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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 107: Alternating current fused circuit-switchers for
rated voltages above 1 kV up to and including 52 kV

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization"comprising

gll national electrotechnical committees (IEC National Committees). The object of IEC, is/yto pro
international co-operation on all questions concerning standardization in the electrical and electronic fieldg
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter/reférred to as
ublication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee intere
in the subject dealt with may participate in this preparatory work. International, “\governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cld
ith the International Organization for Standardization (ISO) in accordance-Wwith conditions determine
ggreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, asinearly as possible, an internat
¢onsensus of opinion on the relevant subjects since each technical committee has representation fron
interested IEC National Committees.

I[EC Publications have the form of recommendations for international use and are accepted by IEC Nat

Committees in that sense. While all reasonable efforts are made-to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible~for the way in which they are used or for
isinterpretation by any end user.

Ilh order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ransparently to the maximum extent possible in their national and regional publications. Any diverg
hetween any IEC Publication and the corresponding;national or regional publication shall be clearly indicatg
the latter.
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I[EC itself does not provide any attestation of\conformity. Independent certification bodies provide confolmity

gssessment services and, in some areas, (access to IEC marks of conformity. IEC is not responsible for
gervices carried out by independent certification bodies.

A\l users should ensure that they have.the latest edition of this publication.

o liability shall attach to IEC or~its directors, employees, servants or agents including individual experts
embers of its technical comniittees and IEC National Committees for any personal injury, property damag
¢ther damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees)
¢xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

A\ttention is drawn to\the Normative references cited in this publication. Use of the referenced publicatio
indispensable for the/correct application of this publication.

\ttention is drawh to the possibility that some of the elements of this IEC Publication may be the subje
patent rights.<|EC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 62271-107 has been prepared by subcommittee 17A: Switching

dev

ices, of IEC technical committee 17: High-voltage switchgear and controlgear

This third edition cancels and replaces the second edition published in 2012. This edition

con

stitutes a technical revision.

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

edit

ion:

a) technical changes introduced by the second edition of IEC 62271-1 are applied, where

b)
c)

The

Ful
the

Thi

Thi
refd
cor
IEQ
nun

1 4
cIcvarit,

rated TRV is removed and TRV is now treated as a test parameter, as in IEC 62271-1(

the term "thermal current" is no longer used; the rated continuous current is linked to
installed fuse-links, and values shall be provided by the manufacturer together with the
of the acceptable fuse-links; for tests purpose, the highest rated continuous-current lis
is referred, where previously the wording was "rated maximum theftmal current”,
consistency with IEC 62271-105;

making and breaking test duties are independent type tests (as,seme may be omitte
the switching device has been validated as a load-break switch). However, TD,

TD,ow are kept as a sequence as they are linked to the samegrated value (/;j);

differentiation has been introduced between requiremenis expressed for fulfilling
function expected from a fused circuit-switcher, from reguirements only relevant when

of requirements with a standard dealing with/ assemblies, when the function
implemented within such an assembly.

text of this International Standard is based.on the following documents:
FDIS Report on voting
17A/1216/FDIS 17A/1227/RVD

information on the voting forthe approval of this International Standard can be foun
report on voting indicated in‘the above table.

5 document has been drafted in accordance with the ISO/IEC Directives, Part 2.

5 International /Standard is to be read in conjunction with IEC 62271-1:2017, to whig
rs and whichiisapplicable unless otherwise specified. In order to simplify the indicatio
esponding)requirements, the same numbering of clauses and subclauses is used a
622711y"Amendments to these clauses and subclauses are given under the sa
nbering;»whilst additional subclauses, are numbered from 101.

0;

the
list
ted
for

d if
And

the
the

function is performed by a stand-alone device. The goal is to avoid duplication or conflicts

1S

d in

h it
n of
5 in
me

Pan

icular conditions existing in certain countries are listed in Annex B

A list of all parts in the IEC 62271 series, published under the general title High-voltage
switchgear and controlgear, can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://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 amended.

IMRORTANT - The “colour inside” logo on the cover page of this publication indic‘jtes
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

Earthing switches forming an integral part of a circuit-switcher are covered by
IEC 62271-102 [1]1.

Installation in enclosure, if any, is covered either by IEC 62271-200([2] or by
IEC 62271-201 [3].
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1 Numbers in square brackets refer to the Bibliography.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 107: Alternating current fused circuit-switchers for
rated voltages above 1 kV up to and including 52 kV

I—Ceperal
1 |Scope
This part of IEC 62271 applies-to three-pole operated units for distribution-systems-that|are
fungtional-assemblies of a circuit-switcher-and current-limiting fuses designed so-as to| be
caplable-of:
hraakina at tho ratad racovary valtaae anv laoad ar fault curkart 1in tn and inecluidinaltha
breaking,—at-the rated recovery voliage,any-load-orfault current-up-to-and-includingithe
rated-short-circuit-breakingcurrent;
roddngoitho—rodtod sealinon . eleandie fo adilen e pesl shonteliendl Deooldne cncbent
applies-
Thig part of IEC 62271 applies to three-pole-operated fused circuit-switchers designed vith
ratdd voltages above 1 kV up to and including<{52«kV for use on three-phase alternajing
curfent systems of either 50 Hz or 60 Hz.
Thgy can be designed either as stand-alené&’ devices, or be embedded in a switchgear pnd
conftrolgear assembly.
Thgy are intended to be used for cirecuits or applications requiring only a normal mechanjical
and electrical endurance capability? Such applications cover protection of HV/LV transformers
for instance, but exclude distribution lines or cables, as well as motor circuits and capaditor
bank circuits.
Shqrt-circuit conditions\'with low currents, up to the fused circuit-switcher rated take-qver
curfent, are dealt with by supplementary devices (strikers, relays, etc.), properly arranded,
tripping the circuitsswitcher. Current-limiting fuses are incorporated in order to ensure that|the
shqrt-circuit breaking capacity of the device is above that of the circuit-switcher alone.
NOTE 1 In.this’ document, the term "fuse" is used to designate either the fuse or the fuse-link where the general
meahing ©f the text does not result in ambiguity.
Thl E &8 Nndard annliac tn fuucad cirenit cewitehare dacianad with ratad valtsaae shave 1 k\/ uhb to

=4

NOTE 2 Other circuit-switchers exist; see reference [4].

Devices that require a dependent manual operation are not covered by this document.
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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 60282-1:2009, High-voltage fuses — Part 1: Current-limiting fuses
IEC 60282-1:2009/AMD1:2014

IEQ 62271-1:20072017, High-voltage switchgear and controlgear — Part 1. Common
specifications

IEQ 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating-curfent
cirduit-breakers

IECQ 62271-100:2008/AMD1:2012
IEC 62271-100:2008/AMD2:2017

IEAQ682271-102:-2001 iah-voltage—switchaear-and-controlaear. Paorf\102- Altarnatina curkent
=g 9L oL Lo HFHgA-Yorage-SWHehgearana-cohRtorgeas =ttt de—Arteriattilg—- et et

IEQ 62271-103:2011, High-voltage switchgear and controlgéar— Part 103: Switches for rgted
voltages above 1 kV up to and including 52 kV

IEQ 62271-105:2012, High-voltage switchgear and controlgear — Part 105: Alternating curfent
swifch-fuse combinations for rated voltages above! KV up to and including 52 kV

3 |Terms and definitions
Clapse-3 of IEC 62274422007 is-applicable-with-the following-additions:
For|the purposes.afithis document, the following terms and definitions apply.

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

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

e |ISO Online browsing platform: available at http://www.iso.org/obp
NOTE |EC Electropedia lists the terms defined in the IEC 60050 [5].
3.1 General terms and definitions

Subclause 3.1 of IEC 62271-1:20072017 applies.

3.2 Assemblies of switchgear and controlgear

Subclause 3.2 of IEC 62271-1:20072017 applies.
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3.3 Parts of assemblies

Subclause 3.3 of IEC 62271-1:20072017 applies.

3.4 Switching devices

Subclause 3.4 of IEC 62271-1:20072017 applies, with the following additions.

3.4.101

circuit-switcher
meghanical—switehing—dew
normal circuit conditions
usually smaller than its short-time withstand current

currents that-may—betess

Notg 1 to entry: Other circuit-switchers exist; see reference [4].

3.4/102
fusged circuit-switcher
device isi

maki

der
are

o

TRY

conpbination, in a single device or function, of a circuit-switchénand fuses, one fuse bgi

plaged in series with each pole of the circuit-switcher intended to be connected to a ph
conductor

Notg 1 to entry: the term "one fuse" does not preclude the use of{several fuse-links in parallel.

3.4]103

fusged circuit-switcher base

deVice base

fuséd circuit-switcher without fuse-links moeunted

3.5 Parts of switchgear and controlgear

Sufjclause 3.5 of IEC 62271-1:200Z£2017 applies, with the following additions.

3.5]101

release

<of| a mechanical switching device> device, mechanically connected to a mechan
swifching device, which releases the holding means and permits the opening or the closin
the|switching device

[SQURCE: IEE 60050-441:-20072000, 441-15-17]

ical
j of

3.5.102
shunt release
release energized by a source of voltage

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

[SOURCE: IEC 60050-441:-20072000, 441-16-41]
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3.6 Operational characteristics of switchgear and controlgear

Subclause 3.6 of IEC 62271-1:20072017 applies, with the following additions.

3.6.101

independent manual operation{(ofthefused-circuit-switcher)

<of a mechanical switching device> stored energy operation where the energy originates from
manual power, stored and released in one continuous operation, such that the speed and
force of the operation are independent of the action of the operator

SCllnﬁl— O onnin A44. O0ONT7ON0NN A Ad4 A0 407
UNUL. TV UUUVVUTS T.=0 07T 2UUU, 5 T TUTTU]

3.6/102
stofred energy operation-(ef-the fused-circuit-switcher)

<offa mechanical switching device> operation by means of energy stored in the*mechanjism
itseflf prior to the completion of the operation and sufficient to complete it under predetermiped
conditions

Notg 1 to entry: This kind of operation may be subdivided according to:
1) The manner of storing the energy (spring, weight, etc.);
2) The origin of the energy (manual, electric, etc.);

3) The manner of releasing the energy (manual, electric, etc.).

[SQURCE: IEC 60050-441:-260672000, 441-16-15]

3.7] Characteristic quantities

Suljclause 3.7 of IEC 62271-1:20072017 appliesy with the following additions.

3.7]101

prospective current
<of|a circuit and with respect to a switching device or a fuse> current that would flow in|the
cirduit if each pole of the switching device or the fuse were replaced by a conductof of
nedligible impedance

Notg 1 to entry: The method to_bg'used to evaluate and to express the prospective current is to be specifiqd in
the felevant publications.

[SQURCE: IEC 600503441:206072000, 441-17-01]

3.7]102
prospective-peak current
pedk value.of a prospective current during the transient period following initiation

Notg 1.t0" entry: The definition assumes that the current is made by an ideal switching device, i.e. |with
inStcn'chm::uua i.lallbii.iUll i-IUIII iufiuiiu i.U rASine) ;Illpvuldllbv. FUI bilbuii.b Wilvlv i.ilv bullvlli. odll fuiiuvv vaUIai U‘Ii’i’t I’ent
paths, e.g. polyphase circuits, it further assumes that the current is made simultaneously in all poles, even if only
the current in one pole is considered.

[SOURCE: IEC 60050-441:20072000, 441-17-02]

3.7.103

maximum prospective peak current

<of an AC circuit> prospective peak current when initiation of the current takes place at the
instant which leads to the highest possible value

Note 1 to entry: For a multiple device in a polyphase circuit, the maximum prospective peak current refers to a
single pole only.

[SOURCE: IEC 60050-441:20072000, 441-17-04]
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104
spective breaking current

<for a pole of a switching device or a fuse> prospective current evaluated at a time
corresponding to the instant of the initiation of the breaking process

Note 1 to entry:

Specifications concerning the instant of the initiation of the breaking process are to be found in

the relevant publications. For mechanical switching devices or fuses, it is usually defined as the moment of
initiation of the arc during the breaking process.

[SOURCE: IEC 60050-441:206072000, 441-17-06]

3.7{105
brejaking current

<of

insflant of initiation of the arc during a breaking process

[SC

3.7
mirn
min

volfage under prescribed conditions of use and behaviour

[SO

3.7
shd

a switching device or a fuse> current in a pole of a switching device or in a fdse at

URCE: IEC 60050-441:20072000, 441-17-07]
106
imum breaking current

imum value of prospective current that a fuse-link is capableof breaking at a sts

URCE: IEC 60050-441:20072000, 441-18-29]
107
rt-circuit making capacity

the

ted

making capacity for which the prescribed conditions include a short circuit at the terminalg of
the|switching device

[SQURCE: IEC 60050-441:20072000, 444-17-10]

3.7/108

takg-over current

curfent co-ordinate of the intetrsection between the time-current characteristics of two oyer-
curfent protective devices

[SQURCE: IEC 60050%441:20072000, 441-17-16]

371109

thermal current

fp

mavimunreurrant carried continuously without the teamneratira ricea of the varioue nhrte
makimum-—current—carried—continuously—withoutthe temperature rise—of the various—ppris
exd { . "

3.7.109

fused short-circuit current

con

ditional short-circuit current when the current-limiting device is a fuse

[SOURCE: IEC 60050-441:20072000, 441-17-21]

3.7.110

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

[SOURCE: IEC 60050-441:20072000, 441-17-24]
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3.7.111

rec

overy voltage

voltage which appears across the terminals of a pole of a switching device or a fuse after the
breaking of the current

Note 1 to entry: This voltage may be considered in two successive intervals of time, one during which a transient
voltage exists, followed by a second one during which the power frequency or the steady-state recovery voltage

alon

e exists.

[SOURCE: IEC 60050-441:20072000, 441-17-25]

tra
TRY
rec

Notd
depsg
of a

Notg

the
two

[SC

3.7

3.7I||112

sient recovery voltage
/
pvery voltage during the time in which it has a significant transient character

1 to entry: The transient recovery voltage may be oscillatory or non-oscillatory or ajcombination of t
nding on the characteristics of the circuit and the switching device. It includes the voltage shift of the ne
polyphase circuit.

2 to entry: The transient recovery voltages in three-phase circuits is, unless \otherwise stated, that ag

irst pole to clear, because this voltage is generally higher than that which appears across each of the d
boles.

URCE: IEC 60050-441:20072000, 441-17-26]

113

power frequency recovery voltage

rec
[SQ

3.7

pvery voltage after the transient voltage phenomena have subsided
URCE: IEC 60050-441:20072000, 441-17-27]

114

prospective transient recovery voltage

<of
cur

Notg
reco
to in
follo
curr

[SC

3.7

a circuit> transient recovery voltage following the breaking of the prospective symmetr
ent by an ideal switching device

1 to entry: The definition assumes that the switching device or the fuse, for which the prospective tran
ery voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from
finite impedance at the very'instant of zero current, i.e. at the "natural" zero. For circuits where the current
W several different paths, e.g. a polyphase circuit, the definition further assumes that the breaking of
bnt by the ideal switching device takes place only in the pole considered.

URCE: IEC<60050-441:20072000, 441-17-29]

115

opegning time

<of

ese
Litral

ross
ther

ical

ient
zero
can
the

ion

aXpechanical switching device> interval of time between the specified instant of initia

of t

[S] opening operation andthe mstantwhemn the ar(,ing COTACLS Tiave sepdldled matt PO

Note 1 to entry: For release operation, instant of initiation is taken as the instant of application of power suppl
the release

es

y on

[SOURCE: IEC 60050-441:2000, 441-17-36, modified — The initial note has been deleted and
current note added.]

the
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fuse-initiated opening time
<of a fused circuit-switcher> time taken from the instant at which arcing in the fuse
commences to the instant when the arcing contacts have separated in all poles

Note 1 to entry: This definition applies only for fused circuit-switchers fitted with fuse-striker release.

3.101 Fuses

3.101.1
fuse-base

fus
fixe

[SO

3.1
stri
me
ene

[SC

3.1
cut
let-
ma
deVv

Notg
man

[SC

3.1
It
jou
inte

It

Notd

Notg

e mount
d part of a fuse provided with contacts and terminals

URCE: IEC 60050-441:20072000, 441-18-02]

D1.2
ker
chanical device forming part of a fuse-link which, when the fuseoperates, releases

rgy required to cause operation of other apparatus or indicators gr\to provide interlocking

URCE: IEC 60050-441:20072000, 441-18-18]

D1.3

-off current

through current

imum instantaneous value of current attained during the breaking operation of a switch
ice or a fuse

1 to entry: This concept is of particular importanee when the switching device or the fuse operates in su
her that the prospective peak current of the circuit is not reached.

URCE: IEC 60050-441:20072000,441-17-12]

D1.4

e integral
gral of the square of the current over a given time interval:

= _rl i*dt

15}

1 to entry:” The pre-arcing /s is the It integral extended over the pre-arcing time of the fuse.

2¢o entry:  The operating /2 is the /%t integral extended over the operating time of the fuse.

the

ng

ch a

Note 3 to entry: The energy in joules liberated in one ohm of resistance in a circuit protected by a fuse is equal to
the value of the operating /2 expressed in A%s.

[SOURCE: IEC 60050-441:20072000, 441-18-23]

4

Normal and special service conditions

Clause 4 of IEC 62271-1:20072017 applies.
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5 Ratings

5.1 General

Subclause 5.1 of IEC 62271-1:20072017 applies with the following additions and exceptions.

In addition to the ratings listed in IEC 62271-1:20072017 the following ratings apply:

a) rated short-circuit breaking current;

eb)lrated short-circuit making current; Q
dc)lrated take-over current; Qy

b5 F gFe ¢ gL ¥ F57 £ L LT
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5.2

Rated voltage (U,)

Subclause 5.2 of IEC 62271-1:20072017 applies with the following addition.

Wh}en the fused circuit-switcher is part of a switchgear and controlgear assembly, its~tg
volfage is the one of the assembly.

5.3

Suk

NOT

Wh

Rated insulation level (Uy, Up, Uy)
clause 5.3 of IEC 62271-1:20072017 applies with the following additions,
E The rated switching impulse withstand voltage Uy is not specified for the voltdge‘range of this documen

bn the fused circuit-switcher is part of a switchgear and copirélgear assembly, its rg

instilation level is the one of the assembly.

5.4

Suk
app

Val

NOT

NOT
are

Wh
fred

5.5

Suf

The
fus

Rated frequency (f,)

clause 5.4 of IEC 62271-1:20072017—-is—applisable—with-the following—addition does
ly.

Lies of rated frequency for fused circuit-switchers are 50 Hz and 60 Hz.

E 1 The proposed values for rated frequeney*are consistent with values for fuses

E 2 In some cases, the rated characteristics of a fused circuit-switcher when used on a 60 Hz system-m3
Hifferent from its rated characteristics ' when used on a 50 Hz system.

en the fused circuit-switcher is part of a switchgear and controlgear assembly, its rg
uency is the one of thexassembly.

Rated contintigus current (1)

clause 5.5 @RIEC 62271-1:2017 applies with the following addition.

rated_eontinuous current characterises the complete fused circuit-switcher, including
b-linksy*See 6.104.

5.6

Rated short-time withstand current (1)

Subclause 5.6 of IEC 62271-1:20072017 does not apply.

5.7

Rated peak withstand current (Ip)

Subclause 5.7 of IEC 62271-1:20072017 does not apply.

5.8

Rated duration of short-circuit (z,)

Subclause 5.8 of IEC 62271-1:20072017 does not apply.

ted

ted

not

ted

the
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5.9

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

Subclause 5.9 of IEC 62271-1:2017 applies.

When the fused circuit-switcher is part of a switchgear and controlgear assembly, its rated
supply voltage of auxiliary and control circuits is the one of the assembly.

5.10 Rated supply frequency of auxiliary and control circuits

Subclause 5.10 of IEC 62271-1:2017 applies.

Wh

en the fused circuit-switcher is part of a switchgear and controlgear assembly, its’rg

suplply frequency of auxiliary and control circuits is the one of the assembly.

5.1

| Rated pressure of compressed gas supply for controlled pressure systems

Sufjclause 5.11 of IEC 62271-1:20072017 applies.

Wh
pre
ass

5.1

The
the

bn the fused circuit-switcher is part of a switchgear and controfgear assembly, its rg
ksure of compressed gas supply for controlled pressure systems is the one of
embly.

D1 Rated short-circuit breaking current (I,

fused circuit-switcher shall be capable of breaking, under the conditions of use

behaviour prescribed in this document, in a circuit having a power-frequency recovery volt

cor

esponding to the rated voltage of the fused circuit-switcher and having a prospec

transient recovery voltage—equal-to—therated—value as specified in—4-102 the type
sublclause (see 7.101.2.9).

As
the
bre

the short-circuit breaking performarnce relies on the characteristics of the fuses instal
instruction manual of the fused circuit-switcher shall list only fuses with rated maxin
pking current equal to or higher than 7/ .. The rated short-circuit breaking curren

expressed by the RMS value«of’ its AC component.

Thg rated short-circuit breaking currents shall be selected from the R10 series as follows:

8 —

NOT

10-12,56-16220-25-31,5-40-50-63-80—-100 kA

fused circuit*switcher sometimes causes one or both of the following effects:

a) 4 reduction of short-circuit current to a value appreciably below that which would otherwise be reached.

b) gueh«rapid operation that the short-circuit current wave is distorted from its normal form.

ted

ted
the

rated short-circuit breaking current is the highest{prospective short-circuit current which

And
hge
five
est

ed,
um
| is

E-1 It issrecognized that the series impedance of the fused circuit-switcher or rapid operation of the fuge or

nis 1s why the term "prospective current” I1Is used when assessing breaking and making perrormances.

5.102 Rated short-circuit making current (7,,,)

The rated short-circuit making current is the highest prospective peak current which the fused
circuit-switcher shall be capable of making under the conditions of use and behaviour defined
in this standard in a circuit having a power-frequency voltage corresponding to the rated
voltage of the fused circuit-switcher. It shall be at least 2,5 times (50 Hz) or 2,6 (60 Hz) the
value of the rated short-circuit breaking current.

NOTE 1 See also notes in 5.101.
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NOTE 2 Higher peak factor, linked with possible long time constant of the network, does not influence the
performance of the fused circuit-switcher under short-circuit conditions, thanks to the current-limiting behaviour of
the fuses. That is stated in IEC 60282-1:2009/AMD1:2014, 5.1.2.

5.103 Rated take-over current (/;,)

The rated take-over current is the maximum RMS value of the take-over current which the
circuit-switcher in the fused circuit-switcher is able to interrupt, under the conditions of use
and behaviour prescribed in this document, in a circuit having a power-frequency recovery
voltage corresponding to the rated voltage of the fused circuit-switcher and having a
prospective transient recovery voltage equal to the value specified.

The
cur
ma]
tim

3.7

NOT|
mec|

rated value declared by the manufacturer shall be higher than the value of the take-g
ent, determined according to Figure 1, given by-the fusesused-to-demonstratedhe s
Kimum-thermal-eurrent the fuse type within the list having the highest melting Curve in
e region around the minimum opening time under action of the opening release T, (

116).

E The value of the minimum opening time under action of the opening release 7, . ‘s determined during

hanical tests (see 7.102.2).

n

T A

~Y

IEC

ver

the
see

the

fuse mean melting time-current characteristic
fuse slow melting time-current characteristic

minimum opening time under action of the opening release
rated take-over current of the fused circuit-switcher

take-over current for the given fuse

Figure 1 — Characteristics for determining the take-over current
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6 Design and construction

6.1 Requirements for liquids in fused circuit-switchers

Subclause 6.1 of IEC 62271-1:20072017 applies.

6.2 Requirements for gases in fused circuit-switchers

Subclause 6.2 of IEC 62271-1:20072017 applies.

6.3 Earthing of fused circuit-switchers

Suljclause 6.3 of IEC 62271-1:20072017 applies to stand-alone devices.

For| fused circuit-switchers embedded within switchgear and controlgear as§semblies,
assembly standard applies.

6.4 Auxiliary and control equipment and circuits

Suljclause 6.4 of IEC 62271-1:20072017 applies to stand-alone devices.

For| fused circuit-switchers embedded within switchgear and) controlgear assemblies,
assembly standard applies.

6.5/ Dependent power operation

Sufjclause 6.5 of IEC 62271-1:20072017 applies:

6.6 Stored energy operation

Sufjclause 6.6 of IEC 62271-1:2007201FAapplies.

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

Sufjclause 6.7 of IEC 62271-1¢26072017 applies.

6.8 Manually operated-actuators

Suljclause 6.8 of IEC.62271-1:2017 applies.

6.9 Operation of releases

Sufjclause-6.9 of IEC 62271-1:20072017 applies, with the following addition.

Fuded. Circuit-switchers shall be fitted with at least one shunt opening release.

6.10 Low-and-high-pressure-interlocking-and monitoring-devices Pressure/level

indication

Subclause 6.10 of IEC 62271-1:20072017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear and controlgear assemblies,
assembly standard applies.

6.11 Nameplates

Subclause 6.11 of IEC 62271-1:20072017 applies with the following modifications.

the

the

the
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Table 9 in IEC 62271-1:20072017 is replaced by the Table 1 below.

Table 1 — Nameplate-markings information

Abbreviati Unit = I o ; Condition f i

e
(S2s 2y 3y 4 %) 6y
different
aﬁd%e#manu#aetu;epehapa
Hrstruction-manual X
rerreRes
s
Yegrof manufacture X
et e e X
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Symbol Unit Fused Operating Condition for marking
circuit- device required
switcher
(1) (2) (3) (4) (5) (6)
Manufacturer X Y Only if not integral with the
fused circuit-switcher
and/or manufacturers are
different
Type designation X Y Only if not integral with the
fused circuit-switcher
and/or manufacturers are
different
Insfruction manual X X
ref¢rence
Setfial number X Y Only if different-from thgt
of the fused‘circuit-
switchgr
Yegqr of manufacture X
Number of this standard X
Ratled voltage U, kV X
Rated short duration power Uy kV X
frequency withstand
volfage
Ratled lightning impulse Up kV X
witlistand voltage
Rafled frequency J Hz X
Acdeptable fuse-links and Mandatory X
ratdd continuous current marking: "/ with
with fuses fuse-links: see
instruction
manual"
Filljng pressure for P, MPa Y Where applicable
opgration
Rafled supply voltage(s) of U, \Y Y Where applicable
auxiliary and control
cirduits.
Spgcify DC / AC (with
ratdd frequency)
Minimum and maximuga °C Y If different from -5 °C
ambpient air temperatire and/or 40 °C
Tyde and massof fluid M, kg Y if any
(lighid or gas)~fot
insyilation
Mass (including any fluid) M kg Y - if more than 300 kg
- no marking when part ¢f
an assombly

X: The marking of these values is mandatory.

Y: The marking of these values is mandatory, subject to the conditions in column (6).

NOTE The symbols in column (2) are allowed instead of the terms in column (1). When the terms in column (1)
are used, the word "rated" is optional.
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For fused circuit-switchers embedded within switchgear and controlgear assemblies, only the
characteristics which are not common within the assembly need to be on the nameplate for

the fused circuit-switcher. They are:

— the number of this document;
— the acceptable fuse-links and rated continuous current with fuses;

— the filling pressure for operation.

6.12 Interlocking Locking devices

Subectatse6-

6.183 Position indication

Suljclause 6.13 of IEC 62271-1:20072017 applies.

6.14 Degrees of protection provided by enclosures

Suljclause 6.14 of IEC 62271-1:20072017 applies for stand-alone dey,jces.

For| fused circuit-switchers embedded within switchgear and (eofhtrolgear assemblies,
assembly standard applies.

6.1p Creepage distances for outdoor insulators

Sufjclause 6.15 of IEC 62271-1:20072017 applies.

6.16 Gas and vacuum tightness

Subclause 6.16 of IEC 62271-1:200742017 applies for stand-alone devices.

For| fused circuit-switchers embedded’ within switchgear and controlgear assemblies,
assembly standard applies.

6.1f Liquid Tightness for liquid systems
Sufjclause 6.17 of IEC 62271-1:20072017 applies for stand-alone devices.

For| fused circuit-switchers embedded within switchgear and controlgear assemblies,
assembly standaxdapplies.

6.18 Fire hazard (flammability)
Suljclause 6.18 of IEC 62271-1:20072017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear and controlgear assemblies,
assembly standard applies.

6.19 Electromagnetic compatibility (EMC)
Subclause 6.19 of IEC 62271-1:20072017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear and controlgear assemblies,
assembly standard applies.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:20072017 applies.

the

the

the

the

the
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6.21 Corrosion

Subclause 6.21 of IEC 62271-1:20072017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear and controlgear assemblies, the

ass

embly standard applies.

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 applies for fused circuit-switchers having their own fluid

CO

toinmant
e

For|

fused circuit-switchers sharing fluid within switchgear and controlgear assemblies,

assembly standard applies.

6.1

Fus

6.1

The
tha
con
stri
exp
IEQ

6.1

Fus
per

Thi

D1 Basic requirements for fuses

es shall comply with IEC 60282-1:2009 and IEC 60282-1:2009/AMD1!2014.

D2 Linkages between the fuse striker(s) and the circuit-switcher release

linkages between the fuse striker(s), if any, and the circujt-switcher release shall be s
the circuit-switcher operates satisfactorily under both three-phase and single-phase f
ditions at the minimum and maximum-regquirementsicharacteristics of a given typq
er (medium or heavy) irrespective of the method, of\striker operation (thermal, spring
losive). The-—requirements characteristics for strikérs are given in IEC 60282-1:2009
60282-1:2009/AMD1:2014, Table 11.

D3 Low over-current conditions (long fuse-pre-arcing time conditions)

ed circuit-switcher equipped with fuse“striker release shall be designed so that they
orm satisfactorily under any striker-operation occurrence.

5 is achieved by compliance with the following conditions a) and b):

Time coordination between circuit-switcher and fuse is provided by—either 1), 2), o
below:

1) The fuse-initiated opening time of the circuit-switcher shall be shorter than
maximum ar€ing time that the fuse can withstand. This arcing time value is at |4
0,1 s according to IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014.

the

Lich
ault
of
or
and

will

3)

the
ast

NOTE <{Jests are specified in 7.6.3 of IEC 60282-1:2009 in order to assess that the maximum aifcing
duration withstand of the fuses is at least 100 ms.

The fuses fitted in the fused circuit-switcher have been satisfactorily proven at

all

values of breaking current, from their rated short-circuit current down to the value

equivalent to the minimum melting current of the fuse (i.e. full range fuses).
3) Where-it-can-be-shown-that The thermal+release tripping of the fuse strikers makes

the

circuit-switcher clear the current before arcing in the fuse can occur, for all currents
below I3 (minimum breaking current of the fuse in accordance with IEC 60282-1:2009

and |IEC 60282-1:2009/AMD1:2014).

b) Temperature rise under these conditions does not impair the performances of the fused

circuit-switcher as proven by the test described in 6.104 of IEC 62271-105:2012.
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6.104 Rated continuous current values

The manufacturer shall provide in the instruction manual a list of the fuse-links to be used in
the fused circuit-switcher. This list shall include at least, for each fuse-link, information about
the manufacturer, the fuse-link designation, the fuse-link rated current, the associated rated
continuous current of the fused circuit-switcher and the dissipated power of the fuse-link
installed in the fused circuit-switcher under this value of current.

7 Type tests

H

E

:
:

2 %

I

6.4.3  Inf tion_to_be included int tost

71 General

Subclause 7.1 of IEC 62271-1:2017 applies with the additions below.

Fuses used during type tests shall comply with |IEC 60282-1:2009 and
IEC 60282-1:2009/AMD1:2014.

For fused circuit-switchers embedded within switchgear and controlgear assemblies, the
assembly standard applies.
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7.2

Dielectric tests

Subclause 7.2 of IEC 62271-1:20072017 applies with the addition below.

For

fused circuit-switchers embedded within switchgear and controlgear assemblies,

the

assembly standard applies for all phase-to-ground tests. Tests between open contacts shall
be performed in accordance with 7.2 of IEC 62271-1:2017.

If the instruction manual lists fuse-links of different dimensions, the worst-case dimension
shall be used for the tests. In case of doubt, tests shall be repeated for the smaller and the

larg

NOT
also

Par

7.3

Thi

H H <l
CT UITITTISTUTTS PTUPUSTU.

7.103.2.
Radio interference voltage (RIV) test
5 test does not apply. See 7.3 of IEC 62271-1:2017.

Measurementof the resistance-of circuits Resistarice measurement

clause 7.4 of IEC 62271-1:20072017 applies, with.the clarification expressed below.

ument, solid links of negligible resistance shall be used instead of fuses and

E Choice of the fuse-link is important, as the dimensions of the fuse-link affect the dielectric properties.|See

the application of 7.4.4 of IEC 62271-1:20497, where this subclause is cited in fhis

the

stance of the links shall be recorded JFhe—ewpent—dmmg—themqeasu;ement—shaH—hawany

Suk

Continuous current tests

clatise'7.5 of IEC 62271-1:2017 applies with the following addition:

The test shall be performed at the highest rated continuous current as stated in the list
required by 6.104.

The test shall be repeated with the fuse-links generating the highest power dissipation,

these fuse-links are not the same as those providing the highest rated continuous current.

Ref

7.6

erence of fuse-links used for the test, or tests, shall be recorded in the test report.

Short-time withstand current and peak withstand current tests

Subclause 7.6 of IEC 62271-1:20072017 does not apply.

if
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Verification of the protection

Subclause 7.7 of IEC 62271-1:20072017 applies.

7.8

Tightness tests

Subclause 7.8 of IEC 62271-1:20072017 applies with the addition below.

Tightness of fuse-links, where applicable, is covered by IEC 60282-1:2009 and IEC 60282-
1:2009/AMD1:2014.

7.9
Suk

71
Suk

invplved in the operation of the circuit-switcher, as specified in this’ document.—Optig

EHE

71

Suk

As

SWi
ops€

7.1
71

Electromagnetic compatibility tests (EMC)
clause 7.9 of IEC 62271-1:20072017 applies.

D Additional tests on auxiliary and control circuits

clause 7.10 of IEC 62271-1:20072017 applies for the auxiliary land control circ
uits-are-not-in-the scope-of these tests-

| X-radiation test-procedure for vacuum interrupters

clause 7.11 of IEC 62271-1:20072017 applies with the.following addition.

his test is independent of the switching device, bUt only applied to the vacuum interrup
buum-—bottles) alone as—a components, the test results can be valid for several types

ching devices provided the type of vacuum interrupter is properly identified and the tes
n gap spacing is equal or lower than used in“the fused circuit-switcher.

D1 Making and breaking tests

D1.1 General

i ine f os:

D, —making-and-bréaking-tests-attherated-maximum-thermal-current;
D, . —making-andbreaking-testsat-therated-short-circuitcurrent;
D, ,—breakifgrtestat- therated-take-overcurrent;

LUits
bral

ers
b of
ted

the

Three typestests are defined: two independent test duties and a test sequence composed of
two test duties:
—  FO—makmg—anmdbreaking—tests—at—the—tighest—rated—contimuous—current—tfrom

reference list);

TD,s.: making and breaking tests at the rated short-circuit current;

Sequence of breaking tests at limited fault current:

e TD),: breaking test at the rated take-over current;

e TD) o breaking test at one third of the rated take-over current.
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7.101.2 Conditions for performing the tests

7.101.2.1 Condition of the fused circuit-switcher before tests

The fused circuit-switcher under test shall be mounted complete on its own support or on an
equivalent support. Its operating device shall be operated in the manner specified and, in
particular, if it is electrically or pneumatically operated, it shall be operated at the minimum
supply voltage or gas pressure for operation respectively as specified in 6.4.1 and 6.6.2 of

IEC 62271 1 29@2017%%%@9%%%%%%%

It shall be shown that the fused circuit-switcher will operate satisfactorily under the abpve
conlditions on no-load.

Fuded circuit-switchers with only manual operation may be operated by, an arrangenjent
proyided for the purposes of making remote control possible.

s5ed

her
sid¢, the-live supply side of the test circuit shall be connected to that side of the fused cirquit-
swifcher which gives the more-enerous unfavourable condition. In case of doubt, the test quty
shdll be repeated with the supply-cennections—reversedconnected to the other side of|the
fus¢d circuit-switcher, but for test duties comprisingfidentical tests, one test shall be mpde
with the supply connected to one side and the following test(s) with the supply connected to
the|other side.

Thg ambient air temperature during tesgis shall be within the range of 10 °C to 40 °C.

7.101.2.2 Test frequency

Forl| limited fault current tests\(test sequence composed of test duties TD;, and TD,,,,), [the

tes{ circuit frequency .shall be in accordance with the requirements expressed| in
IEQ 62271-100:2008, JEC'62271-100:2008/AMD1:2012 and IEC 62271-100:2008/AMD2:2p17
for fest duties T30 and T10.

NOTE 1 In the referenced edition of IEC 62271-100, the requirement is expressed as "Circuit-breakers sha|l be
teste¢d at rated frequency with a tolerance of +8 %. However, for convenience of testing, some deviations fron] the
aboye tolerance) are allowable; for example, when circuit-breakers rated at 50 Hz are tested at 60 Hz and |vice
versp, caresshould be exercised in the interpretation of the results, taking into account all significant facts such as
the {ype of the circuit-breaker and the type of test performed."”

F orktests—vohHine—operation r\F the Fnc-ac- alone /I-aci- duties—D \ the-test—cireut 'Frnnn Cy
tg—ope equ

= 1SsC/
shall be in accordance with the requirements expressed in IEC 60282-1:2009 and
IEC 60282-1:2009/AMD1:2014 for equivalent test duty.

NOTE 2 In the referenced edition of tlEC-60281-1 IEC 60282-1, the requirement is expressed as "The test-circuit
frequency shall be between 48 Hz and 62 Hz."

For load current tests (test duty ¥5,,TD,,), the test circuit frequency shall be according to
requirements expressed in the IEC 62271-103:2011 for the equivalent test duty.

NOTE 3 In the referenced edition of IEC 62271-103, the requirement is expressed as "Switches shall be tested at
rated frequency, with a tolerance of + 8 %".
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7.101.2.3 Power factor

For test duty TD,,, the power factor of the load shall be 0,7 + 0,05 lagging and the power

fact

or of the source shall be lower than 0,2.

For fault current test duties, the power factor of the test circuit shall be between 0,07 and 0,15
lagging.

The power factor of the test circuit shall be determined by measurement and shall be taken as

the

average of the power factors in each phase.

71
For|
of |

For|

For|
the
sep

D1.2.4 Arrangement of test circuits
By, TD,,, reference is made to three-phase test duty "TD,,4 mainly active l6ad curr
EC 62271-103:2011; then, the test circuit illustrated in Figure 2a shall be usged.

other test duties, the test circuit illustrated in Figure 2b shall be used;

stand-alone fused circuit-switchers producing an emission of flame or metallic partic
tests shall be made with metallic screens placed in the vicinity of the live parts,
arated from them by a clearance distance that the manufacturer shall specify in

insfruction manual.

For|

dia
req
the
sho
hay

stand-alone fused circuit-switchers, the screens, frame and other normally earthed p

shjlri be insulated from earth but connected to eafth through a copper wire of 0,1

eter and 50 mm in length. For fused circuit-switthers embedded within assembilies,
Lirement applies to the frame of the assemblyx This copper wire may also be connecte
secondary side of a 1:1 ratio current transformer. The terminal of the current transfor

e occurred if this wire is intact after the.test.

pnt"

es,
and
the

Arts
mm
this
J to
mer

uld be protected by a spark-gap or surdge arrester. No significant leakage is assumed to
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Figure 2a — Test circuit with load
Key

Test power supply
E FKrame or enclosure of the fused circuit-switcher
fFuse to check the frame to earth leakage current

L Uoad circuit

NOT[E The load impedance neutral may be earthed as an alternate to the supply neutral

IEC
Figure 2b — Test circuit with short-circuit point
Key
Alternate earth point if supply is not earthed
Test power supply

Frame or enclosure of the fused circuit-switcher

mm @ >

Fuse to check the frame to earth leakage current

Figure 2 — Arrangement of test circuits for test duties TD, TD,, TD\g., TDy;, and TD,,,,,
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7.101.2.5 Test voltage for breaking tests

The test voltage is the average of the phase-to-phase voltages measured at the fused
circuit-switcher location—immediately between 0,5 period and 1,5 period after the breaking
operation.

The voltage shall be measured as close as practicable to the terminals of the fused
circuit-switcher, i.e. without appreciable impedance between the measuring point and the
terminals.

betjveen 95 % and 105 % of the rated voltage of the fused circuit-switcher.

Thg tolerance on the average value is +5 % of the specified value, and The tolerance on pny

phgse to the average value is +20 %.

7.101.2.6 Power-frequency recovery voltage

Thg power-frequency recovery voltage shall be maintained for ,at™east 0,3 s after |arc
extinction.

7.101.2.7 Applied voltage before fault making tests

Theg applied voltage before the fault making tests of testiduty TD|, is the RMS value of|the
voltage at the pole terminals immediately before the test.

Inthe-case-of three-phase-tests The average value of the applied voltages shall be not less

thap the rated voltage of the fused circuit-switcher divided by J3 and shall not exceed this
valyie by more than 10 % without the consent-of the manufacturer.

Thg difference between the average value and the applied voltages of each phase shall|not
exceed 5 % of the average value.

7.101.2.8 Breaking current

For| test duty ¥5,,,TD|, the test quantities refer to the "TD,,,4 mainly active load curr¢nt”
making and breaking tests of IEC 62271-103:2011.

For| test duties TD|g., the RMS value of the AC component of the prospective short-cirguit

brepking currént shall be measured one half-cycle after the initiation of the short-circuit in|the
progpective current test.

For[test Sequence composed of test duties TD\;, and TD,,,, the breaking current shall be|the

. ~ . e . . .
RMS—~vatueof the ACcompornentmeasured—=at themitiatiomofarcing:

For test duties TD\4,, TDjy, and TD,,,, the RMS value of the AC component of the breaking
current in any pole shall not vary from the average by more than 10 % of the average.

7.101.2.9 Transient recovery voltage (TRV)

For "mainly active load current”, conditions of IEC 62271-103:2011 apply. For high fault
levels, TRVs defined in IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014 apply. For
reduced fault levels, TRVs defined in relevant test duties of IEC 62271-100:2008,
IEC 62271-100:2008/AMD1:2012 and IEC 62271-100:2008/AMD2:2017 apply (see type tests
duties TDy;, and TD,,,, of this document). The parameters used for specifying the TRVs are

illustrated in Figure 3.
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The
and
tern
suc
of |

EoH

voltage across one open pole with the other two poles closed, with the appropriate test cir|

arrg

Thdg
enV

The
foll

a)

o8 |

u =ul3
Cc

T, =0, 15T

x— —

w

IEC

Figure 3 — Representation of a specified TRViby a
two-parameter reference line and a delay line

measure the TRV wave without significantly influencing it, and shall be measured at
hinals to which the device will be connected with<all necessary test-measuring deviq
h as voltage dividers, included. Suitable methods/are described in Annex E and Annsg
EC 62271-100:2008 and IEC 62271-100:2008/AMD2:2017.

three-phase-cireuits; The transient recovery voltage refers to the first pole to clear, i.e.

nged in accordance with 7.101.2.4.

prospective transient recovény voltage curve of a test circuit is represented by
elope drawn as shown in Figure 4 and by its initial portion.

prospective transient“recovery voltage wave of the test circuit shall comply with
bwing requirements:

its envelope shall"at no time be below the specified reference line;

NOTE Therextent by which the envelope exceeds the specified reference line requires the consent of
manufacturer,

its initial portion shall not cross the delay line where such a one is specified.

prospective TRV of a test circuit shall be determined by such a method as will produce

the
es,
x F

the
cuit

its

the

the
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7.101.3 Test duty procedures

7.191.3.1 Test duty by, TD,, — Making and breaking tests at the highest rated

The

thet HEC62271-103 for Class E2 as specified .indthe IEC 62271-103:2011.—Fhe—¢lass;;
deflned-n1EC62271-103,—shall-be-E2- Fuses-may be replaced by solid links of neglig

imp

If the switching device used within the, fused circuit-switcher has already been testeq
accprdance with IEC 62271-103:2011Class E2 or E3, with a rated mainly active load cur
higher than or equal to the highest-rated-maximum—thermal continuous current of the fu

Cirg

71

Thi
and

shdlll be carried eut-with fuses fitted in all three poles of the fused circuit-switcher.

If th
with

Oné

- —e——e————————

leCc

Figure 4 — Example of a two parameters envelope fora TRV

maximum-thermal continuous current

test is performed in accordance with the test duty "TD,,4 mainly active load current

edance.

uit-switcher, then the test duty.¥B,,,TD,, may be omitted.

D1.3.2 Test duty TD|;{ +'Making and breaking tests at the rated short-circuit curre

5 test duty is performed to demonstrate that the fused circuit-switcher is capable of mal

ble

in
ent
sed

nt

ing

withstanding the-cut-off current of the fuse without damage-at-this—current. The two tgsts

e circuit-switcher is fitted with a striker-eperation-is—possible release, fuses shall be fi
strikers and the test shall demonstrate that the strikers open the fused circuit-switcher|

ted

aving

prospectlve current equal to the rated short C|rcu|t breakmg current of the fused crrcurt-

switcher with a tolerance of +g %. All three fuse-links shall be replaced after the first break

test.

The making instant on the voltage wave is not specified (i.e. random).

The test circuit shall be in accordance with 7.101.2.4 (Figure 2b applies).

The power factor of the test circuit shall be between 0,07 and 0,15 lagging.

The applied voltage shall be in accordance with 7.101.2.7.
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If striker-eperation tripping is-intended demonstrated, the power frequency recovery voltage
shall be determined as follows:

— the power frequency recovery voltage shall comply with 7.101.2.5;

— the power frequency recovery voltage shall be checked in accordance with Figure 5.

If no striker-operation release is-possible fitted, it is expected that only two fuses are going to
operate and no acceptance criterion is provided for the power frequency recovery voltage.

The prospective transient recovery voItage shall be in accordance with-4-402-and-6-4014-19
7 131 2 S, IIIGGIIIIIH VVII.II IGIUIUIIbU I.U VGIUUD }JIUVI\JUU III II_C 60282 1 nCCS nd

IEC 60282-1:2009/AMD1:2014.

Thg first operation of the test duty shall be made with the initiation of arcing in the(fuse in pne
of the outer poles in accordance with the provisions of test duty 1 of IEC 60282+1:2009 gnd
IEQ 60282-1:2009/AMD1:2014, i.e. within the range 65 electrical degrees.to 90 electiical
dedrees after voltage zero in that pole.
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5
Pole 1
Fuse did not operate
L
D(\l
T Pole 2
,2_/\
J— bm —
T T Pole 3
First fuse to clear
I
loX

IEC

U,/2N2 = Voltage of pole 1
U,/2N2 = Voltage of pole 2
U,/2N2 = Voltage of pole 3

OO - Instant of opening of
mechanical switching device

Average voltage of poles 1, 2 and 3 =Error! Bookmark not defined.

Uy Uy Us

+ +
242 2J2 22
3

Figure 5 — Measurement of the power frequency recovery voltage with striker operation
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7.101.3.3 Breaking tests at limited fault currents

7.101.3.3.1 Test duty TD;, — Breaking tests at the rated take-over current

This test duty is performed to prove the correct co-ordination between the release-operated
circuit-switcher and fuses in the current region where the breaking duty is taken over from the
fuses by the release-operated circuit-switcher.

Three break tests shall be made in a three-phase circuit, with the fuses in all three poles

repl

aced by solid links of negligible impedance.

The
The
The

SWi

The
refg
test
IEQ

NOT

Clags S2 circuit-breakers, for kpp =1,5.

opening instant of the poles on the current wave is not specified (i.e. random).
test circuit shall be in accordance with 7.101.2.4 (Figure 2b applies).

test current value is corresponding to the rated take-over current ofAthe” fused cirg
cher, with a tolerance of +g %.

prospective TRV shall be in accordance with—4402—and+6404+4S 7.101.2.9,
rence to the most severe values (highest peak value and shortest rise time) specified
duty T30 of IEC 62271-100:2008, IEC 622 1-100:2008/AMD1:2012
62271-100:2008/AMD2:2017.

E 1 In the referenced edition of the IEC 62271-100, this requirement refers to Table 25 specifying TRV

uit-

vith
for
and

5 for

Thd-power-frequency recoveryvoltage shall be checked-according to 1EC 62271-100 releyant
NOTIE 2 This test does not necessarily considegs transformer limited faults with low capacitance connectiong as
desgribed in Annex M of IEC 62271-100:2008.

If dqurrent chopping happens andycould influence the test results, the test duty shall| be
repgated with the fused circuitsswitcher operated at a supply voltage or gas pressure within
the|tolerances specified, chasen to obtain the highest contact speed at contact separation pnd

ma

7.1

Thi
und

Thi
dut

imum arc extinguishing_properties.

D1.3.3.2 Test Duty TD,,,,, — Test at one third of the rated take-over current

5 test duty is'\performed to prove the correct operation of the circuit-switcher when trip
er fault capditions, in the current region below the melting curve of the fuses.

b test duty shall be performed on the fused circuit-switcher previously subjected to the
D0

bed

est

Three breaking tests shall be made in a three-phase circuit, with the fuses in all three poles
replaced by solid links of negligible impedance.

The opening instant of the poles on the current wave is not specified (i.e. random).

The test circuit shall be in accordance with 7.101.2.4 (Figure 2b applies).

The test current shall be one third of the rated take-over current of the fused circuit-switcher
with a tolerance of + 10 %.



https://iecnorm.com/api/?name=9ac43fbe61cddad11b63386ad3d5d78f

- 38 - IEC 62271-107:2019 RLV © IEC 2019

The prospective TRV shall be in accordance with—4-402—and-6-404+49 7.101.2.9, with
reference to the most severe values specified for test duty T10 of IEC 62271-100:2008,
IEC 62271-100:2008/AMD1:2012, and IEC 62271-100:2008/AMD2:2017.

NOTE In the referenced edition of the IEC 62271-100, this requirement refers to Table 25 specifying TRVs for
Class S2 circuit-breakers, for kpp =1,5.

If urrent-chopping-happens—and-couwldinfluence-the test resulis —the test duty shall be
i SRR} T T 4

repgated with the fused circuit-switcher operated at a supply voltage or gas pressure-Within
the|tolerances specified, chosen to obtain the highest contact speed at contact separation pnd
makximum arc extinguishing properties.
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7.101.4 Behaviour of the fused circuit-switcher during tests

During operation, the fused circuit-switcher shall show neither signs of excessive distress nor
phenomena that might endanger an operator. These requirements are verified as follows.

From liquid-filled fused circuit-switchers there shall be no outward emission of flame, and the
gasles produced together with the liquid carried with the gases shall not be allowed to escppe
in quch a way as to cause electrical breakdown. This later requirement is considered to be
fulfiled if there is no significant leakage current.

For|lother types of fused circuit-switchers, flame or metallic particles such as plight impair|the
insdilation level of the fused circuit-switcher shall not be projected beyond .the boundaties
specified by the manufacturer.

No [significant leakage current is assumed to have flowed if the fuse/wire defined in 7.101|2.4
is intact after the test.

Durning test duty TD|.;, a fused circuit-switcher fitted with{strikers shall open following [the
action of the fuse strikers.

Non-sustained disruptive discharges (NSDD)-may can occur during the recovery voltage
perlod following a breaking operation. However, their occurrence is not a sign of distres$ of
the| switching device under test and they dosnot pose any risk to a system in servjce.
Thgrefore, their number is of no significance ‘to interpreting the performance of the deyice
under test. Where NSDDs are seen during~normal testing, they shall be reported in order to
expllain the irregularities in the recovery voltage.

r-eac
T L= 2~y

P
P
(0N

In fhree-phase operations,~ene fuse and/or its striker may not have operated during tepts.
Thig is a normal and not ‘unhusual condition; that will not invalidate acceptance of the fest
proyided that the fuse_did hot-receive suffer external damage in any way.

7.101.5 Condition_of the apparatus after tests
After tests, fuses shall comply with the requirements of 5.1.3 of IEC 60282-1:2009.

Aftgr performing-each any test duty:

a tha machanical fiinntinn oA tha tnconlatare Af tha fiiond ~lea it oty chal
e e CTaTr o o T T oo oo ot e o To t oo O Tt e o o T O G oo v e Crre oo

in the same condition as before the tests. There may be deposits on the ins
by the decomposition of the arc-extinguishing medium;

be-practically

|
ulators caused

b) the fused circuit-switcher shall, without reconditioning, be capable of maintaining its
insulating properties;

c) for those fused circuit-switchers which incorporate a-discennector disconnecting function,
the isolating properties of the—discennector function in the open position shall not be
reduced below those specified by deterioration of insulating parts in the vicinity of, or
parallel to, the isolating distance. The requirements for-discennectors isolating distance in
68211 of IEC B82271-102:- 2004 7.2.12 of IEC 62271-1:2017 shall be fulfilled;

d) the fused circuit-switcher shall be capable of carrying its-thermal highest rated continuous
current continuously, from the reference list, after renewal of fuses.
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If one test object is used to perform several test duties, the condition after tests may be
checked only after the last test duty performed, provided no maintenance is done on the test
object between the test duties.

Visual inspection and no-load operation of the fused circuit-switcher after tests are usually
sufficient for checking the above requirements.

In case of doubt on the ability of the fused circuit-switcher to meet the conditions of
7.101.5 b), it shall be subjected to the relevant power-frequency voltage withstand tests in
accordance with 7.2.12 of IEC 62271-1:206072017. For fused circuit-switchers with sealed-for-

IifeimmmmmTWWWW' be
disassembled or opened for-the-purpeses-—of inspection.

In gase of doubt about the capability of the fused circuit-switcher, where applicable, to nmeet
the|conditions of 7.101.5 ¢), it shall be subjected to the relevant power-frequency voltpge
withstand tests in accordance with 7.2.12 of IEC 62271-1:200#42017. Forl/fused cirquit-
swifchers with sealed-for-life interrupters, the condition checking test is mandatory unless|the
sedled interrupter may be disassembled or opened for-the-purpose-of inspection.

In gase of doubt on the capability of the fused circuit-switcher, where applicable, to meet|the
conditions of 7.101.5 d), the requirement is considered to be(met if one of the following
critgria is satisfied:

a) |visual inspection of the main contacts shows evidencé. of their-geed acceptable conditjon;
or, if impracticable or unsatisfying,

b) he resistanc
AeFEeSiStane

the resistance measurement, in accordance with the procedure and the releyant
acceptance criteria of 7.4.4. of IEC 6227v1-1:2017, is satisfying. Before measurement of
contact resistance, up to 10 no-load.‘operations may be done, or, if the condition of ) is
not satisfied:

c) |a test under the highest rated#naximum-thermal continuous current demonstrates tha{ no
thermal runaway occurs—byenitoring. The temperature at the-peints positions where|the
resistance measurements Were made is monitored until-stabilizatien{ stable temperatyres
are achieved i.e. a Variation of less than 1K per hour). During this test, no other
temperature measurements—is—made are required inside the switching device| If
stabilization cannet\be—obtained achieved, then the condition check has failed and |the
fused circuit-switcher is considered to have failed the test duty as well.

7.102 Mechanical operation tests
7.192.1 General

Thqg fused circuit-switcher should be mounted on its own support and its operating mechanjsm
shall be operated in the specified manner. i -

S ool o blo el o e s e

During the test, three fuses of the minimum rating proposed in the instruction manual shall be
fitted in the poles of the fused circuit-switcher. Cold resistance shall be measured before and
after the tests.

The supply voltage of the operating device shall be measured at the terminals during
operation of the switch. Auxiliary equipment forming part of the operating device shall be
included. Impedance shall not be added between the supply and the terminals of the device
for regulation of the applied voltage.
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For manually operated fused circuit-switchers, the handle may, for convenience of testing, be
replaced by an external power device where the operating force is equivalent to that for
operation with a manual handle.

The determined minimum value of the opening time shall be stated in the test report.

7.102.2 Test procedure

The mechanical operation tests shall consist of 1 000 operating cycles without current or
voltage—en—er—eu#ent—m— applled to the main circuit. At least 50 openlng operatlons shall be
per UIIIIUU ublllu LIIU U}JUIIIIIH IUIUGDU DU'J'JIIGU clL ILD IIIG}\IIIIUIII aupply VUILGUU LIUIIIIU I.II Se
opgrations, the opening time (see 3.7.115) shall be measured and its minimum-~Xglue
detgrmined.

For| a fused circuit-switcher having a power-operating device—shal—be—subjectedto-tthe
follpwing, the tests shall be organised as follows:

— [900-clesing—and-opening—operations—at operating cycles with rated supply voltage angl/or

rated pressure of compressed gas supply for the power-operating device;

— [50-clesing-and-opening-operations—at operating cycles with the' specified minimum supply
voltage and/or minimum pressure of compressed gas supply for the power-operafing
device;

— [50-elesing-and operating cycles, using the opening releasé€ for opening operations-at, yith
the specified maximum supply voltage and/or maximum pressure of compressed gas
supply for the power-operating device and the nmfaximum supply voltage of the opening
release.

For| a fused circuit-switcher fitted with striker {ripping linkages, additional tests of the |trip
linkpges shall be performed as follows:

1) |To test the mechanical reliability of the linkages between the fuse striker(s) and |the
switchgear release, a total of 100 gpening operations shall be made, of which 90 shal| be
made (30 in each pole) with one\striker of minimum energy and 10 with three striker$ of
maximum energy operating simultaneously. During the tests, measurement of the opening
time of the fused circuit-switcher is performed to check the requirement of 6.102 a) 1).
After performing this testiduty, the mechanical functioning of the trip linkages shalll be
practically the same as.before the tests.

2) |Using a dummy fuse-link with extended striker, set to the minimum actual travel within|the
tolerance specified'in IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014, for each pole
in turn it shallbe shown that the fused circuit-switcher either cannot be closed or carnnot
remain closeds according to its design.

For[the purpase of these tests, a device simulating fuse striker operation may be used.

7.192.3, Condition of fused circuit-switcher during and after mechanical operation teTts

The fuIIy cIosed and fuIIy opened posmons shall be attalned durmg each operatlng cycle.-Fhe

makmg—eappymgﬂane—b#eakmg—ns—mted—maﬂmepmtheﬁma—eu#en% Satlsfactory operat|on of

operating devices, of control and auxiliary contacts, and of position-indicating devices (if any),
shall be verified during the test.

A tightness test shall be performed, where applicable, before and after the mechanical
operation test in accordance with 7.8 of IEC 62271-1:20072017. Lubrication in accordance
with the manufacturer's instructions is permissible during the test, but mechanical adjustments
are not permitted.
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After the tests, the fused circuit-switcher shall be in such a condition that it is capable of
making, carrying and breaking its highest rated continuous current. This is considered to be
satisfied if the resistance measurement, according to the procedure and the relevant
acceptance criteria of 7.4.4. of IEC 62271-1:2017, is satisfying.

7.102.4 Condition of the fuses during and after mechanical operation tests

s of
the

7.103 Extension of validity of type tests

7.103.1 General

Annex J of the IEC 62271-1:2017 describes general informationabout extension of validity of
typ¢ tests and should be read in conjunction with 7.103.2, 7.103,3"and 7.103.4.

7.103.2 Dielectric properties

Thq dielectric properties may be affected when using~gther fuses of diameters other than that
of the tested fuse. Extension of validity is restricted/to fuses with same overall dimensions.

7.103.3 Temperature-rise Continuous current tests

Thg compliance with-temperature-—rise continuous current tests of the fused circuit-switgher
mad@le of the fused circuit-switcher. base and the proposed fuse type (referred to as| X)
demonstrates the compliance of any fused circuit-switcher made of the same fused cirduit-
swifcher base fitted with other fusé type, at the associated-thermal rated continuous currert of
this| new fused circuit-switcherl(#,/; fused circuit-switcher)» Provided that the four criteria beglow

arelfulfilled:

— [the fuses have the same length as the fuse X;
— [the fuses have rated current lower than, or equal to, those of the fuses X;

— [the fuses have.a value of the dissipated power (in accordance with IEC 60282-1:2009 gnd
IEC 602823152009/AMD1:2014) lower than, or equal to those of the fuses X;

— [the derating of the fuses within the fused circuit-switcher (4, /
lower than, or equal to those of the fuses X.

r fused circuit-switcher /Ir fuse) is

AS ombliance with tha ahaovg coritgria alrgady includge cafgty maraine thg diamagtgr of the
ApHaH WHR—-8—aB-6-Y HteHa—aHeae e SaHety—Rar-gHhs— eHaH-e+e+ +

fuses needs not-te be considered.

On request of the manufacturer, other—temperature—rise continuous current tests may be
performed, with different fuse types providing other-thermal rated continuous current values
lower than the—rated—maximum—thermal—current highest one in order to provide further
possibilities in the fuse selection criteria.

7.103.4 Making and breaking

Compliance with this document-is can also be achieved by alternative untested or partially
tested fused circuit-switchers made of the fused circuit-switcher base and fuses, provided that
the following conditions are met:
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a) any fuse considered shall comply with its standard (IEC 60282-1:2009 and
IEC 60282-1:2009/AMD1:2014);

b) the same type of striker (if used)-must shall be fitted i.e. medium or heavy in accordance
with IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014;

c) the alternative type of fuse is such that the cut-off current and operating /2 of the
alternative type, as established by test duty1 of IEC 60282-1:2009 and
IEC 60282-1:2009/AMD1:2014, are not greater than those of the tested type similarly
established.

8 Routinetests

Clabise 7 of IEC 62271-1:2007 | y " tollowi dition.

8.1 General

Sulclause 8.1 of IEC 62271-1:2017 applies.

8.2 Dielectric test on the main circuit

Sufjclause 8.2 of IEC 62271-1:2017 applies for stand-alone devices~

For| fused circuit-switchers embedded within switchgear assemblies, the assembly standard
applies.

8.3| Tests on auxiliary and control circuits

Suljclause 8.3 of IEC 62271-1:2017 applies for.stand-alone devices.

For| fused circuit-switchers embedded witlin switchgear assemblies, the assembly standard
applies.

8.4 Measurement of the resistance of the main circuit

Suljclause 8.4 of IEC 62271-1(2017 applies for stand-alone devices.

For| fused circuit-switchers embedded within switchgear assemblies, the assembly standard
applies.

8.5| Tightness\test

Suljclause 8.5"of IEC 62271-1:2017 applies for stand-alone devices.

For| fdsed circuit-switchers embedded within switchgear assemblies, the assembly standard
ap lie's

8.6 Design and visual checks

Subclause 8.6 of IEC 62271-1:2017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear assemblies, the assembly standard
applies.

8.101 Mechanical operating tests

Operating tests shall be carried out to ensure that fused circuit-switchers comply with the
prescribed operating conditions within the specified voltage and supply pressure limits of their
operating devices.
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During these tests, it shall be verified, in particular, that the fused circuit-switchers open and
close correctly when their operating devices are energized or under pressure. It shall also be
verified that operation will not cause any damage to the fused circuit-switchers. Tests may be
made without fuses.

For

all fused circuit-switchers the following test shall be carried out, where applicable:

a) under the conditions of 7.102 with the action of one fuse striker of minimum energy

b)

simulated: one opening operation on each phase;

at the specified maximum supply voltage and/or the maximum pressure of the compressed

c)

d)

Ths
circ

NOT|
cons

Dun
be
test

Aftd

9

9.1

Suf

9.2
Sul

gas supply five Ttosimgand opening operations;

at the specified minimum supply voltage and/or the minimum pressure of the compres
gas supply: five closing and opening operations;

if a fused circuit-switcher can be operated by hand as well as by its normal “electrig
pneumatic operating device: five manual closing and opening operations;

for manually operated fused circuit-switchers only: ten closing and opening operations;

at rated supply voltage and/or rated pressure of the compressed gas 'supply: five clos
and opening operations with a tripping circuit energized by. the closing of the n
contacts.

tests a), b), c), d), e) and f) shall be made without current passing through the n
uit.

E During test according to f), the current of the tripping{ecircuit, flowing through the main contacts,

idered to be negligible.

ing all the foregoing routine tests, no adjustments shall be made and the operations s
faultless. The closed and open positions>shall be attained during each operation
s a), b), ¢), d) and e). The open position.§hall be attained during each operation on test

5ed

or

ing
ain

ain

hall

on
f).

r the tests, the fused circuit-switcher shall be examined to determine that no parts hpve
suffered damage.

Guide to the selection(of fused circuit-switchers (informative)

General

clause 9.1 of IEC-62271-1:2017 applies.

Selection of rated values

clause™9.2 of IEC 62271-1:20072017 applies.

9.3

L Cable-interface consideration

Subclause 9.3 of IEC 62271-1:2017 applies.

9.4

Continuous or temporary overload due to changed service conditions

Subclause 9.4 of IEC 62271-1:20072017 does not apply.

9.5

Environmental aspects

Subclause 9.5 of IEC 62271-1:2017 applies.


https://iecnorm.com/api/?name=9ac43fbe61cddad11b63386ad3d5d78f

IEC 62271-107:2019 RLV © IEC 2019 - 47 -

9.101 Additional criteria

The objective of this subclause and Subclauses 9.102 to 9.106 is to specify criteria for the
selection of a fused circuit-switcher that will ensure correct performance, using the parameter
values—established validated by tests in accordance with IEC 60282-1:2009 and
I[EC 60282-1:2009/AMD1:2014 and this document.

All applications of fused circuit-switchers may be covered using the highest fuse current rating
proposed, with or without strikers, and an appropriate means of over-current tripping.
However, the user may decide to use fuses with lower ratings, for example to benefit from
current limitation on lower fault current values Subclauses 9 102 to 9 106 provide information

thal may be used to make the proper choice.

Additional information for the co-ordination of high-voltage fuses with other -circuit
components in transformer applications, and guidance for the selection of such fuses yvith
particular reference to their time-current characteristics and ratings are given in {fEC TR-60{8%
62455 [6].

Usgge similar to that of switch-fuse combinations can be achieved by, employing fused cirquit-
swifchers fitted with a striker release and without any other tripping device. Fused cirquit-
swifchers generally provide a higher rated take-over current than those of a switch-fuse
combination, and-are their application is not limited by the transfer current, as explained in
Annlex A. However, the user should be aware of the/,possibility of overheating pnd
unpredictable behaviour if sustained conditions occur with\Current above the-thermal rgted
conftinuous current and below the minimum breaking ,current of the installed fuses. In such
applications, it is preferable to use a fuse with means<of thermal limitation or an over-curfent
profection relay.

It i anticipated the manufacturer will perform<the type tests with back-up fuses. In the cpse
where the type tests have been carried out.@n the circuit-switcher using full range fuses, pny
use| of back-up fuses may require additional* verification. Such verification should be subjeqt to
agreement between the manufacturer and the user.

9.192 Rated short-circuit breaking current

Thqg rated short-circuit breaking current of a fused circuit-switcher should not be less than|the
maximum expected RMS symmetrical fault current level of the point in the distribution sysiem
at which the fused circuit-switcher is to be located.

9.103 Rated-maximum-thermal continuous current

Tharated-maximum tharmal continuous current of a fused circuit-switcher is aeeignnd hy the
manufacturer and verified by the-temperature-rise continuous current test. The-actual-thermal

rated continuous current depends on the fuses installed and—sheould—be determined-—by
application—of-the rules—stated-in-8-407 is listed in the instruction manual. It may have to be

reduced where the ambient temperature in service exceeds that specified under normal
conditions in Clause 4.

NOTE Reference is made to IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014 where a comment is made on
the rated current of fuses and its selection, and on how it may be affected by the mounting of the fuses in an
enclosure.

9.104 Currents between-thermal rated continuous current and I; of the fuses

The current /5 is defined for fuses in IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014 as
the minimum breaking current.
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For any current between-thermal rated continuous current and I3 of the fuses, protection can

only be provided by external tripping means, such as an over-current relay or an
over-temperature relay. However, striker action, either actuated by over-current conditions or
over-temperature conditions, may provide a tripping order. If so, the circuit-switcher will be
able to clear the current.

9.105 Transfer current

The transfer current, defined when the tripping action is provided by means of strikers, does
not provide any additional requirement for a fused circuit-switcher above those already

coV, rad - barthic daociimaant A ~aomanlatas avnlanmatisans 1o e adad n Ao A
VETC OOy TS OoOTTTTTeTIt 7 v COTTPoTe T~ CAPTaT a o 1o PTOvVIGTC T T 7 YT roA7 s

9.106 Take-over current

Thqg value of the take-over current of a fused circuit-switcher is dependent upon both |the
minimum opening time of the circuit-switcher and the time-current characteristic of the fyse.
As |its name implies, it is the value of over-current above which the fuses take over [the
fungtion of current interruption from the tripping device and circuit-switcher:

Proper fuse selection ensures that the take-over current is smallef)than the rated take-qver
curfent of the fused circuit-switcher (see 3.7.108, 5.103 andhe test conditions given in
7.101.3.3.1). From a practical point of view, it has to be checked that the maximum melfing
curye of the selected fuses is placed on the left-hand side{of-the point defined by the rgted
tak¢-over current and the minimum opening time of the «ircuit-switcher (see Figure 1). This
condition ensures that, in case of external relaying, faults)currents higher than the rated tdke-
over current will be cleared by the fuses alone. As thelvalues of fault currents lower than|the
ratgd take-over current can be cleared by the circuit¢switcher, the full range of fault curfent
vallies is therefore covered. Detailed analysis issprovided in Annex A.

It cpuld occur that the TRV specified for the“take-over current type test-may does not cqver
the|situation of a bolted short-circuit on thevsecondary side of a MV-LV transformer, if the type
of transformer and the MV connectiopssprovide a very low capacitance. In such a situation
with low capacitance, the performange should be specified according to the special test quty
T3(J documented in Annex M of IEC 62271-100:2008, IEC 62271-100:2008/AMD1:2012 gnd
IEQ 62271-100:2008/AMD2:2047, "and relevant TRVs as listed in Table M.1 or Table M.} of
the|same standard.

9.107 Extension of thé.validity of type tests

Ilt-ay-—be is impractical to test a fused circuit-switcher with fuses of various current ratings
and/or manufacturers. However, the principles on which the validity of the making, breaking
and-temperatgre—rise continuous current tests—may can be extended are expressed in this
dogument,

Rules{for‘extension are provided in 7.103 for the relevant type tests.

The satisfactory performance of the mechanical tests, including a high number of operations
with the same-fuse-samples fuse-links installed, provides sufficient evidence for justifying the
use of fuses other than those tested without further mechanical testing.

9.108 Operation

The three fuses fitted in a given fused circuit-switcher should be of the same type and current
rating, otherwise the breaking performance of the fused circuit-switcher could be adversely
affected. The instruction manual provides the list of fuses, or fuse-links, acceptable in the
fused circuit-switcher.

It is vital, for the correct operation of the fused circuit-switcher, that the fuses are inserted
with the strikers, if any, in the correct orientation.
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When a fused circuit-switcher has operated as a result of a three-phase fault, it is possible

for:

a) only two out of the three fuses to have operated;

b) all three fuses to have operated but for only two out of the three strikers to have ejected.

Such partial operation of one fuse can occur under three-phase service conditions and is not

to be considered abnormal.

All three fuses should be discarded and replaced if the fuse(s) in one or two poles of a fused

H H o lo P | 1 HY DN DAY ¥ P PR | dlood 4
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pasised through the un-melted fuse(s).

Befpre removing or replacing fuses, the operator should satisfy himself that the fuse-mount is
elegtrically disconnected from all parts of the fused circuit-switcher that ceould still| be
elegtrically energized. This is especially important when the fuse-mount is not'visibly isolatgd.

Where a fused circuit-switcher has operated without any obvious signs of a fault on [the
sysfem, examination of the operated fuse or fuses, if any, as well as indications which cquld
be provided by tripping devices, may give an indication on the type'of fault current and its

approximate value.

In the case of a tripping operation initiated apparently withed¥’melting any fuse, a proper ¢old
resistance measurement of the fuses is the minimal precaution before putting them back in
seryice. If a relay is able to provide information on thie fault level and the fault duration, the
restilting point should be at least 20 % below the. minimum melting curve of the fuseg to
consider that they can still be maintained in service

9.109 Comparison of performances of fused circuit-switchers with performances of
switch-fuse combinations and circuit-breakers

Fuged circuit-switchers provide intermediate performances between switch-fuse combinatipns
(acgording to the relevant IEC-822%41-405 standard) and circuit-breakers (according to [the

reldvant IEC-622714-100 standard):-Tables 3 and 4 give comparisons of the main features.

Table 3 — Comparisonbetween switch-fuse combination and fused circuit-switcher

Switch-fuse combination

Fused circuit-switcher

;EIEStEFEEt.E ange Betwee eHi g-eurrente s’transf Fualt
aceording-to V8 SESEEItransf ahYy
Sre e
Protection settings Choice of fuse and optional external device | Choice of fuse and external deice

Strikers

Basic

Optional

Trapsfer current

Relevant, and limiting applications

Not relevant

Take-over current

Relevant, if tripping unit

Basic

switch specifications.

NOTE On transformer protection applications, the expected TRVs below /1

transfer

are usually compatible with
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Table 4 — Comparison between fused circuit-switcher and circuit breaker

Fused circuit-switcher

Circuit-breaker

Correct-operationrange

Eult

Eult

Protection settings

Choice of fuse and external device

External device

Strikers Optional Not relevant
Take-over current Basic Not relevant
Fault current limitation YES NO

Reclasing capability
=) 1 Y

NQ _if fuse Qqperates

YES at any current

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

10.1 General

Subclause 10.1 of IEC 62271-1:2017 applies.

10.2 Information-te-be-given with enquiries and orders

Sufjclause 10.2 of IEC 62271-1:20072017 applies with the following additions.

In44

The enquirer shquld

+demt#y—the—t+m+t—ef—supp+y determlne for example if the fused CII’CUIt switcher described i to

include the fuse-links.

10.3 Information-te-be-given with tenders

Sufjclause 10.3 of IEC 62271-1:20072017*applies with the following additions.

Thg manufacturer's instruetion manual should at least provide the rated values and |the
follpwing information:

fuse- Ilnks to bg used in the fused CIFCUIt switcher (requwed in 6.104), from which the type
of fuses usedhin the device when tested is selected;

b) [filling fluid{(type and amount), where applicable;

the list of|the

c) fhe relevant information, concerning the fuses mentioned above, for the extension of|the

type.test validity, i.e.:

- Ipngfh and diameter (R R)-

. . 5.5):
| dissi 6.5):

— rated current (4.6 of IEC 60282-1:2009 and |IEC 60282-1:2009/AMD1:2014);

— power dissipation (6.5.3 of IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014);

— derating (6.5.3 of IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014);

— operating Joule integral (640422 4.13 of IEC 60282-1:2009);

— cut-off current (6-404-2-2 4.12 of IEC 60282-1:20009).
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11 Rulesfor Transport, storage, installation,-eperation operating instructions
and maintenance

Clause 11 of IEC 62271-1:20072017 applies with the following addition.

High-voltage fuses, although robust in external appearance, may have fuse-elements of
relatively fragile construction. Fuses should, therefore, be kept in their protective packaging
until ready for installation and should be handled with the same degree of care as a relay,
meter or other similar item. Where fuses are already fitted in a fused circuit-switcher, they
should be temporarily removed while the unit is installed.

12 [Safety

Clapse 12 of IEC 62271-1:20072017 applies.

13 |Influence of the product on the environment
Clapse 13 of IEC 62271-1:20072017 applies with the following addition.

Any known chemical and environmental impact hazards should be identified in the fused
cirquit-switcher handbeekfinstruction manual.
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Annex A
(informative)

Applicability of the rated take-over current test duty

A.1 Problem formulation

This document for fused circuit-switchers does not consider a type test to verify the "transfer
current breaking capacity", as in the fuse-switch combination standard.

Thqg fault breaking capacity of the circuit-switcher alone is demonstrated as a take-qver
curfent by a three-phase test at rated voltage in the test conditions <of 30
(IEC 62271-100:2008, IEC 62271-100:2008/AMD1:2012 and
IEQ 62271-100:2008/AMD2:2017). The test current is the rated take-over current /... It is

reqpired in 5.103 that the rated take-over current ensures the proper breakKing capability yith
any| fuse providing melting characteristics lower than those of the fusesused to demonstrate
thetrated-maximum-thermal highest rated continuous current.

Calfulations proposed in this annex use the assumption of a nenhteffectively earthed neltral
sysfem. Such an assumption leads to consider that the current-in~the two remaining phasef is
reduced after a first fuse cleared, possibly extending the melting duration of the remaining
fusIs. Under such an assumption, it could be feared that the*two remaining phases should be
cleared by the circuit-switcher with conditions not clearly@ddressed by this document.

Thg purpose of this annex is to review the extent/of applications that this take-over curfent
tes{ covers, considering the characteristics of .the fuses and protection relays used in [the
fus¢d circuit-switcher.

When an effectively earthed neutral system is used, then, after a first fuse cleared the fgult,
the|current in the two remaining phases“could keep the value of the three-phase fault. Urlder
such a condition, the requirement expressed in 5.103 ensures that the fuses will melt before
the|circuit-switcher can be opened.by any tripping device. There is no reason for concern.

A.4 Background

In this document, the\take-over current performance is demonstrated on a three-phase fault
curfent, with a three-phase breaking capacity test. It is required that the maximum fuse
melting time-current characteristic is kept below the point (rated take-over current /4, /

minimum opening time T,,).

TaKe-over current is defined by the IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2p14
without” considering differences between melting characteristics of the three fuses. JThe
demonstrated rated value [;, is based on the slowest acceptable fuse characteristic. The

second phases clear 0,866 x /.

In IEC 62271-105:2012, the transfer current I, s i defined as the current at which, under

striker operation, the breaking duty is transferred from the fuses to the switch. This occurs
when, after the melting of a first fuse, the switch opens under striker operation before, or at
the same time as, the melting of the second fuse, there being an inevitable difference
between the melting times of fuses. A knowledge of this difference, AT, between the melting
times of fuses permits comparison between it and the striker-initiated opening time of the
switch.

If introducing the possibility of fuses with different characteristics, then one can consider a
fault current, higher than the rated take-over current, which would lead to a first fuse to melt
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(on a fast curve) and then second fuses melting with an additional delay such that a relay
could have tripped the circuit-switcher before. This situation is not covered by the type test.
Second phases could be cleared by the circuit-switcher with a current higher than 0,866 x 1.

Tec

A3

For

hnical developments in this annex investigate the limits of such situation.

Terms, definitions and symbols

the purposes of this annex, the following terms, definitions and symbols apply.

NOT

rated three-phase take-over current; it is also the fault-breaking capacity of the cirg
switcher as demonstrated by the type test

prospective three-phase short-circuit current corresponding to a particular applicatior]
short-circuit current in the three phases, before interruption in the first pole
short-circuit current in the second and third pole after interruption inthee first pole

E I,=1I,and I, =1, x3/2.
the current above which there is no required delay time for(the protection relays

application margin factor: ratio between the rated threée phase take-over current of

uit-

the

circuit-switcher and the maximum fuse melting current”of the fuses for a time equql to

the minimum opening time of the circuit-switcher (see Figure A.1)
minimum opening time of the circuit-switcher

minimum protection operating time — it may depend on the value of the prospec
current (protection curve) — if several protections are installed (maximum current re
differential relay, Buchholz relay, arc detection device), the operating time of the fas
protection is considered

tive
Jay,
est

pre-arcing time of the first fuse foymelt (first pole) when the current is not interrupteq by

the circuit-switcher

pre-arcing time of the sgecond fuse to melt (second pole) when the current is
interrupted by the circuit=switcher

slope coefficient of the pre-arcing time/current characteristic of the fuses
parameter of the'pre-arcing time/current characteristic of the fuses
current margin’ between the slowest and fastest fuse characteristics

E Parametefrs'«, C and x are those used in IEC 62271-105.

not
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mn fast melting time-current characteristic of the fuse

Figure A.1 — Visualization of the application margin for a given fuse

A.4 Assumptions about the fuse‘melting process

A.4{1 General

Asgumptions are the same as'those used in IEC 62271-105:2012.

A.42 First phase

In the zone of interest, a straight line in a log-log diagram approximates the pre-arg
time¢/current chatacteristic of the fuse, then for the fast fuse:

ng

]1(Z><t1 =C

where

I, is the RMS value of the prospective current;

t1 is the pre-arcing time on the "fast" fuse characteristic.

A.4.3 Second phase

The two other fuses have a slower characteristic; the melting current is augmented by a factor
(1 + x); so the pre-arcing characteristic is

[1/(1+x)* xt=C
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but the current is equal to 7, in the period [0, #4] and to /5 in the period [¢4, t5]; ¢, being the
final melting time of the fuse 2.

NOTE This is conservative since the fact the current does not fall immediately from 7, to I, when arcing initiated
in the first fuse is disregarded; this leads to an over-estimation of #,.

It is assumed that the melting process of the second fuse is governed by the equation:

[11/(1+x)]a><t1+[12 /(1+x)]a><(t2—t1)=C (A2)

A.4.4 Modelling of the "application margin”

By fefinition, [(Io / Am) /(14 x)]* x Ty, = C (A.3)

Thi$ makes a link between the rated take-over current of the circuit-switcher (I,;,) and |the
fus¢ characteristics.

A.§ Mathematical expression of the application requirements

A.51 General

Given a particular prospective current, here it is determined in which conditions the duties of
the|first and second poles to clear are covered bycthe type test. The practical analysis pnd
synthesis of these mathematical conditions is made/in Clause A.6.

A.5[2 First pole-to-clear

Any current larger than I, shall be interrupted by the fuse and not by the circuit-switcher:|the

sunp of minimum opening time and theCminimum protection operating time shall be higher than
the|pre-arcing time of a slow fuse (maximum pre-arcing time characteristic of the fuses).

Ty + 1r(1p) 2 Cx I 1+ D) for 1, > I (A.4)

Singe tr(]p) is necessarily > 0, a sufficient condition is that the relation is already satisfied yith
0. Then, using/Formula (A.3) to make the link with the "application margin" (4m), |the
condition becomes:

N
1l

o
T 2T ! Am (A.5)

that is true for 4m > 1 (which is mandatory).

A.5.3 Second pole-to-clear
A.5.3.1 General

The current cleared by the second pole should not be larger than I, x V3/2 since this is the

current cleared in the second pole-to-clear during the type test. The limiting case is when the
prospective current is such that arcing in the second fuse begins at the moment of contact
separation in the circuit-switcher.

Two cases are to be considered.
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A.5.3.2 Opening of the circuit-switcher triggered by the fuse striker

The limiting case corresponds to:

This is when the maximum extra time needed by the second fuse for melting is equal to the
opening time of the circuit-switcher: arcing begins simultaneously in the second fuse and in
the circuit-switcher. If the prospective current is smaller than the one corresponding to this
situation, the circuit-switcher might have to interrupt the current on the second pole. This is no
proplem if this situation is covered by the type test, that is, if the prospective curfent
corfesponding to the limiting case is smaller than the demonstrated interrupting capability of
the|circuit-switcher (Z;45).

Usipg and combining Formulas (A.1), (A.2), (A.3), (A.5) and (A.6), one obtains in the limi
cask,

ng

la
1 1 [(1+x)“ —1]1
p
= hould be <£'1 A7
Io Am ) 0,866 x (1+ x) shou © ( )

NOTE 0,866 = V3/2.
A.5(3.3 Opening of the circuit-switcher triggered by a protection relay

Thg limiting case is when:

T+t =ty (n.8)

Thig is when the maximum total timeheeded by the second fuse for melting is equal to|the
opgning time of the circuit-switcher,” augmented by the protection operating time since |the
opegning is triggered by the protection; then, arcing begins simultaneously in the second fuse
and in the circuit-switcher.

If the relay has a time ‘dependent curve, both members of Formula (A.8) depend on [the
progpective current L5 Therefore, one has to verify that it is on the safe side for gny

progpective current of’'concern.

Ton + t(Ip) 2 (1) (A.9)

Thg condition (A.9) shall be checked within a narrow range of prospective currents:

— Lower limit: for prospective currents smaller then I.,, there is no problem because the
case is covered by the type test.

— Upper limit: since tr(lp) is necessarily non-negative and also because tz(lp) is a decreasing
function of Iy, the condition (A.9) is automatically verified for prospective currents higher
than the prospective current corresponding to:

Tm: tz(lp)
This current is called I,

Since tr(lp) and tz(lp) are both decreasing functions of I,, a sufficient condition is that

tIsup) 2 12(Iio) = Ty (A.10)
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Note that if 7/

sup < Irto» the condition (A.10) is always verified.

Formula (A.10) is the key formula for the application: it determines the minimum protection
operating time in order to cover the application.

One needs to express the relationship #,(/,):

Using Formulas (A.1) and (A.2), one obtains:

Thi
pro
ma

Fin
pra

It c
the

A.6

A.6

ctical use to calculate the minimum protection eperating time in the range [/, Isup]:

a
tr 2 Ty % L X 1+(1+x) il -1 (A
Am* X1+ x)* 0,866

bn be seen in this equation that increasing the application margin factor (4m) may reli
need for having a time delay-on the protection.

Analysis

1 Applications with fuse strikers

If the fused-Circuit-switcher is equipped with fuse striker-tripping mechanisms, the condi
(A7

) should-be verified.

c || (+x)*?
tg =——x:| ———|+1 (A
Ig 0,866“
5 equation can be particularized for finding Isups expressing that for  this value of
spective current, t, = T, and using Formula (A.3) to make the link With the applicai
gin Am:
I 1 1 a«_4 1/a
S _ o A -1 (A
Ito  Amx(1+x) | 0,866
hlly, using Formula (A.3) relating I, with C and F5 one derives the formula that will b

L - N ” in 4104 9 | . : do.

1"

b of

N

3)

eve

fion

Assuming that the opening operation under action of the striker is not significantly slower than
under action of opening release, and that the initiation comes from the melting of the fuse-
link, the actual duration between the beginning of the fault and the separation of contacts is
always longer than the minimum opening time T, given in 5.103. This results in an

application margin larger than 1 for any fused circuit-switcher tripped by a striker.
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Table A.1 — Minimum application margin 4m according to fuse characteristic

Am a

x 5 4 3 2
0,30 1,084 1,037 0,943 0,738
0,20 1,042 0,980 0,866 0,638
0,15 1,006 0,934 0,808 0,570
0,10 0,951 0,866 0,726 0,481
0,05 0,850 0,749 0,594 0,352

From Formula (A.7), one can derive a minimum application margin as a function of the fuse
characteristics x and a. See Table A.1.

It can be seen that an application margin factor of 1 is sufficient.

As Ja reminder, conditions used for the transfer current in IEC 62271-105:2012 (switch-fuse
conpbinations) are x equal to 0,13 and « equal to 4. Such conditions are therefore covered in
this) document without a dedicated type test.

A.6|2 Applications with protection relays

Conditions (A.4) and (A.13) apply.

Condition (A.13) allows for the definition of¢the minimum protection time delay as a functiop of
thelapplication margin, for specific values of the fuse characteristics; see Table A.2.

Table A.2 —Minimum protection time delay

Row Minz /T Am x a
1 3,111 0,75 0,13 4
2 0,301 1,00 0,13 4
3 -0,008 1,07 0,13 4
4 0,403 1,00 0,2 4
5 -0,006 1,09 0,2 4

The first row illustrates that application margin factors < 1 would need a dedicated time delay
to ensure correct performance.

The requirement of this standard for 4m > 1 clears this point. By this, condition (A.4) is also
verified.

For usual applications:

— with 4m = 1, one can see (rows 2 and 4) that a protection time delay, up to 0,5 7;,, should
be required to ensure complete coverage of the cases studied here;

— with 4m > 1,1, there is no more need for a specific protection time delay.
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Current range for which the protection operating time is necessary: relation (A.12) provides

Isyp/lio for the case 4m = 1, for typical fuse characteristics. See Table A.3.

Ong¢ observes that, if the minimum protection operating time applies in the currént range f
% up to 120 % of the rated take-over current of the circuit-switcher, there is no need
bpplication margin > 1.

100
an

A.7

Ths

Table A.3 — Examples of possible need for time delay

Row

s

Tsup o Am X a
1 1,068 1,00 0,13 4
2 1,082 1,00 0,13 5
3 1,088 1,00 0,2 4
4 1,139 1,00 0,5 5

Conclusions

take¢-over current and the associated type test.

Wh
Circ
SWi
occ

urring.

transfer current, as defined for combinations, is coveréd in this document by the r3

en using high rating fuses, with curves very close to the maximum allowed in the fu
uit-switcher, a minimum operating time, up toshalf the minimum opening time of the cird
cher, may be needed on the protection,chain to prevent exceptional situations f
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ted

5ed
uit-
fom
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Annex B
(informative)

Particular conditions existing in certain countries

According to Czech regulation (Act No. 458/2000 Coll., on the conditions for entrepreneurial
activities and the performance of stateadministration in energy industries and on an
amendment to certain acts ("Energy Act"), as amended by later legislative acts and
regulations) the nominal voltages given in Table B.1 are used in AC three-phase systems in
the Czech Republic

3

Table B.1 — Voltages used in the Czech Republic Q}/
fa¥
Ad
Highest voltage for equipment (kV) Nominal system voltage(kk\())
25 22 /\‘]))
38,5 35, QY
A

«\

For|these systems, the insulation levels given in Table B.2 apply(bq/q/

Table B.2 — Rated insulation levels for voltagiz/glings of Table B.1
&

Rated voltage Rated short-duration power-frequency O\ Rated lightning impulse withstand
U, withstand voltage Q voltage
kY (RMS value) Uy Q U,
kV (RMS value) \\Q kV (peak value)
Common value Acrossﬁ'\s?\lating Common value Across isolating
d'ejta ce distance
N
25 50 W& 60 95 110
. 125 145
&
38,5 80 ™~ 90 155 175
xO
- 180 210
N
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 107: Alternating current fused circuit-switchers for
rated voltages above 1 kV up to and including 52 kV
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gervices carried out by independent certification bodies.

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization"comprising

Il national electrotechnical committees (IEC National Committees). The object of IEC, is/yto promote
hternational co-operation on all questions concerning standardization in the electrical and electronic fieldd. To
his end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
[echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter/reférred to as [IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interejsted
h the subject dealt with may participate in this preparatory work. International, “\governmental and pon-

governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cldsely

ith the International Organization for Standardization (ISO) in accordance-Wwith conditions determined by
greement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, asinearly as possible, an international

onsensus of opinion on the relevant subjects since each technical committee has representation from all
hterested IEC National Committees.

EC 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
hisinterpretation by any end user.

h order to promote international uniformity, IEC Natiognal Committees undertake to apply IEC Publicafions
Fansparently to the maximum extent possible in their national and regional publications. Any divergénce
etween any IEC Publication and the corresponding;national or regional publication shall be clearly indicated in
he latter.

EC itself does not provide any attestation of\conformity. Independent certification bodies provide confolmity

gssessment services and, in some areas, (access to IEC marks of conformity. IEC is not responsible for|any

A\l users should ensure that they have.the latest edition of this publication.

No liability shall attach to IEC or-its directors, employees, servants or agents including individual experts|and
hembers of its technical commiittees and IEC National Committees for any personal injury, property damade or
ther damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees)|and
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
Publications.

\ttention is drawn to\the Normative references cited in this publication. Use of the referenced publications is
hdispensable for the/correct application of this publication.

A\ttention is drawh to the possibility that some of the elements of this IEC Publication may be the subjegt of
atent rights . X|[EC shall not be held responsible for identifying any or all such patent rights.

rnational Standard IEC 62271-107 has been prepared by subcommittee 17A: Switching
icés,of IEC technical committee 17: High-voltage switchgear and controlgear

This third edition cancels and replaces the second edition published in 2012. This edition
constitutes a technical revision.

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

technical changes introduced by the second edition of IEC 62271-1 are applied, where
relevant;

rated TRV is removed and TRV is now treated as a test parameter, as in IEC 62271-100;

the term "thermal current" is no longer used; the rated continuous current is linked to the
installed fuse-links, and values shall be provided by the manufacturer together with the list
of the acceptable fuse-links; for tests purpose, the highest rated continuous current listed
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is referred, where previously the wording was "rated maximum thermal current", for
consistency with IEC 62271-105;

d) making and breaking test duties are independent type tests (as some may be omitted if
the switching device has been validated as a load-break switch). However, TD;;; and

TDow a@re kept as a sequence as they are linked to the same rated value (Iig);

e) differentiation has been introduced between requirements expressed for fulfilling the
function expected from a fused circuit-switcher, from requirements only relevant when the
function is performed by a stand-alone device. The goal is to avoid duplication or conflicts
of requirements with a standard dealing with assemblies, when the function is

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

FDIS Report on voting
17A/1216/FDIS 17A/1227/RVD

Full information on the voting for the approval of this International Standard can be found in
the|report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC ‘Pirectives, Part 2.

Thig International Standard is to be read in conjunctiontwith IEC 62271-1:2017, to whigh it
refgrs and which is applicable unless otherwise specified.lIn order to simplify the indication of
corfesponding requirements, the same numbering of‘clauses and subclauses is used a$ in
IEQ 62271-1. Amendments to these clauses an@ ‘subclauses are given under the sgme
numbering, whilst additional subclauses, are numbered from 101.

Particular conditions existing in certain counifies are listed in Annex B.

A list of all parts in the IEC 62271 @eries, published under the general title High-voltage
swifchgear and controlgear, can be found on the IEC website.

Thg committee has decided that the contents of this document will remain unchanged until|the
stability date indicated on the'lIEC website under "http://webstore.iec.ch" in the data relategd to
the|specific document. At this date, the document will be
e Jreconfirmed,

e |withdrawn,

e [replaced.by-a revised edition, or

e [amended.



http://webstore.iec.ch/
https://iecnorm.com/api/?name=9ac43fbe61cddad11b63386ad3d5d78f

-8 - IEC 62271-107:2019 © IEC 2019

INTRODUCTION

Earthing switches forming an integral part of a circuit-switcher are covered by
IEC 62271-102 [1]1.

Installation in enclosure, if any, is covered either by IEC 62271-200([2] or by
IEC 62271-201 [3].

1 Numbers in square brackets refer to the Bibliography.
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1

Thi

ratgd voltages above 1 kV up to and including 52 kV for use on three-phase alferha

cur

Thgy can be designed either as stand-alone devices, or be embedded in, a switchgear
controlgear assembly.

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 107: Alternating current fused circuit-switchers for
rated voltages above 1 kV up to and including 52 kV

Scope

5 part of IEC 62271 applies to three-pole-operated fused circuit-switchers designed

ent systems of either 50 Hz or 60 Hz.

vith
ing

and

Thgy are intended to be used for circuits or applications requiring ehly a normal mechanfical
and electrical endurance capability. Such applications cover protection of HV/LV transformers

for

instance, but exclude distribution lines or cables, as well as(ptotor circuits and capaditor
bank circuits.

Shqrt-circuit conditions with low currents, up to the fused circuit-switcher rated take-qver

cur
trip
sho

NOT
mea

NOT

De

2

Thdg

content constitutes ‘requirements of this document. For dated references, only the edi

cite
any

IEC
IEQ

ping the circuit-switcher. Current-limiting fuses are/incorporated in order to ensure that
rt-circuit breaking capacity of the device is above that of the circuit-switcher alone.

hing of the text does not result in ambiguity.

E 2 Other circuit-switchers exist; see reference [4].

ices that require a dependent manual operation are not covered by this document.

Normative references

following documénts are referred to in the text in such a way that some or all of t

d applies. For undated references, the latest edition of the referenced document (inclug
amendments) applies.

60282=1:2009, High-voltage fuses — Part 1: Current-limiting fuses
60282-1:2009/AMD1:2014

ent, are dealt with by supplementary devices (strikers, relays, etc.), properly arranded,

the

E 1 In this document, the term "fuse" is used to(@esignate either the fuse or the fuse-link where the gerjeral

heir
ion
ing

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1: Common specifications

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating-current

circ

uit-breakers

IEC 62271-100:2008/AMD1:2012
IEC 62271-100:2008/AMD2:2017

IEC 62271-103:2011, High-voltage switchgear and controlgear — Part 103: Switches for rated
voltages above 1 kV up to and including 52 kV

IEC 62271-105:2012, High-voltage switchgear and controlgear — Part 105: Alternating current
switch-fuse combinations for rated voltages above 1 kV up to and including 52 kV
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Terms and definitions

the purposes of this document, the following terms and definitions apply.

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

add

resses:

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

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

NOT
3.1
Suk

3.2
Suk

3.3
Suk

3.4
Suk

34
cirg
me
nor
tha

Notd

3.4
fus

combination, in a single device or function, of a circuit-switcher and fuses, one fuse be

pla
con

Notd

3.4
fus

E IEC Electropedia lists the terms defined in the IEC 60050 [5].
General terms and definitions

clause 3.1 of IEC 62271-1:2017 applies.

Assemblies of switchgear and controlgear

clause 3.2 of IEC 62271-1:2017 applies.

Parts of assemblies

clause 3.3 of IEC 62271-1:2017 applies.

Switching devices

clause 3.4 of IEC 62271-1:2017 applies, with the following additions.

101

uit-switcher
Chanical switching device suitable for ‘making, carrying and interrupting currents un
mal circuit conditions and for interrupting specified fault currents that are usually sm3
h its short-time withstand current

1 to entry: Other circuit-switchers-exist; see reference [4].

102
ed circuit-switcher

ted in series with~each pole of the circuit-switcher intended to be connected to a ph
ductor

1 to entry: ) the term "one fuse" does not preclude the use of several fuse-links in parallel.

103
pd‘circuit-switcher base

der
ller

ing
pse

fused circuit-switcher without fuse-links mounted

3.5

Parts of switchgear and controlgear

Subclause 3.5 of IEC 62271-1:2017 applies, with the following additions.

3.5.101
release
<of a mechanical switching device> device, mechanically connected to a mechanical
switching device, which releases the holding means and permits the opening or the closing of

the

switching device

[SOURCE: IEC 60050-441:2000, 441-15-17]
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3.5.

102

shunt release
release energized by a source of voltage

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

[SOURCE: IEC 60050-441:2000, 441-16-41]

3.6

Suhclause 3.6 of IEC 62271-1:2017 applies, with the following additions

Operational characteristics of switchgear and controlgear

3.6
ind
<of
ma
forg

[SC

3.6
sto
<of
itsel
con

Notg
1)
2)
3)

[SC

3.7
Suk

3.7

prospective current

<of
cirg
negd

Notg
the

The manner of storing the energy (spring, weight, etc.);
The origin of the energy (manual, electric, etc.);

The manner of releasing the energy (manual, eléctric, etc.).

101

ppendent manual operation

a mechanical switching device> stored energy operation where the energy originates f
hual power, stored and released in one continuous operation, such thaththe speed
e of the operation are independent of the action of the operator

URCE: IEC 60050-441:2000, 441-16-16]

102

red energy operation

a mechanical switching device> operation by means of.energy stored in the mechan
If prior to the completion of the operation and sufficient to complete it under predetermi
ditions

1 to entry: This kind of operation may be subdivided aceording to:

URCE: IEC 60050-441: 2000, 44 1:46-15]

Characteristic quantities
clause 3.7 of IEC 62271+1:2017 applies, with the following additions.
101
a circuit and\with respect to a switching device or a fuse> current that would flow in
uit if eachypole of the switching device or the fuse were replaced by a conducto

ligible impedance

1 toventry: The method to be used to evaluate and to express the prospective current is to be specifig

om
and

ism
hed

the
of

din

elevant publications.

[SOURCE: IEC 60050-441:2000, 441-17-01]

3.7.102

pro

spective peak current

peak value of a prospective current during the transient period following initiation

Note 1 to entry: The definition assumes that the current is made by an ideal switching device, i.e. with
instantaneous transition from infinite to zero impedance. For circuits where the current can follow several different
paths, e.g. polyphase circuits, it further assumes that the current is made simultaneously in all poles, even if only
the current in one pole is considered.

[SOURCE: IEC 60050-441:2000, 441-17-02]
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103

maximum prospective peak current
<of an AC circuit> prospective peak current when initiation of the current takes place at the
instant which leads to the highest possible value

Note 1 to entry:

single pole only.

[SOURCE: IEC 60050-441:2000, 441-17-04]

3.7,

104

pro|spective breaking current

<fo
cor

Notg
the
initig

[SC

3.7

<of
ins

[SC

3.7
mir
mi
vol

[SO

3.7
shg
ma
the

[SO

3.7
tak
cur

bre£king current

a pole of a switching device or a fuse> prospective current evaluated atsa t
esponding to the instant of the initiation of the breaking process

1 to entry: Specifications concerning the instant of the initiation of the breaking process+are to be four
relevant publications. For mechanical switching devices or fuses, it is usually defined as the momer
tion of the arc during the breaking process.

URCE: IEC 60050-441:2000, 441-17-06]

105

a switching device or a fuse> current in a pole of a switching device or in a fuse at
nt of initiation of the arc during a breaking process

URCE: IEC 60050-441:2000, 441-17-07]

106

imum breaking current

imum value of prospective current thata fuse-link is capable of breaking at a stz
ge under prescribed conditions of use and behaviour

URCE: IEC 60050-441:2000, 441-18-29]

107

rt-circuit making capacity

ing capacity for which.the prescribed conditions include a short circuit at the terminal
switching device

URCE: IEC_60050-441:2000, 441-17-10]

108
p-over.current
ent co-ordinate of the intersection between the time-current characteristics of two o

cur

ent nrotective devices
g

[SOURCE: IEC 60050-441:2000, 441-17-16]

3.7.

109

fused short-circuit current

con

ditional short-circuit current when the current-limiting device is a fuse

[SOURCE: IEC 60050-441:2000, 441-17-21]

For a multiple device in a polyphase circuit, the maximum prospective peak current refers to a

me

the

ted

5 of

er-
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3.7.110

applied voltage

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

[SOURCE: IEC 60050-441:2000, 441-17-24]

3.7.111

recovery voltage
voltage which appears across the terminals of a pole of a switching device or a fuse after the
bregkimgofthe current

Notg 1 to entry: This voltage may be considered in two successive intervals of time, one during which_a-transgient
voltage exists, followed by a second one during which the power frequency or the steady-state recovery voltage
along exists.

[SQURCE: IEC 60050-441:2000, 441-17-25]

3.7]112

trapsient recovery voltage
TRY
recpvery voltage during the time in which it has a significant transient character

Notg 1 to entry: The transient recovery voltage may be oscillatory or noh-oscillatory or a combination of these
dep¢nding on the characteristics of the circuit and the switching devices It includes the voltage shift of the neptral
of a|polyphase circuit.

Notg 2 to entry: The transient recovery voltages in three-phase’ circuits is, unless otherwise stated, that adross
the first pole to clear, because this voltage is generally higher than that which appears across each of the qther
two poles.

[SQURCE: IEC 60050-441:2000, 441-17-26]}

3.71113
power frequency recovery voltage
recpvery voltage after the transient-voltage phenomena have subsided

[SQURCE: IEC 60050-441(2000, 441-17-27]

3.7]114

prospective transient recovery voltage
<of|a circuit> transient recovery voltage following the breaking of the prospective symmetrjical
current by an/deal switching device

Notg 1 to_entry: The definition assumes that the switching device or the fuse, for which the prospective trangient
recovery ‘voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from gero
to infinitesimpedance at the very instant of zero current, i.e. at the "natural" zero. For circuits where the currenf can

follow—several-different—paths—e-g—a—polyphase—cicuit—the—definition—further—assumes—that-the—breaking—od the
I L <

current by the ideal SW|tch|ng deV|ce takes place only in the pole considered.

[SOURCE: IEC 60050-441:2000, 441-17-29]

3.7.115

opening time

<of a mechanical switching device> interval of time between the specified instant of initiation
of the opening operation and the instant when the arcing contacts have separated in all poles

Note 1 to entry: For release operation, instant of initiation is taken as the instant of application of power supply on
the release

[SOURCE: IEC 60050-441:2000, 441-17-36, modified — The initial note has been deleted and
the current note added.]
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3.7.116

fuse-initiated opening time

<of a fused circuit-switcher> time taken from the instant at which arcing in the fuse
commences to the instant when the arcing contacts have separated in all poles

Note 1 to entry: This definition applies only for fused circuit-switchers fitted with fuse-striker release.
3.101 Fuses

3.1011

fuse-base

fusp mount

fixeld part of a fuse provided with contacts and terminals

[SQURCE: IEC 60050-441:2000, 441-18-02]

3.191.2
striker
mec¢hanical device forming part of a fuse-link which, when the fuse)operates, releases |the
endrgy required to cause operation of other apparatus or indicators ,gr\to provide interlocking

[SQURCE: IEC 60050-441:2000, 441-18-18]

3.191.3

cuttoff current

let-through current

maximum instantaneous value of current attained during the breaking operation of a switch
deMlice or a fuse

ng
Notg 1 to entry: This concept is of particular importanee when the switching device or the fuse operates in such a

manper that the prospective peak current of the circuit is not reached.

[SQURCE: IEC 60050-441:2000, 441-%7-12]

3.191.4
It
jouje integral

intgdgral of the square of the current over a given time interval:

1
It j i2dt
5]

Notd 1 to entrys/ The pre-arcing 72 is the It integral extended over the pre-arcing time of the fuse.

Notqd 240 ‘entry: The operating /%t is the /% integral extended over the operating time of the fuse.

Note 3 to entry: The energy in joules liberated in one ohm of resistance in a circuit protected by a fuse is equal to
the value of the operating /2 expressed in A%s.

[SOURCE: IEC 60050-441:2000, 441-18-23]

4 Normal and special service conditions

Clause 4 of IEC 62271-1:2017 applies.
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Ratings

General

Subclause 5.1 of IEC 62271-1:2017 applies with the following additions and exceptions.

In addition to the ratings listed in IEC 62271-1:2017 the following ratings apply:

a)
b)

rated short-circuit breaking current;
rated short-circuit making current;

c)
5.2

Suk

Wh

volfage is the one of the assembly.

5.3

Suk

NOT

Wh

instilation level is the one of the assembly.

5.4

Suk

Val

NOT

NOT|
diffe

Wh
fred

5.5

rated take-over current;

Rated voltage (U,)

clause 5.2 of IEC 62271-1:2017 applies with the following addition.

bn the fused circuit-switcher is part of a switchgear and controlgear 'assembly, its r3

Rated insulation level (Uy, Up, Uy)
clause 5.3 of IEC 62271-1:2017 applies with the following additions.
E The rated switching impulse withstand voltage Uy is not specified for the voltage range of this documen

bn the fused circuit-switcher is part of a switechgear and controlgear assembly, its r3

Rated frequency (f,)

clause 5.4 of IEC 62271-1:2017 doés not apply.

Lies of rated frequency for fused circuit-switchers are 50 Hz and 60 Hz.

E 1 The proposed values for rated frequency are consistent with values for fuses

E 2 In some cases, the\rated characteristics of a fused circuit-switcher when used on a 60 Hz system
rent from its rated chiaracteristics when used on a 50 Hz system.

en the fusedtcircuit-switcher is part of a switchgear and controlgear assembly, its r3
uency is thewone of the assembly.

Rated continuous current (/)

ted

ted

are

ted

Suk

clause 5 5 of |IEC 62271-1:2017 alnlnlinc with the fnllnwing addition

The rated continuous current characterises the complete fused circuit-switcher, including the
fuse-links. See 6.104.

5.6

Rated short-time withstand current (1)

Subclause 5.6 of IEC 62271-1:2017 does not apply.

5.7

Rated peak withstand current (/)

Subclause 5.7 of IEC 62271-1:2017 does not apply.
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5.8 Rated duration of short-circuit (z,)
Subclause 5.8 of IEC 62271-1:2017 does not apply.

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

Subclause 5.9 of IEC 62271-1:2017 applies.

When the fused circuit-switcher is part of a switchgear and controlgear assembly, its rated
supply voltage of auxiliary and control circuits is the one of the assembly.

5.10 Rated supply frequency of auxiliary and control circuits

Sufjclause 5.10 of IEC 62271-1:2017 applies.

When the fused circuit-switcher is part of a switchgear and controlgear assembly, its rdted
suplply frequency of auxiliary and control circuits is the one of the assembly.

5.1 Rated pressure of compressed gas supply for controlled pressure systems

Sufjclause 5.11 of IEC 62271-1:2017 applies.

When the fused circuit-switcher is part of a switchgear and”controlgear assembly, its rdted
pregsure of compressed gas supply for controlled ,préssure systems is the one of |the
assembly.

5.101 Rated short-circuit breaking current (Ig;)
Thg rated short-circuit breaking current is the highest prospective short-circuit current which
the| fused circuit-switcher shall be capable of breaking, under the conditions of use pnd
beRaviour prescribed in this documentgin a circuit having a power-frequency recovery voltage
corfesponding to the rated voltage \of the fused circuit-switcher and having a prospective
transient recovery voltage as spegified in the type test subclause (see 7.101.2.9).

As the short-circuit breakingperformance relies on the characteristics of the fuses installed,
the|instruction manual of the fused circuit-switcher shall list only fuses with rated maximjum
brepking current equal\to or higher than I;.. The rated short-circuit breaking curren}f is

expressed by the RMS ‘value of its AC component.

Thqg rated shorfseircuit breaking currents shall be selected from the R10 series as follows:

8 —[10 —425-16-20-25-31,5-40-50-63 -80—-100 kA

NOTEN is recognized that the series impedance of the fused circuit-switcher or rapid operation of the fuge or
fused circuit-switcher sometimes causes one or both of the following effects:

a) a reduction of short-circuit current to a value appreciably below that which would otherwise be reached.

b) such rapid operation that the short-circuit current wave is distorted from its normal form.
This is why the term "prospective current" is used when assessing breaking and making performances.

5.102 Rated short-circuit making current (I,,,)

The rated short-circuit making current is the highest prospective peak current which the fused
circuit-switcher shall be capable of making under the conditions of use and behaviour defined
in this standard in a circuit having a power-frequency voltage corresponding to the rated
voltage of the fused circuit-switcher. It shall be at least 2,5 times (50 Hz) or 2,6 (60 Hz) the
value of the rated short-circuit breaking current.

NOTE 1 See also note in 5.101.
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NOTE 2 Higher peak factor, linked with possible long time constant of the network, does not influence the
performance of the fused circuit-switcher under short-circuit conditions, thanks to the current-limiting behaviour of
the fuses. That is stated in IEC 60282-1:2009/AMD1:2014, 5.1.2.

5.103 Rated take-over current (I;,)

The rated take-over current is the maximum RMS value of the take-over current which the
circuit-switcher in the fused circuit-switcher is able to interrupt, under the conditions of use
and behaviour prescribed in this document, in a circuit having a power-frequency recovery
voltage corresponding to the rated voltage of the fused circuit-switcher and having a
prospective transient recovery voltage equal to the value specified.

Thg rated value declared by the manufacturer shall be higher than the value of the take=qver
curfent, determined according to Figure 1, given by the fuse type within the list having [the
highest melting curve in the time region around the minimum opening time under dction of|the
opgning release Ty, (see 3.7.116).

NOTE The value of the minimum opening time under action of the opening release T, is\determined during the
mechanical tests (see 7.102.2).

[ \ R

min \\
-~
to ‘rrto 1
IEC

Key
R fuse mean melting time-current characteristic
M fuse slow melting time-current characteristic
Trin minimum opening time under action of the opening release
Ho rated take-over current of the fused circuit-switcher
L, take-over current for the given fuse

Figure 1 — Characteristics for determining the take-over current
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6 Design and construction

6.1 Requirements for liquids in fused circuit-switchers

Subclause 6.1 of IEC 62271-1:2017 applies.

6.2 Requirements for gases in fused circuit-switchers

Subclause 6.2 of IEC 62271-1:2017 applies.

6.3 Earthing of fused circuit-switchers

Suljclause 6.3 of IEC 62271-1:2017 applies to stand-alone devices.

For| fused circuit-switchers embedded within switchgear and controlgear assemblies,
assembly standard applies.

6.4 Auxiliary and control equipment and circuits

Suljclause 6.4 of IEC 62271-1:2017 applies to stand-alone devices.

For| fused circuit-switchers embedded within switchgear and) controlgear assemblies,
assembly standard applies.

6.5/ Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 applies.

6.6 Stored energy operation

Subclause 6.6 of IEC 62271-1:2017 applies.

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

Subclause 6.7 of IEC 62271-1¢2017 applies.

6.8 Manually operated-actuators

Subclause 6.8 of IEC.62271-1:2017 applies.

6.9 Operation of releases

Subclause-6.9 of IEC 62271-1:2017 applies, with the following addition.

Fuded.Circuit-switchers shall be fitted with at least one shunt opening release

6.10 Pressure/level indication

Subclause 6.10 of IEC 62271-1:2017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear and controlgear assemblies,
assembly standard applies.

6.11 Nameplates

Subclause 6.11 of IEC 62271-1:2017 applies with the following modifications.

Table 9 in IEC 62271-1:2017 is replaced by the Table 1 below.

the

the

the
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Table 1 — Nameplate information

Symbol Unit Fused Operating Condition for marking
circuit- device required
switcher
(1) (2) (3) (4) (3) (6)
Manufacturer X Y Only if not integral with the
fused circuit-switcher
and/or manufacturers are
different
Type-designation X Y Only if not integral with the
fused circuit-switcher
and/or manufacturers-arge
different
Insfruction manual X X
refg¢rence
Setial number X Y Only ifidifferent from that
of the\fused circuit-
switcher
Yedr of manufacture X
Number of this standard X
Ratled voltage U, kV X
Rated short duration power Uy kV X
frequency withstand
volfage
Ratled lightning impulse U, kV X
withstand voltage
Rafled frequency Jr Hz X
Acdeptable fuse-links and Mandatory X
ratg¢d continuous current marking: "/ with
with fuses fuse-links: see
instruction
manual”
Filling pressure for B MPa Y Where applicable
opdration
Rated supply voltage(s) of U, \% Y Where applicable
auAiliary and control
cirduits.
Specify DC / AC (with
ratg¢d frequency)
Minimum and maximum °C Y If different from -5 °C
ampient air temiperature and/or 40 °C
Tyde and mass’ of fluid M; kg Y if any
(lighid orgas) for
instilation
Mass—{mctudimgany frord) 171 kg Y —tfTmoretiram 300Ky
- no marking when part of
an assembly

X: The marking of these values is mandatory.

Y: The marking of these values is mandatory, subject to the conditions in column (6).

NOTE The symbols in column (2) are allowed instead of the terms in column (1). When the terms in column (1)
are used, the word "rated" is optional.
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For fused circuit-switchers embedded within switchgear and controlgear assemblies, only the
characteristics which are not common within the assembly need to be on the nameplate for

the

fused circuit-switcher. They are:

the number of this document;
the acceptable fuse-links and rated continuous current with fuses;

the filling pressure for operation.

6.12 Locking devices

Su

6.1
Suk

6.1
Suk

For
ass

6.1
Sul

6.1
Sul

For

B  Position indication

clause 6.13 of IEC 62271-1:2017 applies.

i Degrees of protection provided by enclosures

clause 6.14 of IEC 62271-1:2017 applies for stand-alone devices,

fused circuit-switchers embedded within switchgear and (eontrolgear assemblies,
embly standard applies.

b Creepage distances for outdoor insulators

clause 6.15 of IEC 62271-1:2017 applies.

b Gas and vacuum tightness

clause 6.16 of IEC 62271-1:2017 appligs-for stand-alone devices.

fused circuit-switchers embedded’ within switchgear and controlgear assemblies,

assembly standard applies.

6.1
Sul

For
ass|

f Tightness for liquid systems

clause 6.17 of IEC 62271-1:2017 applies for stand-alone devices.

fused circuit-switchers embedded within switchgear and controlgear assemblies,
embly standard applies.

6.18 Fire hazard (flammability)

Suhb

clause 6.18 of IEC 62271-1:2017 applies for stand-alone devices.

For
ass

fused circuit-switchers embedded within switchgear and controlgear assemblies,
embly standard applies.

6.19 Electromagnetic compatibility (EMC)

Subclause 6.19 of IEC 62271-1:2017 applies for stand-alone devices.

For
ass

fused circuit-switchers embedded within switchgear and controlgear assemblies,
embly standard applies.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:2017 applies.

the

the

the

the

the
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6.21 Corrosion

Subclause 6.21 of IEC 62271-1:2017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear and controlgear assemblies, the
assembly standard applies.

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 applies for fused circuit-switchers having their own fluid

contairment:

For| fused circuit-switchers sharing fluid within switchgear and controlgear assemblies, |the
assembly standard applies.

6.101 Basic requirements for fuses

Fuges shall comply with IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014.

6.102 Linkages between the fuse striker(s) and the circuit-switcher release

Thqg linkages between the fuse striker(s), if any, and the circuit-switcher release shall be such
thaf the circuit-switcher operates satisfactorily under both three-phase and single-phase fault
conditions at the minimum and maximum characteristics 6f a given type of striker (medium or
hegvy) irrespective of the method of striker operation*(thermal, spring or explosive). [The
chdracteristics for strikers are given in IEC 60282-1;2009 and IEC 60282-1:2009/AMD1:2(14,
Tahle 11.

6.103 Low over-current conditions (long fuse-pre-arcing time conditions)

Fuged circuit-switcher equipped with fuse“striker release shall be designed so that they |will
perform satisfactorily under any striker-operation occurrence.

Thig is achieved by compliance with the following conditions a) and b):

a) [Time coordination between-circuit-switcher and fuse is provided by 1), 2), or 3) below:

1) The fuse-initiated- opening time of the circuit-switcher shall be shorter than [the
maximum arcing\time that the fuse can withstand. This arcing time value is at lgast
0,1 s according to IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014.

NOTE Tests ‘are specified in 7.6.3 of IEC 60282-1:2009 in order to assess that the maximum aifcing
duratiop"withstand of the fuses is at least 100 ms.

2) Thel\fuses fitted in the fused circuit-switcher have been satisfactorily proven af all
values of breaking current, from their rated short-circuit current down to the value
equivalent to the minimum melting current of the fuse (i.e. full range fuses).

o) he nermal rpping or he Tuse SIrKers Mmakes e Circuit-switcner ciear tne cur ent
before arcing in the fuse can occur, for all currents below /3 (minimum breaking current

of the fuse in accordance with IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014).

b) Temperature rise under these conditions does not impair the performances of the fused
circuit-switcher as proven by the test described in 6.104 of IEC 62271-105:2012.

6.104 Rated continuous current values

The manufacturer shall provide in the instruction manual a list of the fuse-links to be used in
the fused circuit-switcher. This list shall include at least, for each fuse-link, information about
the manufacturer, the fuse-link designation, the fuse-link rated current, the associated rated
continuous current of the fused circuit-switcher and the dissipated power of the fuse-link
installed in the fused circuit-switcher under this value of current.
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7 Type tests

7.1 General

Subclause 7.1 of IEC 62271-1:2017 applies with the additions below.

Fuses used during type tests shall comply with IEC 60282-1:2009 and
IEC 60282-1:2009/AMD1:2014.

For fused circuit-switchers embedded within switchgear and controlgear assemblies, the
assembly standard applies.

7.2 Dielectric tests

Sufjclause 7.2 of IEC 62271-1:2017 applies with the addition below.

For| fused circuit-switchers embedded within switchgear and controlgear assemblies, |the
assembly standard applies for all phase-to-ground tests. Tests between open contacts shall
be performed in accordance with 7.2 of IEC 62271-1:2017.

If the instruction manual lists fuse-links of different dimensjons; the worst-case dimengion
shd|ll be used for the tests. In case of doubt, tests shall be/repeated for the smaller and|the
larder dimensions proposed.

NOTE Choice of the fuse-link is important, as the dimensions ef the fuse-link affect the dielectric properties.|See
also|7.103.2.

7.3| Radio interference voltage (RIV) test

This test does not apply. See 7.3 of IEC 62271-1:2017.

7.4 Resistance measurement

Sulhclause 7.4 of IEC 62271-1:2042 applies, with the clarification expressed below.

For| the application of 7.4.4" of IEC 62271-1:2017, where this subclause is cited in fhis
dodument, solid links of negligible resistance shall be used instead of fuses and [the
res|stance of the links.shall be recorded.

7.5 Continuous-current tests

Sufjclause 7=5.of IEC 62271-1:2017 applies with the following addition:

Thg testJshall be performed at the highest rated continuous current as stated in thellist
reqpiréd by 6.104.

The test shall be repeated with the fuse-links generating the highest power dissipation, if
these fuse-links are not the same as those providing the highest rated continuous current.

Reference of fuse-links used for the test, or tests, shall be recorded in the test report.

7.6  Short-time withstand current and peak withstand current tests

Subclause 7.6 of IEC 62271-1:2017 does not apply.

7.7 Verification of the protection

Subclause 7.7 of IEC 62271-1:2017 applies.
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7.8 Tightness tests
Subclause 7.8 of IEC 62271-1:2017 applies with the addition below.

Tightness of fuse-links, where applicable, is covered by IEC 60282-1:2009 and IEC 60282-
1:2009/AMD1:2014.

7.9 Electromagnetic compatibility tests (EMC)

Subclause 7.9 of IEC 62271-1:2017 applies.

7.10 Additional tests on auxiliary and control circuits

Sufjclause 7.10 of IEC 62271-1:2017 applies for the auxiliary and control circuitscinvolved in
theloperation of the circuit-switcher, as specified in this document.

7.11 X-radiation test for vacuum interrupters

Suljclause 7.11 of IEC 62271-1:2017 applies with the following addition:

As this test is independent of the switching device, but only appliedito the vacuum interrupters
alope as components, the test results can be valid for sevgral types of switching devices
proyided the type of vacuum interrupter is properly identified.and the tested open gap spaging
is elqual or lower than used in the fused circuit-switcher.

7.191 Making and breaking tests
7.191.1 General

Three type tests are defined: two independént test duties and a test sequence composed of
twol test duties:

— [TD,: making and breaking tests“at the highest rated continuous current (from [the
reference list);

— |TD)¢: making and breaking\tests at the rated short-circuit current;
— [Sequence of breaking tests at limited fault current:

e TD,,: breaking.test at the rated take-over current;

e TD; o breaking test at one third of the rated take-over current.

7.101.2 Conditions for performing the tests
7.191.2,1<-Condition of the fused circuit-switcher before tests

Thg fused circuit-switcher under test shall be mounted complete on its own support or ol an
equivalent support. Tts operaling device shall be operated in the manner specified and, in
particular, if it is electrically or pneumatically operated, it shall be operated at the minimum
supply voltage or gas pressure for operation respectively as specified in 6.4.1 and 6.6.2 of
IEC 62271-1:2017.

It shall be shown that the fused circuit-switcher will operate satisfactorily under the above
conditions on no-load.

Fused circuit-switchers with only manual operation may be operated by an arrangement
provided for the purposes of making remote control possible.

When the fused circuit-switcher is intended for power supply from either side and the physical
arrangement of one side of the break — or breaks — of the fused circuit-switcher differs from
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that of the other side, the supply side of the test circuit shall be connected to that side of the
fused circuit-switcher which gives the more unfavourable condition. In case of doubt, the test
duty shall be repeated with the supply connected to the other side of the fused circuit-
switcher, but for test duties comprising identical tests, one test shall be made with the supply
connected to one side and the following test(s) with the supply connected to the other side.

The ambient air temperature during tests shall be within the range of 10 °C to 40 °C.

7.101.2.2 Test frequency

F L HI I 4 I Py 4 L 4 | £ 4 bl L el TR \ th
orrmmtreaTratrtcurrenttests (CS1 STUUTTILVT CUTITPUSTU UT 1ITS1T UULITS II.IItO alrtu ILI”OW}, e

tes{ circuit frequency shall be in accordance with the requirements expressed| in
IEQ 62271-100:2008, IEC 62271-100:2008/AMD1:2012 and IEC 62271-100:2008/ANID2:2D17
for est duties T30 and T10.

NOTE 1 In the referenced edition of IEC 62271-100, the requirement is expressed as "Circuit-breakers shall be
tested at rated frequency with a tolerance of +8 %. However, for convenience of testing, some deviations fron] the
aboye tolerance are allowable; for example, when circuit-breakers rated at 50 Hz are jtested at 60 Hz and |vice
versp, care should be exercised in the interpretation of the results, taking into account all significant facts such as
the {ype of the circuit-breaker and the type of test performed.”

For|tests involving operation of the fuses alone (test duties TDg.)s the test circuit frequency

shegll be in accordance with the requirements expressed in IEC 60282-1:2009 pand
IEQ 60282-1:2009/AMD1:2014 for equivalent test duty.

NOTE 2 In the referenced edition of IEC 60282-1, the requirement™is expressed as "The test-circuit frequency
shall be between 48 Hz and 62 Hz."

For| load current tests (test duty TD), the tést® circuit frequency shall be according to
reqguirements expressed in the IEC 62271-103:2011 for the equivalent test duty.

NOTE 3 In the referenced edition of IEC 62271-103; the requirement is expressed as "Switches shall be testqd at
ratefl frequency, with a tolerance of + 8 %".

7.101.2.3 Power factor

For| test duty TD,,, the power factor of the load shall be 0,7 + 0,05 lagging and the pomwer
facfor of the source shall be fower than 0,2.

For|fault current test-duties, the power factor of the test circuit shall be between 0,07 and Q4,15
lagging.

Thg power faCter of the test circuit shall be determined by measurement and shall be taken as
thelaveragé of the power factors in each phase.

7.101:2.4 Arrangement of test circuits

For TD,,, reference is made to three-phase test duty "TD,,4 mainly active load current" of
IEC 62271-103:2011; then, the test circuit illustrated in Figure 2a shall be used.

For other test duties, the test circuit illustrated in Figure 2b shall be used.

For stand-alone fused circuit-switchers producing an emission of flame or metallic particles,
the tests shall be made with metallic screens placed in the vicinity of the live parts, and
separated from them by a clearance distance that the manufacturer shall specify in the
instruction manual.
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For stand-alone fused circuit-switchers, the screens, frame and other normally earthed parts
shall be insulated from earth but connected to earth through a copper wire of 0,1 mm
diameter and 50 mm in length. For fused circuit-switchers embedded within assemblies, this
requirement applies to the frame of the assembly. This copper wire may also be connected to
the secondary side of a 1:1 ratio current transformer. The terminal of the current transformer
should be protected by a spark-gap or surge arrester. No significant leakage is assumed to
have occurred if this wire is intact after the test.
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Figure 2a — Test circuit with load

Key

G Test power supply

E Frame or enclosure of the fused circuit-switcher
F Kuse to check the frame to earth leakage current
L load circuit

NOTE The load impedance neutral may be earthed as an alternate to the supply neutral

IEC
Figure 2b — Test circuit with short-circuit point
Key
Alternate earth point if supply is not earthed

Test power supply

Frame or enclosure of the fused circuit-switcher

mm @ >

Fuse to check the frame to earth leakage current

Figure 2 — Arrangement of test circuits for test duties TD,, TD\4., TDy;, and TD,,,
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7.101.2.5 Test voltage for breaking tests

The test voltage is the average of the phase-to-phase voltages measured at the fused
circuit-switcher location between 0,5 period and 1,5 period after the breaking operation.

The voltage shall be measured as close as practicable to the terminals of the fused
circuit-switcher, i.e. without appreciable impedance between the measuring point and the
terminals.

The test voltage shall be between 95 % and 105 % of the rated voltage of the fused circuit-

H o Tlo bl o boblo 1 H 00 0/
swifcrner—netoreranceon dallty pPiiadotT U 1T dvVTldytT vaiut 1o LU /0.

7.101.2.6 Power-frequency recovery voltage

Thg power-frequency recovery voltage shall be maintained for at least 0;3's after |arc
extinction.

7.101.2.7 Applied voltage before fault making tests

Thg applied voltage before the fault making tests of test duty TD,gy Is the RMS value ofthe
volfage at the pole terminals immediately before the test.

Thg average value of the applied voltages shall be not less\than the rated voltage of the fuped

cirquit-switcher divided by x/§ and shall not exceed this value by more than 10 % without|the
consent of the manufacturer.

Thg difference between the average value and.the applied voltages of each phase shall|not
exceed 5 % of the average value.

7.101.2.8 Breaking current

For| test duty TD,,, the test quantities‘refer to the "TD,,,4 mainly active load current" making
and breaking tests of IEC 622712403:2011.

For| test duties TDg., the(RMS value of the AC component of the prospective short-cirguit

brepking current shall he’'measured one half-cycle after the initiation of the short-circuit in|the
progpective current test.

For|test sequencée -Ccomposed of test duties TDy, and TD,,,, the breaking current shall be|the
RME value of.the AC component measured at the initiation of arcing.

For| test duties TD|g;, TDy;, and TDj,,, the RMS value of the AC component of the brea
curfent/in any pole shall not vary from the average by more than 10 % of the average.

ng

7.101.2.9 Transient recovery voltage (TRV)

For "mainly active load current”, conditions of IEC 62271-103:2011 apply. For high fault
levels, TRVs defined in IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014 apply. For
reduced fault levels, TRVs defined in relevant test duties of IEC 62271-100:2008,
IEC 62271-100:2008/AMD1:2012 and IEC 62271-100:2008/AMD2:2017 apply (see type tests
duties TD};, and TD,,,, of this document). The parameters used for specifying the TRVs are

illustrated in Figure 3.
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Figure 3 — Representation of a specified TRViby a
two-parameter reference line and a delay line

prospective TRV of a test circuit shall be determined by such a method as will produce

measure the TRV wave without significantly influencing it, and shall be measured at

hinals to which the device will be connected with<all necessary test-measuring deviq
h as voltage dividers, included. Suitable methods/are described in Annex E and Annsg
EC 62271-100:2008 and IEC 62271-100:2008/AMD2:2017.

transient recovery voltage refers to the fitst pole to clear, i.e. the voltage across one o

polé¢ with the other two poles closed, with“the appropriate test circuit arranged in accorda

with

Thd
enV

Ths
foll

a)

7.101.2.4.

prospective transient recovérny voltage curve of a test circuit is represented by| i

elope drawn as shown in Figure 4 and by its initial portion.

prospective transient“recovery voltage wave of the test circuit shall comply with
bwing requirements:

its envelope shall"at no time be below the specified reference line;

NOTE Therextent by which the envelope exceeds the specified reference line requires the consent of
manufacturer,

its initial portion shall not cross the delay line where such a one is specified.

the
es,
x F

pen
nce

the

the
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Figure 4 — Example of a two parameters envelope fora TRV

7.101.3 Test duty procedures

7.101.3.1 Test duty TD,, — Making and breaking tests atthe highest rated continuoug
current

Thq test is performed in accordance with the test duty»"TD,,,4 mainly active load current'

for

Claps E2 as specified in the IEC 62271-103:201 17 Fuses may be replaced by solid link$ of

nedligible impedance.

If the switching device used within theyfused circuit-switcher has already been tested
accprdance with IEC 62271-103:2011, Class E2 or E3, with a rated mainly active load cur

in
ent

higher than or equal to the highest rated continuous current of the fused circuit-switcher, then

the|test duty TD,, may be omitted.

7.191.3.2 Test duty TD;. =Making and breaking tests at the rated short-circuit currg

Thig test duty is performed to demonstrate that the fused circuit-switcher is capable of mal
and withstanding the-Cut-off current of the fuse without damage. The two tests shall be car
out|with fuses fitted in‘all three poles of the fused circuit-switcher.

If the circuit-switcher is fitted with a striker release, fuses shall be fitted with strikers and
tes{ shall demonstrate that the strikers open the fused circuit-switcher.

test.

The making instant on the voltage wave is not specified (i.e. random).

The test circuit shall be in accordance with 7.101.2.4 (Figure 2b applies).
The power factor of the test circuit shall be between 0,07 and 0,15 lagging.

The applied voltage shall be in accordance with 7.101.2.7.

nt
ing
ied

the

ing
uit-

switcher with a tolerance of *g %. All three fuse-links shall be replaced after the first break
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If striker tripping is demonstrated, the power frequency recovery voltage shall be determined
as follows:

— the power frequency recovery voltage shall comply with 7.101.2.5;
— the power frequency recovery voltage shall be checked in accordance with Figure 5.

If no striker release is fitted, it is expected that only two fuses are going to operate and no
acceptance criterion is provided for the power frequency recovery voltage.

The prospective transient recovery voltage shall be in accordance with 7.101.2.9, meaning
withreferencetovaturesprovidedmtEC66282-1+2669=andEC-66282=-+2009AMB+ 2644

Thq first operation of the test duty shall be made with the initiation of arcing in the fuse'in pne
of the outer poles in accordance with the provisions of test duty 1 of IEC 602824152009 and
IEQ 60282-1:2009/AMD1:2014, i.e. within the range 65 electrical degrees to\ 90 electrical
dedrees after voltage zero in that pole.
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Figure 5 — Measurement of the power frequency recovery voltage with striker operation
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7.101.3.3 Breaking tests at limited fault currents

7.101.3.3.1 Test duty TD,;, — Breaking tests at the rated take-over current

This test duty is performed to prove the correct co-ordination between the release-operated
circuit-switcher and fuses in the current region where the breaking duty is taken over from the
fuses by the release-operated circuit-switcher.

Three break tests shall be made in a three-phase circuit, with the fuses in all three poles
replaced by solid links of negligible impedance.

Thg opening instant of the poles on the current wave is not specified (i.e. random).
Thg test circuit shall be in accordance with 7.101.2.4 (Figure 2b applies).

Thg test current value is corresponding to the rated take-over current ofithe” fused cirquit-
swifcher, with a tolerance of +g %.

Thg prospective TRV shall be in accordance with 7.101.2.9, with reference to the most seyere
vallles (highest peak value and shortest rise time) specified for test duty T30| of
IEQ 62271-100:2008, IEC 62271-100:2008/AMD1:2012 and |IEC)62271-100:2008/AMD2:20[17.

NOTE 1 In the referenced edition of the IEC 62271-100, this requirement refers to Table 25 specifying TRV§ for
Clags S2 circuit-breakers, for kpp =1,5.

NOTE 2 This test does not necessarily considers transformer limited faults with low capacitance connectiong as
desgribed in Annex M of IEC 62271-100:2008.

If qurrent chopping happens and could influence the test results, the test duty shall| be
repeated with the fused circuit-switcher operated at a supply voltage or gas pressure within
the|tolerances specified, chosen to obtain the highest contact speed at contact separation pnd
maximum arc extinguishing properties.

7.101.3.3.2 Test Duty TD,,,,.~ Test at one third of the rated take-over current

Thig test duty is performed_to prove the correct operation of the circuit-switcher when tripped
under fault conditions, in the current region below the melting curve of the fuses.

Thig test duty shall be performed on the fused circuit-switcher previously subjected to the fest
duty TDyy0-

Three breaking tests shall be made in a three-phase circuit, with the fuses in all three pgles
replaced by solid links of negligible impedance.

The opening instant of the poles on the current wave is not specified (i.e. random).
The test circuit shall be in accordance with 7.101.2.4 (Figure 2b applies).

The test current shall be one third of the rated take-over current of the fused circuit-switcher
with a tolerance of + 10 %.

The prospective TRV shall be in accordance with 7.101.2.9, with reference to the most severe
values specified for test duty T10 of IEC 62271-100:2008, IEC 62271-100:2008/AMD1:2012,
and IEC 62271-100:2008/AMD2:2017.

NOTE In the referenced edition of the IEC 62271-100, this requirement refers to Table 25 specifying TRVs for
Class S2 circuit-breakers, for kpp =1,5.
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If current chopping happens and could influence the test results, the test duty shall be
repeated with the fused circuit-switcher operated at a supply voltage or gas pressure within
the tolerances specified, chosen to obtain the highest contact speed at contact separation and
maximum arc extinguishing properties.
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7.101.4 Behaviour of the fused circuit-switcher during tests

During operation, the fused circuit-switcher shall show neither signs of excessive distress nor
phenomena that might endanger an operator. These requirements are verified as follows.

From liquid-filled fused circuit-switchers there shall be no outward emission of flame, and the
gases produced together with the liquid carried with the gases shall not be allowed to escape
in such a way as to cause electrical breakdown. This later requirement is considered to be
fulfiled if there is no significant leakage current.

Forjlother types of fused circuit-switchers, flame or metallic particles such as might impair|the
insyilation level of the fused circuit-switcher shall not be projected beyond the boundaries
specified by the manufacturer.

No [significant leakage current is assumed to have flowed if the fuse wire defined in 7.101]2.4
is iptact after the test.

Durling test duty TD|¢., a fused circuit-switcher fitted with strikers shall open following |the
action of the fuse strikers.

Non-sustained disruptive discharges (NSDD) can occur during the recovery voltage pefiod
follpwing a breaking operation. However, their occurrence/is not a sign of distress of |the
swifching device under test and they do not pose any risk to a system in service. Therefpre,
their number is of no significance to interpreting the performance of the device under tpst.
Where NSDDs are seen during normal testing, they“shall be reported in order to explain|the
irregularities in the recovery voltage.

In fhree-phase operations, one fuse and/or_its striker may not have operated during tepts.
Thig is a normal and not unusual condition; that will not invalidate acceptance of the fest
proyided that the fuse did not suffer external damage in any way.

7.101.5 Condition of the apparatus'after tests
Aftgr tests, fuses shall comply with the requirements of 5.1.3 of IEC 60282-1:2009.

After performing any test-duty:

a) [the mechanical function and the insulators of the fused circuit-switcher shall be practidally
in the same condition as before the tests. There may be deposits on the insulators cauged
by the decamposition of the arc-extinguishing medium;

b) [the fused‘circuit-switcher shall, without reconditioning, be capable of maintaining| its
insulating properties;

c) [for those fused circuit-switchers which incorporate a disconnecting function, the isolafing
properties of the function in the open position shall not be reduced below those specified
by deterioration of insulating parts in the vicinity of, or parallel to, the isolating distance.
The requirements for isolating distance in 7.2.12 of IEC 62271-1:2017 shall be fulfilled;

d) the fused circuit-switcher shall be capable of carrying its highest rated continuous current
continuously, from the reference list, after renewal of fuses.

If one test object is used to perform several test duties, the condition after tests may be
checked only after the last test duty performed, provided no maintenance is done on the test
object between the test duties.

Visual inspection and no-load operation of the fused circuit-switcher after tests are usually
sufficient for checking the above requirements.
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In case of doubt on the ability of the fused circuit-switcher to meet the conditions of
7.101.5 b), it shall be subjected to the relevant power-frequency voltage withstand tests in
accordance with 7.2.12 of IEC 62271-1:2017. For fused circuit-switchers with sealed-for-life
interrupters, the condition checking test is mandatory unless the sealed interrupter may be
disassembled or opened for inspection.

In case of doubt about the capability of the fused circuit-switcher, where applicable, to meet
the conditions of 7.101.5 c), it shall be subjected to the relevant power-frequency voltage
withstand tests in accordance with 7.2.12 of IEC 62271-1:2017. For fused circuit-switchers
with sealed-for-life interrupters, the condition checking test is mandatory unless the sealed

i rrunter mav ha disassembled or onened for insnection
I 14 Y 1 1 T

In qase of doubt on the capability of the fused circuit-switcher, where applicable, to/meet|the
conditions of 7.101.5 d), the requirement is considered to be met if one of the following
criteria is satisfied:

a) |visual inspection of the main contacts shows evidence of their acceptable-condition; o, if
impracticable or unsatisfying,

b) fthe resistance measurement, in accordance with the procedure and the releyant
acceptance criteria of 7.4.4. of IEC 62271-1:2017, is satisfying) Before measurement of
contact resistance, up to 10 no-load operations may be dong, ler, if the condition of ) is
not satisfied:

c) |a test under the highest rated continuous current demaonstrates that no thermal runayway
occurs. The temperature at the positions where the resistance measurements were mpde
is monitored until stable temperatures are achievedi.e. a variation of less than 1K |per
hour. During this test, no other temperature{measurements are required inside |the
switching device. If stabilization cannot be achieved, then the condition check has fajled
and the fused circuit-switcher is considered to'have failed the test duty as well.

7.102 Mechanical operation tests
7.102.1 General

Thq fused circuit-switcher should be mounted on its own support and its operating mechanfism
shall be operated in the specified manner.

Durling the test, three fuses_of the minimum rating proposed in the instruction manual shal| be
fittgd in the poles of the fused circuit-switcher. Cold resistance shall be measured before pnd
aftgr the tests.

Thg supply voltage of the operating device shall be measured at the terminals dufing
opgration of ¢he switch. Auxiliary equipment forming part of the operating device shallf be
included. Impedance shall not be added between the supply and the terminals of the deyice
for fegulation of the applied voltage.

For rmannuallyy anaratad fiicond o~lraiit ovitobhare thao handla mav, foar nonvanianen oAf tactina be
ooy - O p ot T oo C oo ourt—ow it oot e arare—ray;, T SOy Crre e C— ooty

replaced by an external power device where the operating force is equivalent to that for
operation with a manual handle.

The determined minimum value of the opening time shall be stated in the test report.

7.102.2 Test procedure

The mechanical operation tests shall consist of 1 000 operating cycles without current or
voltage applied to the main circuit. At least 50 opening operations shall be performed using
the opening release supplied at its maximum supply voltage. During these operations, the
opening time (see 3.7.115) shall be measured and its minimum value determined.
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For a fused circuit-switcher having a power-operating device, the tests shall be organised as
follows:

— 900 operating cycles with rated supply voltage and/or rated pressure of compressed gas
supply for the power-operating device;

— 50 operating cycles with the specified minimum supply voltage and/or minimum pressure
of compressed gas supply for the power-operating device;

— 50 operating cycles, using the opening release for opening operations, with the specified
maximum supply voltage and/or maximum pressure of compressed gas supply for the
power-operating device and the maximum supply voltage of the opening release.

For| a fused circuit-switcher fitted with striker tripping linkages, additional tests of the |trip
linkpges shall be performed as follows:

1) |To test the mechanical reliability of the linkages between the fuse striker(s) and |the
switchgear release, a total of 100 opening operations shall be made, of whieh 90 shal| be
made (30 in each pole) with one striker of minimum energy and 10 with three striker$ of
maximum energy operating simultaneously. During the tests, measurement of the opening
time of the fused circuit-switcher is performed to check the requirement of 6.102 a) 1).
After performing this test duty, the mechanical functioning of the trip linkages shall be
practically the same as before the tests.

2) |Using a dummy fuse-link with extended striker, set to the minimum actual travel within|the
tolerance specified in IEC 60282-1:2009 and IEC 60282<1:2009/AMD1:2014, for each pole
in turn it shall be shown that the fused circuit-switcher either cannot be closed or carnnot
remain closed, according to its design.

For|the purpose of these tests, a device simulating-fuse striker operation may be used.

7.102.3 Condition of fused circuit-switcher‘during and after mechanical operation tests

Thq fully closed and fully opened positions shall be attained during each operating cygle.
Sat|sfactory operation of operating deviges, of control and auxiliary contacts, and of positfon-
indicating devices (if any), shall be verified during the test.

A tightness test shall be performed, where applicable, before and after the mechanjcal
opgration test in accordance with 7.8 of IEC 62271-1:2017. Lubrication in accordance with|the
manufacturer's instructions.i$ permissible during the test, but mechanical adjustments are|not
permitted.

After the tests, the jfused circuit-switcher shall be in such a condition that it is capablg of
making, carryingvand breaking its highest rated continuous current. This is considered tg be
satisfied if the- resistance measurement, according to the procedure and the relevyant
acceptance. criteria of 7.4.4. of IEC 62271-1:2017, is satisfying.

7.102:4, Condition of the fuses during and after mechanical operation tests

After performing this (these) test duty (duties), the fuses shall show neither signs of
mechanical damage nor change in resistance larger than the accuracy of the measuring
procedure. They shall not have become displaced in their contacts.

7.103 Extension of validity of type tests
7.103.1 General

Annex J of the IEC 62271-1:2017 describes general information about extension of validity of
type tests and should be read in conjunction with 7.103.2, 7.103.3 and 7.103.4.
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7.103.2 Dielectric properties

The dielectric properties may be affected when using fuses of diameters other than that of the
tested fuse. Extension of validity is restricted to fuses with same overall dimensions.

7.103.3 Continuous current tests

The compliance with continuous current tests of the fused circuit-switcher made of the fused
circuit-switcher base and the proposed fuse type (referred to as X) demonstrates the
compliance of any fused circuit-switcher made of the same fused circuit-switcher base fitted
with_other fuse type, at the associated rated continuous current of this new fused circuit-

SWi

— [the fuses have a value of the dissipated power (in accordance with IEC 60282-1:2009
IEC 60282-1:2009/AMD1:2014) lower than, or equal to those of the fuses'X;

— [the derating of the fuses within the fused circuit-switcher (/| f,sed bircuit-switcher ! Ir fuse
lower than, or equal to those of the fuses X.

As |[compliance with the above criteria already includes safety margins, the diameter of

fus¢s need not be considered.

On|request of the manufacturer, other continuous cufrent tests may be performed,

diff
ong

7.1
Cor

tesfed fused circuit-switchers made of the fused circuit-switcher base and fuses, provided

the

a)
b)

c)

8

cher (I, fysed circuit-switcher): Provided that the four criteria below are fulfilled:

the fuses have the same length as the fuse X;
the fuses have rated current lower than, or equal to, those of the fuses X;

brent fuse types providing other rated continuous<current values lower than the high
in order to provide further possibilities in the fusésselection criteria.

D3.4 Making and breaking
hpliance with this document can also-be achieved by alternative untested or parti
following conditions are met:

any fuse considered shall™ comply with its standard (IEC 60282-1:2009
IEC 60282-1:2009/AMD1:2014);

the same type of striker)(if used) shall be fitted i.e. medium or heavy in accordance
IEC 60282-1:2009 and-IEC 60282-1:2009/AMD1:2014;

the alternative_fype of fuse is such that the cut-off current and operating 72 of
alternative _type, as established by test duty1 of |EC 60282-1:2009
IEC 60282+4:2009/AMD1:2014, are not greater than those of the tested type simil
established:

Routine tests
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8.1

General

Subclause 8.1 of IEC 62271-1:2017 applies.

8.2

Dielectric test on the main circuit

Subclause 8.2 of IEC 62271-1:2017 applies for stand-alone devices.

For fused circuit-switchers embedded within switchgear assemblies, the assembly standard
applies.

8.3

Tests on auxiliary and control circuits

Subclause 8.3 of IEC 62271-1:2017 applies for stand-alone devices.
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For

8.4

fused circuit-switchers embedded within switchgear assemblies, the assembly standard
applies.

Measurement of the resistance of the main circuit

Subclause 8.4 of IEC 62271-1:2017 applies for stand-alone devices.

ard

For fused circuit-switchers embedded within switchgear assemblies, the assembly standard
applies.

8.5 Tightness test

Sufjclause 8.5 of IEC 62271-1:2017 applies for stand-alone devices.

For| fused circuit-switchers embedded within switchgear assemblies, the asseémbly stand
applies.

8.6 Design and visual checks

Sufjclause 8.6 of IEC 62271-1:2017 applies for stand-alone devices.

For
app

8.1

Opegrating tests shall be carried out to ensurethat fused circuit-switchers comply with

pre
ope§

Dun
clog

verffied that operation will not cause any damage to the fused circuit-switchers. Tests may

ma

For

fused circuit-switchers embedded within switchgear assemblies, the assembly stand
lies.

D1 Mechanical operating tests

scribed operating conditions within the specified voltage and supply pressure limits of t
rating devices.

ing these tests, it shall be verified, {in* particular, that the fused circuit-switchers open
e correctly when their operating devices are energized or under pressure. It shall alsd

le without fuses.

all fused circuit-switchers the following test shall be carried out, where applicable:
under the conditions of 7.102 with the action of one fuse striker of minimum eng
simulated: one-opening operation on each phase;

at the specified maximum supply voltage and/or the maximum pressure of the compres
gas supplyi-five closing and opening operations;

at the_specified minimum supply voltage and/or the minimum pressure of the compres
gas(supply: five closing and opening operations;

ard

the
heir

And
be
be

rgy

5ed

or

d)

if\a“fused circuit-switcher can be operated by hand as well as by its normal electrig

e)
f)

pneumatic operating device: five manual closing and opening operations;
for manually operated fused circuit-switchers only: ten closing and opening operations;

at rated supply voltage and/or rated pressure of the compressed gas supply: five closing
and opening operations with a tripping circuit energized by the closing of the main

contacts.

The tests a), b), c¢), d), e) and f) shall be made without current passing through the main

circ

uit.

NOTE During test according to f), the current of the tripping circuit, flowing through the main contacts, is
considered to be negligible.
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During all the foregoing routine tests, no adjustments shall be made and the operations shall
be faultless. The closed and open positions shall be attained during each operation on
tests a), b), ¢), d) and e). The open position shall be attained during each operation on test f).

After the tests, the fused circuit-switcher shall be examined to determine that no parts have
suffered damage.

9 Guide to the selection of fused circuit-switchers (informative)

9-1 GGIIGIG:

Sufjclause 9.1 of IEC 62271-1:2017 applies

9.2 Selection of rated values

Sufjclause 9.2 of IEC 62271-1:2017 applies

9.3 Cable-interface consideration

Sufjclause 9.3 of IEC 62271-1:2017 applies.

9.4] Continuous or temporary overload due to changed service conditions

Sufjclause 9.4 of IEC 62271-1:2017 does not apply.

9.5 Environmental aspects

Sufclause 9.5 of IEC 62271-1:2017 applies.

9.191 Additional criteria

Thg objective of this subclause and\Subclauses 9.102 to 9.106 is to specify criteria for |the
seIIction of a fused circuit-switchen that will ensure correct performance, using the parameter
valdies validated by tests in accordance with IEC 60282-1:2009 And
IEQ 60282-1:2009/AMD1:2044-and this document.

All applications of fused-circuit-switchers may be covered using the highest fuse current rafing
proposed, with or (without strikers, and an appropriate means of over-current tripp|ng.
However, the usef miay decide to use fuses with lower ratings, for example to benefit ffom
curfent limitationton lower fault current values. Subclauses 9.102 to 9.106 provide information
thal may be used to make the proper choice.

Additionals information for the co-ordination of high-voltage fuses with other cirguit
components in transformer applications, and guidance for the selection of such fuses yith
parkiculs fore N L Y . . in
IEC TR 62655 [6].

Usage similar to that of switch-fuse combinations can be achieved by employing fused circuit-
switchers fitted with a striker release and without any other tripping device. Fused circuit-
switchers generally provide a higher rated take-over current than those of a switch-fuse
combination, and their application is not limited by the transfer current, as explained in
Annex A. However, the user should be aware of the possibility of overheating and
unpredictable behaviour if sustained conditions occur with current above the rated continuous
current and below the minimum breaking current of the installed fuses. In such applications, it
is preferable to use a fuse with means of thermal limitation or an over-current protection relay.

It is anticipated the manufacturer will perform the type tests with back-up fuses. In the case
where the type tests have been carried out on the circuit-switcher using full range fuses, any
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use of back-up fuses may require additional verification. Such verification should be subject to
agreement between the manufacturer and the user.

9.102 Rated short-circuit breaking current

The rated short-circuit breaking current of a fused circuit-switcher should not be less than the
maximum expected RMS symmetrical fault current level of the point in the distribution system
at which the fused circuit-switcher is to be located.

9.103 Rated continuous current

Thqg rated continuous current of a fused circuit-switcher is assigned by the manufacturer pnd
verified by the continuous current test. The rated continuous current depends on thefuses
insfalled and is listed in the instruction manual. It may have to be reduced where therambjent
temperature in service exceeds that specified under normal conditions in Clause_4.

NOT|[E Reference is made to IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014 where_a\comment is made on
the rated current of fuses and its selection, and on how it may be affected by the mounting of the fuses ip an
enclpsure.

9.194 Currents between rated continuous current and I; of the fuses

Thq current I is defined for fuses in IEC 60282-1:2009 and IEC,60282-1:2009/AMD1:2014 as
the[minimum breaking current.

For| any current between rated continuous current_and I; of the fuses, protection can| be

proyided by external tripping means, such as ansover-current relay or an over-temperafure
reldy. However, striker action, either actuated by.over-current conditions or over-temperajure
conlditions, may provide a tripping order. If so,)the circuit-switcher will be able to clear |the
curfent.

9.195 Transfer current

Thqg transfer current, defined whep,the tripping action is provided by means of strikers, dpes
not| provide any additional requirement for a fused circuit-switcher above those alrepdy
covered by this document. A-.complete explanation is provided in Annex A.

9.106 Take-over current

Thg value of the take-over current of a fused circuit-switcher is dependent upon both [the
minimum opening time of the circuit-switcher and the time-current characteristic of the fyse.
As |its name implies, it is the value of over-current above which the fuses take over |the
fungtion of gufrent interruption from the tripping device and circuit-switcher.

Proper, fuse selection ensures that the take-over current is smaller than the rated take-qver
curfent”of the fused circuit-switcher (see 3.7.108, 5.103 and the test conditions given in
7.101.3.3.1). From a practical point of view, it has to be checked that the maximum melting
curve of the selected fuses is placed on the left-hand side of the point defined by the rated
take-over current and the minimum opening time of the circuit-switcher (see Figure 1). This
condition ensures that, in case of external relaying, faults currents higher than the rated take-
over current will be cleared by the fuses alone. As the values of fault currents lower than the
rated take-over current can be cleared by the circuit-switcher, the full range of fault current
values is therefore covered. Detailed analysis is provided in Annex A.

It could occur that the TRV specified for the take-over current type test does not cover the
situation of a bolted short-circuit on the secondary side of a MV-LV transformer, if the type of
transformer and the MV connections provide a very low capacitance. In such a situation with
low capacitance, the performance should be specified according to the special test duty T30
documented in Annex M of IEC 62271-100:2008, IEC 62271-100:2008/AMD1:2012 and
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IEC 62271-100:2008/AMD2:2017, and relevant TRVs as listed in Table M.1 or Table M.3 of
the same standard.

9.107 Extension of the validity of type tests
It is impractical to test a fused circuit-switcher with fuses of various current ratings and/or

manufacturers. However, the principles on which the validity of the making, breaking and
continuous current tests can be extended are expressed in this document.

Rules for extension are provided in 7.103 for the relevant type tests.

Thqg satisfactory performance of the mechanical tests, including a high number of operatipns
with the same fuse-links installed, provides sufficient evidence for justifying the usé/of fuses
other than those tested without further mechanical testing.

9.108 Operation

Thqg three fuses fitted in a given fused circuit-switcher should be of the same type and curfent
ratihg, otherwise the breaking performance of the fused circuit-switcher could be advergely
affgcted. The instruction manual provides the list of fuses, or fuseé-links, acceptable in|the
fusgd circuit-switcher.

It ig vital, for the correct operation of the fused circuit-switCher, that the fuses are insefted
with the strikers, if any, in the correct orientation.

When a fused circuit-switcher has operated as a result of a three-phase fault, it is possjble
for:

a) |only two out of the three fuses to have operated;

b) |all three fuses to have operated but forenly two out of the three strikers to have ejected.

Sugh partial operation of one fuse catZoccur under three-phase service conditions and is|not
to Qe considered abnormal.

All three fuses should be discarded and replaced if the fuse(s) in one or two poles of a fused
cirduit-switcher has have (operated, unless it is definitely known that no over-current has
pasised through the un-melted fuse(s).

Befpre removing aof replacing fuses, the operator should satisfy himself that the fuse-mount is
elegtrically disconnected from all parts of the fused circuit-switcher that could still| be
elegtrically energized. This is especially important when the fuse-mount is not visibly isolatged.

Where a fused circuit-switcher has operated without any obvious signs of a fault on |the
system, ‘€xamination of the operated fuse or fuses, if any, as well as indications which cquld
be pravided by tripping devices, may give an indication on the type of fault current and its
approximate value.

In the case of a tripping operation initiated apparently without melting any fuse, a proper cold
resistance measurement of the fuses is the minimal precaution before putting them back in
service. If a relay is able to provide information on the fault level and the fault duration, the
resulting point should be at least 20 % below the minimum melting curve of the fuses to
consider that they can still be maintained in service.
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9.109 Comparison of performances of fused circuit-switchers with performances of

Fus

switch-fuse combinations and circuit-breakers

ed circuit-switchers provide intermediate performances between switch-fuse combinations

(according to the relevant IEC standard) and circuit-breakers (according to the relevant IEC
standard). Tables 3 and 4 give comparisons of the main features.

Table 3 — Comparison between switch-fuse combination and fused circuit-switcher

Switch-fuse combination Fused circuit-switcher
Prorection settngs Cholce of Tuse and optionar externat device Cholfte of TUSe and externar devite
Strikers Basic Optional
Trapsfer current Relevant, and limiting applications Not relevant
TaKe-over current Relevant, if tripping unit Basic
NO[FE On transformer protection applications, the expected TRVs below 7, ... . are usdally’ compatible ith
swifch specifications.
Table 4 — Comparison between fused circuit-switcher-and circuit breaker
Fused circuit-switcher Circuit-breaker
Protection settings Choice of fuse and external device External device
Strikers Optional Not relevant
TaKe-over current Basic Not relevant
Fadlt current limitation YES NO
Reglosing capability NO, if fuse operates YES, at any current
10 [Information to be given withienquiries, tenders and orders (informative)
10.1 General
Sufjclause 10.1 of IEC 62271-1:2017 applies.
10.2 Information-with enquiries and orders
Sufjclause 10.2:.0F IEC 62271-1:2017 applies with the following additions.
Thg enquirer should determine, for example, if the fused circuit-switcher described ig to
include(the fuse-links.

10.3 Information with tenders

Subclause 10.3 of IEC 62271-1:2017 applies with the following additions.

The manufacturer's instruction manual should at least provide the rated values and the
following information:

a)

b)
c)

the list of the fuse-links to be used in the fused circuit-switcher (required in 6.104), from
which the type of fuses used in the device when tested is selected;

filling fluid (type and amount), where applicable;

the relevant information, concerning the fuses mentioned above, for the extension of the
type test validity, i.e.:

— length and diameter;
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— rated current (4.6 of IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014);

— power dissipation (6.5.3 of IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014);
— derating (6.5.3 of IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2014);

— operating Joule integral (4.13 of IEC 60282-1:2009);

— cut-off current (4.12 of IEC 60282-1:2009).

11 Transport, storage, installation, operating instructions and maintenance
Clapse—t+t+oHHEC622+1+204Fapphes—with-the-foltowingaddition-

High-voltage fuses, although robust in external appearance, may have fuse-eleéments

reld
unt
mef
sho

12

tively fragile construction. Fuses should, therefore, be kept in their protectivérpackag
| ready for installation and should be handled with the same degree of care*as a re
er or other similar item. Where fuses are already fitted in a fused circuit-switcher, {
uld be temporarily removed while the unit is installed.

Safety

Clapse 12 of IEC 62271-1:2017 applies.

13

Influence of the product on the environment

Clapse 13 of IEC 62271-1:2017 applies with the following addition.

Any
circ

known chemical and environmental impact hazards should be identified in the fu
uit-switcher instruction manual.

of
ing
ay,
hey

5ed
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Annex A
(informative)

Applicability of the rated take-over current test duty

A.1  Problem formulation

This document for fused circuit-switchers does not consider a type test to verify the "transfer
current breaking capacity", as in the fuse-switch combination standard.

Thqg fault breaking capacity of the circuit-switcher alone is demonstrated as a take-qver
curfent by a three-phase test at rated voltage in the test conditions <of [30
(IEC 62271-100:2008, IEC 62271-100:2008/AMD1:2012 and
IEG 62271-100:2008/AMD2:2017). The test current is the rated take-over current /... It is

reqpired in 5.103 that the rated take-over current ensures the proper breakKing capability yith
any| fuse providing melting characteristics lower than those of the fuses used to demonstfate
thelhighest rated continuous current.

Calfulations proposed in this annex use the assumption of a nenteffectively earthed neltral
sysfem. Such an assumption leads to consider that the current-in~the two remaining phasefs is
reduced after a first fuse cleared, possibly extending the melting duration of the remaining
fusIs. Under such an assumption, it could be feared that the*two remaining phases should be
cleared by the circuit-switcher with conditions not clearly@ddressed by this document.

Thg purpose of this annex is to review the extent/of applications that this take-over curfent
tes{ covers, considering the characteristics of .the fuses and protection relays used in [the
fus¢d circuit-switcher.

When an effectively earthed neutral system is used, then, after a first fuse cleared the f3ult,
the|current in the two remaining phases“could keep the value of the three-phase fault. Urlder
such a condition, the requirement expressed in 5.103 ensures that the fuses will melt before
the|circuit-switcher can be opened.by any tripping device. There is no reason for concern.

A.4 Background

In this document, the\take-over current performance is demonstrated on a three-phase fault
curfent, with a three-phase breaking capacity test. It is required that the maximum fuse
melting time-current characteristic is kept below the point (rated take-over current /4, /

minimum opening time T,,).

TaKe-over current is defined by the IEC 60282-1:2009 and IEC 60282-1:2009/AMD1:2D14
without” considering differences between melting characteristics of the three fuses. JThe
demonstrated rated value [;, is based on the slowest acceptable fuse characteristic. The

second phases clear 0,866 x /.

In IEC 62271-105:2012, the transfer current I, s iS defined as the current at which, under

striker operation, the breaking duty is transferred from the fuses to the switch. This occurs
when, after the melting of a first fuse, the switch opens under striker operation before, or at
the same time as, the melting of the second fuse, there being an inevitable difference
between the melting times of fuses. A knowledge of this difference, AT, between the melting
times of fuses permits comparison between it and the striker-initiated opening time of the
switch.

If introducing the possibility of fuses with different characteristics, then one can consider a
fault current, higher than the rated take-over current, which would lead to a first fuse to melt


https://iecnorm.com/api/?name=9ac43fbe61cddad11b63386ad3d5d78f

— 46 - IEC 62271-107:2019 © IEC 2019

(on a fast curve) and then second fuses melting with an additional delay such that a relay
could have tripped the circuit-switcher before. This situation is not covered by the type test.
Second phases could be cleared by the circuit-switcher with a current higher than 0,866 x 1.

Technical developments in this annex investigate the limits of such situation.

A3

Terms, definitions and symbols

For the purposes of this annex, the following terms, definitions and symbols apply.

NOT

E

E

rated three-phase take-over current; it is also the fault-breaking capacity of the cirg
switcher as demonstrated by the type test

prospective three-phase short-circuit current corresponding to a particular applicatior]
short-circuit current in the three phases, before interruption in the first pole
short-circuit current in the second and third pole after interruption in thee first pole
Iy=1,and I, = I, x \3/2.

the current above which there is no required delay time for(the protection relays

application margin factor: ratio between the rated three phase take-over current of

uit-

the

circuit-switcher and the maximum fuse melting current”of the fuses for a time equql to

the minimum opening time of the circuit-switcher (see Figure A.1)
minimum opening time of the circuit-switcher

minimum protection operating time — it may depend on the value of the prospec

tive

current (protection curve) — if several protections are installed (maximum current rejay,

differential relay, Buchholz relay, arc déetection device), the operating time of the fas
protection is considered

pre-arcing time of the first fuse .t@ melt (first pole) when the current is not interrupted
the circuit-switcher

pre-arcing time of the sgecond fuse to melt (second pole) when the current is
interrupted by the circuit=switcher

slope coefficient of the pre-arcing time/current characteristic of the fuses
parameter of the'pre-arcing time/current characteristic of the fuses
current margin’ between the slowest and fastest fuse characteristics

Parameters-'«, C and x are those used in IEC 62271-105.

est

by

not
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A4

A.4

Asgumptions are the same as'those used in IEC 62271-105:2012.

A.4

In

timé/current chatracteristic of the fuse, then for the fast fuse:

Key

W slow melting time-current characteristic of the fuse

mn fast melting time-current characteristic of the fuse

A \

\
\

\/m
\\ .
v
\\

T \\\ \
i N\
NN

Am
|«

Figure A.1 — Visualization of the application margin for a given fuse

Assumptions about the fuse'melting process

1 General

2 First phase

he zone of interest, a straight line in a log-log diagram approximates the pre-arc

],IaXl»] =C

ng

where

I

1

is the RMS value of the prospective current;

is the pre-arcing time on the "fast" fuse characteristic.

A.4.3 Second phase

The two other fuses have a slower characteristic; the melting current is augmented by a factor
(1 + x); so the pre-arcing characteristic is

[1/(1+x)]* xt=C
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but the current is equal to /4 in the period [0, #4] and to /5 in the period [¢4, t5]; ¢, being the
final melting time of the fuse 2.

NOTE This is conservative since the fact the current does not fall immediately from 7, to I, when arcing initiated
in the first fuse is disregarded; this leads to an over-estimation of #,.

It is assumed that the melting process of the second fuse is governed by the equation:

[[1/(1+.X)]a><l1+[12 /(‘|+x)]ax(t2—t1)=C (A2)

A.4{4 Modelling of the "application margin”
By flefinition, [(Io / Am)I(1+ x)]* x Ty, = C (A.3)

Thi$ makes a link between the rated take-over current of the circuit-switcher (I,;,) and |the
fus¢ characteristics.

A.§ Mathematical expression of the application requirements

A.51 General

Given a particular prospective current, here it is determined in which conditions the duties of
thelfirst and second poles to clear are covered by¢the type test. The practical analysis pnd
synthesis of these mathematical conditions is made’/in Clause A.6.

A.5[2 First pole-to-clear

Any current larger than [, shall be interrupted by the fuse and not by the circuit-switcher:|the

sunp of minimum opening time and thetminimum protection operating time shall be higher than
the|pre-arcing time of a slow fuse (maximum pre-arcing time characteristic of the fuses).

T+ 1:(I) = Cx [Ip [+ ) for Iy > I (A.4)

Singe tr(lp) is necessarily > 0, a sufficient condition is that the relation is already satisfied yith
t. 9 0. Then, using)Formula (A.3) to make the link with the "application margin" (4m), |the
conldition becomes:

Ty 2 Ty | Am®

that is true for 4m > 1 (which is mandatory).

A.5.3 Second pole-to-clear
A.5.3.1 General

The current cleared by the second pole should not be larger than I,,, x V3/2 since this is the

current cleared in the second pole-to-clear during the type test. The limiting case is when the
prospective current is such that arcing in the second fuse begins at the moment of contact
separation in the circuit-switcher.

Two cases are to be considered.
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A.5.3.2 Opening of the circuit-switcher triggered by the fuse striker

The limiting case corresponds to:

This is when the maximum extra time needed by the second fuse for melting is equal to the
opening time of the circuit-switcher: arcing begins simultaneously in the second fuse and in
the circuit-switcher. If the prospective current is smaller than the one corresponding to this
situation, the circuit-switcher might have to interrupt the current on the second pole. This is no
proplem if this situation is covered by the type test, that is, if the prospective curfent
corfesponding to the limiting case is smaller than the demonstrated interrupting capability of
the(circuit-switcher (Z;45).

Usipg and combining Formulas (A.1), (A.2), (A.3), (A.5) and (A.6), one obtains in the limi
cask,

ng

la
L1 Jtexe -
P
- hould be < A7
e Am  0,866x(1+x) —oWePe @47

NOTE 0,866 = V3/2.
A.5(3.3 Opening of the circuit-switcher triggered by a protection relay

Thg limiting case is when:

TenF 1, =ty (n.8)

Thig is when the maximum total timeheeded by the second fuse for melting is equal to|the
opgning time of the circuit-switcher,;” augmented by the protection operating time since |the
opgning is triggered by the protection; then, arcing begins simultaneously in the second fuse
and in the circuit-switcher.

If the relay has a time ‘dependent curve, both members of Formula (A.8) depend on [the
progpective current L5 Therefore, one has to verify that it is on the safe side for gny

prospective current of’concern.

Ton + t(Ip) 2 (1) (A.9)

Thg condition (A.9) shall be checked within a narrow range of prospective currents:

— Lower limit: for prospective currents smaller then I
case is covered by the type test.

rto» there is no problem because the

— Upper limit: since tr(lp) is necessarily non-negative and also because tz(lp) is a decreasing
function of Iy, the condition (A.9) is automatically verified for prospective currents higher
than the prospective current corresponding to:

Tm: tz(lp)
This current is called I,

Since tr(lp) and tz(lp) are both decreasing functions of I,, a sufficient condition is that

tIsup) 2 12(Iio) = Ty (A.10)
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e that if

sup < Irto» the condition (A.10) is always verified.

019

Formula (A.10) is the key formula for the application: it determines the minimum protection
operating time in order to cover the application.

One needs to express the relationship #,(/,):

Using Formulas (A.1) and (A.2), one obtains:

Thi
pro
ma

Fin
pra

It c
the

A.6

A.6

a-1
[2=%>< [—(1”)a }1 (A
1| 0,866

5 equation can be particularized for finding I expressing that for this value of

up’

gin Am:

I 1 1 a_q 1/a
sup _ (A =1y (A
Iio  Amx(1+x) 0,866%

nlly, using Formula (A.3) relating 7, with C and T,;{ one derives the formula that will b

ctical use to calculate the minimum protection @perating time in the range [/, Igpl:

a [—
tr 2Ty ¥ 1 X 1+(1+x) 1 -1 (A
Am*x(1+x)* 0,866“

AN be seen in this equation that increasing the application margin factor (4m) may reli
need for having a time delay-on the protection.

Analysis

1 Applications with fuse strikers

If the fused cireuit-switcher is equipped with fuse striker-tripping mechanisms, the condi

(AT

) should_be verified.

As

ummg that the opemng operat|on under actlon of the striker is not S|gn|f|cantly slowert

spective current, t, = T, and using Formula (A.3) to make the link Wwith the applicai

of

Y%

eve

fion

link, the actual durat|on between the begmnlng of the fault and the separation of contacts is
always longer than the minimum opening time T, given in 5.103. This results in an

application margin larger than 1 for any fused circuit-switcher tripped by a striker.
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Table A.1 — Minimum application margin 4m according to fuse characteristic

Am a

x 5 4 3 2
0,30 1,084 1,037 0,943 0,738
0,20 1,042 0,980 0,866 0,638
0,15 1,006 0,934 0,808 0,570
0,10 0,951 0,866 0,726 0,481
0,05 0,850 0,749 0,594 0,352

From Formula (A.7), one can derive a minimum application margin as a function of the fuse
characteristics x and a. See Table A.1.

It can be seen that an application margin factor of 1 is sufficient.

As Ja reminder, conditions used for the transfer current in IEC 62271-105:2012 (switch-fuse
conpbinations) are x equal to 0,13 and « equal to 4. Such conditions are therefore covered in
this) document without a dedicated type test.

A.6|2 Applications with protection relays

Conditions (A.4) and (A.13) apply.

Condition (A.13) allows for the definition of(tfre minimum protection time delay as a functiop of
thelapplication margin, for specific values of the fuse characteristics; see Table A.2.

Table A.2 —Minimum protection time delay

Row Minz /T Am x a
1 3,111 0,75 0,13 4
2 0,301 1,00 0,13 4
3 -0,008 1,07 0,13 4
4 0,403 1,00 0,2 4
5 -0,006 1,09 0,2 4

The first row illustrates that application margin factors < 1 would need a dedicated time delay
to ensure correct performance.

The requirement of this standard for 4m > 1 clears this point. By this, condition (A.4) is also
verified.

For usual applications:

— with 4m = 1, one can see (rows 2 and 4) that a protection time delay, up to 0,5 7;;, should
be required to ensure complete coverage of the cases studied here;

— with 4m > 1,1, there is no more need for a specific protection time delay.


https://iecnorm.com/api/?name=9ac43fbe61cddad11b63386ad3d5d78f

- 52—

IEC 62271-107:2019 © IEC 2019

Current range for which the protection operating time is necessary: relation (A.12) provides

Ioyoll

sup’‘rto

Ong¢ observes that, if the minimum protection operating time applies in the currént range f
% up to 120 % of the rated take-over current of the circuit-switcher, there is no need
bpplication margin > 1.

100
an

A.T

Ths

for the

case Am = 1, for typical fuse characteristics. See Table A.3.

Table A.3 — Examples of possible need for time delay

Row

s

Am

Tsup o X a
1 1,068 1,00 0,13 4
2 1,082 1,00 0,13 5
3 1,088 1,00 0,2 4
4 1,139 1,00 0,5 5

Conclusions

take¢-over current and the associated type test.

Wh
Circ
SWi
occ

urring.

transfer current, as defined for combinations, is coveréd in this document by the r3

en using high rating fuses, with curves very close to the maximum allowed in the fu
uit-switcher, a minimum operating time, up toxhalf the minimum opening time of the cird
cher, may be needed on the protectioni..chain to prevent exceptional situations f

om
for

ted

5ed
uit-
om
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Annex B
(informative)

Particular conditions existing in certain countries

According to Czech regulation (Act No. 458/2000 Coll., on the conditions for entrepreneurial
activities and the performance of stateadministration in energy industries and on an
amendment to certain acts ("Energy Act"), as amended by later legislative acts and
regulations) the nominal voltages given in Table B.1 are used in AC three-phase systems in
the Czech Republic

Table B.1 — Voltages used in the Czech Republic

Highest voltage for equipment (kV) Nominal system voltage.(kV)

25 22
38,5 35

For|these systems, the insulation levels given in Table B.2 apply.

Table B.2 — Rated insulation levels for voltage ratings of Table B.1

Rated voltage Rated short-duration power-frequency Rated lightning impulse withstand
U, withstand voltage voltage
kY (RMS value) Uy U,
kV (RMS value) kV (peak value)
Common value Acrossfisolating Common value Across isolating
distance distance
25 50 60 95 110
125 145
38,5 80 90 155 175
180 210
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 107: Circuits-switchers a fusibles pour courant alternatif
de tension assignée supérieure a 1 kV et jusqu'a 52 kV inclus

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation{comp
de l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a‘pour objg
flavoriser la coopération internationale pour toutes les questions de normalisation dans cles™ domaine
l|électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes“internation
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles.au public (PAS) ef]
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a dés\comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisa
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, ‘participent également
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon
¢onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions techniqties représentent, dans la mesur
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intére
gont représentés dans chaque comité d'études.

es Publications de I'lEC se présentent sous la forme de recomimandations internationales et sont agr
¢omme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que

g'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsabl
lléventuelle mauvaise utilisation ou interprétation qui en estjfaite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les;Comités nationaux de I'lEC s'engagent, dans tou

esure possible, a appliquer de fagon transparente les_Publications de I'lEC dans leurs publications nation
¢t régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationale
égionales correspondantes doivent étre indiquéeS\en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de @©onformité et, dans certains secteurs, accédent aux marque
¢onformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certificg
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.
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Aucune responsabilité ne doit-étre“imputée a I'l'EC, a ses administrateurs, employés, auxiliaires ou mandatajres,

compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'
pour tout préjudice causé én cas de dommages corporels et matériels, ou de tout autre dommage de que

ature que ce soit, direete\ou indirecte, ou pour supporter les codts (y compris les frais de justice) et les dépe
découlant de la publi¢ation ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I
¢u au crédit qui lui(estaccordé.

'attention esteattirée sur les références normatives citées dans cette publication. L'utilisation de publica
éférencées €st.obligatoire pour une application correcte de la présente publication.

'attention\est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'
de droits_de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droit
hrevets.et de ne pas avoir signalé leur existence.
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connexion, du comité d'études 17 de I'lEC: Appareillage haute tension.

de

Cette troisiéeme édition annule et remplace la deuxiéme édition parue en 2012. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)

les modifications techniques introduites par la deuxiéme édition de I'lEC 62271-1 sont

appliquées, lorsqu'elles sont pertinentes;

la TTR assignée est supprimée et la TTR est maintenant traitée comme un paramétre

d'essai, comme dans I'lEC 62271-100;
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c) le terme "courant thermique" n'est plus employé; le courant permanent assigné est lié aux
éléments de remplacement installés, et les valeurs doivent étre fournies par le constructeur
ainsi que la liste des éléments de remplacement acceptables; pour les besoins des essais,
le courant continu assigné le plus élevé est indiqué dans la liste, en lieu et place du terme
"valeur de courant thermique maximal assignée" a des fins de cohérence avec
I'"EC 62271-105;

d) les séries d'essais d'établissement et de coupure sont des essais de type indépendants
(certains peuvent étre omis si I'appareil de coupure a été validé en tant qu'interrupteur de
charge). Cependant, TD;5 et TD,,,, Sont conservés sous forme de séquence car ils sont

lies a la méme valeur assignée (/ig);

e) [une distinction est désormais faite entre les exigences formulées pour remplir la fenction
attendue d'un circuit-switcher a fusibles, et celles uniquement pertinentes lorsqug la
fonction est assurée par un appareil autonome. L'objectif est d'éviter la duplication ou|les
conflits d'exigences avec une norme traitant des ensembles, lorsque la fonction est mise en
ocuvre au sein d'un tel ensemble.

Le {exte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
17A/1216/FDIS 17A/1227/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne\toute information sur le vote ayant
abquti a I'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISOHEC, Partie 2.

Cefte norme doit étre lue conjointement avecNEC 62271-1:2017, a laquelle elle se référg et
qui| est applicable sauf indication contraire; Afin de simplifier I'indication des exigences
corfespondantes, la numérotation des articles et paragraphes utilisée est la méme que cellg de
I'NEC 62271-1. Les amendements a -tes articles et paragraphes reprennent la médme
numérotation, et les paragraphes supplémentaires sont numérotés a partir de 101.

Ung liste des conditions particuliéres existant dans certains pays est donnée a I'Annexe B.

Ung liste de toutes les parties de la série IEC 62271, publiées sous le titre général Appareillage
a haute tension, peut étre consultée sur le site web de I'lEC.

Le ¢omité a décidé.que le contenu de ce document ne sera pas modifié avant la date de stabjlité
indijquée sur lewsite web de I'lEC sous "http://webstore.iec.ch" dans les données relativeq au
dodument rechierché. A cette date, le document sera

e Jreconduit,

e [supprimé,

e remplacé par une édition révisée, ou

e amendé.
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INTRODUCTION

Les sectionneurs de terre faisant partie intégrale d'un circuit-switcher sont couverts par
I''EC 62271-102 [1]7.

L'installation sous enveloppe, le cas échéant, est couverte soit par I'lEC 62271-200 [2], soit par
I'NEC 62271-201 [3].

1 Les nombres entre crochets se référent a la Bibliographie.
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1
La

trip
52

d'a

lls $ont destinés a étre utilisés dans des circuits ou des applications qui ne nécessitent qu'
endurance mécanique et électrique normale. De telles applications couvrent, par exemple

pro

cables ainsi que les circuits de moteurs et de bancs de condefsateurs.

Les conditions de défaut de court-circuit avec de (faibles courants, jusqu'au cou
d'i?]l:ersection assigné du circuit-switcher a fusibles, sont gérées par des dispos

co
swi
de

NOT[E 1 Dans le présent document, le mot "fusible” est utilisé pour désigner soit le fusible, soit I'élémen

rem

NOTIE 2 Il existe d'autres circuits-switchers;\voir référence [4].

Les

2

Les| documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou p3

de

I'édjtion citée s'applique. Pour les références non datées, la derniére édition du documen
référence-s'applique (y compris les éventuels amendements).

IEQ 60282-1:2009, Fusibles a haute tension — Partie 1: Fusibles limiteurs de courant

lls ieuvent étre soit congus sous forme d'appareils autonomes, soit intégrés dans un ensen

APPAREILLAGE A HAUTE TENSION -

Partie 107: Circuits-switchers a fusibles pour courant alternatif
de tension assignée supérieure a 1 kV et jusqu'a 52 kV inclus

Domaine d'application

présente partie de I'lEC 62271 s'applique aux circuits-switchers a fusibles a manoced
blaire congus avec des tensions assignées supérieures a 1 kV et inférieures oulégalg
V, pour utilisation sur des réseaux alternatifs triphasés de fréquence 50 Hz ou(60 Hz.

pareillage.

ection des transformateurs HT/BT, mais excluent les circuits de'distribution en lignes ot

plémentaires (percuteurs, relais, etc.), correctement mis en ceuvre, déclenchant le cirg
cher. Les fusibles limiteurs de courant sont.intégrés de maniére a assurer que le pou
coupure en court-circuit du dispositif est supérieur a celui du circuit-switcher seul.

lacement, quand le sens général du texte ne.comporte aucune ambiguité.

Références normatives

leur contenu; des exigences du présent document. Pour les références datées, sq

vre
s a

ble

ine
, la
en

ant
tifs
uit-
Voir

t de

dispositifs qui exigent une manceuvre manuelle dépendante ne sont pas couverts pafr le
présent document.

rtie
ule
de

IEC 60282-1:2009/AMD1:2014

IEC 62271-1:2017, Appareillage a haute tension — Partie 1. Spécifications communes pour
appareillage a courant alternatif

IEC 62271-100:2008, Appareillage a haute tension — Partie 100: Disjoncteurs a courant
alternatif

IEC 62271-100:2008/AMD1:2012
IEC 62271-100:2008/AMD2:2017

IEC 62271-103:2011, Appareillage a haute tension — Partie 103: Interrupteurs pour tensions
assignées supérieures a 1 kV et inférieures ou égales a 52 kV
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IEC 62271-105:2012, Appareillage a haute tension — Partie 105: Combinés interrupteurs-
fusibles pour courant alternatif de tensions assignées supérieures a 1 kV et jusqu'a 52 kV inclus

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e [IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

e [ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
NOTE IEC Electropedia dresse la liste des termes définis dans I'lEC 60050 [5].
3.1| Termes généraux et définitions

Le paragraphe 3.1 de I'lEC 62271-1:2017 est applicable.

3.2 Ensembles d'appareillage

Le paragraphe 3.2 de I'lEC 62271-1:2017 est applicable.

3.3 Parties d'ensemble

Le paragraphe 3.3 de I'lEC 62271-1:2017 est applieable.

3.4| Appareils de connexion

Le paragraphe 3.4 de I'lEC 62271-1:2017est applicable avec les compléments suivants.

3.4/101

cirguit-switcher
dispositif de manceuvre mécanigue adapté pour établir, supporter et interrompre des courants
dans des conditions normales(de réseaux et pour interrompre des courants de défaut spécifiés
quilsont généralement inférieurs a son courant de courte durée admissible

Notg 1 a I'article: |l existe.d"autres circuits-switchers; voir référence [4].

3.4/102

cirguit-switcher-a fusibles
conpbinaison;dans un seul dispositif ou une seule fonction, d'un circuit-switcher et de fusibjes,
un fusible_gtant placé en série avec chaque pble du circuit-switcher destiné a étre raccordé a
un conducteur de phase

Note 1 al'article: le terme "un fusible"” n'interdit pas I'utilisation de plusieurs éléments de remplacement en paralléle.

3.4.103
socle d'un circuit-switcher a fusibles
circuit-switcher a fusibles sans les éléments de remplacement installés

3.5 Parties d'appareillage

Le paragraphe 3.5 de I'lEC 62271-1:2017 est applicable avec les compléments suivants.
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3.5.101

déclencheur

<d'un appareil mécanique de connexion> dispositif raccordé mécaniquement a un appareil
mécanique de connexion dont il libére les organes de retenue et qui permet I'ouverture ou la
fermeture de l'appareil

[SOURCE: IEC 60050-441:2000, 441-15-17]

3.5.102
déclencheur shunt
dédgencheuratimente par une SOUTce de tension

Notg 1 to entry: La source de tension peut étre indépendante de la tension du circuit principal.

[SQURCE: IEC 60050-441:2000, 441-16-41]

3.6] Caractéristiques opérationnelles d'un appareillage

Le paragraphe 3.6 de I'lEC 62271-1:2017 est applicable avec les compléments suivants.

3.6/101

mahceuvre indépendante manuelle
<d'in appareil mécanique de connexion> manceuvre a accumulation d'énergie dans laquglle
I'énTergie provient de I'énergie manuelle accumulée et libérée en une seule manceuvre continjue,
de felle sorte que la vitesse et la force de la manceuvre sont indépendantes de l'action| de
I'opjerateur

[SQURCE: IEC 60050-441:2000, 441-16-16]

3.6/102

mahceuvre a accumulation d'énergie
<d'in appareil mécanique de confexion> manceuvre effectuée au moyen d'énefgie
emL]‘nagasinée dans le mécanisme lui-méme avant I'achévement de la manceuvre et suffisgnte
pour achever la manceuvre dans ‘des conditions prédéterminées

Notg 1 a I'article: Ce type de manceuvre peut étre subdivisé suivant:
1) lUle mode d'accumulation de’l!énergie (ressort, poids, etc.);
2) lla provenance de I'épergie (manuelle, électrique, etc.);

3) lle mode de libération de I'énergie (manuel, électrique, etc.).

[SQURCE: IEC_60050-441: 2000, 441-16-15]

3.7] Grandeurs caractéristiques

Le paragraphe 3.7 de I'lEC 62271-1:2017 est applicable avec les compléments suivants.

3.7.101

courant présumé

<d'un circuit et relatif a un appareil de connexion ou a un fusible> courant qui circulerait dans
le circuit si chaque pble de l'appareil de connexion ou le fusible était remplacé par un
conducteur d'impédance négligeable

Note 1 a l'article: La méthode a employer pour évaluer et pour exprimer le courant présumé doit étre spécifiée dans
les publications particulieres.

[SOURCE: IEC 60050-441:2000, 441-17-01]
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3.7.102
valeur de créte du courant présumé
valeur de créte d'un courant présumé pendant la période transitoire qui suit son établissement

Note 1 a l'article: La définition implique que le courant est établi par un appareil de connexion idéal, c'est-a-dire
passant instantanément d'une impédance infinie a une impédance nulle. Pour un circuit dont le courant peut
emprunter plusieurs voies, par exemple un circuit polyphasé, il est entendu, en outre, que le courant est établi
simultanément dans tous les pbles, méme si on ne considére que le courant dans un seul péle.

[SOURCE: IEC 60050-441:2000, 441-17-02]

3.7[103

valkur maximale de créte du courant présumé
<d'lin circuit a courant alternatif> valeur de créte du courant présumé quand |'établissement du
courant a lieu a l'instant qui conduit a la plus grande valeur possible

Notg 1 a l'article: Pour un appareil multipolaire dans un circuit polyphasé, la valeur maximale de créte du coyrant
présumé ne se rapporte qu'a un seul péle.

[SQURCE: IEC 60050-441:2000, 441-17-04]

3.7]104

coyrant coupé présumé
<pdur un pole d'un appareil de connexion ou un fusible> courant présumé évalué a l'insiant
corfespondant au début du phénomeéne de coupure

Notg 1 a I'article: Des spécifications concernant I'instant du début.du phénoméne de coupure sont données gans
les jpublications particuliéres. Pour les appareils mécaniques./de connexion ou les fusibles, cet instant| est
habituellement choisi comme l'instant du début d'un arc au eours d'une coupure.

[SQURCE: IEC 60050-441:2000, 441-17-06]

3.7]105

coyrant coupé
<d'lin appareil de connexion ou d'un-fusible> courant dans un péle d'un appareil de connexion
ou flans un fusible évalué a l'instant de I'amorcage de I'arc au cours d'une coupure

[SQURCE: IEC 60050-441(2000, 441-17-07]

3.7]106

coyrant minimal de-coupure
valeur minimaletde“courant présumé qu'un élément de remplacement peut couper sous pne
tengsion donnge et dans des conditions prescrites d'emploi et de comportement

[SQURCEITEC 60050-441:2000, 441-18-29]

3.71407

pouvoir de fermeture en court-circuit
pouvoir de fermeture pour lequel les conditions prescrites comprennent un court-circuit aux
bornes de l'appareil de connexion

[SOURCE: IEC 60050-441:2000, 441-17-10]

3.7.108

courant d'intersection

valeur du courant correspondant a l'intersection des caractéristiques temps-courant de deux
dispositifs de protection a maximum de courant

[SOURCE: IEC 60050-441:2000, 441-17-16]
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3.7.

109

courant de court-circuit avec fusible

cou

rant de court-circuit conditionnel lorsque I'appareil limiteur de courant est un fusible

[SOURCE: IEC 60050-441:2000, 441-17-21]

3.7.

110

tension appliquée
<pour un appareil de connexion> tension qui existe entre les bornes d'un pdle d'un appareil de

con

nexion immédiatement avant I'établissement du courant

[SO

3.7

tension de rétablissement

ten
I'int

Notd
exis

induptrielle ou en régime établi existe seule.

[SO

3.7

TT
ten

app

Notd
com
vari

Notg
la tq
app

[SO

3.7

tension de rétablissement a fréquence industrielle

ten

[SC

tenFEion transitoire de rétablissement

URCE: IEC 60050-441:2000, 441-17-24]

111

sion qui apparait entre les bornes d'un appareil de connexion ou diun” fusible ap
erruption du courant

1 al'article: Cette tension peut étre considérée durant deux intervalles de temps\consécutifs, I'un durant l¢]
e une tension transitoire, suivi par un second intervalle durant lequel la tension de rétablissement a fréqu

URCE: IEC 60050-441:2000, 441-17-25]

112

ion de rétablissement pendant le tempsiou elle présente un caractére transit
réciable

1 a l'article: La tension transitoire de rétablissement peut étre oscillatoire ou non oscillatoire ou étre
binaison de celles-ci selon les caractéristiques du circuit et de I'appareil de connexion. Elle tient compte (¢
tion du potentiel du point neutre du circuitpolyphasé.

2 al'article: Sauf spécification contraire, la tension transitoire de rétablissement pour les circuits triphasé

nsion aux bornes du premier pdlé._qui coupe, car cette tension est généralement plus élevée que cellg
rait aux bornes de chacun des.deux autres poles.

URCE: IEC 60050-441:2000, 441-17-26]

113

Eion de rétablissement aprés la disparition des phénomeénes transitoires de tension

URCETTEC 60050-441:2000, 441-17-27]

res

quel
bnce

Dire

une
ela

b est
qui

3.7

414

tension transitoire de rétablissement présumée
<d'un circuit> tension transitoire de rétablissement qui suit la coupure du courant présumé
symétrique par un appareil de connexion idéal

Note 1 a l'article:

La définition implique que I'appareil de connexion ou le fusible, pour lequel la tension transitoire

de rétablissement est recherchée, est remplacé par un appareil de connexion idéal, c'est-a-dire dont I'impédance
passe instantanément de la valeur zéro a la valeur infinie a I'instant du zéro de courant, c'est-a-dire au zéro "naturel”.
Pour des circuits dont le courant peut emprunter plusieurs voies, par exemple un circuit polyphasé, on suppose, en
outre, que la coupure du courant par I'appareil de connexion idéal n'a lieu que sur le pdle considéré.

[SOURCE: IEC 60050-441:2000, 441-17-29]
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3.7.115

durée d'ouverture
<d'un appareil mécanique de connexion> intervalle de temps entre l'instant spécifié de début
de la manceuvre d'ouverture et l'instant de la séparation des contacts d'arc sur tous les pbles

Note 1 a l'article: Pour la manceuvre d'un déclencheur, on considére que l'instant de début est l'instan
I'alimentation est appliquée au déclencheur

019

t ou

[SOURCE: IEC 60050-441:2000, 441-17-36 modifiée — la note initiale a été supprimée et la
note actuelle ajoutée.]

3.7]116
durée minimale d'ouverture initiée par un fusible

<d'
etl

Notg
décl

3.1

3.1
s0(
par

[SO

3.1
per

n circuit-switcher a fusibles> durée prise entre l'instant ou I'arc commence dans\e fus
instant ou les contacts d'arc se sont séparés dans tous les podles

1 a l'article: Cette définition s'applique uniquement pour les circuits-switchers a fusibles équipés
enchement par percuteur.

D1 Fusibles

D1.1

le

ie fixe d'un fusible munie de contacts et de bornes

URCE: IEC 60050-441:2000, 441-18-02]

D1.2

cuteur

ble

d'un

dispositif mécanique faisant partie d'un élément de remplacement qui, lors du fonctionnenent

du
ind

[SC

3.1
cou
cou

fusible, libére I'énergie exigée pour faire’ fonctionner d'autres appareils, des dispos|
cateurs ou pour effectuer un verrouillage

URCE: IEC 60050-441:2000, 441+18-18]

D1.3
rant coupé limité
rant coupé limité

itifs

valg¢ur instantanée maximale du courant atteinte au cours de la coupure effectuée parf un

app

Notg
telle

[SC

areil de connexion/ou un fusible

1 a l'article~, "Cette notion est d'importance particuliére si I'appareil de connexion ou le fusible fonctionn
maniere quélla valeur de créte du courant présumé du circuit n'est pas atteinte.

URGE: IEC 60050-441:2000, 441-17-12]

e de

3.1
12t

ha 4
Ul.=

intégrale de Joule
intégrale du carré du courant pour un intervalle de temps donné:

It

= J‘tl i2dt

15}

Note 1 & l'article: L'I%s de préarc est l'intégrale /2 pour la durée de préarc du fusible.

Note 2 & I'article: L'I%s de fonctionnement est I'intégrale 72/ pour la durée de fonctionnement du fusible.

Note 3 a l'article: L'énergie en joules libérée dans une portion ayant une résistance de un ohm d'un circuit pro
par un fusible est égale a la valeur de /%t de fonctionnement exprimée en AZs.

tégé
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[SOURCE: IEC 60050-441:2000, 441-18-23]

4

Conditions normales et spéciales de service

L'Article 4 de I'lEC 62271-1:2017 est applicable.

5

5.1

Le
exc

En
car

Le

Lor

assjgneée est celle de I'ensemble.

5.3

Le

NOT
prés

Lor
d'is

5.4

Le

Les

Caractéristiques assignées
Généralits
baragraphe 5.1 de I'lEC 62271-1:2017 est applicable avec les compléments suivants ef

eptions suivantes.

complément des caractéristiques assignées énumérées dans I'lEC 62274-1:2017,
hctéristiques assignées ci-dessous s'appliquent:

courant coupé assigné en court-circuit;
courant établi assigné en court-circuit;

courant d'intersection assigné.
Tension assignée (U,)

baragraphe 5.2 de I'lEC 62271-1:2017 est applicable avec le complément suivant.

sque le circuit-switcher a fusibles fait partie "d'un ensemble d'appareillage, sa tens

Niveau d'isolement assigné (Uy, Uy, Uy)
paragraphe 5.3 de I'lEC 62271-1:2017 est applicable avec les compléments suivants.

E La tension de tenue aux chocs de manceuvre assignée U, n'est pas spécifiée pour la plage de tensio
lent document.

sque le circuit-switcher a fusibles fait partie d'un ensemble d'appareillage, son niv
plement assigné est\celui de I'ensemble.

Fréquence assignée (f,)

paragraphe 5.4 de I'lEC 62271-1:2017 n'est pas applicable.

valeurs de fréquence assignée pour les circuits-switchers a fusibles sont 50 Hz et 60 H

les

les

on

h du

Z.

NOTE 1 Les valeurs proposées pour la fréquence assignée sont en accord avec celles des fusibles.

NOTE 2 Dans quelques cas, les caractéristiques assignées d'un circuit-switcher a fusibles utilisé a 60 Hz sont

diffé

rentes de ses caractéristiques assignées a 50 Hz.

Lorsque le circuit-switcher a fusibles fait partie d'un ensemble d'appareillage, sa fréquence

ass

5.5

ignée est celle de I'ensemble.

Courant permanent assigné (I,)

Le paragraphe 5.5 de I'lEC 62271-1:2017 est applicable avec le complément suivant.

Le courant permanent assigné caractérise le circuit-switcher a fusibles complet, y compris les
éléments de remplacement. Voir 6.104.
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5.6

Le

5.7

Le

5.8

Le

5.9

Le

Lorsque le circuit-switcher a fusibles fait partie d'un ensemble d'appareillage, sa teng
d'alimentation assignée des circuits auxiliaires et de commande est celle’de I'ensemble.

5.1
Le

Lorgque le circuit-switcher a fusibles fait partie d'un_ensemble d'appareillage, sa fréque
d'alimentation assignée des circuits auxiliaires et deccommande est celle de I'ensemble.

5.1

Le

Lorgque le circuit-switcher a fusibles fait partie d'un ensemble d'appareillage, sa press
d'alimentation assignée en gaz cemprimé pour les systémes a pression entretenue est celle
I'ensemble.

5.1p1 Courant coupé assigné en court-circuit (Ig.)

Le

-70 - IEC 62271-107:2019 © IEC 2
Courant de courte durée admissible assigné (1)
paragraphe 5.6 de I'lEC 62271-1:2017 n'est pas applicable.

Valeur de créte du courant admissible assignée (Ip)

paragraphe 5.7 de I'lEC 62271-1:2017 n'est pas applicable.

Durée de court-circuit assignée (7,)

019

paragraphe 5.8 de I'lEC 62271-1:2017 n'est pas applicable.

Tension d'alimentation assignée des circuits auxiliaires et de commande (U,)

baragraphe 5.9 de I'lEC 62271-1:2017 est applicable.

D Fréquence d'alimentation assignée des circuits auxiliaires et de commande

paragraphe 5.10 de I'lEC 62271-1:2017 est applicable.

| Pression d'alimentation assignée en gaz.comprimé pour les systémes a pressiy¢
entretenue

paragraphe 5.11 de I'lEC 62271-1:2017 est applicable.

on

nce

ion
de

courant coupé assigné en court-circuit est le courant de court-circuit présumé le plus élevé
qug le circuit-switcher a fusibles doit étre capable de couper, dans les conditions d'utilisa
et de comportement prescrites dans le présent document, dans un circuit ayant une tensior
rétgblissementa fréquence industrielle correspondant a la tension assignée du circuit-switd
a fysibles_ ‘et-ayant une tension transitoire de rétablissement présumée égale a celle spécif
dans le(paragraphe des essais de type (voir 7.101.2.9).

fion

de
her
ée

Comme Ta performance de coupure en couri-circuit depend des caracteristiques des fusibles
installés, le manuel d'utilisation du circuit-switcher a fusibles ne doit énumérer que les fusibles
ayant un courant coupé maximal assigné supérieur ou égal a I,.. Le courant coupé assigné en

court-circuit est exprimé par la valeur efficace de sa composante alternative.

Les courants coupés assignés doivent étre sélectionnés dans la série R10 comme suit:

8 —

10-12,6-16-20-25-31,5-40-50-63 -80-100 kA

NOTE Il est reconnu que lI'impédance série du circuit-switcher a fusibles ou l'intervention rapide des fusibles o
circuit-switcher a fusibles produit parfois I'un et/ou I'autre des effets ci-dessous:

a) une réduction du courant de court-circuit a une valeur sensiblement au-dessous de la valeur attendue;

u du
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b) une intervention tellement rapide que I'onde de courant de court-circuit est déformée.
C'est pourquoi le terme "courant présumeé" est utilisé pour définir les performances d'établissement et de coupure.

5.102 Courant établi assigné en court-circuit (7

ma)

Le courant établi assigné en court-circuit est la créte de courant présumée la plus élevée que
le circuit-switcher a fusibles doit étre capable d'établir, dans les conditions d'utilisation et de
comportement définies dans la présente norme, dans un circuit ayant une tension a fréquence
industrielle correspondant a la tension assignée du circuit-switcher a fusibles. Il doit étre au
moins égal a 2,5 fois (50 Hz) ou 2,6 fois (60 Hz) la valeur du courant coupé assigné en court-
circuit.

NOTE 1 Voir aussi la note du 5.101.

NOTE 2 Un facteur de créte élevé, éventuellement associé a une longue constante de temps du réseau, n'i

pas

sur les performances du circuit-switcher a fusibles en conditions de court-circuit, grace au comportemer|

limitption du courant des fusibles. Ceci est indiqué dans I'lEC 60282-1:2009/AMD1:2014, 5.1.2.

5.1

Le
le

D3 Courant d'intersection assigneé (/)

courant d'intersection assigné est la valeur efficace maximale du courant d'intersection
Circuit-switcher dans le circuit-switcher a fusibles est capable ,d'interrompre, dans

conlditions d'utilisation et de comportement spécifiées dans le présent document, dans un cir|

ay

nt une tension de rétablissement a fréquence industrielle Correspondant a la tens

assfgnée du circuit-switcher a fusibles et ayant une tension” transitoire de rétablissem

pré

La
d'in

sumeée égale a la valeur spécifiée.

valeur assignée déclarée par le constructeur daityétre supérieure a la valeur du cou
tersection, déterminée selon la Figure 1, donnée par le type de fusible dans la liste ayar

courbe de fusion la plus élevée dans la zone de temps autour de la durée d'ouverture minin

souls I'action du déclencheur d'ouverture T

(voir 3.7.116).

min

NOTE La valeur de la durée d'ouverture minimale sous l'action du déclencheur d'ouverture Toin €st déterm

pen

n
ant les essais mécaniques (voir 7.102.2).

flue
t de

ue
les
cuit
ion
ent

ant
tla
ale

inée
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rA

T
min
\ \
Ito [no 1
IEC
Légende
R caractéristique de temps-courant de fusion moyenne du fusible

caractéristique temps-courant de fusion lente(du fusible

T durée d'ouverture minimale sous I'action du*déclencheur d'ouverture
courant d'intersection assigné du cirguit-switcher a fusibles

courant d'intersection pour le fusible considéré
Figure 1 — Caractéristiques pour déterminer le courant d'intersection
6 |Conception et construction

6.1| Exigences pour les liquides utilisés dans les circuits-switchers a fusibles

Le paragraphe 6.1 de I'lEC 62271-1:2017 est applicable.

6.2| /Exigences pour les gaz utilisés dans les circuits-switchers a fusibles

Le paragraphe 6.2 de I'lEC 62271-1:2017 est applicable.

6.3 Raccordement a la terre des circuits-switchers a fusibles

Le paragraphe 6.3 de I'lEC 62271-1:2017 est applicable aux appareils autonomes.

Pour les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, la norme de
I'appareillage est applicable.

6.4 Equipements et circuits auxiliaires et de commande

Le paragraphe 6.4 de I'lEC 62271-1:2017 est applicable aux appareils autonomes.


https://iecnorm.com/api/?name=9ac43fbe61cddad11b63386ad3d5d78f

IEC 62271-107:2019 © IEC 2019 -73 -

Pour les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, la norme de

I'ap

6.5

pareillage est applicable.

Manceuvre dépendante a source d'énergie extérieure

Le paragraphe 6.5 de I'lEC 62271-1:2017 est applicable.

6.6

Manceuvre a accumulation d'énergie

Le paragraphe 6.6 de I'lEC 62271-1:2017 est applicable.

6.7

Le

6.8
Le

6.9

Le

Les

d'oliverture.

6.1
Le

Pod
l'ap

6.1

Le

Le

Manceuvre indépendante sans accrochage mécanique (manceuvre indépendantL

manuelle ou manceuvre indépendante a source d'énergie extérieure)

paragraphe 6.7 de I'lEC 62271-1:2017 est applicable.

Organes de commande a manceuvre manuelle

paragraphe 6.8 de I'lEC 62271-1:2017 est applicable.

Fonctionnement des déclencheurs

baragraphe 6.9 de I'lEC 62271-1:2017 est applicable avet/le"’complément suivant.

circuits-switchers a fusibles doivent étre équipés~d'au moins un déclencheur sh

D) Indication de la pression/du niveau

paragraphe 6.10 de I'lEC 62271-1:2017est applicable aux appareils autonomes.

r les circuits-switchers a fusibles:intégrés dans des ensembles d'appareillage, la normg
pareillage est applicable.

| Plaques signalétiques

baragraphe 6.11 de I''EC'62271-1:2017 est applicable avec les modifications suivantes|

[ableau 9 dansAYEC 62271-1:2017 est remplacé par le Tableau 1 ci-aprés.

unt

de
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Tableau 1 — Informations de la plaque signalétique

Symbole Unité Circuit- Dispositif de Condition particuliére
switcher manoeuvre pour le marquage
a fusibles
(1) (2) (3) (4) (5) (6)
Constructeur X Y Seulement si le dispositif
est indépendant du circuit-
switcher a fusibles et/ou
de constructeur différent
Désignation du type X Y Seulement si le dispositif
est indépendant du circhit-
switcher a fusibles_et/oy
de constructeur difféfenit
Réflerence du manuel X X
d'ufilisation
Numnéro de série X Y Seulement si le dispositif
estdifférent de celui du
cireuit-switcher a fusiblgs
Année de fabrication X
Numnéro de la présente
norfne
Terlsion assignée U, kV X
Terlsion de tenue de courte Uy kV X
durge a fréquence
indyistrielle assignée
Terlsion de tenue aux Up kV X
chdcs de foudre assignée
Fréguence assignée A Hz X
Eléments de remplacement Marquage X
util{sables et courant obligatoire: "/,
permanent assigné avec avec éléments
fusibles de
remplacement:
voir manuel
d'utilisation”
Preilssion de remplissage P MPa Y Le cas échéant
poyr la manceuvre
Terjsion(s) d'alimentation U, \% Y Le cas échéant
assignée(s) des circuits
auxiliaires et de commande
Spédcifier courant
corjtinu/courant alternatif
(avpce fréquence assignée)
Température minimale et °C Y Si différente de -5 °C
makimale de I'air ambiant et/ou 40 °C
Type et masse du fluide M; kg Y S'il existe
(liquide ou gaz) pour
I'isolement
Masse (y compris tout M kg Y - Si supérieure a 300 kg

fluide)

- Aucun marquage s'il
s'agit d'une partie d'un
ensemble

X: le marquage de ces valeurs est obligatoire.

Y: le marquage de ces valeurs est obligatoire, soumis aux conditions de la colonne (6).

NOTE Les symboles de la colonne (2) sont autorisés a la place des termes de la colonne (1). Quand les termes
de la colonne (1) sont utilisés, le mot "assigné" est facultatif.
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Pour les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, il est
nécessaire de faire figurer uniquement les caractéristiques non communes au sein de
I'ensemble sur la plaque signalétique du circuit-switcher a fusibles. Ces caractéristiques sont:
— le numéro du présent document;

— les éléments de remplacement utilisables et le courant permanent assigné avec fusibles;

— la pression de remplissage pour la manceuvre.

6.12 Dispositifs de verrouillage

L la Fal e 4 % IH Jal
€ paragrapneo: rTesStapprcadTe:

6.13 Indication de position

Le paragraphe 6.13 de I'lEC 62271-1:2017 est applicable.

6.14 Degrés de protection procurés par les enveloppes

Le paragraphe 6.14 de I'lEC 62271-1:2017 est applicable aux apparejlssautonomes.

Pour les circuits-switchers a fusibles intégrés dans des ensemblées,d'appareillage, la normg de
I'apjpareillage est applicable.

6.1p Lignes de fuite pour les isolateurs d'extérieur

Le paragraphe 6.15 de I'lEC 62271-1:2017 est appli¢able.

6.16 Etanchéité au gaz et au vide

Le paragraphe 6.16 de I'lEC 62271-1:2017€st applicable aux appareils autonomes.

Pouyr les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, la normg de
I'apjpareillage est applicable.

6.1 Etanchéité des systémes de liquide

Le paragraphe 6.17 de I'lEC 62271-1:2017 est applicable aux appareils autonomes.

Pouyr les circuits-switehers a fusibles intégrés dans des ensembles d'appareillage, la normg de
l'appareillage est.applicable.

6.18 Risque de feu (inflammabilité)

Le paragraphe 6.18 de I'lEC 62271-1:2017 est applicable aux appareils autonomes.

Pour les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, la norme de
l'appareillage est applicable.

6.19 Compatibilité électromagnétique (CEM)

Le paragraphe 6.19 de I'lEC 62271-1:2017 est applicable aux appareils autonomes.

Pour les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, la norme de
I'appareillage est applicable.

6.20 Emission de rayons X

Le paragraphe 6.20 de I'lEC 62271-1:2017 est applicable.
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6.21 Corrosion

Le paragraphe 6.21 de I'lEC 62271-1:2017 est applicable aux appareils autonomes.

Pour les circuits-switchers a fusibles intégrés dans des ensembles d'appareillage, la norme de

I'ap

pareillage est applicable.

6.22 Niveaux de remplissage pour l'isolement, la coupure et/ou la manceuvre

Le paragraphe 6.22 de I'lEC 62271-1:2017 est applicable aux circuits-switchers a fusibles ayant
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D1 Exigences de base pour les fusibles

fusibles doivent se conformer a I'lEC 60282-1:2009 et a I'lEC 60282-1%,2009/AMD1:201

D2 Tringlages entre le(s) percuteur(s) des fusibles et le déclencheur du circuit-
switcher

tringlages entre le(s) percuteur(s) des fusibles, s'il y €n,a, et le déclencheur du cirg
cher doivent étre congus de telle sorte que le circuit-switcher fonctionne convenablem
conditions de défaut aussi bien triphasé que monophasé, aux caractéristiques minimale
imales d'un type de percuteur donné (moyensol fort), indépendamment du mode
ctionnement de ce percuteur (thermique, @ Yessort ou a charge explosive).
hctéristiques des percuteurs sont données dans le Tableau 11 de I'lEC 60282-1:2009 e
C 60282-1:2009/AMD1:2014.

D3 Conditions de faible courant de_défaut (conditions de longue durée de préarc d
fusibles)

circuit-switcher a fusibles équipé d'un déclenchement par percuteur doit étre congu

ge,

uit-
bnt,
5 et
de
|_es
de

es

de

niere a fonctionner de fagon “satisfaisante dans des conditions de fonctionnement| du

Cuteur.

b est réalisé si les_conditions a) et b) suivantes sont satisfaites:

La coordinatign;~éntre le circuit-switcher et les fusibles est assurée par l'une Hdes

conditions 1)).2) ou 3) ci-dessous:

1) La durée d'ouverture du circuit-switcher provoquée par le percuteur des fusibles Hoit
étre'plus courte que la durée d'arc maximale que les fusibles peuvent supporter. Cette

duree d'arc est au moins de 0,1s selon I'lEC 60282-1:2009 et I'lEC 602
172009/AMD1:2014.

82-

2)

3)

NOTE Des essais sont spécifiés au 7.6.3 de I'lEC 60282-1:2009 pour vérifier que le temps d'arc admissible
des fusibles est au minimum de 100 ms.

Les fusibles installés dans le circuit-switcher a fusibles ont subi avec succes tous les
essais de coupure, depuis leur courant assigné en court-circuit jusqu'a la valeur
équivalant au courant minimal de fusion des fusibles (c'est-a-dire des fusibles a coupure
intégrale).

Le déclenchement thermique des percuteurs des fusibles entraine la coupure du courant

du circuit-switcher avant apparition de l'arc dans ceux-ci, pour tous les courants
inférieurs & Iy (courant minimal de coupure du fusible conformément a I'lEC 60282-

1:2009 et 4 I'lEC 60282-1:2009/AMD1:2014).

b) Dans ces circonstances, la montée en température du circuit-switcher a fusibles ne diminue
pas ses performances comme il est démontré dans l'essai décrit au 6.104 de
I'EC 62271-105:2012.
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