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BRITISH STANDARD

National foreword

This British Standard is the UK implementation of EN 62271-4:2022. It is
identical to IEC 62271-4:2022. It supersedes BS EN 62271-4:2013, which
is withdrawn.

The UK participation in its preparation was entrusted to Technical
Committee PEL/17, High voltage switchgear, controlgear and assemblies.

Alist of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

This publication has been prepared under a mandate given to the
European Standards Organizations by the European Commission and the
European Free Trade Association. It is intended to support requirements
of the EU legislation detailed in the European Foreword. A European
Annex, usually Annex ZA or ZZ, describes how this publication relates to
that EU legislation.

For the Great Britain market (England, Scotland and Wales), if UK
Government has designated this publication for conformity with UKCA
marking (or similar) legislation, it may contain an additional National
Annex. Where such a National Annex exists, it shows the correlation
between this publication and the relevant UK legislation. If there is no
National Annex of this kind, the relevant Annex ZA or ZZ in the body
of the European text will indicate the relationship to UK regulation
applicable in Great Britain. References to EU legislation may need to be
read in accordance with the UK designation and the applicable UK law.
Further information on designated standards can be found at
www.bsigroup.com/standardsandregulation.

For the Northern Ireland market, UK law will continue to implement
relevant EU law subject to periodic confirmation. Therefore

Annex ZA/ZZ in the European text, and references to EU legislation, are
still valid for this market.

UK Government is responsible for legislation. For information on
legislation and policies relating to that legislation, consult the relevant

pages of www.gov.uk.
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BRITISH STANDARD

ICS 29.130.10; 29.130.99

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 September 2022.

Amendments/corrigenda issued since publication

Date Text affected
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I
EUROPEAN STANDARD EN IEC 622714

NORME EUROPEENNE
EUROPAISCHE NORM September 2022

ICS 29.130.10; 29.130.99 Supersedes EN 62271-4:2013

English Version

High-voltage switchgear and controlgear - Part 4: Handling
procedures for gases for insulation and/or switching
(IEC 62271-4:2022)

Appareillage a haute tension - Partie 4: Procédures de Hochspannungs-Schaltgerate und -Schaltanlagen - Teil 4:
manipulation des gaz pour l'isolation et/ou la commutation Handhabungsmethoden fur Gase zur Isolation und/oder
(IEC 62271-4:2022) Unterbrechung

(IEC 62271-4:2022)

This European Standard was approved by CENELEC on 2022-08-26. CENELEC members are bound to comply with the CEN/CENELEC
Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC
Management Centre or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the
same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkiye and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Européisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2022 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.
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I |
EN IEC 62271-4:2022 (E)

European foreword

The text of document 17/1124/FDIS, future edition 2 of |JEC 62271-4, prepared by IEC/TC 17 "High-
voltage switchgear and controlgear" was submitted to the IEC-CENELEC parallel vote and approved
by CENELEC as EN IEC 62271-4:2022.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2023-05-26
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2025-08-26
document have to be withdrawn

This document supersedes EN 62271-4:2013 and all of its amendments and corrigenda (if any).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 62271-4:2022 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards
indicated:

IEC/IEEE 82079-1:2019 NOTE  Harmonized as EN IEC/IEEE 82079-1:2020 (not modified)

IEC 62474:2018 NOTE Harmonized as EN IEC 62474:2019 (not modified)
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| |
EN IEC 62271-4:2022 (E)

Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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

NOTE 1 Where an International Publication has been modified by common maodifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cenelec.eu.

Publication Year Title EN/HD Year
IEC 60050-212 2010 International Electrotechnical Vocabulary - - -
Part 212: Electrical insulating solids, liquids
and gases
+ AMD1 2015
+ AMD2 2015 - -
+ AMD3 2020 - -
IEC 60050-426 2020 International Electrotechnical Vocabulary - -
(IEV) - Part 426: Explosive atmospheres
IEC 60050-441 1984 International Electrotechnical Vocabulary. - -
Switchgear, controlgear and fuses
+ AMD1 2000 - -
IEC 60335-2-69 2021 Household and similar electrical appliances - -

- Safety - Part 2-69: Particular
requirements for wet and dry vacuum
cleaners, including power brush, for
commercial use

2018 Specification of technical grade sulphur ENIEC 60376 2018
hexafluoride (SF6) and complementary
gases to be used in its mixtures for use in
electrical equipment

EC 60480 2019 Specifications for the re-use of sulphur EN IEC 60480 2019
hexafluoride (SF6) and its mixtures in
electrical equipment

2017 High-voltage switchgear and controlgear -  EN 62271-1 2017
Part1:  Common  specifications  for
alternating  current  switchgear and
controlgear

+ AMD1 2021 + A1 2021

ISO 8573-1 2010 Compressed air - Part 1: Contaminants - -
and purity classes
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 4: Handling procedures for gases for insulation and/or switching

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization 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 Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested 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.

2) 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.

3) 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 the way in which they are used or for any
misinterpretation by any end user.

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

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

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

7) 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.

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

EC 62271-4 has been prepared by IEC technical committee 17: High-voltage switchgear and
controlgear. It is an International Standard.

This second edition cancels and replaces the first edition of |JEC 62271-4 published in 2013.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
a) title has been modified;

b) handling procedures of alternatives to SFg, which are used for insulation and/or switching,
are added,;

c) the main clauses are independent from the type of gas;

d) for each gas a separate annex describes gas specific information, handling procedures,
safety measure, etc.;

Documents

Document Sharing Hub

Full document details: BS EN IEC 62271-4:2022


https://doi.org/10.3403/BSENIEC62271?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30213270U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30213270U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-62271-4-2022
http://www.avadocuments.com/doc/bs-en-iec-62271-4-2022

- 16 - IEC 62271-4:2022 © |EC 2022

e) information about SFg (former Annex E) and about environmental effects of SFg and its
mixtures (former Annex F) has been moved to ;

f) information about by-products of SFg and its mixtures (former Annex G), the procedure for
evaluating the potential effects on health of by-products of SFg and its mixtures (former
Annex H) and the cryogenic reclaim of SFg (former Annex |) have been moved to .

The text of this International Standard is based on the following documents:

Draft Report on voting

17/1124/FDIS 17/1125/RVD

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

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

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.

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it 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

The International Electrotechnical Commission (IEC) draws attention to the fact that it is claimed
that compliance with this document can involve the use of a patent. IEC takes no position
concerning the evidence, validity, and scope of this patent right.

The holder of this patent right has assured IEC that s/he is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world.
In this respect, the statement of the holder of this patent right is registered with IEC. Information
can be obtained from the patent database available at http://patents.iec.ch.

Attention is drawn to the possibility that some of the elements of this document can be the
subject of patent rights other than those in the patent database. IEC shall not be held
responsible for identifying any or all such patent rights.

This document does not purport to address all the safety problems associated with its use. It is
the responsibility of the user of this document to establish appropriate health and safety
practices and determine the applicability of regulatory limitations prior to use.

The gases for insulation and/or switching which are the subjects of this document should be
handled in compliance with local regulations, suppliers safety data-sheets, the operating
instruction manual of the manufacturer and the safety guidance of the user of the electric power
equipment.

Considering the limited information for some of the data which appear in the informative
Annex E and Annex F, the reader should be aware that the information related with possible
by-products and their possible toxicological effects on health and on the environment is still a
matter of study.

Within IEC TC 10 new standards about specifications of technical grade (IEC 63360) and re-use
(IEC 63359) for alternatives to SFg are being prepared. Therefore, in a later revision of this

standard, some of the information will be moved to these new standards, similarly as it has
been done for SFg and SFg mixtures.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 4: Handling procedures for gases for insulation and/or switching

1 Scope

This part of IEC 62271 applies to the procedures for handling of gases for insulation and/or
switching during installation, commissioning, repair, overhaul, normal and abnormal operations
and disposal at the end-of-life of electric power equipment.

These procedures are regarded as minimum requirements to ensure the reliability of electric
power equipment, the safety of personnel working with these gases and to minimize the impact
on the environment. Additional requirements could be given or specified in the operating
instruction manual of the manufacturer.

For each gas, which is known to be used in electric power equipment at the date of the
publication of this document, a separate annex describes specifications, handling procedures,
safety measures, etc. For gases not covered by these annexes the electric power equipment
manufacturer should provide the information needed, following the structure of these annexes.
Such gases should also be described in a next edition or in amendments to this edition.

NOTE 1 For the use of this document, high-voltage (HV) is defined as the rated voltage above 1 000 V. However,
the term medium-voltage (MV) is commonly used for distribution systems with voltages above 1 kV and generally
applied up to and including 52 kV.

NOTE 2 Throughout this document, the term “pressure” stands for “absolute pressure”.

NOTE 3 In this document, percentages of gaseous components, contaminants and by-products, are always
percentages per volume, measured at 20 °C, if not otherwise indicated.

NOTE 4 Reference is also made to CIGRE Brochure 802 [1] 1.

NOTE 5 For further details on gases, e.g. ecotoxicology, also refer to the chemical database of the European
Chemicals Agency, ECHA (www.echa.europa.eu), which takes the actual tonnage band into consideration.

NOTE 6 __If gases for insulation and/or switching are regulated, their designation and regulation origin can be found
in the |EC 62474 database (available at https://std.iec.ch/iec62474 [26]).

NOTE 7 When reference to circuit-breakers is made, only gas circuit-breakers are of interest. When vacuum circuit-
breakers are of interest, they are explicitly mentioned.

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 document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-212:2010, International Electrotechnical Vocabulary (IEV) — Part 212: Electrical
insulating solids, liquids and gases (available at www.electropedia.org)

IEC 60050-212:2010/AMD1:2015

IEC 60050-212:2010/AMD2:2015

IEC 60050-212:2010/AMD3:2020

T Numbers in square brackets refer to the Bibliography. Documents
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IEC 60050-426:2020, International Electrotechnical Vocabulary (IEV) — Part 426: Explosive
atmospheres (available at www.electropedia.org)

IEC 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses (available at www.electropedia.org)
IEC 60050-441:1984/AMD1:2000

IEC 60335-2-69:2021, Household and similar electrical appliances — Safety — Part 2-69:
Particular requirements for wet and dry vacuum cleaners, including power brush, for commercial
use

IEC 60376:2018, Specification of technical grade sulphur hexafluoride (SFg) and
complementary gases to be used in its mixtures for use in electrical equipment

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

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

ISO 8573-1:2010, Compressed air — Part 1. Contaminants and purity classes

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-212 and
IEC 60050-441, as well as the following apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1 General terms and definitions

3.1.1

electric power equipment

any high-voltage or medium-voltage equipment containing gas for insulation and/or switching,
e.g. switchgear and controlgear, gas-insulated lines, transformers, instrument transformers,
etc.

3.1.2
gas
pure gas or gas mixture used for insulation and/or switching within electric power equipment

Note 1 to entry: A gas might contain contaminants.

3.1.3

pure gas

gas made up of identical atoms or molecules used for insulation and/or switching within electric
power equipment

Note 1 to entry: A pure gas might contain contaminants.

EXAMPLE SFj is a typical example of a pure gas.
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3.1.4

gas mixture

gas made up of a minimum of two different pure gases used for insulation and/or switching
within electric power equipment

Note 1 to entry: A gas mixture might contain contaminants.

EXAMPLE SFg/N, is a typical example of a gas mixture of two pure gases.

3.1.5
contaminant
foreign substance or material in an insulating liquid, gas or solid

[SOURCE: IEC 60050-212:2010, 212-17-27, modified — "and which usually has a deleterious
effect on one or more properties” has been deleted.]

3.1.6

by-product

contaminant which is formed by the degradation of the gas by electrical arcs, corona effect or
sparks, or formed by chemical reaction with other substances or materials

3.1.7
flammable gas
gas that, when mixed with air in certain proportions, will form an explosive gas atmosphere

Note 1 to entry: Explosive atmospheres are classified on the basis of the presence of flammable gases and
flammable vapours, and frequently a mixture of the two, which is referred to as "flammable gas and vapour".

[SOURCE: IEC 60050-426:2020, 426-02-34]

3.1.8

abnormal leakage

leakage from electric power equipment above the permissible leakage rate (“normal leakage”)
due to a defect of the electric power equipment or an assembly failure

Note 1 to entry: An abnormal leakage is usually an unwanted and continuous emission of gas at a higher rate than
the designed leakage rate of the electric power equipment.

3.1.9

sudden release of a gas

sudden release of the gas from electric power equipment or from a container due to a failure in
the pressure system or a mistake in the handling process

Note 1 to entry: A sudden release is an unwanted and sudden emission of gas, e.g. the break of a bushing, the
opening of a pressure relief device due to an internal arc failure or the destruction of the electric power equipment.

3.1.10
gas handling equipment
equipment designed or suitable for the handling of a specific gas

3.1.11
handling of a gas
any process which involves transfer and/or treatment of the gas
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3.1.12
evacuation
transfer of air, N, or other natural-origin gases into the atmosphere

Note 1 to entry: Below ambient pressure the operation is performed utilising a vacuum pump.

Note 2 to entry: In closed rooms, evacuation of gas compartments filled with N, can increase the risk of anoxia,
and evacuation of gas compartments filled with CO, can increase the risk of intoxication.

3.1.13

recovery of a gas

process of transferring a gas from a gas compartment into an alternate container (recovery
container)

Note 1 to entry: The operation is normally performed utilising a recovery equipment.

3.1.14

topping-up with a gas

filling a pre-filled or partially filled gas compartment with a gas to the filling pressure (density)
for insulation and/or switching at the specified mixing ratio, if applicable

3.1.15
reclaiming of a gas
process of removing contaminants from a gas

3.1.16

gas-insulated metal-enclosed switchgear

metal-enclosed switchgear in which the insulation is obtained, at least partly, by an insulating
gas other than air at ambient pressure

Note 1 to entry: This term generally applies to high-voltage switchgear and controlgear.

[SOURCE: IEC 60050-441:1984, 441-12-05]

3.1.17

gas compartment

compartment of electric power equipment in which the gas pressure is maintained by one of the
following systems:

e controlled pressure system;

e closed pressure system;

e sealed pressure system

3.1.18

container

vessel (cylinder) suitable for the containment of pressurized gases either in gaseous or liquid
phase, according to local and/or international safety and transportation regulations

[SOURCE: IEC 60480:2019, 3.2]

3.1.19

controlled pressure system for gas

volume which is automatically replenished from an external compressed gas supply or an
internal gas source

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

[SOURCE: IEC 62271-1:2017, 3.6.6.1, modified — Deletion of the Note 2 to entry.] Documents
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3.1.20
closed pressure system for gas
volume which is replenished when needed by manual connection to an external gas source

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

[SOURCE: IEC 62271-1:2017, 3.6.6.2]

3.1.21

sealed pressure system

volume for which no further liquid, gas or vacuum processing is required during its expected
operating duration

Note 1 to entry: Examples of sealed pressure systems are vacuum circuit-breakers or some MV circuit-breakers or
MV switchgear with leakage rates < 0,1 %/a.

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

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

[SOURCE: IEC 62271-1:2017, 3.6.6.3, modified — Note 1 to entry and Note 2 to entry modified.]

3.1.22

non-arced gas

gas within a gas compartment or gas-cylinder that never experienced arcing and contains no
relevant gas decomposition and no relevant solid by-products, but where small quantities of
gaseous by-products can be present

Note 1 to entry: Small quantities of by-products can be present for example when partial discharges have occurred
in the gas.

Note 2 to entry: Typical electric power equipment having non-arced gases are: gas-insulated lines, gas-insulated
busbars, gas-insulated voltage and current transformers, cable box, gas compartment around a vacuum circuit-
breaker.

3.1.23

normally arced gas

gas within a gas compartment or a gas-cylinder that experienced arcing during load current or
fault current switching operations

Note 1 to entry: Overheating, for example due to bad contacts, or heavy partial discharge can also lead to
decomposition of the gas.

Note 2 to entry: Details on normally arced gases depend on the design of the switchgear and the gas.

Note 3 to entry: Typical electric power equipment having normally arced gases are: any gas compartment containing
switching equipment, like earthing switch, disconnector, load-break switch and circuit-breaker.

3.1.24

heavily arced gas

gas within a gas compartment or a gas-cylinder that experienced an internal arc fault or arcing
within a circuit-breaker after interruption failure or arcing within a switch after interruption failure
or arcing within a circuit-breaker during successful interruption of several short-circuits

Note 1 to entry: Details on heavily arced gases depend on the design of the switchgear and the gas.
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3.1.25
filling pressure p,, for insulation and/or switching

filling density p,, for insulation and/or switching

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

[SOURCE: IEC 62271-1:2017, 3.6.5.1]

3.1.26

partial pressure of a component of a gas mixture

pressure that a component of a gas mixture would exert if it alone occupied the same volume
as the gas mixture at the same temperature

3.1.27

occupational exposure limit

OEL

maximimum concentration of a substance to which a worker can be exposed to without
experiencing significant adverse health effects over a given period of time, with possibly
different concentration limits for different exposure times

3.1.28

time weighted average value

TWA value

maximum average workplace concentration of a substance to which workers can be exposed
without experiencing significant adverse health effects

Note 1 to entry: As a baseline typically an 8 h per day, 40 h per week, 52 weeks a year, and an occupational working
lifetime of > 30 years is used. Excursions in worker exposure levels can exceed three times the TWA value for no
more than a total of 30 min during a workday, provided that the STEL value is not exceeded, and under no
circumstances they should exceed five times the TWA value, provided that during each workday the TWA value and
the C value are not exceeded.

EXAMPLE The substance A can have a TWA value of 100 pl/l (ppmv). If the workplace concentration of substance
A is 300 pl/l (ppmv) for the first 20 min, then followed by a workplace concentration of 150 pl/l (ppmv) for the next
30 min, then followed by a workplace concentration of again 300 pl/l (ppmv) for the next 10 min, then followed by a
workplace concentration of 75 pl/l (ppmv) for the next 3 h and finally followed by a workplace concentration of
50 pl/l (ppmv) for the last 4 h, then the average workplace concentration is calculated in the following way:
average workplace concentration = (0,33 x 300 + 0,5x 150 + 0,17 x 300 + 3 x 75 + 4 x 50)/8 pl/l (ppmv) =
81,25 pl/l (ppmv) < TWA value. It can be concluded, that the TWA value has not been exceeded during the full
workday of 8 h and that three times the TWA has not been exceeded for more than a total of 30 min, hence the
workplace is safe.

3.1.29

short term exposure value

STEL value

maximum average workplace concentration of a substance to which workers can be exposed
without experiencing significant adverse health effects over a short time period of typically 15
min per day

3.1.30

ceiling value

C value

maximum workplace concentration, also known as maximum allowable concentration value
(MAC value), of a substance to which workers can be exposed that should never be exceeded
for any period of time

Note 1 to entry: In the event of a sudden release of a gas, it can be assumed, that the workplace concentration of
at least one component of the gas or its by-products exceeds its C value. When the C values of the gas components
and their by-products are not defined, it can be assumed, that the workplace concentration of at least one component
of the gas or its by-products exceeds its STEL value. In the absence of established C and STEL values, personnel
should not be exposed to three times the TWA value for more than a total of 30 min during a workday, and under no
circumstances personnel should be exposed to more than five times the TWA value. Documents
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3.1.31
LC50 value
statistically derived concentration at which 50 % of the animals are expected to die

3.2 Terms and definitions for SFg

3.21
technical grade SFg

SFg having a very low level of contaminants in accordance with IEC 60376:2018, Table 1

3.2.2
used SFg

SFg that has been introduced into electric power equipment

Note 1 to entry: Information concerning SF by-products is reported in IEC 60480:2019, Annex B.

3.2.3
used SFg suitable for reuse

used SFg having a maximum level of contaminants in accordance with IEC 60480:2019, Table 2

3.2.4
non-arced SFg

used SFg within a gas compartment or gas-cylinder that never experienced arcing and contains

no relevant gas decomposition and no relevant solid by-products, but where small quantities of
gaseous by-products can be present

Note 1 to entry: Small quantities of gaseous by-products can be present for example when partial discharges have
occurred in the gas.

3.2.5
normally arced SFg

used SFg that experienced arcing during load current or fault current switching operations and

contains typically not more than 1 % of gaseous by-products and a small amount of solid
by-products, mainly metal fluorides and tungsten oxyfluorides

3.2.6
heavily arced SFg

used SFg that experienced an internal arc fault or arcing within a circuit-breaker or switch after

failure to interrupt or arcing within a circuit-breaker after successful interruption of several short-
circuits and contains typically more than 1 % of gaseous by-products and a medium to large
amount of solid by-products, mainly metal fluorides and tungsten oxyfluorides

3.3 Terms and definitions for SFg mixtures

3.31
SFg mixture

gas mixture formed by SFg and a complementary gas, typically N, or CF,

[SOURCE: IEC 60376:2018, 3.1.3]
3.3.2
used SFg mixture

SFg mixture that has been introduced into electric power equipment

Note 1 to entry: Information concerning SFg by-products is reported in IEC 60480:2019, Annex B. Documents

Document Sharing Hub

Full document details: BS EN IEC 62271-4:2022


https://doi.org/10.3403/BSENIEC62271?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-62271-4-2022
http://www.avadocuments.com/doc/bs-en-iec-62271-4-2022

IEC 62271-4:2022 © |EC 2022 - 25—

3.3.3
used SFg mixture suitable for reuse

used SFg mixture having a maximum level of contaminants in accordance with IEC 60480:2019

3.34
non-arced SFg mixture
used SFg mixture within a gas compartment or gas-cylinder that never experienced arcing and

contains no relevant gas decomposition and no relevant solid by-products, but where small
quantities of gaseous by-products can be present

Note 1 to entry: Small quantities of gaseous by-products can be present for example when partial discharges have
occurred in the gas.

3.3.5
normally arced SFg mixture
used SFg mixture that experienced arcing during load current or fault current switching

operations and contains typically not more than 1 % of gaseous by-products and a small amount
of solid by-products, mainly metal fluorides and tungsten oxyfluorides

3.3.6

heavily arced SFg mixture

used SFg mixture that experienced an internal arc fault or arcing within a circuit-breaker or
switch after failure to interrupt or arcing within a circuit-breaker after successful interruption of

several short-circuits and contains typically more than 1 % of gaseous by-products and a
medium to large amount of solid by-products, mainly metal fluorides and tungsten oxyfluorides

3.4 Terms and definitions for compressed air

3.41

technical grade compressed air

filtered or cleaned ambient air with purity classes according to ISO 8573-1, with the minimum
purity classes given by the electric power equipment manufacturer

3.4.2
used compressed air
compressed air that has been introduced into electric power equipment

3.43

non-arced compressed air

used compressed air within a gas compartment or gas-cylinder that never experienced arcing
and contains no relevant gas decomposition and no relevant solid by-products, but where small
quantities of gaseous by-products can be present

Note 1 to entry: Small quantities of gaseous by-products can be present for example when partial discharges have
occurred in the gas.

Note 2 to entry: Non-arced compressed air can be released to the atmosphere. Local regulations are considered
when releasing non-arced compressed air to the atmosphere.

3.44

normally arced compressed air

used compressed air that experienced arcing during load current or fault current switching
operations and contains typically not more than 1 % of gaseous by-products and a small amount
of solid by-products, mainly metal oxides

Note 1 to entry: Normally arced compressed air can be released to the atmosphere. Local regulations are
considered when releasing normally arced compressed air to the atmosphere.
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3.45

heavily arced compressed air

used compressed air that experienced an internal arc fault or arcing within a circuit-breaker or
switch after interruption failure or arcing within a circuit-breaker during successful interruption
of several short-circuits and contains typically more than 1 % of gaseous by-products and
medium to large amount of solid by-products, including metal fluorides

Note 1 to entry: Heavily arced air might always be generated during switching operations in circuit-breakers or
switches containing non-metallic materials (for example PTFE). After reclaiming, heavily arced compressed air can
be released to the atmosphere. Local regulations are considered when reclaiming and releasing heavily arced
compressed air to the atmosphere.

3.5 Terms and definitions for natural-origin gases

3.5.1
natural-origin gases
natural-origin gases are nitrogen (N,), oxygen (O,) and carbon dioxide (CO,), and their

mixtures in any combination

3.5.2
technical grade N,

N, having a maximum level of contaminants in accordance with IEC 60376:2018, Table 2

3.5.3

technical grade O,

O, having a maximum level of contaminants of 0,5 % and a maximum humidity concentration
of 200 pl/l (ppmv)

3.5.4

technical grade CO,

CO, having a maximum level of contaminants of 0,5 % and a maximum humidity concentration
of 200 pl/l (ppmv)

3.5.5
synthetic air
gas mixture formed by 80 % * 2 % of N, and 20 % + 2 % of O,

3.5.6
technical grade synthetic air
synthetic air formed by technical grade N, and technical grade O,

3.5.7
used natural-origin gases
natural-origin gases that have been introduced into electric power equipment

3.5.8

used natural-origin gases suitable for reuse

used natural-origin gases having a maximum level of contaminants in accordance with the
requirements defined by the electric power equipment manufacturer in the operating instruction
manual
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3.5.9

non-arced natural-origin gases

used natural-origin gases within a gas compartment or gas-cylinder that never experienced
arcing and contains no relevant gas decomposition and no relevant solid by-products, but where
small quantities of gaseous by-products can be present

Note 1 to entry: Small quantities of gaseous by-products can be present for example when partial discharges have
occurred in the gas.

Note 2 to entry: Non-arced natural-origin gases can be released to the atmosphere. Local regulations are
considered when releasing non-arced natural-origin gases to the atmosphere.

3.5.10

normally arced natural-origin gases

used natural-origin gases that experienced arcing during load current or fault current switching
operations and contains typically not more than 1 % of gaseous by-products and a small amount
of solid by-products, mainly metal oxides

Note 1 to entry: Normally arced natural-origin gases can be released to the atmosphere. Local regulations are
considered when releasing normally arced natural-origin gases to the atmosphere.

3.5.11

heavily arced natural-origin gases

used natural-origin gases that experienced an internal arc fault or arcing within a circuit-breaker
or switch after failure to interrupt or arcing within a circuit-breaker during successful interruption
of several short-circuits and contains typically more than 1 % of gaseous by-products (not
entirely captured by adsorbents) and medium to large amount of solid by-products, including
metal fluorides

Note 1 to entry: Heavily arced natural-origin gases might always be generated during switching operations in
circuit-breakers or switches containing non-metallic materials (for example PTFE). After reclaiming, heavily arced
natural-origin gases can be released to the atmosphere. Local regulations are considered when reclaiming and
releasing heavily arced natural-origin gases to the atmosphere.

3.6 Terms and definitions for C;F,,0 (C5-FK) in mixtures with N,, CO,, O,
(C5-FK mixtures)

3.6.1
technical grade C5-FK
C5-FK having a level of contaminants of < 0,5 %

Note 1 to entry: The kind and acceptable limits for specific contaminants depend on the production process
(therefore depend on the gas manufacturer) and are to be agreed between the manufacturer of the gas and the
manufacturer of the electric power equipment.

3.6.2
used C5-FK
C5-FK that has been introduced into electric power equipment

3.6.3

used C5-FK suitable for reuse

used C5-FK having a maximum level of contaminants in accordance with the requirements
defined by the electric power equipment manufacturer in the operating instruction manual

3.6.4
technical grade C5-FK mixture
mixture of technical grade C5-FK with one or more technical grade carrier gases (N,, CO, and

0,) in a defined mixing ratio

Note 1 to entry: The selected mixing ratio depends on the electric power equipment design, the required ratings

and the minimum ambient temperature. Therefore, the requirements of technical grade C5-FK mixture are given by

the electric power equipment manufacturer, including maximum level of contaminants and tolerances fpi the mi

acouracy. Déclitients
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3.6.5
used C5-FK mixture
C5-FK mixtures that have been introduced into electric power equipment

Note 1 to entry: Compression of the mixture to higher pressures as in the electric power equipment might lead to
liquefaction of the C5-FK.

3.6.6

used C5-FK mixture suitable for reuse

used C5-FK mixtures complying with the specification given by the electric power equipment
manufacturer

Note 1 to entry: Compression of the mixture to higher pressures as in the electric power equipment might lead to
liquefaction of the C5-FK. Before reuse care is taken that all C5-FK is evaporated and the mixture is homogenous.
This can be done by limiting the compression level or by supporting the evaporation of C5-FK by external heating.

3.6.7

non-arced C5-FK mixture

used C5-FK mixture within a gas compartment or gas-cylinder that never experienced arcing
and contains no relevant gas decomposition and no relevant solid by-products, but where small
quantities of gaseous by-products can be present

Note 1 to entry: Small quantities of gaseous by-products can be present for example when partial discharges have
occurred in the gas.

3.6.8

normally arced C5-FK mixture

used C5-FK mixture that experienced arcing during load current or fault current switching
operations and contains typically not more than 1 % of gaseous by-products and a small amount
of solid by-products

3.6.9

heavily arced C5-FK mixture

used C5-FK mixture that experienced an internal arc fault or arcing within a circuit-breaker or
switch after failure to interrupt or arcing within a circuit-breaker during successful interruption
of several short-circuits and contains typically more than 1 % of gaseous by-products and a
medium to large amount of solid by-products

3.7 Terms and definitions for C,F;N (C4-FN) in mixtures with N,, CO,, O,
(C4-FN mixtures)

3.71
technical grade C4-FN
C4-FN having a level of contaminants < 0,5 %

Note 1 to entry: The kind and acceptable limits for specific contaminants depend on the production process
(therefore depend on the gas manufacturer) and are to be agreed between the manufacturer of the gas and the
manufacturer of the electric power equipment.

3.7.2
used C4-FN
C4-FN that has been introduced into electric power equipment

3.7.3

used C4-FN suitable for reuse

used C4-FN having a maximum level of contaminants in accordance with the requirements
defined by the electric power equipment manufacturer in the operating instruction manual
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3.7.4
technical grade C4-FN mixture
mixture of technical grade C4-FN with one or more technical grade carrier gases (N,, CO, and

0,) in a defined mixing ratio

Note 1 to entry: The selected mixing ratio depends on the electric power equipment design, the required ratings
and the minimum ambient temperature. Therefore, the requirements of technical grade C4-FN mixture are given by
the electric power equipment manufacturer, including acceptable maximum levels of contaminants and tolerances
for the mixture accuracy.

3.7.5
used C4-FN mixture
C4-FN mixtures which have been introduced into electric power equipment

Note 1 to entry: Compression of the mixture to higher pressures as in the electric power equipment might lead to
liquefaction of the C4-FN.

3.7.6

used C4-FN mixture suitable for reuse

used C4-FN mixtures complying with the specification given by the electric power equipment
manufacturer

Note 1 to entry: Compression of the mixture to higher pressures as in the electric power equipment might lead to
liquefaction of the C4-FN. Before reuse care is taken that all C4-FN is evaporated, and the mixture is homogenous.
This can be done by avoiding or limiting the compression level or by supporting the evaporation of C4-FN by external
heating.

3.7.7

non-arced C4-FN mixture

used C4-FN mixture within a gas compartment or gas-cylinder that never experienced arcing
and contains no relevant gas decomposition and no relevant solid by-products, but where small
quantities of gaseous by-products can be present

Note 1 to entry: Small quantities of gaseous by-products can be present for example when partial discharges have
occurred in the gas.

3.7.8

normally arced C4-FN mixture

used C4-FN mixture that experienced arcing during load current or fault current switching
operations and contains typically not more than 1 % of gaseous by-products and a small amount
of solid by-products

3.7.9

heavily arced C4-FN mixture

used C4-FN mixture that experienced an internal arc fault or arcing within a circuit-breaker or
switch after failure to interrupt or arcing within a circuit-breaker during successful interruption
of several short-circuits and contains typically more than 1 % of gaseous by-products and a
medium to large amount of solid by-products

4 Gas handling during installation, commissioning and after repair or overhaul
on site

4.1 General

Clause 4 provides guidance on working with gases after the electric power equipment has been
installed, overhauled or repaired on site. Safety and environmental aspects might be different
for different gases. More information is given in the related annexes. Personal protective
equipment shall be worn.
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4.2 Evacuation, filling and quality checking

This subclause applies to gas compartments of closed pressure systems after assembly, repair
or overhaul, where the gas compartments contain air at ambient pressure or — as an
intermediate step before its final commissioning — were filled with N, at typically 100 kPa to

150 kPa.

The following detailed sequence of operations for air or N, evacuation and filling of gas in each

gas compartment shall be performed according to Figure 1 and Table 1, except if otherwise
specified in the operating instruction manual of the electric power equipment manufacturer.

Suitable precautions should be taken to avoid inadvertent filling with the wrong gas.

NOTE Filling gas compartments with N, at slight overpressure after assembly, repair or overhaul as an intermediate
step before their final commissioning can be useful to keep the gas compartment clean and avoid corrosion.
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Pre

Pres

Key

1

2
3
4
5

6
7
8
9

Prepare handling equipment and documentation report  p__

Reduce pressure to ambient pressure p;
Adsorber installation (optional step) Pam
Evacuation Pres
Vacuum stabilisation phase t

Vacuum holding phase (optional step)
Filling to filling pressure/density for insulation and/or switching
Calibration of pressure/density sensor (optional step)

Functional test of pressure/density sensor

10 Tightness inspection

11 Quality checking

12 Documentation

IEC

Filling pressure/density for insulation and/or
switching

Initial pressure
Ambient pressure
Residual pressure < 0,5 kPa

Vacuum stabilisation time = 30 min

Figure 1 — Evacuation, filling and checking of the quality of the gas after filling
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Table 1 — Evacuation, filling and checking of the quality of the gas after filling

Step Procedure

Check that the handling equipment is working properly, and the gas
connections are clean and dry to avoid contamination. Check the validity
of the calibration of instruments subject to calibration.

Prepare documentation report to record the relevant data during
evacuation, filling and checking of the quality. Examples of parameters
that could be recorded are:

) ) + date
Prepare handling equipment and
documentation report * name of the manufacturer

« serial number, electric power equipment and gas compartment type
* evacuation pressure (i.e. the residual air content)

* ambient temperature

« functionality of the pressure/density sensor

» quality of the gas

2 Reduce pressure to ambient If applicable, use suitable device to reduce the overpressure used for
pressure transport to ambient pressure.

3 Adsorber installation If applicable, quickly insert the adsorber material in the gas compartment
(optional step) and immediately start with step 4.

Connect the vacuum pump and leave it running to reach < 0,5 kPa or the
value specified in the operating instruction manual of the electric power
equipment manufacturer.

The value of 0,5 kPa is a recommended value, which can be easily
reached by typical vacuum pumps. Also, a low residual pressure is
advantageous to reduce the remaining humidity inside the gas
compartment. For some gases a higher residual value, e.g. 2 kPa, might
be acceptable, as long as the maximum level of contaminants at filling
pressure will not be exceeded.

4 Evacuation

Leave the vacuum pump running for at least 30 min and then disconnect

5 Vacuum stabilisation phase the vacuum pump by closing the valve. Read the pressure gauge. @

Vacuum holding phase The pressure in the gas compartment should remain stable for the time

6 . which can be specified in the operating instruction manual of the electric

(optional step) .
power equipment manufacturer.

Filling to filling pressure/density . -

7 for insulation and/or switching See the corresponding annex for filling of the gas.

8 Calibration of pressure/density  |Calibration is an optional step, which might be performed during filling or
sensor (optional step) at any other stage.

9 Functional test of Check the functionality of the pressure/density sensor. The operation
pressure/density sensor should be performed during or just after the filling operation.

Check the tightness of at least all permanent connections made on site as
10 |[Tightness inspection requested in the operating instruction manual of the electric power
equipment manufacturer. P

Quality checking typically comprises the following measurements: gas
purity, the mixing ratio of gas mixtures and humidity. Quality checking shall
11 |Quality checking start after a certain waiting time. See the corresponding annex for
checking the quality of the gas and the operating instruction manual of the
electric power equipment manufacturer. ©

Record at least the name of the manufacturer and serial number to identify
the gas compartment, the functionality of the pressure/density sensor, the
quality of the gas, the ambient temperature and the date for further

12 |Documentation reference. In addition, depending on the type of gas and local regulations
loss of gas to the atmosphere shall be recorded. If this is the case, the
user or manufacturer shall provide adequate methods to fulfil such
requirements.
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2 The vacuum duration can be prolonged in order to better remove moisture when for example the ambient
temperature is freezing, except as otherwise specified by the electric power equipment manufacturer in the
operating instruction manual.

b Tightness tests of equipment filled with compressed air or natural-origin gases can require additional steps, e.g.
sniffing tests with helium.

¢ If the gas compartment has a small volume, topping-up after quality checking can be required.

4.3 Topping-up of pre-filled gas compartments to the filling pressure/density for
insulation and/or switching

This subclause applies to gas compartments of closed pressure systems pre-filled in the factory
prior to shipment and intended to be filled to the filling pressure for insulation and/or switching
on site. They contain a gas at a typical pressure between 120 kPa and 150 kPa allowing for a
faster and easier commissioning on site. The manufacturer shall document and make available
the quality of the gas, which is pre-filled in the factory, including the mixing ratio for gas mixtures.

The following detailed sequence of operations for topping-up of gases in each pre-filled gas
compartment shall be performed according to Figure 2 and Table 2, except if otherwise
specified in the operating instruction manual of the electric power equipment manufacturer.
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Pre

pi
Pam
S -
Tt
IEC
Key
1 Prepare handling equipment Pre Filling pressure/density for insulation
and/or switching
2 Topping-up to the filling pressure/density for insulation and/or p; Initial pressure
switching
3 Calibration of pressure/density sensor (optional step) Pam Ambient pressure
4 Functional test of pressure/density sensor Pres Residual pressure < 0,5 kPa

5 Tightness inspection
6 Quality checking

7 Documentation

Figure 2 — Topping-up of pre-filled gas compartments to the filling pressure/density
for insulation and/or switching
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Table 2 — Topping-up of pre-filled gas compartments to the filling pressure/density for
insulation and/or switching

Step Procedure

Check that the gas connections are clean and dry, hoses are evacuated and no
leaks on connection fittings exist to avoid contamination. Check the validity of the
calibration of instruments subject to calibration.

Prepare handling
equipment

2 |Topping-up See the corresponding annex for topping-up of the gas.

Calibration of
3 |pressure/density sensor
(optional step)

Calibration is an optional step, which might be performed during filling or at any
other stage.

4 Functional test of Check the functionality of the pressure/density sensor. The operation should be
pressure/density sensor |performed during or just after the filling operation.
Check the tightness of at least all permanent connections made on site as
5 |Tightness inspection requested in the operating instruction manual of the electric power equipment

manufacturer.

Quality checking typically comprises the following measurements: gas purity, the
mixing ratio of gas mixtures and humidity. Quality checking shall start after a certain
waiting time. See the corresponding annex for checking the quality of the gas and
the operating instruction manual of the electric power equipment manufacturer. 2

6 |Quality checking

Record at least the name of the manufacturer and serial number to identify the gas
compartment, the functionality of the pressure/density sensor, the quality of the
gas, the ambient temperature and the date for further reference. In addition,
depending on the type of gas and local regulations loss of gas to the atmosphere
shall be recorded. If this is the case, the user or manufacturer shall provide
adequate methods to fulfil such requirements.

7 |Documentation

a8 |If the gas compartment has a small volume, topping-up after quality checking can be required.

4.4 Filling sealed pressure systems

The large majority of medium-voltage switchgear and controlgear uses sealed pressure systems,
as defined in 3.1.21. Typically, this type of electric power equipment is filled with gas in the
factory and no further handling is foreseen during its expected operating life.

5 Gas handling during normal service life

5.1 Topping-up of gas to the filling pressure/density for insulation and/or switching

This subclause applies to gas compartments of closed pressure systems to assure continuity
of service. Usually, the pressure/density monitor generates an alarm/indication due to too low
pressure/density. The alarm value shall be proposed by the electric power equipment
manufacturer.

In case the low pressure/density alarm is due to an abnormal leak, appropriate corrective
measures to locate and eliminate the leak shall be immediately arranged. The alarm treatment
should be performed according to the operating instruction manual of the electric power
equipment manufacturer.

A quality check, including a check of the mixing ratio, is recommended for gas mixtures
(see 5.2).

The following detailed sequence of operations for topping-up in each gas compartment shall be
performed according to Figure 3 and Table 3, except if otherwise specified in the operating
instruction manual of the electric power equipment manufacturer.
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22
22 P
Tt
IEC
Key
1 Identify the nature of the pressure/density change Pre Filling pressure/density for insulation
and/or switching
2 Prepare handling equipment p; Initial pressure
3 Topping-up to the filling pressure/density for insulation and/or p,_ Ambient pressure
switching
4 Pressure/density sensor functional test Pres Residual pressure < 0,5 kPa
5 Documentation
Figure 3 — Topping-up of a gas to the filling pressure/density
for insulation and/or switching
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Table 3 — Topping-up of a gas to the filling pressure/density
for insulation and/or switching

Step Procedure

Compare the actual gas pressure/density values with the recorded values of the
last report including pressure/density trending if available.

Identify the nature of the In case a low pressure/density alarm is due to an abnormal leak, appropriate
pressure/density change corrective measures to locate and eliminate the leak shall be immediately
arranged.

A quality check, including a check of the mixing ratio, is recommended (see 5.2).

Check that the gas connections are clean and dry, hoses are evacuated and no
leaks on connection fittings exist to avoid contamination. Check the validity of the
calibration of instruments subject to calibration.

Prepare handling
equipment

Topping-up to filling
3 |pressure/density for See the corresponding annex for topping-up of the gas.
insulation and/or switching

Check the functionality of the pressure/density sensor. The operation should be
performed during the topping-up operation and shall not be considered as a
calibration.

Pressure/density sensor
functional test

Record at least the name of the manufacturer and serial number to identify the
gas compartment, the functionality of the pressure/density sensor, the quality of
the gas, the ambient temperature, and the date for further reference. In addition,
depending on the type of gas and local regulations loss of gas to the atmosphere
shall be recorded. If this is the case, the user or manufacturer shall provide
adequate methods to fulfil such requirements.

5 |Documentation

5.2 Checking the quality of the gas
5.2.1 General

The measurement of the quality of the gas is usually done on-site, using portable measurement
equipment. Off-site analysis can exceptionally be performed to cross-check unsatisfactory
on-site results, by sampling the gas and sending it to a qualified chemical laboratory.

Typical quality checks on a gas are the measurement of the humidity concentration (for example
frost/dew point at filling pressure for insulation and/or switching), concentration of individual
gases, and reactive gaseous by-products giving rise to residual acidity concentration (for
example amount of reactive gases in pl/l (ppmv)).

In case high concentration of by-products is expected, care should be taken to avoid damage
to the measuring instrument.

5.2.2 On-site measurement of the quality of gases with portable measurement
equipment

This subclause applies to gas compartments to check the quality of the gas with portable
measurement equipment.

Safety and environmental aspects as well as typical measurement instruments might be
different for different gases and more information is given in the related annexes. They shall be
respected during quality measurements (for example non-arced N, can be released into the
atmosphere after its quality measurement, whereas SFg shall not be released into the
atmosphere after its quality measurement). Be aware that the measurement sample of the gas
might contain small amounts of ambient air being added during the connection of the
measurement instruments to the sampling point of the electric power equipment.

The measurement procedure shall be described in detail in the operating instruction manual of
the electric power equipment manufacturer. If relevant, additional information is gBen in the

corresponding annexes. ocuments
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Record information to clearly identify the gas compartment (e.g. manufacturer, switchboard
number, project name, serial number, etc.), the readings of the measurement instrument, the
ambient temperature and the date for further reference.

5.2.3 Sampling and shipment of gases for off-site analysis

In case unsatisfactory quality measurements are obtained on-site or to gain more detailed
results, for instance combined gas-chromatography and mass-spectrometry (GC-MS) can be
made off-site.

Safety and environmental aspects for different gases is given in the related annexes. Be aware
that the measurement sample of the gas might contain small amounts of ambient air being
added during the connection of the sampling instruments to the sampling point of the electric
power equipment.

The sequence according to Table 4 shall be performed except if otherwise specified in the
handling procedure described in detail by the electric power equipment manufacturer in the
operating instruction manual and/or by the off-site laboratory and/or in the annex of the
corresponding gas.

Table 4 — Sampling and shipment of gases

Step Procedure

Evacuate or recover any gas from the sampling equipment (sampling cylinder, hoses,
valves, connection fittings and optional waste cylinder) to < 0,1 kPa. Check that the
gas connections are clean and dry and no leaks on connection fittings exist to avoid
contamination of the gas sample. Use short connections and small hose diameters to
minimise gas release. Check with the operating instruction manual of the electric
power equipment manufacturer and/or the off-site laboratory that the cylinder volume
is suitable to perform the sampling.

Prepare sampling
equipment

Tag the sampling cylinder with at least the following information and keep a record:
the manufacturer name, the electric power equipment type reference, the serial
number and the gas compartment reference to identify the gas compartment, the
residual pressure in the sampling cylinder before filling, the gas pressure, the
ambient temperature and the date for further reference. In addition, depending on the
type of gas and local regulations, loss of gas to the atmosphere shall be recorded. If
this is the case, the user or manufacturer shall provide adequate methods to fulfil
such requirements.

2 |Documentation

Connect the sampling

equipment

Connect the sampling equipment. Make tight connections and establish gas flow.

Purge the sampling
equipment

If a waste cylinder exists, first open the valves to fill the waste cylinder in order to
purge the hoses, valves and connection fittings.

Sampling

Open the valve of the sampling cylinder. Close the valve of the sampling cylinder
when the pressure is stabilized.

Disconnect the

H H H H a
6 sampling cylinder Stop the entire gas flow and disconnect the sampling cylinder.
Transportation to the laboratory is done in accordance to local and international
7 |shipment regulations and/or the operating instruction manual of the electric power equipment

manufacturer and/or the off-site laboratory. More information is given in the relevant
annexes for gases.

a8 |If the gas compartment has a small volume, topping-up after gas sampling can be required.

5.3 Rectifying the composition of a gas mixture

This subclause applies to gas compartments where the measured concentration or ratio of the
different components of a gas mixture does no longer comply with the specifications given by
the electric power equipment manufacturer in the operating instruction manual. Information on
the procedure of rectifying the composition of a gas mixture is given in Annex B, Annex D,
Annex E and Annex F.
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6 Recovery and reclaiming of gases during maintenance, repair, overhaul or
dismantling on-site

6.1 General

Clause 6 contains the procedures for recovery and reclaiming of gases from any gas
compartment during maintenance, repair, overhaul or dismantling on-site.

Gas recovery and reclaiming might not be needed for air and natural-origin gases. More
information about safety and environmental aspects for different gases is given in the related
annexes.

Once the gas has been recovered and reclaimed and if the gas is considered as suitable for
reuse, it can be either reused on site, stored or transported off-site for further reuse. If the gas
is not considered as suitable for reuse it shall be stored or transported for later disposal.

6.2 Recovery and reclaiming of non-arced or normally arced gases from any gas
compartment

This subclause applies to any gas compartment containing non-arced or normally arced gas,
when it is recovered for maintenance, repair, overhaul or dismantling on-site.

The detailed sequence of operations according to Figure 4 and Table 5 can be adopted as an
example of the detailed sequence of operations for recovery and reclaiming of non-arced or
normally arced gases from any gas compartment, except if otherwise specified in the operating
instruction manual of the electric power equipment manufacturer.

There are cases where the residual gas pressure cannot be reached using the procedure given
in Figure 4 and Table 5 despite the use of adequate recovery facilities (for example due to
leakage of the switchgear, small pumping apertures in the switchgear). In such cases other
methods can be applied to reach a residual partial pressure of the original gas of 0,5 kPa (for
example dilution method, see Figure 9) in the gas compartment prior to opening.

NOTE In case of a leaking gas compartment the recovery container can be changed, when ambient pressure has
been reached, to avoid contamination of the recovered gas with ambient air.

More information about safety rules is given in the relevant annexes for gases.

Documents

Document Sharing Hub

Full document details: BS EN IEC 62271-4:2022


https://doi.org/10.3403/BSENIEC62271?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-62271-4-2022
http://www.avadocuments.com/doc/bs-en-iec-62271-4-2022

—40 - IEC 62271-4:2022 © IEC 2022
P
2 g
Pi Fomrm ] Jf 2 Jmimimimim e e e e
Pam -
22 P N -
Tt
IEC
Key
1 Prepare handling equipment Pre Filling pressure/density for insulation and/or
switching
2 Connect external pre-filters (optional step) P, Initial pressure
3 Recovery of gas Pam Ambient pressure
4 Minimise residual content of gas Pres Residual pressure < 0,5 kPa
5 Flood with air
6 Open the gas compartment
7 Remove solid by-products and adsorbers when present
8 Neutralisation, if required
9 Documentation

NOTE In most cases p; is equal to p

Figure 4 — Example of recovery and reclaiming of non-arced
or normally arced gas from any gas compartment
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Table 5 - Example of recovery and reclaiming of non-arced
or normally arced gas from any gas compartment

Step Procedure

Check that the handling equipment is properly working, the filters are still active
and connected, and the gas connections are clean and dry, hoses are evacuated
Prepare handling and no leaks on connection fittings exist to avoid contamination. Check the
equipment capacity and the condition of the storage containers and if they are compatible
with the gas to be recovered and reclaimed in gaseous or liquid phase. Check the
validity of the calibration of instruments subject to calibration.

Connect external pre filters |Connect one or multiple external pre filters between the gas compartment and the
(optional step) inlet of the handling equipment.

Connect the gas compartment. Use a compressor as soon as the residual
3 |Recovery of gas pressure in the gas compartment approaches the pressure in the storage
container. Avoid overfilling of the storage container.

Use a vacuum compressor in series to the compressor when the residual pressure

in the gas compartment approaches 100 kPa and leave it running until a pressure
Minimise residual content |< 0,5 kPa is reached.

of gas
In case of a possible leak, change the container, when ambient pressure has

been reached, to avoid the entrance of ambient air into the first container.

Disconnect the recovery equipment and with the use of a suitable device let the

5 |Flood with air air enter slowly into the gas compartment.

Apply safety rules according to the corresponding annex. Carefully open the gas

6 |Open the gas compartment compartment.

Immediately use vacuum cleaner or wipe with a clean lint free rag to collect the
solid by-products, if present. Place adsorber materials in a plastic bag. Seal the
plastic bag with tape and tag it. Disposal of solid by-products shall be according
to local and international regulations.

Remove solid by-products
7 |and adsorbers when
present

If solid by-products were collected, follow the instructions according to the

8 |Neutralisation, if required .
corresponding annex.

Record at least the name of the manufacturer and serial number to identify the
gas compartment, the residual pressure, the residual quantity, the ambient
temperature and the date for further reference. In addition, depending on the type
of gas and local regulations loss of gas to the atmosphere shall be recorded. If
this is the case, the user or manufacturer shall provide adequate methods to fulfil
such requirements.

9 |Documentation

6.3 Recovery and reclaiming from any gas compartment containing heavily arced gas

This subclause applies to any gas compartment containing heavily arced gases, when it is
recovered for maintenance or repair. Non-dismantlable gas compartments containing heavily
arced gases are regarded to have reached their end of life.

The pressure in the gas compartment prior to flooding with air and opening shall be < 0,5 kPa.

Figure 5 and Table 6 can be adopted as an example of the detailed sequence of operations for
gases recovery and reclaiming from any gas compartment containing heavily arced gases
except if otherwise specified in the operating instruction manual of the electric power equipment
manufacturer.

There are cases where the residual gas pressure of 0,5 kPa cannot be reached using the
procedure given in Figure 5 and Table 6, despite the use of adequate recovery facilities (for
example due to leakage of the switchgear, small pumping apertures in the switchgear). In such
cases other methods can be applied to reach a residual partial pressure of the original gas of
0,5 kPa (for example dilution method, see Figure 9) in the gas compartment prior to opening.
When leakage occurs, and the dilution method is used, suitable containers are needed.

More information about safety rules is given in the related annexes.
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IEC
Prepare handling equipment Pre Filling pressure/density for insulation and/or switching
Connect external pre-filters D; Initial pressure
Recovery of gas Pam Ambient pressure
Minimise residual content of gas Pres Residual pressure < 0,5 kPa
Flood with air t Settling down time 21 h
Settling down of solid by-products
Open the gas compartment
Remove solid by-products, adsorber materials and removable parts
Neutralisation
Documentation
In most cases p, is equal to p
Figure 5 — Example of recovery and reclaiming of heavily
arced gas from any gas compartment
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Table 6 — Example of recovery and reclaiming of heavily arced gas
from any gas compartment

Step Procedure

Check that the handling equipment is properly working, the filters are still active
and connected, and the gas connections are clean and dry, hoses are
evacuated and no leaks on connection fittings exist to avoid contamination.
Check the capacity and the condition of the storage containers and if they are
compatible with the gas to be recovered and reclaimed. Check the validity of the
calibration of instruments subject to calibration.

1 Prepare handling equipment

Connect one or multiple external pre filters in series between the gas

2 Connect external pre-filters compartment and the inlet of the handling equipment.

Connect the gas compartment. Use a compressor as soon as the residual
3 Recovery of gas pressure in the gas compartment approaches the pressure in the storage
container. Avoid overfilling of the storage container.

Use a vacuum compressor in series to the compressor when the residual
pressure in the gas compartment approaches 100 kPa and leave it running until
4 Minimise residual content of a pressure < 0,5 kPa is reached.

gas
In case of a possible leak, change the container, when ambient pressure has

been reached, to avoid the entrance of ambient air into the first container.

Disconnect the compressor and let the air enter slowly into the gas

5 Flood with air
compartment.

Settling down of solid by-  [Wait (typically at least 1 h) to give enough time for the remaining solid by-
products products to settle down in the gas compartment.

Carefully open the gas compartment. More information about safety rules is

7 Open the gas compartment given in the relevant annexes. 2

Immediately use a vacuum cleaner to collect the solid by-products. Place
Remove solid by-products, |adsorber materials and removable parts in plastic bags. Seal plastic bags with
8 adsorber materials and tape and tag them. Details on the vacuum cleaner class to be used is given in
removable parts the relevant annex for the gas. Disposal of solid by-products shall be according
to local and international regulations.

9 Neutralisation Follow the instructions according to the corresponding annex.

Record at least the name of the manufacturer and serial number to identify the
gas compartment, the quality of the gas, the residual pressure, the residual
quantity, the ambient temperature and the date for further reference. Record all
10 [Documentation relevant information concerning service behaviour. Include some pictures. In
addition, depending on the type of gas and local regulations loss of gas to the
atmosphere shall be recorded. If this is the case, the user or manufacturer shall
provide adequate methods to fulfil such requirements.

a8 |If the gas compartment is already open to the atmosphere (for example due to operation of a pressure relief
device or enclosure burn through), the procedure can be followed starting from step 8.

7 End-of-life of electric power equipment

71 General

This clause covers the different phases when electric power equipment is dismantled at the
end-of-life, which is an important stage from the environmental point of view.

End-of-life dismantling is performed according to local regulations under the owner / user’s
responsibility and supported by the electric power equipment manufacturer as his knowledge
and experience are essential. Third parties, such as qualified service companies, can also carry
out end-of-life dismantling. End-of-life of electric power equipment is considered at the
designing stage of state-of-the-art electric power equipment.

NOTE The procedures described in this clause can also be applicable at maintenance and overhaul.
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