit-breaker
compartment-and connection compartment. This allows the circuit-breaker compartment
to be opened with both the busbars and connection compartment live.

7) LSC2B)(Figure 7): for withdrawable designs not incorporating an integrated earthing
switch on the withdrawable part. If the main switching device of each LSC2B functional
unit is fitted in its own accessible compartment, maintenance may be performed on this
main switching device without de-energizing the corresponding connection
compartment. As a consequence, a 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 circuit;

— for components connected to the other side of the main switching device, e.g. busbar.

No LSC assigned (Figure 8): a bus-sectionaliser functional unit with a tool-based
accessible compartment and both busbar sections in one compartment. No LSC can be
assigned, because no connection compartment is present in this functional unit.
Furthermore, the only accessible compartment is a tool-based one, therefore not
accessible in normal use (see 3.5.112) as defined in 3.6.101.
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9) No LSC assigned (Figure 9): Sectionalizer functional unit, each busbar section is in a
separate compartment. No LSC can be assigned, because no connection compartment
is present in this functional unit.
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In Figure 1 to Figure 9, the letter A means "Accessible compartment".
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Figure 7 - LSC2B

9.101.4 Partition classes

Figure 8 —LSC1 No LSC
assigned

Figure 9 — No LSC assigned

There are two types of defined partition class, Class PM (3.6.107) and Class Pl (3.6.108).
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Class PI: one or more accessible high-voltage compartments are surrounded by at least one
partition and/or shutter made from solid-insulation material. Safety aspects are covered by tests,
refer to 6.103.3.3.

Class PM: accessible high-voltage compartments are surrounded only by metal partitions
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 ofithe main circuit.

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 thérated short-time withstand

current of the main circuit (short-circuit under conditions of, dotble-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 leondition 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\naintained in accordance with the manufacturer's
instructions 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 either to a
defect or an exceptional service condition or maloperation may initiate an internal arc, which
constitutes a hazard, if persons are present.

When selecting an assembly; the possibility of the occurrence of internal arc faults should be
properly addressed, with*the aim of providing an acceptable protection level for operators and,
where applicable, for the-general public.

This protection ‘is achieved by reducing the risk to a tolerable level. According to
ISO/IEC Guide-51:2014 [13], risk is the combination of the probability of occurrence of a harm
and the seyverity of the harm. (Refer to Clause 5 of ISO/IEC Guide 51 2014 [13] on the concept
of safety.)

Therefore, the selection of adequate equipment, in relation to internal arc, should be governed
by-a procedure to achieve a level of tolerable risk. Such a procedure is described in Clause 6
of ISO/IEC Guide 51:2014 [13]. This procedure is based on the assumption that the user has a
role to play in the risk reduction.

9.103.2 Causes and preventive measures

Experience has shown that faults are more likely to occur in some locations inside an enclosure
than in others. For guidance, Table 2 gives a list of locations where experience shows that
faults are most likely to occur. It also gives causes of failure and possible measures to decrease
the probability of internal arc faults. If necessary, the user should implement those applicable
to the installation, commissioning, operation and maintenance.

NOTE It is well documented that the arc energy transferred during internal arc testing is not predictable by /2.
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9.103.3 Supplementary protective measures

The first protective measure if the risk of an internal arc fault is not negligible is to specify IAC
classified 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 lemploy
pyrotechnic means to commutate current to a current-limiting fuse) to limit the-let-through
current and fault duration;

— 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 measures

(3)

connection compartments

Tnadequate selection of
cable and/or cable
connection

Sefection 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
insulation
(defective or missing)

Checking of workmanship and/or dielectric test’on site.
Regular checking of liquid levels, where applicable.

Disconnectors
Switches

Earthing switches

Maloperation

Interlocks (refer to 6.12). Delayedireopening.
Independent manual operation. Making capacity for
switches and earthing switches. Instructions to
personnel.

Bolted connections and
contacts

Corrosion

Use of corrosion inhibiting/coating and/or greases. Use
of plating. Encapsulation, where possible.

Supplemental heating to prevent condensation.

Faulty assembly

Checking of-workmanship by suitable means. Correct
torque. Adequate locking means.

During racking-in or racking-
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

Checking-of workmanship at site.

Instrument transformers

Ferro-resonance

Avoidance of these electrical influences by suitable
design of the circuit.

Short-circuit o low-voltage
side for VTS

Avoid short-circuit by proper means, e.g. protection
cover, low-voltage fuses.

Circuit-breakers

Insuffieient maintenance

Regular programmed maintenance.
Instructions to personnel.

All locations

Error by personnel

Limitation of access by compartmentalization.
Insulation embedded live parts. Instructions to
personnel.

Ageing under electric
stresses

Partial discharge routine tests.

Pollution, moisture ingress
of dust, vermin, etc.

Measures to ensure that the specified service
conditions are achieved (refer to Clause 4). Use of gas-
filled compartments.

Overvoltages

Surge protection. Adequate insulation co-ordination.
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.
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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
accessible and the user should follow the instruction carefully. Allowing personnel toenter an
area not designated as accessible may lead to personnel injury.

The protection of persons in case of an internal arc is not only a matter ofcdesign and IAC
classification of the assembly, but depends also on the installation conditions sinternal arc faults
inside an assembly can occur in a number of locations and can cause 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 overhéating which will result
in mechanical and thermal stressing of the equipment. Moreover,(the materials involved may
produce hot decomposition products, either gaseous or vaporous, which may be discharged to
the outside 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 site:

9.103.5 Internal arc test

The internal arc test is in general intended to verify the effectiveness of the design in protecting
persons in case of an internal arc, when theé assembly is in normal operating condition. This
test does not assess the behaviour of the assembly under any condition of maintenance or work,
when parts of the enclosure, including thelow-voltage compartment, are open or dismantled.

The internal arc test is only applicable to assemblies that have an assigned internal arc
classification.

Internal arc tests are not intended to cover for example:

— theinfluences of anrinternal arc between compartments, nor the damage to internal partition
and shutters nat being accessible in normal operating conditions;

— arc faults outside the enclosure, for example in the connecting cables;

— the effects)caused by an explosion of high-voltage components;

— the presence of gases with potential toxic characteristics, or the hazard of fire propagation
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.



https://iecnorm.com/api/?name=f8eb1c27a236f40d80d8bb36c54da1c6

IEC 62271-200:2021+AMD1:2024 CSV - 75— REDLINE VERSION
© IEC 2024

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
designated as follows:

— general: classification IAC (initials for Internal Arc Classification);
— accessibility: A or B (according to 5.103.2 and A.2.2);
— classified sides: F,L, R (according to 5.103.2 and A.2.2);

— rated values: arc fault current in kilo-amperes (kA), and duration jni-seconds (s).
Single-phase values may be assigned to an assembly, having one or maoré compartments
where its construction will prevent the arc from becoming multiphase; as demonstrated
during the internal arc test. The relationship between network(neutral earthing and
single-phase-to-earth arc fault current is given in Table 3. _Users should specify a
single-phase-to-earth arc fault current rating when they requirecasvalue higher than 87 % of
the three-phase rating, or may accept a lower value, depending on the network neutral

earthing.
Table 3 — Single-phase-to-earth arc fault current
depending on the network neutral earthing
Type of network neutral earthing Single:phase-to-earth arc fault current
Isolated neutral up to 87 % of the three-phase rated arc fault current
Impedance earthed neutral 100 % of the'rated single-phase-to-earth arc fault current
Solidly earthed neutral 100 % of'the three-phase rated arc fault current

NOTE 1 If the rated single-phase-to-earth, arc fault current covers the condition of solidly earthed neutral, all
other earthing conditions of the network,ate’also covered.

NOTE 2 For systems with isolated-neutral, the maximum single-phase-to-earth fault current could theoretically
reach levels up to 87 % of the thre€e-phase rated arc fault current (single-phase-to-earth fault current under
conditions of double-earth fault)>However, double-earth faults at independent locations in the proximate vicinity
of a single-phase-to-earth fault subjected assembly have a very low probability. Therefore, this condition is
sometimes not applicable_and the user can specify a reduced single-phase-to-earth arc fault current rating.

The designationiis'included in the product documentation (refer to 6.11).

9.103.6.2 Examples
EXAMPLE 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:

IAC BF-AR
Arc fault current 16 kKA
Arc fault duration 1s

Designation: |IAC BF-AR 16 kA, 1's
EXAMPLE 3

An assembly, restricted to be used with plug-in connectors in éarth fault protected, isolated
neutral or impedance earthed networks where a maximum earth fault current of 2 kA prevails.
If rated for a fault current (RMS) of 20 kA, for 0,5 s, but forthe connection compartment only
for 2 kA for 1 s, with assigned access, for authorized persannel only, to front, lateral and rear
side, is designated as follows:

IAC AFLR
Arc fault current 200 kA
Arc fault duration 0,5 s

Single-phase-to-earth arc fault current. 2 kA
Single-phase-to-earth arc fault duration 1s

Designation: IAC AFLR 20 kA, 0,5 s (connection compartment /5. 2 kA, 1 s)

EXAMPLE 4

An assembly with solid-insulation enclosing the high-voltage conductors, rated for a single-
phase 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
Single-phase-to-earth arc fault current 12,5 kA
Single-phase-to-earth arc fault duration 0,5 s

Designation: IAC BFLR /p: 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 AFL
Arc fault current 20 kA
Arc fault duration 1s

Designation: IAC AFL 20 kA, 1 s (VT-compartment: fuse protected)
EXAMPLE 6

An assembly with arc limiting devices being integral part of the design without the possibility to
make them inoperative, as declared by the manufacturer, are tested with the 16 kA short-circuit
current and a protection relay setting of 1s. The duration of the arc is defined by the
characteristics of the arc limiting device at 45 ms (refer to 7.105.2).

The assembly intended to be installed in rooms for authorized personnelyonly with access to
the front, lateral and rear sides is designated as follows:

IAC AFLR
Arc fault current 16 kA
Arc fault duration 0,045 s

Designation: IAC AFLR 16 kA, 0,045 s

9.104 Summary of technical requirements, ratings and optional tests

Technical requirements, ratings and optionaltests for assemblies are summarized in Table 4.

Table 4 - Summary of'technical requirements, ratings
and optional tests for assemblies

User to indicate
Clause/subclause of | requirement as appropriate

this document (leave blank if unknown or
not relevant)

Information

Particulars of system (noatiequipment rating):

Nominal voltage kV

Frequency Hz

Number of phases

Type of network neutral earthing 9.102

Characteristics of the assembly

Number of poles

Class —indoor, outdoor (or special service 4

conditionsy
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User to indicate
Clause/subclause of | requirement as appropriate

Information this document (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 compartmept:
Main switching device/CT
compartment:
Other compartments (state):
Partition class 3.6.106
Class PM 3.6.107
Class PI 3.6.108
Withdrawable/non-withdrawable (main device type) 3.5.120 (Withdrawable/non-

withdrawable):

Loss of service continuity category (LSC) per type of
functional unit

LSC2 3.6.102
LSC2A 3.6.103
LsSC2B 3.6.104
LSC1 3.6.105
Rated voltage U 5.2

r

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)
power-frequency withstand voltage Uy
a) /
Lightning impulse withstand voltage Up b) /
Rated frequency I 5.4
Rated continuous current I, 5.5
Incomer a)
Busbar b)
Feeder c)
Rated/short-time withstand current 5.6
Main circuit (incomer/busbar/feeder) I, a)
Phase-to-earth earthing circuit Lo 9.102 b)
RdlEel pedk withrstamdcurremnt .7
Main circuit (incomer/busbar/feeder) lp a)
Phase-to-earth earthing circuit Ipe 9.102 b)
Rated duration of short-circuit 5.8
Main circuit (incomer/busbar/feeder) b a)

Phase-to-earth earthing circuit £ 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)

side(s) for which they are required)
A restricted to authorized personnel only

B unrestricted accessibility (includes public)

Classification current value in kA and duration in s

Examples in 9.103.6

5.103.4 and 5.103.5

Rated supply voltage of closing and opening devices 5.9
and of auxiliary and control circuits U,
a) Closing and tripping \
a
b) Indication
b)
c) Control
c)
Rated supply frequency of closing and opening and of 5.10
auxiliary circuits
Internal arc fault 1AC 3.6.106 Y/N
Types of accessibility to the assembly (specify the 5.103.2

E-for/front side:
L-for lateral side:

R for rear side:

(state any additional requirements to 5.11)

Rated cable test voltages Uy 5.102 AC and/or DC
Low- and high-pressure interlocking and monitoring 6.10

devices (state requirements e.g. lock-out on low-

pressure indication, etc.)

Locking devices 6.12

Degrees 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
Partial discharge tests 7.2.10 Agree with manufacturer the
test values
Partial discharge measurement 8.101 Agree with manufacturer the

test values

Additional information, e.g. installation conditions

10 Information to be given with enquiries, tenders and orders (informative)

10.1 <.General

Subclause 10.1 of IEC 62271-1:2017 is applicable.

10.2_Inf " it - | ord

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:

t fTdoor or outdoor mstattation;

N

number of phases;

w

number of busbars, as shown in the single line diagram;

N

rated voltage;

D O

rated insulation level,

~

)

)

)

)

) rated frequency;
)

) rated continuous currents of busbars and feeder circuits;
)

o

rated short-time withstand current (Z,);

9) rated duration of short-circuit (if different from 1 s);
10) rated peak withstand current (if different from 2,5 I,);

11) rated cable test voltages, if required;

12) rated values of components;

13) degree of protection for the enclosure and pattitions;

14) circuit diagrams;

15) description by name and type (accessibitity) of the various compartments, if required;

16) loss of service continuity category (£SC1, LSC2, LSC2A or LSC2B) for each type of
functional unit, where applicable;

17) Partition class (PM or PI), if any,

18) classification IAC, if required; with corresponding accessibility type, arc fault current
and duration, as applicable.

d) Particulars of the operating-devices:
1) type of operating dévices;
2) rated supply voltage (if any);

w

rated supplyfrequency (if any);

N

)
) rated supply pressure (if any);
)

a

special’interlocking requirements.

Beyond these items, the enquirer should indicate every condition which might influence the
tenderor'the order, for example, special mounting or erection conditions, the rules for pressure
vesSels, requirements for cable testing, treatment of exhausting gases, specific dimensions.

TFhe 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;
4r—facitittesfor-transportand-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) Particulars of the operating devices:
1) types and rated values as enumerated in item d) of 10.2;
2) current or power for operation;
3) operating times;
4) list of recommended spare parts that should be\procured by the user.

11 Transport, storage, installation, operating instructions and maintenance

11.1 General
Subclause 11.1 of IEC 62271-1:2017 is.applicable.

11.2 Conditions during transport, storage and installation

Subclause 11.2 of IEC 6227451:2017 is applicable.

11.3 Installation

Subclause 11.3 of 1EC 62271-1:2017 is applicable with the following additions to 11.3.4:

The purchasern (user) should evaluate the risks of the installation and decide how to install the
assembly.\However, it should be noted that in the case of IAC classified assemblies, any
deviatien 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;
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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 defihed in the
manufacturer's instructions reference. This is considered as part of "normal use’. Refer to
3.1.107.

11.5 Maintenance

Subclause 11.5 of IEC 62271-1:2017 is applicable with the following-additions:

If temporarily inserted partitions are required, while performing eertain maintenance procedures,
to prevent accidental contact with live parts, then:
— the manufacturer shall offer to supply the required partitions or their design;

— the manufacturer shall give advice direction regafding the maintenance procedure and use
of partitions;

— wheninstalled according to the manufacturer's-directions, the requirements IP2X (according
to IEC 60529:1989, IEC 60529:1989/AMB 131999 and IEC 60529:1989/AMD2:2013) shall be
met;

— such partitions shall meet the requirement of 6.103.3;

— the partitions and their supports shall have sufficient mechanical strength to avoid incidental
contact of live parts.

NOTE Barriers and supports provided for mechanical protection only are not subject to this document.

After a short-circuit event-in service, the earthing circuit should be examined for potential
damage and replaced incwhole 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

bulllpdltlllcllt bc;lly |||adc auucacib=c ;D ;OU:dth dlld Udlthcd, Ul ;II thc vv;thdlavvu pUD;tiUII VV;th
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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Annex A
(normative)

Internal arc fault —
Method to verify the internal arc classification (IAC)

A.1 Room simulation

A.1.1 Room simulation for indoor assemblies

The room shall be represented by a floor, ceiling and two walls perpendicular to eagh.other.
Where intended for evacuation of internal arc gases, simulated cable access ways”and/or
exhaust ducts shall also be built.

NOTE 1 The dimensions of the room simulation establish defined test conditions, however real installation
conditions generally deviate, refer to 11.3.

Ceiling
The test shall be performed at a ceiling height as specified by thesmanufacturer.

The ceiling height is always stated from the floor or false floor level where the assembly is
actually placed, refer to Figure A.8. This is also the level where the indicator racks are placed
during the IAC test.

However, the ceiling shall be located as a minimum:

— at a distance not less than 200 mm (x50-mm) above the height of the test object and
— at adistance of 2 000 mm (x50 mm{ frem the floor or false floor, if the height of the test
object is less than 1 800 mm, referto Figure A.5.

The height of the test object is determined by its most upper part that influences the gas flow,
including pressure relief flaps (if any) in the highest open position by design and construction.
The pressure relief flaps shall notistrike the ceiling during opening.

The test results performed-with these conditions are valid for all distances between test object
and ceiling larger than.the*tested ones.

EXAMPLE A test performed with a distance between the test object and ceiling of 600 mm is valid for this and all
higher distances.

If the manufacturer states a distance between the ceiling and the height of the test object
between O.mim and 200 mm, the test results are only valid for this ceiling distance and this
distance.tnay be declared as admissible for the installation instructions.

Lateral wall

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

Unless the manufacturer states a larger minimum clearance, the wall shall allow a clearance to
the rear of the test object of 100 mm (£30 mm). A lower clearance may be chosenfprovided that
it can be demonstrated that any permanent deformation of the rear side of the tést object is not
interfered with or limited by the wall.

This test arrangement is deemed valid for an installation mounted closer to the wall than the
test arrangement, provided that two additional conditions are- met (refer to 7.105.5
criterion No. 1).

If these conditions cannot be demonstrated, or the manufactdrer requires direct qualification of
a wall-mounted 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{fo any other installation condition.

When the test is carried out at any larger clearance to the rear wall, as stated by the
manufacturer, this clearance shall be declared as a minimum admissible for the installation
instructions. The instructions shall also include guidance on the obligation to adopt measures
preventing persons to enter that area.

Accessible rear side

The rear wall shall leave a standard clearance of 800 mm (+108 mm) from the rear side of the
test object.

The test also covers installation conditions with the rear side at a distance to the wall of 300 mm
and more in case of\accessibility type A has been tested, or 100 mm and more in case of
accessibility type.B-has been tested, although such installation conditions may prevent actual
access to the rear side. A lower clearance than 300 mm to the rear wall may be covered by the
type A test foryaccessible rear side, when the type A indicators are fitted at the rear side as for
accessibility)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 (50 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.1.2 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
under indoor installation conditions is considered to be validated also for outdoor application
with the same accessibility requirements, cable access ways and floor disposition.

In cases where assemblies for outdoor application are intended to be placed _tnder a shelter
(e.g. for protection against rain) which lowest part is less than 1 500 mm abeve the assembly,
a corresponding ceiling shall be placed for internal arc test. If such an assembly has already
been tested for indoor installation conditions, the outdoor application is @lready covered in this
respect. The ceiling height used for the indoor test is considered as minimum height for the
shelter.

A.2 Indicators (for assessing the thermal effects of'the gases)

A.21 General
Indicators are pieces of black cotton cloth so arranged that their cut edges do not point toward

the test object.

Black cretonne (cotton fabric approximately 150 g/m2) or black cotton-interlining lawn
(approximately 40 g/m2) shall be used foriindicators, depending on the accessibility condition.

NOTE Black cretonne (cotton fabric approximately 150 g/m?) is considered to represent workman's clothes,
whereas cotton-interlining lawn (approximately 40 g/m?2) is considered to represent light summer wear of the general
public.

It shall be prevented that vertical indicators can ignite each other. This is achieved by fitting

them in a frame of steel'sheet, with a depth of 2 x 30 mm (_8 mm) (refer to Figure A.1).

With the horizontal indicators, ensure that glowing particles do not accumulate. This is achieved
if the indicators are mounted without frame (refer to Figure A.2).

The indicator dimensions shall be 150 mm x 150 mm (+18 mm).

A;2.2 Arrangement of indicators
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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.

Thedistancefromthemdicatorsto theassembty strattbe 300 (=5 -

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 betweéen
300 mm (30 mm) and 800 mm (30 mm) from the assembly. When the ceiling is placed:at
a height of 2 000 mm (x50 mm) above the floor (refer to A.1.1) no horizontal indicators”are
required, refer to Figure A.3 and Figure A.5.

A special accessibility condition is where normal operation requires persons to.§tand or walk
upon the equipment, horizontal indicators shall be placed above the upper accessible
surface, as described in Figure A.7 (as example a particular case of accessibility type B),
whatever the height of the assembly; black cotton-interlining lawn (appreximately 40 g/m2)
shall be used for these horizontal indicators.

b) Accessibility type B (general public)

Black cotton-interlining lawn (approximately 40 g/m?2) shall Beé, used for indicators for the
type B classified sides.

The distance from the vertical indicators to the assembly shall be 100 mm (x5 mm).
— For test objects greater than or equal to 1 900 mm:

Vertical indicators shall be fitted vertically at’all classified sides for the assembly up to
2 000 mm (£50 mm) above the floor, refer te Figure A.3 and Figure A.6.

Horizontal indicators shall be arranged@/at a height above the floor and covering the
whole area between 100 mm (5 mm).,and 800 mm (x50 mm) from the assembly, refer
to Figure A.6.

— For test objects with actual height'lower than 1 900 mm:

Vertical indicators shall befitted up to a height 100 mm (x50 mm) higher than the test
object, refer to Figure A.3:xand Figure A.7.

Horizontal indicators shall be placed above the upper accessible surface, at a distance
of 100 mm (x5 mm),refer to Figure A.7.

The distance from thecindicators fitted vertically to the assembly is measured from the surface
of the enclosure of the'functional unit under test, disregarding protruding elements not expected
to influence the evacuation of hot gases (e.g. handles).

If the surface/of the assembly is not regular, the indicators for accessibility type A shall be
placed as shown in Figure A.9, and in case of accessibility type B, the indicators shall be placed
100 mmfrom the surface of the protrusion.

Incthe 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

assembly, refer to Figure A.10.
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A.3 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 steel frame for indicators: =3/0\mm
Height of indicators: 50 mm
Distance between test object and indicators

Accessibility type A: +30 mm

Accessibility 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 values
of current, voltage and duration.

A.4.2 Voltage

The test shall be performed at any suitable voltage up to and including the rated voltage. If a
voltage lower than the rated voltage is choseni«he following conditions shall be met.

a) the average RMS current value during‘the test as computed by a digital recording device
complies with the current requirements of A.4.3.1;

b) the arc is not extinguished prematurely in any of the phases in which it has been initiated.
Temporary single-phase extinguishing is permitted, as long as the cumulated duration of
the intervals without current.does not exceed 2 % of the test duration and the single events
last no longer than to the nekt prospective current zero, provided that the integral of the AC
component of the current equals at least the value specified in A.4.3.1 in the relevant phase.

A.4.3 Current
A.4.3.1 AC component

The test current shall be set within a £5 % tolerance of the rated arc fault current (I, or I5¢). If

the applied Jvoltage is equal to the rated voltage, this tolerance is applicable only to the
prospeectivé current.

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 (/*t) equals the

value specified within a tolerance of (+12 %). 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
specified value at the end of the test.

If a value of I, is assigned to the assembly which is greater than 87 % of /5, any two-phase
tests shall use the value of I, for the test current.

NOTE 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 voltage is lower than the rated voltage, the peak value of the prospective current is
irrelevant, but the peak value of the test current shall not drop below 90 % of the rated peak
value.

In case of two-phase initiating of the arc, the instant of closing shall be chosen to provide the
maximum possible DC component.

A.44 Frequency

At a rated frequency of 50 Hz or 60 Hz, the frequency at the first'three half-cycles of the test
shall be between 48 Hz and 62 Hz. At other frequencies it shalknot deviate from the rated value
by more than £10 %.

A.5 Test procedure

A.5.1 Supply circuit
A.5.1.1 Three- and two-phase tests

The supply circuit shall be three-phase and all three phases of the assembly shall be energized.
The neutral point of the supply circdit may be either isolated or earthed through an impedance,
in such a way that the maximum’ earth current is less than 100 A. In this situation, the
arrangement covers all situatians of neutral treatment.

A.5.1.2 Single-phase\tests

One terminal of the“supply circuit shall be connected to the earthing point provided on the
assembly, the other-to the phase under test.

The two remaining phases of the test object shall be energized at rated phase-to-earth voltage.
No difference in phase angle is needed. The source(s) may be low power and are not intended
to supplyrany significant short-circuit current in case of ignition.

Ifsany 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
phase and earth.

The point of initiation shall be located at the furthest point, downstream in the curgent 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 beschosen upstream
from the limiting device.

The number of phases to be tested, the connection arrangements, and the action to be taken if
other phases are affected, shall be in accordance with Table A.1,according to the construction
of the compartment under test.

If a value of I, is assigned to the assembly at least one compartment shall be tested
single-phase-to-earth.

In the case of single-phase-to-earth ignition, the are shall be initiated between the middle phase
and closest 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 determined as being furthest away from the supply side and
closest to the indicators on the IAC classified sides, where applicable.

A.5.2.2 Compartments with:solid-insulation

In compartments where the live parts are covered by solid insulating material, the arc shall be
initiated at the following lecations:
a) at gaps or joining.surfaces between the insulation of insulation-embedded parts;

b) by perforation at insulated joints made on site when prefabricated insulating parts are not
used;

c) when &) and b) are not applicable, by perforation or partial removal of solid-insulation from
the_cenductors.

A.5.2.3 Connection compartments

A15.2.3.1 Compartments with plug-in solid-insulation connections

lo L
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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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Compartments with site-made solid-insulation connections

For connection compartments in which connections are made with site-made solid-insulation
connections, the phase(s) to be ignited shall be fitted with lugs without insulation.

A.5.2.3.3
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Compartments without plug in or site-made solid-insulation connections

tod-without

J
cables. The ignition shall be made three-phase.

Cable lugs shall be fitted in their service configuration.

A.5.2.4

Single-phase compartments without any earthed metallic parts

For single-phase compartments without any earthed metallic parts, a path shalkbe created
through the insulation to the closest earthed metallic part.

Table A.1 — Parameters for internal arc test according to compartment construction

Ae

Number &F Action if other phase
Test current phases/earth for arc affected P
initiation
with bare conductors Iy Three N/A
conductors with site-
Three-phase made solid-insulation Ia Three N/A
compartments,
other than Max of
connection ) ] (87 % If and Two
compartments: conductors with non site- { ) Repeat as three-phase
made solid-insulation " test in the compartment
Ine One phase and earth where the affection took
place
Single-phase ) Ipe One phase and earth
compartments:
connections uninsulated
or fitted with site-made I, Three N/A
solid-insulation
Connection Max of
compartments: | 4yter or inper cone plug- (87 % Iy and | Tyo Repeat as three-phase
. : test in the compartment
in cannections (screened 1,.) :
Ae where the affection took
or unsctreened) place
1 One phase and earth
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Dimensions in millimetres
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Figure A.1 - Mountngframe for vertical indicators
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Figure A.2 — Horizontal indicator
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Dimensions in millimetres
Accessibility Type A Accessibility Type B
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Key
S Assembly of switchgear and controlgear

h  height of switchgear and controlgear

i, horizontal indicators

i, vertical indicators

Figure A.3 — Position of the indicators
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Dimensions in millimetres
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Section A-A IEC

Figure A.4 — Room simulation and indicator positioning for accessibility type A,
classified (rear side, ceiling above 2 000 mm, functional unit of any height
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REDLINE VERSION

Dimensions in millimetres
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Figure A.5 — Room simulation and indicator positioning for accessibility type A,
non-accessible rear'side, ceiling at 2 000 mm, so functional unit <1 800 mm high
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Dimensions in millimetres
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Figure A.6 — Room simulation and indicator positioning for accessibility type B,
classified rear side, functional unit 21 900 mm high
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Dimensions in millimetres
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Figure A.7 — Room simulation and indicator positioning for accessibility type B,
classified rear side, functional unit <1 900 mm high
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c) Assembly placed on false floor, floor levels different at front and rear side

Figure A.8 — Ceiling height stated from the floor or false floor level
where the assembly is actually placed
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a) At least one operating device (actuator) not located on the protrusion-of/the classified side:
X <200 mm: ¥ =300 mm
X 2200 mm: Z=100 mm

300 mm

with or without
operating

Protrusion;
device

Functional unit
Indicators

R

IEC

b) Protrusion with or without operating device (actuator).

No operating device elsewhere on classified side

Figure A.9 — Indicator positioning in case of protrusion
at < 2 000 mm height, at classified side
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Dimensions in millimetres
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Figure A.10 — Indicator positioning in case.a bottom exhaust duct belonging
to the assembly is defined as a walkable integrated part of the false floor
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Annex B
(normative)

Partial discharge measurement

B.1 General

The measurement of partial discharges is a suitable means of detecting certain defects in the
equipment under test and is a useful complement to the dielectric tests. Experience shows that
partial discharges can, in particular arrangements, lead to a progressive degradation in'the
dielectric strength of the solid-insulation inner material, but also of the surface of solid insulating
materials when the measured partial discharges correspond to corona discharges jin @mbient
air insulated compartments as well as in fluid-filled compartments where the fluid (§as or liquid)
can decompose.

On the other hand, it is not yet possible to establish a reliable relationship,between the results
of partial discharge measurements and the life expectancy of the equipment owing to the
complexity of the insulation systems used in assemblies.

B.2 Application

Because of the design variations, a general specification(for'the test object cannot be given. In
general, the test object should consist of assemblies ar subassemblies with dielectric stresses
which are identical to those which would occur in thé«complete assembly of the equipment.

Test objects consisting of a complete assembly are to be preferred. In the case of integrated
assembly design, especially where various.live parts and connections are embedded in solid-
insulation, tests are necessarily carried outon a complete assembly.

NOTE In the case of designs consisting of-a combination of conventional components (for instance, instrument
transformers, bushings), which can be test€d.separately in accordance with their relevant standards, the purpose of
this partial discharge test is to check the,arrangement of the components in the assembly.

For technical and economicreasons, it is recommended that the partial discharge tests be
performed on the same assemblies or subassemblies as are used for the mandatory dielectric
tests. Instrument transformers, power transformers or fuses may be replaced by replicas
reproducing the field (configuration of the high-voltage connections. Overvoltage protective
devices shall be disconnected or removed during the test.

This test may."be carried out on assemblies or subassemblies. Ensure that external partial
discharges™do not affect the measurement. To prevent these external partial discharges,
shielding.or'grading electrodes may be applied.

Criteria to be considered in deciding on the necessity for a partial discharge test are, for
instance:

a) practical experience in service including the results of such testing over a period of

production;
b) the value of the electric field strength at the most highly stressed area of the solid-insulation;

c) the type of insulating material used in the equipment as part of the major insulation.
B.3 Test circuits and measuring instruments

The partial discharge tests shall be in accordance with IEC 60270.
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Three-phase equipment is either tested in a single-phase test circuit or in a three-phase test
circuit (refer to Table B.1) as follows:
a) Single-phase test circuit
— Procedure A
To be used as a general method.
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test voltage source successively, the other two phases and all the parts earthed in
service being earthed.

— Procedure B

To be used only for equipment exclusively designed for use in systems with\solidly
earthed neutral.

For measuring the partial discharge quantities, two test arrangements shallbe used.

At first, measurements shall be made at a test voltage of 1,1 U, (U, is the'rated voltage).

Each phase shall be connected to the test voltage source successively, the other two
phases being earthed. It is necessary to insulate or to remove~all the metallic parts
normally earthed in service.

An additional measurement shall be made at a reduced test voltage of 1,1 Ur/\/3 during

which the parts being earthed in service are earthed and.the three phases connected to
the test voltage source are bridged.

b) Three-phase test circuit

When suitable test facilities are available, the partiab discharge tests may be carried out in
a three-phase arrangement.

In this case, it is recommended to use three_coupling capacitors connected as shown in
Figure B.1. One discharge detector may, b€ used which is connected successively to the
three measuring impedances.

For calibration of the detector on one.measuring position of the three-phase arrangement,
short-duration current pulses of known charge are injected between each of the phases
taken in turn on the one hand, and the earth and the other two phases, on the other hand.
The calibration giving the lowest deflection is used for the determination of the discharge
quantity.

In the case of equipmentidesigned for use in systems without solidly earthed neutral, an
additional test shall be:made (as type test only). For this test each phase of the test object
and the corresponding phase of the voltage source shall be earthed successively (refer to
Figure B.2).

B.4 Test procedure

If performed as type test, the partial discharge tests shall be carried out after the lightning
impulse*and power-frequency voltage tests of 7.2.7.

i performed as routine test or site test, the partial discharge tests shall be carried out after the
power-frequency voltage tests of 8.2.

The applied test-voltage is raised to a pre-stress value of at least 1,3 U, or 1,3 Ur/\/3 in

accordance with the test circuit (refer to Table B.1) and maintained at this value for at least
10 s.

Partial discharges occurring during this period shall be disregarded. The voltage is then
decreased without interruption to 1,1 U, or 1,1 U/\3 in accordance with the test circuit and the

partial discharge quantity is measured at this test voltage after 10 s (refer to Table B.1).
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The test-voltage should comply with 6.2.1.1 of IEC 60060-1:2010. Tests performed for 50 Hz
also cover 60 Hz and vice versa.

Voltage transformers should be connected during partial discharge tests, if performed as routine
tests.

When performed as type test, components (e.g. fuses, instrument transformers) may be

replaced by replicas reproducing their electrical field configuration. Overvoltage protective
devices may be disconnected or removed.

When test-voltage is applied on each phase successively, a transformer, a coil, or a similar
device normally connected between phases shall be disconnected from the pole stressed“with
test voltage.

As far as possible with respect to the actual background noise level, the partial discharge
inception and the partial discharge extinction voltages should be recorded for additional
information.

In general, tests on assemblies or subassemblies should be made with"the switching devices
in the closed position. In the case of disconnectors where deterioration of the insulation between
the open contacts by partial discharges is conceivable, ,additional partial discharge
measurements should be made with the disconnector in the epen position.

On fluid-filled equipment, the tests shall be carried out at’the minimum functional level or the
filling level, whichever is most onerous. For routine tests the filling level shall be applied.

B.5 Maximum permissible partial discharge quantity

The recommended partial discharge quantity is apparent charge that is expressed in
picocoulombs (pC).

The maximum permissible partial discharge quantity at 1,1 U, and/or 1,1 Ur/\/3 shall be agreed
between the manufacturer and-the user.

NOTE 1 Limit values of the partial discharge quantity will not be specified until further substantiated information is
available. Components of an,assembly can use one or more different technologies (e.g. solid, gas or liquid insulation)
each of which has different requirements. It would therefore be very difficult and controversial to specify maximum
acceptable levels for general application to the complete, or partial, assembly. For the time being, these values are
left to the responsibiljity~ef the manufacturer or, in the case of acceptance tests, are subject to agreement between
the manufacturer and the user.

NOTE 2 Fop- solid-insulation, acceptable limits seem to be 20 pC for testing at 1,1 U between phases
(corresponding” with 1,1 Ur/\/3 phase-to-earth) and in the case of non-solidly earthed neutral system, 100 pC for
testing,atiiy1 U, phase-to-earth and the other phases earthed.
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Test Z V4 Z
object

oN

IEC

Key
neutral connection
E earth connection
L, Ly Ly terminals for the connection of the'three-phase voltage source
Zyy Zy, Zg impedances of the test circuit
Cy, coupling capacitance
Zy measuring impedance
D partial discharge detector

Figure B.1 — Partial discharge test circuit (three-phase arrangement)



https://iecnorm.com/api/?name=f8eb1c27a236f40d80d8bb36c54da1c6

REDLINE VERSION - 106 — IEC 62271-200:2021+AMD1:2024 CSV

© IEC 2024
Z4
LI ol
Z,
1 ol,
Z3
LI oL,
o o T)
=G =F=¢G ==
o o (o]
Test Zm Zn Znm
object
E =
—o
o
IEC
Key
E earth connection
L, Ly Ly terminals for the connection of the three-phase voltage source
Zy, Zy, Zg impedances of the test circuit
Cy coupling capacitance
Za measuring impedance
D partial-discharge detector

Figure B.2 — Partial-discharge test circuit (system without earthed neutral)
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Annex C
(informative)

List of notes concerning certain countries

6.104 In Canada, regulations require that the isolating distance is visible.

5.11 In Italy, the Italian pressure vessel code for electrical switchgear DM 1 December 1980
and DM 10 September 1981 published in Gazzetta Ufficiale della Repubblica Italiana n°® 285
dated 16.10.1981 applies:

For metal-enclosed switchgear and controlgear containing gas-filled compartments, thedesign
pressure is limited to a maximum of 0,5 bar (gauge) and the volume is limited to a‘maximum of
2 m3. Gas-filled compartments having a design pressure exceeding 0,5 bar (gauge)6r a volume
exceeding 2 m3 shall be designed according to the lItalian pressure vessel code for electrical
switchgear.
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Annex D
(normative)

Flowchart categorization procedure for LSC for a given
functional unit FU1 with connection compartment

Is there a separate connection No
compartment in FU1 from the other
FUs, e.g. FU2?

Can
the connection
compartment of FU1 be accessed
whilst FU2 is energized?

Are there other
accessible compartments
in the FU1?

No

Can‘all other
accessible compartments
of FU1-be accessed with at least
the\eompartment(s) of one set
of busbars of FU1
energized?

Can all other

accessible compartments No
of FU1 be accessed whilst »(_ LSC2A
the connection compartment of

FU1 is energized?

TYes
»( LSC2B
IEC

Figure D.1 — Flowchart categorization procedure for LSC
for a given functional unit FU1 with connection compartment



https://iecnorm.com/api/?name=f8eb1c27a236f40d80d8bb36c54da1c6

IEC 62271-200:2021+AMD1:2024 CSV - 109 - REDLINE VERSION
© IEC 2024

Annex E
(informative)

Pressure coordination chart for gas-filled compartments

Highest pressure

PTESSUre WINStEna ype oSt ]

¢ Margin for pressure withstand type test

Pressure relief operation

¢ Margin for pressure relief operation (if any)

Pressure withstand routine test
¢ Margin for pressure withstand routine test

Design pressure
Margin for pressure rise due to operating and service
conditions

Filing pressurge pfe
¢ Margin for pressure loss due to gas leakage

Alarm pressure p
¢ Margin for pressure loss to allow for action

Minimum functional pressure py,o

Lowest pressure
IEC

NOTE To be comparable, all pressures are represented as relative pressures in this figure.

Figure E.1 — Example of pressur€ coordination chart
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationn\comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields:<To this end and
in addition to other activities, IEC publishes International Standards, Technical SpecificationsyTechnical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IECjPublication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement-between the two organizations.

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

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their iational and regional publications. Any divergence between
any IEC Publication and the corresponding nationalorregional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of cenformity. Independent certification bodies provide conformity
assessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

Attention is drawn to theNormative references cited in this publication. Use of the referenced publications is
indispensable for the ‘cofrect application of this publication.

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

This Jconsolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

and 17C/792/RVD]

and

and its amendment 1 (2024-06) [documents 17C/933/FDIS

17C/938/RVD].

This Final version does not show where the technical content is modified by amendment
1. A separate Redline version with all changes highlighted is available in this publication.
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IEC 62271-200 has been prepared by subcommittee 17C: Assemblies, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is an International Standard.

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

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

c) internal arc testing on pole-mounted switchgear is taken out of this documeng{;.as it is now
covered by the specific standard IEC 62271-214:2019;

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 (referto-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¢ VEC 62271-105:2021 and IEC 62271-
106:2021 are referred to in the document;

h) IEC 62271-107:2019 and IEC IEEE 62274-37-013:2015 are also considered in 7.101.2;

i) a more precise description of LSC category is given with the inclusion of an explanatory
flowchart (Annex D);

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

k) the term "assembly" is defined in Clause 3 and used as synonym for "metal-enclosed
switchgear and controlgear”jin this document;

[) "metallic" is replaced by, "metal" where applicable;
m) 6.105 is now covered-by 7.7;

n) a1 srule was introduced for Criterion 4 during IAC tests regarding hot gases versus glowing
particles as cause of ignition;

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

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members experts/refdocs. The main document types developed by IEC are

described in greater detail at www.iec.ch/standardsdev/publications.

This document should be read in conjunction with IEC 62271-1:2017, to which it refers 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.
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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.

The committee has decided that the contents of this document and its amendment 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

hd Ib'bUlIfillllb'Ul,
e withdrawn, or

e revised.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. 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 62271-201.

Generally, gas-filed medium-voltage designs have design pressures belowt500 kPa, as
mentioned for example in the introduction of EN 50187.

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 part of IEC 62271 is applicable to prefabricated metal-enclosed switchgear and contralgear
assemblies designed for:

— alternating current;

— rated voltages above 1 kV and up to and including 52 kV;

— service frequencies up to and including 60 Hz;

— indoor and outdoor installation.

The assembly can include air-insulated and/or fluid-filled compartments.

For components installed in a metal-enclosed switchgear _and controlgear, this document

supplements or even replaces in some cases, the requiregments as stated by the individual
product standards.

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

2 Normative references

The following documents are referred.to\in the text in such a way that some or all of their content
constitutes requirements of this dogument. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-151, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic devices (available at http://www.electropedia.org)

IEC 60050-441, ‘International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and\fuses (available at http://www.electropedia.org)

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

HEC 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 62271-106:2021, High-voltage switchgear and controlgear — Part 106: Alternating current
contactors, contactor-based controllers and motor-starters

IEC 62271-107:2019, High-voltage switchgear and controlgear — Part 107: Alternating current
fused circuit-switchers for rated voltages above 1 kV up to and including 62 kV

IEC 62271-201:2014, High-voltage switchgear and controlgear — Part,201: AC solid-insulation
enclosed switchgear and controlgear for rated voltages above #WkV and up to and including
52 kV

IEC 62271-213:2021, High-voltage switchgear and controlgear — Part 213: Voltage detecting
and indicating system

IEC 62271-215:2021, High-voltage switchgear and. _controlgear — Part 215: Phase comparator
used with VDIS

IEC IEEE 62271-37-013:2015, High-voltage switchgear and controlgear — Part 37-013:
Alternating-current generator circuit-breakers

ISO 4126-2, Safety devices for protection against excessive pressure — Part 2: Bursting disc
safety devices

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62271-1, IEC 60050-151
and IEC 60050-441,and the following apply.

NOTE The ,classification system for definitions of IEC 62271-1:2017 is followed. Terms and definitions are
referenced and/prioritized in the following order:

—  Clause'3 of this document;
- (EC62271-1:2017;
~\_TEC 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:
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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

pecl rermoveda.|

3.1.102

disruptive discharge

phenomenon associated with the failure of insulation under electric stress, in which/the
discharge completely bridges the insulation under test, reducing the voltage between the
electrodes to zero or nearly to zero

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

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

Note 3 to entry: The term "sparkover" is used when a disruptive discharge occurs_in a gaseous or liquid dielectric.
The term "flashover" is used when a disruptive discharge occurs over the surface/of a solid dielectric in gaseous or
liguid medium. The term "puncture" is used when a disruptive discharge occurs through a solid dielectric.

3.1.103
relative pressure
pressure that refers to the local atmospheric pressuré

Note 1 to entry: When defining a filling level it is in reference to the standard atmospheric pressure of 101,3 kPa,
as defined in IEC 62271-1.

3.1.104

segregation

<of conductors> arrangement of conductors with earthed metal interposed between them in
such a manner that disruptive disecharges can only occur to earth

Note 1 to entry: A segregation canbé’established between the conductors as well as between the open contacts of
a switching device like a disconnector.

Note 2 to 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.]

3.1.105

in service

<condition.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

aS‘Sclnb:y
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 to entry: The term "external connections" corresponds to "external conductors (cables or bars)‘cohnecting
the assembly to the network or an external installation".

[SOURCE: IEC 60050-441:1984, 441-12-04, modified — The second preferredsterm "assembly"
and Note 2 to entry have been added and in the definition "external" has been deleted.]

3.2.102

multi-tier design

design of an assembly in which the main switching devices of two)or more functional units are
arranged vertically (one above the other) within a common enclosure

3.3 Parts of assemblies

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

3.4 Switching devices

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

3.5 Parts of switchgear and controlgear

The definitions in 3.5 of IEC 62271+1:2017 are applicable, with the following additions and/or
modifications:

3.5.101

enclosure

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

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

3.5402

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,

mstroment ransrorimner, Dusning, pusbar)

3.5.105

main circuit

<of an assembly> all the high-voltage conductive parts of an assembly included in a~circuit
which is intended to carry the rated continuous current

[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".]

3.5.106

auxiliary circuit

<of an assembly> all the conductive parts of an assembly of switchgear and controlgear
included in a circuit (other than the high-voltage parts) intended t6 control, measure, signal and
regulate

Note 1 to entry: The auxiliary circuits of an assembly include the Centrol and auxiliary circuits of the switching
devices.

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

3.5.107

earthing circuit

<of an assembly> conductors, connections, and the conducting parts of earthing devices or of
the metal frame, intended to connect’the high-voltage conductive parts of an assembly to the
earthing point provided

Note 1 to entry: The earthing circuit:can include short-circuiting circuits between poles and phase-to-earth circuits
from each pole to the earthing peint and/or from the short-circuiting point of phase-to-earth circuits to the earthing
point provided.

3.5.108

earthing point

<of an assembly>‘terminal which is provided on the assembly for connection of the intended
earthed parts of the assembly to the earth system of the installation

3.5.109

high-voltage compartment

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

NOtLe 1 10 entry. A gernerdl defimitionof compartmnerit S proviueu M TEC 60050441 19064, 44 1-15-UO, d5 d pPdll Ol
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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3.5.111

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

3.5.112
tool-based accessible compartment

nign-vouage cormpartmerit trat Call be opened Only trouglt e use O tO0ls, DU Mot Gesigneo
to be opened for normal use

3.5.113
non-accessible compartment
high-voltage compartment that is designed not to be opened by the user

Note 1 to entry: By default, every high-voltage compartment not declared accessible by the manufacturer in the
manufacturer's instructions reference, is considered as a non-accessible compartment.

3.5.114

fluid-filled compartment

high-voltage compartment of an assembly, filled with a fluid, either gas,\other than ambient air,
or liquid, for insulation purposes

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

Note 2 to entry: The pressure is maintained by one of the following systems:
a) controlled pressure system;
b) closed pressure system;

c) sealed pressure system.

Note 3 to entry: For pressure systems, refer to 3.6.6%f JEC 62271-1:2017.

3.5.115
pressure relief device
device intended to relieve overpressure from a compartment

3.5.116

partition

<of an assembly> part of(an assembly separating one high-voltage compartment from other
compartments and providing a specified degree of protection

Note 1 to entry: Partitions can be fitted with parts that allow interconnection between compartments (e.g. bushings).

[SOURCE: |EC:60050-441:1984, 441-13-06, modified — "high-voltage" and "and providing a
specified degree of protection" have been added.]

3.5.117
bushing
insulator forming a passage for a conductor through a non-insulating partition

3.5.118

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 an isolating distance or a segregation between open contacts is established, while’the
part remains 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’circuit to which
it was connected is live" has been added; the Note has been deleted.]

3.5.121

fuse-link

the part of a fuse (including the fuse-element(s)) intended to be|replaced after the fuse has
operated

Note 1 to entry: In this document the term is exclusively used in relatien”with high-voltage fuses.

[SOURCE: IEC 60050 441:1984, 441-18-09, modified/—The Note to entry has been added.]

3.6 Operational characteristics of switchgear and controlgear

The definitions in 3.6 of IEC 62271-1:2017 /are applicable, with the following additions and/or
modifications:

3.6.101

loss of service continuity category

LSC

<of a functional unit> category'defining the possibility to keep other high-voltage compartments
and/or functional units enérgized when opening its connection compartment or any other of its
high-voltage compartment(s) accessible in normal use, as stated in definitions 3.5.110 and
3.5.111, giving access:to at least part of the high-voltage circuit contained within

Note 1 to entry: _The LSC category describes the extent to which the assembly is intended to remain operational
where access to~a high-voltage compartment is provided. The extent to which it is considered necessary to open
high-voltage eompartments of an installation in service might be dependent on several aspects (refer to 9.101).

Note 2 teentry: The LSC category does not describe or relate to different levels of reliability of assemblies (refer
to 9.101):

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).

2 6102
OO TUL

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—accessibie nign-vouage cormpartment (otner trdan fts—conmection cormpartmernt dana tne
busbar compartment of single-busbar assemblies) of the corresponding functional unit is open

3.6.105

category LSC1

<of a functional unit> category of functional units having one or more high-voltage accessible
compartments, such that, when any of these accessible high-voltage compartmenis.is open, at
least one other functional unit shall not remain energized

3.6.106

partition class

<of an assembly> class defining whether only metal or also non-métal’ material is used for
partitions

3.6.107

class PM

<of an assembly> partition class for an assembly providing.continuous metal partitions and/or
shutters (if applicable), intended to be earthed, between opened accessible compartments and
high-voltage live parts

3.6.108

class PI

<of an assembly> partition class for an assembly having one or more non-metal partitions or
shutters between opened accessible compartments and high-voltage live parts

3.6.109

service position

connected position

<of a removable part> position of a removable part in which it is fully connected for its intended
function

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

3.6.110

test position

<of a withdrawable part> position of a withdrawable part in which an isolating distance or
segregation is established in the main circuit and in which the auxiliary circuits are connected

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

36111

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.
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[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".]

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, againstiaccess
to hazardous parts, against ingress of solid foreign objects and/or ingress of water-and verified
by standardized test methods

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

3.6.114

minimum functional level

<of fluid-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
maintained

3.6.115

design pressure

<of fluid-filled compartments> upper limit of the relative pressure between the pressure inside
a compartment at the design temperature, under defined installation conditions, and the
pressure outside that compartment, that is used to determine the design of the compartment.

Note 1 to entry: The transient pressure occurring.during and after a breaking operation (e.g. circuit-breaker) is not
considered in the determination of the design pressure.

3.6.116

design temperature

<of fluid-filled compartments>highest average temperature over the compartment, which can
be reached by the gas or liguid under service conditions

3.6.117

internal arc classification

IAC

<of an assembly> classification of an assembly for which specified criteria, for protection of
persons, are)met in the event of internal arc for specified installation conditions, as
demonstrated by type tests

Note™\to entry: The internal arc classification is completed with the characteristics indicated in definitions 3.6.118,
3.61149, 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
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3.7 Characteristic quantities

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

3.7.101
arc fault current

£ LA ilo o pu | | L .l +lo H L o 4 o DAAC 1 £ il
Ul Ll a\Y2 ainrcco PIIGDU daliyu, WIITITT OPPIIUOUIC, ure Olllylc }JIIGDU o= arllr I\ivio vadiucT Ul urce

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 Index of definitions

A-B
Ambient air temperature (of an assembly) ..........ccccoooiiiii e S T 3.1.101
Arc fault current (OF IAC) ..o e e e 3.7.101
Arc fault duration (Of TAC) ... e Nt 3.7.102
=TT .01 o] Y2 PP 3.2.101
Auxiliary circuit (0f an aSSEMDIY) ........ooviiiiiii e T s e 3.5.106
2 T0 T o1 o T PSRRI 3.5.117

Cc
Category LSC1 (of a functional Unit) .............eoomhdioiiiiiii e 3.6.105
Category LSC2 (of a functional Unit) ..o e 3.6.102
Category LSC2A (of a functional unit)...... 50k e 3.6.103
Category LSC2B (of @ functional UNit).ailh. . et 3.6.104
Class Pl (Of @N @SSEMDIY ...t e e e e e e e e e e e e e et e e e e e e e e nannraees 3.6.108
Class PM (0f @n @SSEMDIY)......c (s it 3.6.107
Classified SIAES (OF IAC) .....eee e e e e e 3.6.119
Component (Of 8N @SSEMBDIY) ... .uuiiiiiie e e e e e e e e e e e e e e e e e e e e e e e annraees 3.5.104
Connected position (of @ 1emMovable Part) ..o 3.6.109
D

Degree of ProtEOHON .........eiii e 3.6.113
Design pressure (of fluid-filled compartments)............ooevveiiiiiiiiiiiie e 3.6.115
Design temperature (of fluid-filled compartments) ..........c.cooiiiiiiiiiiii e 3.6.116
Discennected position (of a withdrawable part).............cceeiiiiiii 3.6.111
DUSEUPHIVE ISCRAIGE ..ttt e e snnne s 3.1.102

E-F
Earthing circuit (0f an @sSemDbIY) ... 3.5.107
Earthing point (of @an assembIy).... ... 3.5.108
Enclosure (Of an @sSSemMDBIY) .......cooiiiiiiii e e 3.5.101
Fluid-filled COMPAMTMENT ...t s e e st e e s e e s nneeeas 3.5.114
Functional unit (Of @n @SSEMDIY) ...ccooi e 3.5.103
FUSE-IINK .ottt et e e e ettt et e e e e e st e bt e e e e e e e e s nnbeae e e e e e e e e e nnenneeas 3.5.121

H-1I

High-voltage compartment (of an assembly)..........c.ooiiii i 3.5.109
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YO (o] =T a 1= T1T=T 0] o] 1Y SRR 3.6.117
In service (condition Of aN @SSEMDIY) .......ueiiiiiiiii e 3.1.105
Interlock-controlled accessible compartment ......... ..o 3.5.110
Internal arc classification (of an assembly) ... 3.6.117
Isolated position (of a withdrawable Part)............ooeiiiiii e 3.6.111
L-M-N
Loss of service continuity category (of a functional unit).............cccooiii 3.6.101
(IS O3 (o) 1= 18 (0] a Lex 1] o F=1 U o1 T PRSP 3.6.101
Main circuit (0f @n @SSEMDIY)......ooi e 3.514.05
Metal-enclosed switchgear and CoONtrolgear............ueieiiiii i 3.27101
Metal enclosure (Of an @SSEMDIY) ... e s 3.5.102
Minimum functional level (of fluid-filled compartments) ............ccccooeiiiiiii G 3.6.114
MUII-EIEE AESIGN ..t e e e e e e e e s s n e e ras ST e 3.2.102
Non-accessible ComMPartMeNt ...........cooiiiiiiiiii e 3 e 3.5.113
Normal operating condition (of an assembly).........cccueiieiiiiiiiiieeeee e L 3.1.106
Normal use (Of an assemMbBIY)........cociiiiiiiiiii e L e 3.1.107
P
Partition class (0f an assembly) ........ocooiiiiii A s 3.6.106
Partition (0f @an @ssembly)........c.coiiiiiiii e D 3.5.116
Pressure relief device ... O, 3.5.115
Procedure-based accessible compartment ...t Ao 3.5.111
R
REIALVE PIrESSUIE.....eeiiiiiiiiie e T ettt ettt ettt e e s bt e e s nb et e e st et e e anbe e e e snneeens 3.1.103
Removable part (0of an assembly) ... o 3.5.119
Removed position (of @ removable Part) ..... ... 3.6.112
S
Segregation (Of CONAUCTONS) ... . ... it 3.1.104
Service position (of @ removVabIEPArt)..........cooiiiii i 3.6.109
Shutter (0f @an aSSEMDIY) ...t e 3.5.118
T-W
Test position (of a withdrawable part) ...........coo 3.6.110
Tool-based accessible compartment.............ooooiiiiiiiiii 3.5.112
Type of acCeSSIDIlity (OF IJAC) ... e e e e e et e e e e e e e e aaans 3.6.118
Withdrawable part (0f an assembly) ... 3.5.120

4 Normal and special service conditions

Clause 4 of 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
5.1 General
Subclause 5.1 of IEC 62271-1:2017 is applicable with the following additions:

k) rated short-time withstand current for earthing circuits (I,..);

I) rated peak withstand current for earthing circuits (Ipe);
m) rated duration of short-circuit for earthing circuits (#,.);

n) ratings of the components forming part of the assembly including their operating deviCes
and auxiliary equipment;

Optional ratings:

o) rated voltage for AC cable test voltage (U (AC));
p) rated voltage for DC cable test voltage (U (DC));
q) rated duration for DC cable test voltage (/¢; (pc));

r) ratings of the internal arc classifications (IAC).

5.2 Rated voltage (U,)

Subclauses 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 with their
relevant standards.

5.3 Rated insulation level (U, Up, Uy)
Subclause 5.3 of IEC 62271-1:2017 is*applicable.

5.4 Rated frequency (f,)
Subclause 5.4 of IEC 62271-1:2017 is applicable.
5.5 Rated continuous current (/)

Subclause 5.5 of [IEC 62271-1:2017 is applicable with the following addition:

Some mainp-circuits of an assembly (e.g. busbars, feeder circuits) may have different values of
rated contintous current.

5.6( ) Rated short-time withstand currents (I, I,.)

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

5.6.101 Rated short-time withstand current (1)

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 (I, ) 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 (1, ,)

A rated short-time withstand phase-to-earth current (/, ) 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 system neutral of the network on which the assembly can be installed. Refer to 9.102.

5.7 Rated peak withstand currents (Ip, Ipe)

Subclause 5.7 of IEC 62271-1:2017 is applicable with the following additions;

5.7.101 Rated peak withstand current (1)

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

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

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

A rated peak phase-to-earth withstanid current (/) 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 applicablgy;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 durations;of short-circuit (7., #,,)

Subclause 5.8 of 1EC 62271-1:2017 is applicable with the following additions:

5.8.101 Rated duration of short-circuit (z,)

In principle, an assembly has one rated duration of short-circuit. However, there are several
situations where it is permissible to assign different rated durations of short-circuit to different
pertions 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 (z,) 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 (7,,.)

A rated duration of phase-to-earth short-circuit (7..) 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 Rated pressure of compressed gas supply for controlled pressure systems

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

5.101 Classification of earthing function through main switching device
When the earthing function is performed by the main switching device~in,combination with a

class EO earthing switch, class E1 or E2, as defined in IEC 62271-102:2018, may be assigned
to that earthing function.

The classification for the earthing function is not applicable when the earthing is performed by
a circuit-breaker with the protection operative until the earthed‘situation is attained.

5.102 Rated cable test voltages (Uc (ac): Uct (pc))

5.102.1 General

If the assembly is designed to allow for dielectric testing of connected high-voltage cables while
the busbar(s) of the associated functional ‘unit remain in service, one or more rated cable test
voltages shall be assigned.

5.102.2 Rated power-frequency(cable test voltage Ug (ac)
The rated power-frequency cable test voltage is the maximum AC test voltage with a duration

of 1 min. that may be applied to cables when connected to the assembly, which may be in
service.

5.102.3 Rated DC cable test voltage U (pc) With rated duration t.; pc,)

The rated DCcable test voltage is the maximum DC test voltage that may be applied to cables
when connected to the assembly, which may be in service.

A rated"DC cable test voltage is considered covering very low frequency testing (e.g. 0,1 Hz)
withpeak value up to the rated DC value for the same rated duration.

t#'no rated duration f.; (pc) is specified, then by default this duration is 15 min.

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

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 7, [ kA ] and duration 75 [ s ];

— Rated single-phase arc fault values (where applicable): current I, [ KA] and duration
the [ 8]

5.103.2 Types of accessibility

Two types of accessibility to the enclosure of an assembly at the site of installation are defined:
— Accessibility Type A: restricted to authorized personnel only;

— Accessibility Type B: unrestricted accessibility, including that of the genetal‘public.
NOTE 1 For pole-mounted switchgear and controlgear, refer to IEC 62271-214 [4].

NOTE 2 |AC classification as defined in this document does not apply to opened compartments;and to arc protection
between compartments, except if opening is necessary to perform switching operations. IEEE €37.20.7 defines Suffix

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

5.103.3 Classified sides

In case of IAC, at least the front side of the assembly shall beGlassified for at least accessibility
type A, by the manufacturer. The sides of the assembly which meet the criteria of the internal
arc test are designated as

F for front side;
L for lateral side;

R for rear side.

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

5.103.4 Rated arc fault currents-(Z,, Ip,)

The value of rated arc fault gurrents should be selected from the R10 series specified in
IEC 60059 [6].

Two ratings of the arc fault currents are recognized:

a) three-phase arc.fault current (1,);
b) single-phase-to-earth arc fault current (/,,), when applicable.
The manufacturer shall specify the compartments to which the single-phase-to-earth arc fault

currepitating is applicable. Such value may be assigned to an assembly where its construction
willprevent 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 /,, the 7, 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 (z4, 75,)

Recommended values for the three-phase arc fault duration (z5) are 0,1s, 0,5 s and 1 s.

If applicable, the rated duration (z5) of the single-phase-to-earth arc fault shall be assigned by
the manufacturer.
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NOTE |Itis 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

Ol al Fal H L ol
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6.2 Requirements for gases in switchgear and controlgear

Subclause 6.2 of IEC 62271-1:2017 is applicable

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

6.3 Earthing of switchgear and controlgear

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

6.3.101 Earthing of the high-voltage conductive parts

All high-voltage conductive parts to which access is provided with the assembly in service, shall
have the possibility of being earthed prior to becoming accessible. This is not applicable to
removable parts which become accessible after being separated from the assembly and to
withdrawable parts in test position or in disconnected position (refer to 6.101).

Where earthing connections shall be able to carry*the full three-phase short-circuit current (as
in the case of the short-circuiting connections’ used for earthing devices), these connections
shall be dimensioned accordingly.

The connection from the short-circuiting\point between phases to the earthing circuit may be
dimensioned to the specifications of the earthing circuit.

6.3.102 Earthing of enclosure(s)

Metal enclosure(s) shall be “electrically connected (directly or indirectly) to the earthing point
provided. Small parts fixed-to metal enclosure(s), up to a maximum of 12,5 mm in diameter, for
example screw heads,need not be electrically connected to the earthing point provided. All the
metallic parts intended to be earthed and not belonging to a high-voltage or auxiliary circuit
shall also be electrically connected to the earthing point provided.

The interconnections within each functional unit shall be made by adequate means (e.g.
fastening by/bolting or welding), providing electrical continuity between the frame, covers, doors,
metal partitions or other structural parts to the earthing point. Doors of the high-voltage
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—forthe nnmplah: mnstallation—can rnqllirn 3 cpnniql qpprnanh of-the nar}hing 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
current (e, Ipe) and duration (#,).

NOTE 1 Itis assumed that the short-circuiting point between phases of the earthing circuit is within/€ach functional
unit.

For transport units to be assembled during final installation, the resulting earthing circuit shall
be capable of carrying its rated short-time and peak withstand currents and duration.

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

If a dedicated earthing conductor is applied as earthing circuit of\the assembly, its cross-section
shall be not less than 30 mm?2.

NOTE 2 If the earthing circuit consists of an earthing copper condtctor extending the whole length of the assembly,
for the rated short-time withstand current, a current density in the’earthing conductor, not exceeding 200 A/mm? for
a rated duration of 1 s or 125 A/mm? for a rated duration of 3¢s is ‘generally sufficient.

NOTE 3 A method of calculating cross-sectional areas ©f conductors is given in IEC 60724 [8].

The earthing circuit is normally designed_ te/ withstand one occurrence of a single short-circuit
fault, and maintenance could be needed-after such an event; refer also to 9.102.

6.4 Auxiliary and control equipment and circuits

Subclause 6.4 of IEC 62271-112017 is applicable.

6.5 Dependent power‘operation

Subclause 6.5 of IEC.62271-1:2017 is applicable.

6.6 Storedenergy operation

Subclause 6.6 of IEC 62271-1:2017 is applicable.

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

Subclause 6.10 of IEC 62271-1:2017 is applicable with the following addition to 6.10.1 of
IEC 62271-1:2017.

For gas-filled compartments where the minimum functional pressure exceeds 200 kPa (absolute
pressure at 20 °C) an indication shall be provided when the absolute pressure at 20 °C has

£oll lo l +lo HH £ i 1l | £ 4 2. 444\
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NOTE 1 The indication might include monitoring of pressure (density).

Closed pressure systems with minimum functional pressure above 200 kPa (absolute pressure)
shall have a defined alarm pressure (density) level.

NOTE 2 Alarm pressure (density) is defined in IEC 62271-1:2017, 3.6.5.3 and 3.6.5.4.

An example of pressure coordination chart is shown in Figure E.1.

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 legiblee nameplates which shall contain
the information in accordance with Table 1.

Table 1 — Nameplateinformation

Abbreviation Unit Marking Condition:
**) Marking only required if
(1)>° (2) (3) 4) (5)

Name of manufacturer X

Manufacturer's type designation X

Serial number X

Manufacturer's instructions reference X

Year of manufacture X

Applicable standard X

Rated voltage U, kV X

Rated frequency 1y Hz X

Rated lightning impulse withstand voltage U, kV X

Rated power-frequency withstand voltage Uy kV X

Rated power-frequency cable test voltage Uet (ac) kV (X)

Rated DC cable test voltage Uct (bc) kV (X)

Rated duration for DC cable test !t (DC) min (X)

Rated continuous current I A X

Rated short-time withstand current I kA X

Rated peak withstand current 1p kA X

Rated duration of short-circuit t s X

Rated short-time phase-to-earth withstand Lo kA Y different from I (main
current circuit)
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Abbreviation Unit Marking Condition:
**) Marking only required if
(1)2® (2)° (3) 4) (5)
Rated peak phase-to-earth withstand current Ipe kA Y different from lp
Rated duration of phase-to-earth short-circuit fe s Y different from ¢, (main
circuit)
Filling level for insulation and/or switching (*) Pre Prer Mo | kPa, kg/m3 (X)
or kg
Alarm level for insulation and/or switching (*) Pae Paer Mae | kPa, kg/m?3 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 (*) Peov Py Mrm | kPa, kg/m3 (X)
or kg
Alarm level for operation (*) Pamy Pamy Mam | kKPa, kg/m3 Y closed pressure system
or kg with minimum functional
pressure above 200 kPa
(abs.)
Minimum functional level for operation (*) Pmm P kPa, kg/m3 (X)
Mo or kg
Loss of service continuity category LSC (X)
Internal arc classification IAC (X)
Type of accessibility AorB (X)
Classified sides F, LR (X)
Arc fault current and duration VNI kA, s (X)
Single-phase-to-earth arc fault Ine ae 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 and mass of fluid (liquid orgas) for M, kg (X)
insulation
Mass of the assembly (including any fluid) M kg Y more than 300 kg
Minimum and maximum-ambient air °C Y different from — 5 °C
temperature and/or 40 °C

) Density(or absolute pressure (abs.) or relative pressure (rel.) to be stated at 20°C for gases, and mass for
liquids

(**) Xe=\the marking of these values is mandatory;
(X) = the marking of these values is where applicable;

Y = conditions for marking of these values are given in column (5).

@ The abbreviation in column (2) can be used instead of the terms in column (1).

® 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 normal
service. If applicable, one common nameplate for the complete assembly may apply with the
general information, with a separate nameplate for each functional unit, containing the specific
information.

Detailed information of the fixed components applied need not be legible during normal service.
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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.

.12 Lockin Vi

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
incorrect operations of any associated switching devices under the conditions specified in
7.102.2. The following provisions are defined for switching devices of main and earthing circuits.

a) Forremovable 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:

b) For other parts of assemblies

— interlocks shall be provided to prevent operation of disconnectors under conditions other
than those for which they are intended{refer to IEC 62271-102:2018). The operation of
a disconnector shall be prevented unless the circuit is open. The following are exempt:

e switch-disconnector;

e double busbar system designed to have a busbar transfer without current
interruption.

— the operation of the circuit-breaker, switch or contactor shall be prevented by interlocks
as long as the associated switching devices, i.e. disconnector and/or earthing switch,
have not reached their dedicated closed or open position;

— if earthing of a_circuit is provided by the main switching device (circuit-breaker, switch
or contactop)\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 majinyswitching device to be secured against unintentional opening, for example by
disconnection of tripping circuits and/or blocking of the mechanical trip;

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

Regarding removable fuse-links, their withdrawal or engagement shall be prevented unless the
fuse-base 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 function of
interlocks.

NOTE For interlocks with covers and doors, refer to 6.102.2.

If electrical interlocks are provided, the design shall be such that no improper situations can
occur in case of lack of auxiliary supply. However, for emergency control, the manufacturer may
provide additional means for manual operation without interlocking facilities. In such a case,
the manufacturer shall clearly identify this facility and define the procedures for operation.
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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 Degrees of protection provided by enclosures

—6-1441  General

Subclauses 6.14.1, of IEC 62271-1:2017 is applicable.

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, ©f) 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 operating
conditions (IK coding)

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

6.15 Creepage distances for outdoor‘insulators

Subclause 6.15 of IEC 62271-1:2047 is not applicable.

6.16 Gas and vacuum tightness

Subclause 6.16 of IEC.62271-1:2017 is applicable with the following addition:
Additional requirements are specified in 6.103.2.3.

6.17 Tightness for liquid systems
Subclause6.17 of IEC 62271-1:2017 is applicable with the following addition:

Additional requirements are specified in 6.103.2.3.

6.18 Fire hazard (flammability)

Subclause 6.18 of IEC 62271-1:2017 is applicable.

6.19 Electromagnetic compatibility (EMC)

Subclause 6.19 of IEC 62271-1:2017 is applicable.

6.20 X-ray emission

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

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 conditieris” 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.

In the case where a high-voltage compartment may be opened, i.e(accessible compartment,
safe operation of the assembly requires (irrespective of whether offixed or withdrawable pattern)
that the high-voltage parts are isolated from all sources of supply and earthed. Exempted from
this requirement are:

— high-voltage parts that are moved to the disconnectedposition with corresponding shutters
closed;

— high-voltage parts, if embedded by solid-insulation material and complying with at least
protection category PA of IEC 62271-201:2014)

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

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

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

Removable parts and components of equal or greater current and insulation ratings may be
installed in place of removable parts and components of equal or lesser current and insulation
ratings whiere the design of these removable parts and components and compartment allows
mechanical interchange ability. This does not generally apply for current-limiting devices.

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

Componentis contained in_an assembly shall be In_accordance with their various relevant
standards. This document supplements or even replaces the standards for the individual
components 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.
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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:

— 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.do&s 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,

Enclosures shall also ensure protection in accordance with jthe 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
provided with a clear labelling of the electri¢al risk if removed or opened.

— The horizontal surfaces of enclosures, for example roof plates, are normally not designed
to support personnel or additional equipment not supplied as part of the assembly. If the
manufacturer states that it is necessary to stand or walk upon the assembly during operation
or maintenance, the design shatlkbe such that the relevant areas will support the weight of
the operator. In such a case,\the IP degree shall not be affected as well as no permanent
deformation is allowed andche areas on the equipment where it is not safe to stand or walk,
for example pressure relief*flaps, shall be clearly identified.

6.102.2 Covers and-doors

Covers and doors that are part of the enclosure shall be made of metal. However, covers and
doors may be made of insulating material, provided that high-voltage parts are enclosed by
metal partitions-or shutters connected to the earthing point provided.

When covers and doors that are part of 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 or door,
reference is made to 6.102.4 or to 6.102.5.

Covers and doors that exclusively give access to compartments which are not high-voltage
compartments (e.g. low-voltage control compartment, or possible mechanism compartment),
are not subject to this subclause.

Several categories of covers and doors are recognized with regard to the type of high-voltage
accessible compartments they provide access to:

a) Covers and doors that give access to tool-based accessible compartments
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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 praovided if there is a need to access the compariment for

normal use as stated by the manufacturer. These covers and doors shall not require tools
for their opening or removal. It is permissible that the manipulation of some fixing elements
for their opening or removal is required, and they shall have the following features:

— interlock controlled accessible compartments shall be provided with interlocking dévices
so that opening of the compartment shall only be possible when the high-voltage’parts
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,
e.g. 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. Pfocedures can be dictated
by the legislation of the country of installation or by the usersafety documentation.

NOTE Examples of fixing elements are screws, bolts, nuts, turning fasteners and sliding fasteners.

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

Access to a closed interlock-controlled or procedure-based compartment through covers
needing only the use of tools to be opened or removed is not intended for normal use. Once
an interlocked or locked door or cover of afnsaccessible compartment is opened or removed
for normal use, it is permissible that theopening or removing of other covers of the same
accessible compartment requires the.use of tools.

6.102.3 Partition or shutter being_ part of the enclosure

If partitions or shutters become part of the enclosure with the removable part in any of the
positions defined in 3.6.110 t0-316.112, they shall be metal, earthed and provide as minimum
degree of protection IP2X.

In this respect it should'be noted that:

— apartition or shutter becomes a part of the enclosure if it is accessible in any of the positions
defined in 316.110 to 3.6.112 and if no door is provided which can be closed in the positions
defined in~3.6.109 to 3.6.112;

— if a door’is provided which can be closed in the positions defined in 3.6.109 to 3.6.112, the
partition or shutter behind the door is not considered to be a part of the enclosure.

6.102.4 Inspection windows

Inspection windows shall provide at least the degree of protection specified for the enclosure.

They shall be covered by a transparent sheet of mechanical strength comparable to that of the
enclosure. Precautions shall be taken to prevent the formation of dangerous electrostatic
charges, either by clearance or by electrostatic shielding (e.g. a suitable earthed wire-mesh on
the inside of the window).

The insulation between high-voltage live parts and the accessible surface of the inspection
windows shall comply with the rated insulation levels Uy and U, according to 5.3.
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6.102.5 Ventilating openings, vent outlets

Ventilating openings and vent outlets shall be so arranged or shielded that the same degree of
protection as that specified for the enclosure is obtained. Such openings may make use of wire
mesh or the like 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-voltage compartments should also be classified as accessible or non-accessible.

NOTE 1 Only interlock-controlled accessible compartments and procedure based accessible compartments are
considered when defining the LSC category of a functional unit.

A high-voltage compartment shall be designated by the main compoenent 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 thé 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
connection compartment.

The connection compartment may be further identified according to the several components
enclosed, for example connec¢tion/CT, or connection/circuit-breaker compartment. However, for
the purposes of LSC categarization, the designation is "connection compartment".

The LSC category.can only be assigned to functional units that include a connection
compartment. Thislimplies that e.g. a bus-sectionaliser or bus-coupler functional unit will have
no LSC categony, refer to Figure 8 and Figure 9.

Busbar campartments may extend through several functional units without the need for
bushingsior other equivalent means. However, in the case of LSC2, LSC2A, LSC2B assemblies
with @ccessible 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 sections of
sWitchable or disconnectable busbars.

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

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

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

Parts of the busbar at the end of the busbar system shall be considered as part of the adjacent
compartment if their length out of the enclosure of the high-voltage compartment is less than
12,5 mm. If this criterion is not met, a separate compartment shall be defined for these busbar
extension elements.
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6.103.2 Fluid-filled compartments (gas or liquid)
6.103.2.1 General

Compartments shall be capable of withstanding the normal and transient pressures to which
they are subjected in service.

oo

P
conditions of service which distinguish them from compressed air receivers and similar storage
vessels. These conditions are such that gas-filled compartments are filled with a gas that s
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~iternal
corrosion, there is no need to make allowances for these factors in determining the design of
the compartments.

NOTE 1 The non-corrosive conditions that prevail inside gas-filled compartments are maintained by appropriate
measures such as filter material to adsorb humidity and decomposition products, if any.

Materials used in the construction of enclosures should be of known)and certified minimum
physical properties on which pressure tests are based (see 7.103). The manufacturer is
responsible for the selection of the materials and the maintenance-of.these minimum properties,
based on certification of the material supplier or tests conductedy the manufacturer, or both.

NOTE 2 See also Annex C.
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 the design pressure as defined in this document.

For indoor installations, the design temperature of the fluid-filed 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 is equal to the maximum pressure difference between
the fluid inside the compartment at design temperature that the fluid used for insulation can
reach under specified maximum service conditions, and the surrounding media, like ambient air
or insulation fluids in-@gther compartments.

Therefore, the design pressure calculation shall also consider:

a) the full-differential pressure possible across the compartment walls or partitions, including
any evacuation process if used during filling or maintenance operations;

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

The design of the fluid-filled compartment shall also take into account the possibility of the
occurrence of an internal arc fault.

In normal service, the pressure inside a gas-filled compartment varies from the filling pressure
Pre With the gas temperature variations, at different service conditions, and possible leaks.

Several pressure values shall be coordinated when designing a fluid-filed compartment. An
example is shown in Figure E.1.

6.103.2.3 Tightness

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

If requested 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.

A partition, separating a compartment filled with insulating gas from a neighbouring
compartment filled with liquid should not show any leakage affecting the dielectric properties of
the two media.

6.103.2.4 Pressure relief of fluid-filled compartments

Where 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 is performing his narmadl operating
duties if gases or vapours are escaping under pressure. Pressure relief devices' shall operate
with relative pressure above 1,3 times the design pressure. The pressure nelief 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.

Partitions and shutters, when accessible in.Service, shall provide at least the degree of
protection IP2X according to [IEC/605629:1989, I|EC 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
operation of the shutters, for example by a mechanical drive, where the movement of the
shutters is positively driven by the movement of the removable or withdrawable part.

The status.of shutters may not in all situations be readily confirmed from an open high-voltage
compartment, (e.g. connection compartment is opened, but shutters are located in
circuit<breaker compartment). In such situations, verification of the shutter status may require
access to the second compartment or provision of an inspection window or reliable indicating
device.

Homeormoreset(s)of fixedcontacts cam be madeaccessible throughropened—shutters(eg:
for maintenance or test purposes), then the shutters shall be provided with means of locking
each set independently in the closed position.

If the automatic closing of shutters can be made inoperative in order to retain them in the open
position (e.g. for maintenance or test purposes), then it shall not be possible either for the
switching device to return to the service position or to close the switching device in the service
position, until the automatic operation of the shutters is restored. This can be realized for
example by preventing the switching device to return to its service position or by automatic
restoration when returning the switching device to the service position.
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It may be possible to use a temporary inserted partition to prevent the live set of fixed contacts
being exposed (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
energized.

For class PM, partitions and shutters between opened compartments and remaining
high-voltage live parts of the assembly shall be metal; otherwise, the class is Pl (refer to 3.6.106

10 5.0.1UQ).

6.103.3.2 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 became”accessible
shall be less than 12,5 mm.

NOTE The word "discontinuity" covers any insulating or non-earthed area, or path, threughrthe 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;

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 liveé/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 ovenrlinsulating surfaces or by a path broken only by small gaps of gas
or liquid, it shall be noty greater than 0,5 mA under the specified test conditions (refer to
7.104.3).

6.104 Removable parts

If the assembly.ihcorporates removable parts which may be exchanged, for example fuse-links,
then the mahufacturer shall provide a reference list.

NOTE A “For a reference list of fuse-links of switch-fuse combinations, IEC 62271-105 provides further information.

Removable parts for ensuring the isolating distance between the high-voltage conductors shall
comply with IEC 62271-102:2018, except for mechanical operation tests (refer to 7.102 and
8.102). This disconnection facility is intended for maintenance purposes only.

If removable parts are intended to be used as a disconnector or intended to be removed and
replaced more often than only for maintenance purposes, then testing shall also include the
mechanical operation tests according to IEC 62271-102:2018.

Removable parts that are fixed, for example by bolts and/or screws, are not subject to
mechanical operation tests according to 7.102.1, if not otherwise specified by the manufacturer.

The requirement that it shall be possible to know the operating position of the disconnector
function or earthing switch function is met if one of the following conditions is fulfilled:
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— the isolating distance is visible with the removable part removed;
— in case of a withdrawable part:

e the position of the withdrawable part, in relation to the fixed part, is clearly visible and
the positions corresponding to full connection and full isolation are clearly identified;

e the position of the withdrawable part is indicated by a reliable indicating device.
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Any removable part shall be so attached to the fixed part that its contacts will not open
inadvertently due to forces which may occur in service, in particular those due to a short-circuit.

In IAC classified assemblies, the transfer of withdrawable parts to or from service positior’ 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 intendéd)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 whilgthey 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 designéd to remain live during testing cables.

6.106 Internal arc fault

Assemblies that satisfy the requirements of this document are designed and manufactured, in
principle, to prevent the occurrence of intérnal 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 assigned, then this designation shall be included in the nameplate (refer to 6.11).

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

7 Type tests

7.1 General
731 Basics

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

Components contained in an assembly shall comply with their individual component standards,
taking into account Clause 7.

Because of the variety of types, ratings and possible combinations of components, it is not
practicable to make type tests with all the arrangements of an assembly. The validity of type
tests performed on one test object with a defined set of ratings to other assemblies of the same
family with a different set of ratings or different arrangements of components may be evaluated;
in that case IEC TR 62271-307 [10] should be applied.
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The type tests and verifications comprise:

Mandatory type tests to verify the:

QO

rated insulation level of the equipment (see 7.2);

O
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)
) measurement of the resistance of circuits (see 7.4);
)
U
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of circuits (see 7.5);

o
-

capability of the main and earthing circuits to be subjected to the rated peak and the rated
short-time 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);

n) electromagnetic compatibility (EMC) (see 7.9);

o) X-radiation level for vacuum interrupters (see7.11);

p) protection of the equipment against external effects due to weather (see 7.7.1);
q) rated cable test voltages (see 7.2.104)

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

r) tests to evaluate the insulatioh 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 objects used for Aype testing shall not be used in service without agreement between
manufacturer and user.

7.1.2 Information for identification of test objects

Subclause\7.1.2 of IEC 62271-1:2017 is applicable.

7143 Information to be included in type-test reports

Subclause 7.1.3 of IEC 62271-1:2017 is applicable with the following addition:

For the test report regarding continuous current tests, refer also to 7.5.101.
For the report regarding internal arc tests, refer to 7.105.6.

7.2 Dielectric tests
7.2.1 General

Subclause 7.2.1 of IEC 62271-1:2017 is applicable.
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7.2.2 Ambient air conditions during tests

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

7.2.3 Wet test procedure

Subclause 7.2.3 of IEC 62271-1:2017 is not applicable.

7.24 Arrangement of the equipment

Subclause 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_pé&rformed on
the test objects filled with the insulating fluid specified by the manufacturer,\te'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 nét applicable.

For fluid-filled compartments tested with test bushings that are not part of the assembly,
impulses resulting in flashover along the surface of thétest bushings are not considered as part
of the test series.

7.2.6 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
following 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 gitcuit, but, in principle, they shall cover the following tests:

a) To earth and betweeniphases

The test voltages.specified in 7.2.7 shall be applied connecting each phase conductor of
the main circuit_in*turn to the high-voltage terminal of the test supply. All other conductors
of the main circuit and the auxiliary circuits shall be connected to the earthing conductor or
the frame.and to the earth terminal of the test supply.

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

Therdielectric tests shall be made with all switching devices closed and all removable parts
intheir service position. Attention shall be given to the possibility that switching devices in
their open position or removable parts in the disconnected, removed or test position may
result in less favourable field conditions. Under such conditions the tests shall be repeated
with such device(s) in those specific positions. However, switching devices do not need to

bc tcotcd ;II U'JCII PUD;t;UII VVhGII thc;l bUIIIpUIIUIIt Otalldald dUCD IIUt IC\.{U;IC tU tGDt thclll ;II
this open position, and removable parts themselves shall not be subjected to these voltage
tests whilst they are in the disconnected, test or removed position. The earthing of
removable parts in these positions during the tests shall be as in service.

In case specific devices, such as current transformers, cable terminations or overcurrent
releases/indicators, could influence the electrical fields, they shall be installed as in service
during these tests. For impulse voltage tests, the arrangements according to 7.2.7.3 are
allowed. In case of doubt about the most unfavourable arrangement, tests shall be repeated
with alternative configurations.
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In order to check compliance with the requirements of 6.102.4 and item a) of 6.103.3.3,
inspection windows, partitions and shutters of insulating material shall be covered on the
side accessible during operation or maintenance, in the most unfavourable situation for the
test, with a circular or square metal foil having an area as large as possible but not
exceeding 100 cm?2 which shall be connected to earth. In case of doubt about the most
unfavourable situation, the tests shall be repeated with different situations. For convenience
of testing, subject to agreement between testing station and manufacturer, more than one
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Across the isolating distance

Each isolating distance of the main circuit shall be tested using the test voltages spegified
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:
— adisconnector 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 betwéen 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 theywithdrawable part when an isolating
distance is established, the test voltages specified across the isolating distance shall be
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
insulation between, the high-voltage live parts and the inside of insulating partitions or
shutters shall be subjected to a power-frequency test voltage of 150 % of the rated voltage
U, for 1 min. aftercovering the inner surface of the partition or shutter facing the live parts

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

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

7.2.7A4 General

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

7.2.7.2 Power-frequency voltage tests

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

Assemblies 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 value and maintained for 1 min.

The tests shall be performed in dry conditions.
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Instrument transformers, power transformers or fuses may be replaced by replicas reproducing
the field configuration of the high-voltage connections. A transformer, a coil, or a similar device
normally connected between phases shall be disconnected from the pole stressed with test
voltage.

At common value power-frequency voltage tests, one terminal of the test transformer shall be
connected to earth and to the enclosure of the assembly.

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

For the special cases considered in 7.2.6.3 of IEC 62271-1:2017, the isolating distance may 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!

Current transformer secondary windings shallbe short-circuited and earthed. Current
transformers may have their primaries short-cifeuited too.

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

Subclause 7.2.8 of IEC62271-1:2017 is not applicable.

7.2.9 Artificial pollution tests for outdoor insulators

Subclause 7:2.9 of IEC 62271-1:2017 is not applicable.

7.2 A0~ Partial discharge tests
Subclause 7.2.10 of IEC 62271-1:2017 is applicable with the following additions:

—ifthe testis performed, it shait be according to Annex B-

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

7.2.11 Dielectric tests on auxiliary and control circuits

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

Functions like voltage indication or voltage detection (e.g. VPIS, VIS, VDIS and VDS) which are
tested according to their relevant standards, are excluded.

7.2.12 \Voltage test as condition check

Subclause 7.2.12 of I[EC 622/1-1:2017 1s applicable.

7.2.101 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 Uy (ac) O Ugt (pc) shall be applied to€ach 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.

For AC test voltages, the two test voltages shall be invphase opposition.

For AC cable test voltages U (ac) the duration of the test shall be 1 min. For DC cable test
voltages U (DC)’ its rated duration shall b&/képt for each polarity (refer to 5.102.3).

7.3 Radio interference voltage (RIV) test

Subclause 7.3 of IEC 62271-1:2047 is not applicable.

7.4 Resistance measurement
7.4.1 Measurement of the resistance of auxiliary contacts class 1 and class 2

Subclause 7.4.1 of ‘\EC 62271-1:2017 is applicable.

7.4.2 Measurement of the resistance of auxiliary contacts class 3

Subclause7.4.2 of IEC 62271-1:2017 is applicable.

7.4.3 Electrical continuity of earthed metallic parts test

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

7.4.4 Resistance measurement of contacts and connections in the main circuit as a
condition check

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

The maximum acceptable increase of resistance for individual switching devices within the
assembly after mechanical and/or making and breaking tests is defined in the corresponding
switching device standard of the IEC 62271 series.
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7.5 Continuous current tests
7.5.1 Condition of the test object

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

7.5.2 Arrangement of the equipment

Subclause 7.5.2 of IEC 62271-1:2017 is applicable with the following modifications:

Where the design provides alternative components or arrangements, the test shall be performed
with those components or arrangements for which the most severe conditions are obtained) 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:

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 Test of the auxiliary and control equipment

Subclause 7.5.3.2 of I[EC 62271-1:2017 is applicable with the following exception:

This test need not be performed on circuits and components of auxiliary and control equipment
which already~have demonstrated their operation at ambient temperature limits during
mechanical tests with the high-voltage switching devices installed inside the assembly,
according. to the relevant component standard, for example IEC 62271-100, IEC 62271-102 or
IEC 62271-103.

7.5.4 Temperature measurement during test

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

The temperature of the test conductors shall be measured at the point where they leave the
enclosure and at a distance of 1 m externally along the temporary feeding connections. The
temperature difference shall not exceed 5 K. However, in case this temperature difference
exceeds 5 K, the test may be considered as valid if the above indicated point at 1 m from the
assembly is the hottest and all criteria to pass the test defined in 7.5.6 are fulfilled.
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7.5.5 Resistance of the main circuit

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

The measured 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
resistance shall be the reference for the routine test (refer to 8.4).

7.5.6 Criteria to pass test

Subclause 7.5.6 of IEC 62271-1:2017 is applicable with the following additions to 7.5.6.1:

The temperature rise of assemblies containing components which are subject to individual
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 gontact 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;

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

a) Test of main circuits

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

Parts of the main circuits which incorporate current-limiting fuses do not need to be tested

if one of the conditions below is fulfilled:

— the making and breaking tests of the switching function incorporating the fuses have
been performed within the assembly;
NOTE 1 An example of switching function incorporating current-limiting fuses is a switch-fuse combination.

— breaking tests of the fuses, when the fuses are not part of a switching function, have
been performed within the assembly;
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— a short-time withstand current test, with a solid metal link replacing the fuse-link,
demonstrating that both the applied peak current and resulting thermal effects (i.e. Joule
integral /2¢) are equal to or higher than, those which would be obtained with fuses at the
rated voltage, has been performed within the assembly.

In all cases, the performed tests shall at least cover the situations of maximum breaking
current (up to 7, and I, of the branch of the assembly incorporating current-limiting fuses)

and of maximum let-through 72 for the fuses which can be used within the assembly

according to the reference list provided by the manufacturer.

NOTE 2 The maximum let-through /2t is generally obtained with a lower prospective current than I,.

Connections to auxiliary devices (such as voltage transformers, auxiliary transformers,
surge arresters, surge capacitors, voltage detection devices, and similar items) areet part
of the main circuit (refer to 3.5.105).

b) Tests on 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 (/y, I, @y @nd Iyq, 1,6, lke — @S

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 accordjig, to the number of phases of the
corresponding earthing device (J,, 1o, 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, dt'the rated short-time and peak withstand
currents (Iyg, /pe, fke)-

When there are removable earthing devices, the earthing connection(s) between the fixed
part (of the assembly) and the removablg.earthing device shall be tested at the rated short-
time and peak withstand currents (I, K, 1, and Iy, /e, ik — @s applicable). The current

shall flow along the earthing condugctor 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

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

The circuits of the test object shall be selected in such a way that the most onerous conditions

are obtained concerning the maximum lengths of unsupported conductors, configuration of the
conductors and connections within the equipment, and the assigned rated values. In the case
of assemblies incorporating the same switching device at several locations, it also shall be
checked that the most onerous location of the switching device is tested.

The test connections to the terminals of the assembly shall be arranged in such a way as to
avoid unrealistic stressing of, or support to, the terminals. The distance between the terminals
and the nearest supports of the test conductors on both sides of the assembly shall be in
accordance with the manufacturer's instructions reference.
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The short-time withstand current and peak withstand current tests shall be carried out according
to the number of phases of the circuit under test. However, each earthing circuit shall be tested
with its number of phases at its /i, /, and ¢, and tested single-phase at its /¢, /p and 7, Up to
the earthing point provided on the test object. These tests may be performed on different test
samples. Parts of the earthing circuit already satisfactorily tested may be replaced between
tests on different earthing circuits.

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

Equipment which does not include any current-limiting device may be tested at any convenient
voltage. Equipment which incorporates a current-limiting device shall be tested at the\rated
voltage of the assembly, except if the test set-up at a lower voltage results in mechanical and
thermal effects that are equal to, or higher than, those with the incorporated current-limiting
device at rated voltage. Refer to 7.6.1 a) for further details on fuse-link selection, 'and accepted
alternatives to demonstrate this performance.

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 rated
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:

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 ¢, or ¢, whichever is applicable for the tested circuit.

7.6.4 Conditions of thetest object after test
Subclause 7.6.4 of |[EC’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 % of the yvalue measured before the test. If the resistance increase exceeds 20 % then a
continugus' current test (see 7.5) is applicable to determine if the test object can carry its rated
continyoeus current.

After the test on each earthing circuit, some deformation and degradation of the earthing
devices, earthlng conductors earthing connect|ons and other conductlve parts forming part of
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inspection should be sufficient to check that continuity of the circuit has been preserved. In
case of doubt if certain earth connections are (still) adequate, the earthing shall be verified
testing with 30 A (DC) to the earthing point provided. The voltage drop shall be lower than 3 V.
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7.7 Verification of the protection
7.71 Verification of the IP coding

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

For verification of the IP coding, the service condition is with all doors and covers closed, no

matter haow thev ara avnectedto-bhelockaed ornot
ettt oWt e y—atre—-expeetea—o y “eS-e—-O1Ot

Accessible partitions and shutters, as defined by the manufacturer, shall be verified on IP2X

7.7.2 Verification of the IK coding

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

For verification of the IK coding, the service condition is with all doors and covers closed, no
matter how they are expected to be locked or not.

7.8 Tightness tests

Subclause 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 @)specific design are tested at least once on
representative compartments.

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

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:

Where applicable, the tests under 7.10 shall be performed on a typical lay-out of the assembly,

based on the standard wiring rules of the manufacturer.

7.10.2 Functional tests

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

NOTE Functional tests on auxiliary and control circuits are performed as routine tests, refer to 8.3.2.
7.10.3 \Verification of the operational characteristics of auxiliary contacts

Subclause 7.10.3 of IEC 62271-1:2017 is applicable with the following addition:
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This subclause is not applicable to the auxiliary contacts already tested according to their own
standard.

7.10.4 Environmental tests

Subclause 7.10.4 of IEC 62271-1:2017 is applicable with the following limitations:
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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 on the
separate components of a representative auxiliary and control circuit, no further
environmental tests are needed.

7.10.5 Dielectric test

Subclause 7.10.5 of IEC 62271-1:2017 is applicable.

7.11 X-radiation 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-ahd 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 performedion the switching devices installed in assemblies with
identical or more onerous conditions

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 thatf, 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.tfo.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) ifdype 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
the compartments where these switching devices are installed;

c) where compartments are designed to accept more than one particular type or design of
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the requirements of item a) or, where appropriate item b) above.

Where multiple high-voltage compartments, either side-by-side or multi-tier designs, are not
identical but are designed to accept the same switching device, the above stated tests/test-
duties shall be performed in the compartment in which the most severe conditions are obtained,
as appropriate to the requirements of the relevant standard.

7.101.2 Test requirements for main switching devices

The following test duties shall be performed as appropriate for the switching device:
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— IEC 62271-100:2021: test duties T100s, T100a, and critical current tests (if any) also taking
into account the requirements of 6.103.4 of that standard for the test connection
arrangement, where applicable. For circuit-breakers that are already type tested in
alternative configurations for both k,, = 1,5 and 1,3, then T100s and T100a only have to be

demonstrated for kpp =1,5;

— IEC 62271-103:2021: Test duty TD,y,4o (10 CO operations). Where the switch has a rated
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TD,,5 according to class E1, E2 or E3, as applicable;
— IEC 62271-105:2021: Test duties TD|4., and the highest value of TD;.,ng5er @nd TD;

— |IEC 62271-106:2021: Verification of coordination with SCPDs;
— IEC 62271-107:2019: Test duties TD,, and TD;. and TD.;

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

Refer to 7.4.4 for maximum allowed resistance increase along the main circuit after making and
breaking tests.

7.101.3 Test requirements for earthing function

If the earthing function has an assigned class E1 or E2, it shallbe 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.

7.102 Mechanical operation tests
7.102.1 Switching devices @nd removable parts

All switching devices notwpreviously 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-oneach 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 operation.

The reliable operation of shutters, for example by a mechanical drive, where the movement of
the shutters is positively driven by the movement of the removable or withdrawable part, shall

bechecked:

For functional units including several switching devices, the operations may be performed as
part of a sequence of operations involving all these switching devices. If the insertion/removal
of a removable part is involved in the sequence, the number of such sequences should be
limited to 25. Any operations not included in this sequence should be separately tested.

In the case of manually operated equipment, the normal manual operation handle shall be used
to perform the tests.
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7.102.2 Mechanical and electromechanical interlocks and locking devices

The interlocks and locking devices shall be set in all positions intended to prevent:

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

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

a)
b)

10 attempts to open any interlocked or locked door or cover;

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

20 attempts to operate the switching devices manually, when the operation. interface is
accessible;

10 attempts to operate the switching device manually in the wrong direction'shall be carried
out in addition to, but anywhere in, the above sequence of 20 attempfts)

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

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

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 farce or torque shall be applied:

force of 400 N on handles of doors,\covers and actuators of drive mechanisms with the
exceptions given below;

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@n-small rotating actuators like knobs.

The force shall be applied at the midpoint of the gripping part of the handle or actuator with the
following considerations:

For.handles consisting of one or more levers, the gripping part shall be defined by the
manufacturer before testing. In this case, two different scenarios are considered:

s~ if intended for gripping with one hand, the gripping part shall not extend more than
100 mm from the end of the lever;

o if intended for gripping with two hands next to each other, the gripping part shall not

extend more than 200 mm from the end of the lever.

For handles where the lever is extensible or sliding, the lever shall be at the longest possible
length, and the full force shall be applied to only one of the gripping parts of the lever(s), if
more than one exists.

Where operating handles and actuators incorporate a feature which limits the transmitted force
or torque, the maximum test force or torque shall be limited to that which can be applied by the
handle or actuator, provided that the handle or actuator is not interchangeable with other
handles or actuators.
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No adjustment shall be made to the switching devices, removable parts or interlocks during
these tests.

The integrity of sliders or other devices preventing access to the operation interface shall be
verified in accordance with 7.7.2 (verification of the IK coding).

Where mechanical interlocks are designed to prevent the operation of motorized switching

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

— 20 attempts to operate the switching devices;

— 10 attempts to operate the switching device in the wrong direction shall be carried outtin
addition to, but anywhere in, the above sequence of 20 attempts.

110 % of the rated supply voltage of auxiliary circuits shall be applied for a duration, of 2 s.

The interlocks are considered to be satisfactory if:

a) the switching devices cannot be operated;

b) access to the interlocked compartments is prevented;

c) the insertion and withdrawal of the removable parts are prevented;

d) the switching devices, removable parts and the interlocksare still operative and the effort

to operate them before and after the tests, does not diffef from the maximum hand operating
forces (manual operation) or peak energy consumption (motor operation) by more than
50 %. In case of the test with 750 N, damage is acceptable, provided that the interlock still
prevents operation.

NOTE These tests can be performed as part of the mechanical operations test sequence.
7.103 Pressure withstand test for gas-filled compartments

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

Each design of a gas-filled compartment equipped with its pressure relief devices(s) shall be
subjected to pressure tests as follows:

— Adjacent compartments (if any) shall be set at a pressure not higher than the minimum
functional pressure of*those compartments. If the manufacturer's instructions reference
allow for maintenance of those compartments, they shall be at atmospheric pressure.
Alternatively, they'even may be evacuated, if allowed by the manufacturer.

NOTE 1 This test configuration covers the over-pressure behaviour under intended service conditions.

NOTE 2( Tjhe design pressure (relative pressure) calculation already considers the situation of adjacent
compartment evacuated, if allowed by the manufacturer.

— The-ambient temperature shall be between 15 °C and 30 °C.

NOTE 3 The temperature range is in accordance with 1SO 4126-2.
= For all the following pressure tests, the relative pressure shall be increased with a pressure

rise not nvnnnr’ling 400 kPa/min in order to reach a value of 1,’2 times the rlncign pressure

of the compartment for a period of 1 min. The pressure relief device shall not operate and
the compartment shall not show signs of distress or any distortion likely to affect the
operation of the assembly.

— To determine the highest possible value at which the pressure relief device operates, two
possible scenarios shall be considered:

e if no certificate is available for the pressure relief device (for example, in case of integral
pressure relief devices), the operating pressure of the pressure relief device shall be
verified by testing 5 samples of the pressure relief on the specific compartment design;
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e if a certificate according to ISO 4126-2 for the pressure relief device is available for the
range of service temperatures and up to the design temperature, it shall be verified that
the operating pressure is in the range given by the certificate by a single test on the
specific compartment design.

— For both scenarios, the relative pressure shall be increased with a pressure rise not
exceeding 400 kPa/min up to the pressure relief device operates, as designed by the
manufacturer.

e The opening pressure(s) shall be recorded in the type test report.

e A visual inspection of the orientation of the pressure relief device should be performed.
The direction of escaping gases should be indicated in the test report.

— Then, a verification of the safety margin of the compartment with respect to the presSure
relief operation shall be performed as follows:

o the pressure relief device shall be blocked or reinforced without impactingithe withstand
pressure of the compartment;

o then, the relative pressure shall be increased with a pressure rise not exceeding
400 kPa/min up to the highest value where the pressure relief_ would operate (by
certificate or test mentioned above) multiplied by a safety factor: Two possible cases
shall be considered:

— if a certificate is available for the pressure relief device for the range of service
temperatures and up to the design temperature, thesapplied safety factor to the upper
value of operation given by the certificate shall bg|1;1;

— if no certificate is available for the pressure relief device (for example, in case of
integral pressure relief devices), the highest opening pressure recorded in the 5
previous tests is taken and the applied safety factor shall be 1,5.

e the test pressure level shall be maintained-for 1 min;
o the compartment may be distorted, but it shall not rupture during the test.

7.103.2 Pressure withstand test for gas-filled compartments without pressure relief
devices

Each design of a gas-filled compartment without pressure relief device shall be subjected to a
pressure test according to the following procedure:

— Adjacent compartments, (if any) shall be set at a pressure not higher than the minimum
functional pressure of*those compartments. If the manufacturer's instructions reference
allow for maintenance of those compartments, they shall be at atmospheric pressure.
Alternatively, they'even may be evacuated, if allowed by the manufacturer.

NOTE 1 This test configuration covers the over-pressure behaviour under intended service conditions.

NOTE 2( The design pressure (relative pressure) calculation already considers the situation of adjacent
compartment evacuated, if allowed by the manufacturer.

— The-ambient temperature shall be between 15 °C and 30 °C.

—-Fhe relative pressure shall be increased with a pressure rise not exceeding 400 kPa/min up
to three times the design pressure of the compartment, except for those with cast aluminium
walls with design pressure above 300 kPa where the upper value shall be five times the

desigm pressure. T e testpressure tevetsitattbemmaimtaimed—for+minmAfter thetest,the
compartment may be distorted but it shall not rupture.

7.104 Tests to verify the protection of persons against dangerous electrical effects
7.104.1 General

Subclause 7.104 is applicable to non-metallic partitions and shutters intended for protection
from effects 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 disconnected and
earthed.
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Solid-insulation embedded high-voltage parts that are intended to remain live when accessing
the high-voltage compartment shall be tested according to 6.104 of IEC 62271-201:2014.

7.104.2 Dielectric tests

a) The insulation between high-voltage live parts and the accessible surface of insulating
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.

b) 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.

c) 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?2, at the most onerous point. The test set-up shall be
as specified in item a) of 7.2.6.

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(@ 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 phase€s’of the supply successively connected to
earth. In the case of single-phase tests, only onesmeasurement is necessary.

A metal foil shall be placed in the most unfavourable situation for the test on the accessible
surface of the insulation providing the pratection against contact with live parts. In case of doubt
about the most unfavourable situationtthe test shall be repeated with different situations.

The metal foil shall be approximately circular or square, having an area as large as possible
but not exceeding 100 cmZ2. The-enhclosure and the frame of the assembly shall be earthed. The
leakage current flowing through the metal foil to earth shall be measured with the insulation dry
and clean.

The value of the leakage current measured shall not exceed 0,5 mA. If, as indicated in item d)
of 6.103.3.3, the centinuous path over insulating surfaces is broken by small gaps of gas or
liquid, such gaps shall be shorted out electrically. If these gaps are incorporated to avoid the
passage of theleakage current from live parts to accessible parts of insulating partitions and
shutters, the,gaps shall withstand the test voltages specified in 7.2.7.1 for voltage tests to earth
and between poles.

It is_not necessary to measure leakage currents if earthed metal parts are arranged in an
appropriate manner to ensure that leakage currents cannot reach the accessible parts of the
insulating partitions and shutters.

7.105 Internal arc test
7.105.1 General

The test is applicable to assemblies for which an internal arc classification has been assigned,
covering the event of an arc fault within the enclosure or within components having housings
which form part of the enclosure in normal operating conditions. The internal arc test makes
allowance for effects acting on all parts of the enclosure, such as internal overpressure, thermal
effects of the arc or its roots, the effects of ejected hot gases and glowing particles.
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7.105.2 Test conditions
The test 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;
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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.

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))Fhe 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 voltageti,.

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'er assembly which prevents to make them
inoperative without modification of the construction of the compartment or the enclosure, the
relevant compartment of the assembly may’ be tested with the device operative; but this
compartment shall be qualified according-to the actual duration of the arc. The test current shall
be maintained for the rated short-circuif’duration of the main circuit.

NOTE 1 For possible measures to mitigate the effects of internal arcs, refer to Cigré Technical Brochure 686 [11].

If, during the test, an arc ignités in another already arc-tested compartment of the same test
object (see 7.105.3), the test is not valid. However, if during the test, an arc ignites in a non-
previously arc-tested compartment(s) of the same test object, the test shall be regarded as valid
for the compartmentwhere the arc was initiated, under the condition that it can be proven that
the ignition was the,consequence of design construction, as declared by the manufacturer
before the test..Examples of such design constructions are:

— a lower_short-circuit withstand of part of the circuit, upstream in the current path from the
compartment under test;

— bumn=<through, or opening of pressure relief flaps, to another compartment.

The manufacturer’s declaration shall be referred to in the test report.

The other affected compartment(s) shall be (or shall have been) tested with the point of initiation

as required in A.5.2.1. The number of phases to be tested shall be in accordance with A.5.2.1
and Table A.1 provided that the arc initiation involves at least the number of phases involved
in this take-over ignition.

NOTE 2 Reason for not accepting the test result in case of transfer to a compartment that was already arc-tested,
is that the test result can be influenced by the contamination in that compartment.

7.105.3 Arrangement of the equipment

The equipment shall be arranged as follows:
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— the test object shall be fully equipped. Mock-ups of internal components are permitted

provided they have the same volume and external material as the original items and they
do not affect the main and earthing circuits;

— tests shall be performed on all types of functional units that may be combined into an
assembly, as stated by the manufacturer regarding the different possible assembly lay-outs.
The following applies:

e incase of assembhlies Pnneicfing of extensibhle (mndlllar) functional units _the test nhjnri

shall consist of two functional units connected together as in service, unless the
manufacturer specifies a different minimum number of functional units;

o if by design of the assembly, a type of functional unit is not intended to be used as,an
end unit under service conditions, for its test, it shall be configured in the assembly as
close as possible to the lateral side — furthest away from the wall of the room simutation,
in an arrangement of more than two functional units;

e in case of assemblies with at least one high-voltage compartment belenging to more
than one functional unit (e.g. several main switching devices in one compartment), the
test object shall consist of functional units where the shared high-veltage compartment
is complete;

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

e in case of assemblies having functional units that rcontain 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 by the
manufacturer regarding the different possible assembly lay-outs;

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

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

— in case of fluid-filled compartments (other than SFg) the test shall be made with the original
fluid at its filling pressure (10 % of\the relative pressure) for insulation;

— for environmental reasons, it is’\tecommended to replace SFg with air at the filling pressure
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

IAC classification according to the relevant type of accessibility, is demonstrated for the
assembly if the following criteria are met:

Criterion No. 1

(‘nrrnm‘ly secured doors and covers do not open Deformations are ar‘r‘npfpd, prn\/irlnd that no

part comes as far as the position of the indicator mounting frames or the walls (whichever is
the closest) on every side and no openings with dimensions larger than 50 mm occurred in the
classified sides up to a height of 2 000 mm. The assembly does not need to comply with its
IP code after the test.

To extend the acceptance criterion to an installation mounted closer to the wall than tested, two
additional conditions shall be met:

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

— exhausting gases are not directed to the wall.
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Criterion No. 2

— no fragmentation of the enclosure occurs;

— no ejection of fragments or of other parts of the assembly of an individual mass of 60 g or
more occur;

— objects of an individual mass of 60 g or more falling to the floor in the immediate vicinity of
the assembly are accepted (in_the case of accessible sides, this means between the

assembly and the indicator rack).

Criterion No. 3

Arcing does not cause holes by burning through in the classified sides up to a height of
2 000 mm.

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

Criterion 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 evidencé!

Indicators ignited as a result of paint or stickers burning are also excluded.

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 e 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 addition to 7.1.3(the following information shall be included:

— description.of the test object with a drawing showing the main dimensions, details relevant
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;

— thedistance between the upper part of the test object and the ceiling of the room or building.
For this purpose, the manufacturer shall state the point of the assembly from which this
distance is measured;

NOTE Because the distance between the upper part of the assembly and the ceiling under internal arc test
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about the validity of the test results regarding the ceiling height for installation.
— point and method of initiation of the internal arc fault;

— drawings of test arrangement (room simulation, test object and mounting frame of indicators)
with respect to the type of accessibility (A or B), classified sides (F, L or R) and installation
conditions;

— applied voltage and frequency;
— for the prospective and/or test current (refer to A.4.3):
1) RMS value of the AC component during:
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e the first three half-cycles;

o the last three half-cycles;
2) highest peak value (actual and/or prospective);
3) average RMS value of the AC component over the actual duration of the test;
4) duration of arc fault current;

—5) prospective RMSvatueandduratiom of thetestturrent:
— oscillogram(s) showing currents and voltages;
— optionally, total arc energy, peak arc power;
— optionally, 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;

— performance of the pressure relief device,.if any;
— insulation 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: 8.102;
— pressure(tests of gas-filled compartments (if applicable): 8.103;
— testsqafter erection on site: 8.104;
— measurement of fluid conditions after filling on site (if applicable): 8.105.

872 Dielectric test on the main circuit

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

The power-frequency voltage test shall be performed according to the requirements in 7.2.7.2.
The test voltage specified in 7.2.7.1 for Uy, common value, from column 2 of Tables 1 and 2 of

IEC 62271-1:2017, shall be applied, connecting each phase conductor of the main circuit in turn
to the high-voltage terminal of the test supply, with the other phase conductors connected to
earth and the continuity of the main circuit ensured (e.g. by closing the switching devices or
otherwise).

The test voltage may be applied at higher than the rated frequency in order to avoid the
disconnection of voltage transformers.
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Overvoltage protective devices shall be disconnected or removed during the test.
8.3 Tests on auxiliary and control circuits

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

8.3.2 Functional tests

Subclause 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
auxiliary 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
assembly.

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 valuelimits of the supply voltage defined
in 6.9 of IEC 62271-1:2017.

8.3.3 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 62271-1:2047"is applicable.

8.4 Measurement of the resistance of the main circuit

Subclause 8.4 of IEC 62274-1:2017 is applicable with the following addition:

Where there is no €aontinuous current test for the configuration being tested, the conditions of
the test and the limits of resistance values shall be given by the manufacturer.

8.5 Tightness test
Subclause 8.5 of IEC 62271-1:2017 is applicable with the following modification:

Tightness tests shall be performed after the pressure withstand tests according to 8.103, if any.

86  Desi i | chec!
Subclause 8.6 of IEC 62271-1:2017 is applicable.

8.101 Partial discharge measurement

This test is optional. If such a routine test is performed on the assembly, the procedure shall
be in accordance with Annex B.
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NOTE The measurement of partial discharges, as a routine test, can be helpful to detect possible material and
manufacturing defects especially for organic solid insulating components. The test can also serve as a quality
manufacturing test of assembly.

8.102 Mechanical operation tests

Operation tests shall be made to ensure that the switching devices, removable parts and
auxiliary circuits function correctly and that the mechanical interlocks work properly.

The tests shall be performed as specified in 7.102 except that:
— in case of manual operation, 5 operations or attempts shall be performed in each direction
with normal operating forces;

— in case of auxiliary supply voltage, and switching devices not tested within the functional
unit, 5 operations or attempts shall be performed in each direction, both for the“specified
upper and lower limit of the auxiliary supply voltage of the operating devices;

— devices having a predetermined sequence of operation, shall be operated:
e with the most unfavourable limit values of auxiliary supply voltagef
e 5 times in succession in the intended conditions of use and operation;

It shall be verified that:

— the switching devices open and close correctly within the specified limits of the supply
voltage and pressure of their operating devices;

— each removable part can be inserted and removed(orrectly;

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

— all interlocks function correctly;
— all 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 above 150 kPa (absolute pressure) shall
withstand during 1 min:

— 2,0times the design pressure for cast resin, ceramic or cast aluminium gas-filled
compartments without pressure relief device;

— 1,3 times the design pressure in other cases.

After this testthe compartment shall show no signs of distress or any distortion likely to affect
the operation of the assembly.

8.104< Tests after erection on site

After erection, the assembly shall be tested to check correct operation.

Al Toutine tests of Clause 8 which have not been performed at the manufacturer s premises
shall be performed on site.

Additionally, for parts which are assembled on site and for compartments which are gas or liquid
filled on site and which all have been previously routine tested, the following is applicable:

a) Voltage test of the main circuit;

Power-frequency voltage tests in dry conditions should be carried out on the main circuits
of an assembly after the erection on site in exactly the same manner as specified in 8.2 for
the routine test at the manufacturer's premises.
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The power-frequency test voltage should be 80 % of the values indicated in 8.2 and be
applied to each phase conductor of the main circuit in succession with the other phase
conductors earthed. For the tests, one terminal of the test transformer is connected to earth
and to the enclosure of the assembly.

Voltage transformers should be disconnected during dielectric site tests, unless the test
frequency used for the site test is high enough to prevent core saturation;

b) Tightness tests: 8 5 is applicable;

c) Measurement of fluid condition after filling on site: 8.105 is applicable.
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 evelved with changing technologies
and functional requirements. The selection of an assembly gssentially involves an identification
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:

For a given duty in service, theassembly is selected by considering the individual rated values
of their components required by normal load and fault conditions. The rated values of an
assembly may differ frem those of its component parts.

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

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

The duty imposed by fault conditions should be determined by calculating the fault currents at
the place where the assembly is to be located in the system. Reference is made to IEC 60909-0

rthisTegard 121
9.3 Cable-interface considerations

Subclause 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
assembly.
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Users should specify values of rated cable test voltages allowing adequate margins above the
actual cable test voltages expected to be applied.

9.4 Continuous or temporary overload due to changed service conditions

Subclause 9.4 of IEC 62271-1:2017 is applicable.

9.5 Environmental aspects

Subclause 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 compomnents 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 thelopening 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{or occasional inspection and testing
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 previde a cost-effective through-life arrangement.

9.101.2 Architecture and accessibility to high-voltage compartments

The forms of internal partitioning defined in this document attempt to balance requirements as
service continuity andimaintainability. In this subclause, some guidance is given regarding the
extent to which thedifferent forms can provide maintainability.

NOTE 1 Tempofary' inserted partitions, to prevent accidental contact with live parts while performing certain
maintenance procedures, are addressed in 11.5.

NOTE 2 _ Ressible alternative maintenance procedures, e.g. the establishment of safety distances and/or setting up
and us€)of temporary barriers, are outside the scope of this document.

The~“complete description of an assembly includes the list and type of high-voltage
compartments, e.g. busbar compartment, circuit-breaker compartment, etc., the type of
accessibility provided to each and the pattern (withdrawable/non-withdrawable).

There are four types of high-voltage compartments, three being accessible to the user and one
non-accessible.

For accessible high-voltage compartments there are three methods of controlling the opening
of these compartments:

— the first is by use of interlocks to ensure that all live parts inside are isolated and earthed
before opening or are in the disconnected position with corresponding shutters closed. Such
compartments are designated "interlock-controlled accessible compartments";
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NOTE 3 Generally, it can be possible to open shutters or temporary inserted partitions manually after accessing
the high-voltage compartment.

— the second relies on user procedure and locking to ensure safety, the compartment being
supplied with facilities for padlocking or equivalent; this type of compartment is designated
a "procedure-based accessible compartment”;

— the third does not provide any built-in feature to ensure electrical safety before opening.
Such compartments need tools to be opened; they are designated "tool-based accessible

compartments”.

The first two types of accessible high-voltage compartment are available to the user to be
opened for normal use (see 3.1.107). The opening of these two types of accessible high-voltage
compartments can additionally require manipulating some fixing elements for opening.-These
compartments can also have other covers and/or doors requiring tools for opening following a
proper procedure and identified with specific warning labels about the electrical risk behind if
opened or removed.

If the access to a high-voltage compartment is only limited by the need of tools for opening,
then this is a clear indication that this compartment is not designed for gpening in normal use.
The user should take other measures to ensure safety, and possibly~te’ensure performance
integrity, e.g. 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 procedurés. 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 (see 3.5:113) should not be opened by the user as
the opening could destroy the integrity of the compartment. Sometimes, a indication not to open
is provided on, or is evident by a feature of the compartment, e.g. a completely welded GIS
tank. However, by default, every high-voltage compartment not declared accessible by the
manufacturer in the manufacturer’s instructions reference, is considered as a non-accessible
compartment.

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 thefextent to which other high-voltage compartments and/or functional units may
remain energised when the connection compartment or any other high-voltage compartment of
this functional unit accessible in normal use is opened. See 3.5.110 and 3.5.111.

Category LSC1: this form is not intended to provide service continuity when opening any
accessible compartment of the functional unit for normal use. Complete disconnection of the
functional unit from the system and the isolation and earthing of the high-voltage conductive
parts is required before opening any compartment.

Category LSC2 family: these forms are intended to allow maximum continuity of service of the
network during access to the high-voltage compartments of the functional unit accessible in
normal use. It means that opening of accessible high-voltage compartments of a functional unit
in normal use is possible while keeping the other functional units of the same section energised.
This implies that at least one busbar may be kept energised. Insertion of a movable partition
may be used to achieve this category, refer to 11.5.
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LSC2 requires as a minimum that it is possible to open the connection compartment of the
functional unit while keeping the busbar(s) live. There may or may not be other high-voltage
compartments that are accessible in normal use (e.g. main switching device compartment).

LSC2A is applicable to a functional unit that has compartments (at least one), other than the
high-voltage connection compartment, that are accessible in normal use (for instance the main
switching device compartment); this requires that it is allowed, after isolating and earthing the

retevanthigh-vottage circuit, or moving the withdrawabte partto the disconmected position with
corresponding shutters closed, to open such high-voltage compartment while keeping the
busbar(s) energised (it is of course not allowed to open the live busbar compartment(s) unless
the live conductors are embedded by solid insulation material and comply with at least
protection category PA of IEC 62271-201:2014).

It could be of additional value to keep the high-voltage connection (e.g. cables) energized when
accessing such other compartments of the corresponding functional unit. Thistsituation can
occur when alternative power supplies are part of the installation (loop operation, generators,
etc.). For these situations assemblies may be specified to be LSC2B; this*requires that the
connection (cable) compartment may be kept energized when any other acéessible high-voltage
compartment is open.

The three categories of the LSC2 family can be summarized as follows:

— LSC2: Designation for functional units with accessible high-voltage connection
compartments where opening the connection compartment does not require the busbar(s)
nor the other functional units to be put out of service;

— LSC2A: Designation dedicated to LSC2 functionalunits 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,

Examples:

1) LSC1 (Figure 1): a cifeuit-breaker functional unit with cable connections in the same
compartment as the-circuit-breaker and busbar will be categorized as LSC1.

2) LSC2 (Figure 2)i-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.

3)<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.

4) LSC2 (Figure 4): Similar to Figure 3, a typical ring main unit design (RMU) where the
busbar compartment contains the switch-disconnectors or circuit breakers of several
functional units is also categorized as LSC2.

5) LSC2A (Figure 5): this is similar to example 2, except that the disconnector is located in
the busbar compartment, and there is full partitioning between the busbar and circuit-
breaker compartments. Both the circuit-breaker compartment and the connection
compartment may be opened safely with the busbar live after the disconnector is opened
and the earthing switch is closed. Access to the circuit-breaker compartment requires
that the cables are isolated and earthed.
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