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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 105: Alternating current switch-fuse combinations
for rated voltages above 1 kV up to and including 52 kV

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien compr
o-operation on all questions concerning standardization in the electrical and electronic fields.JTo this end

Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC~Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee interestéd'in the subject dealt

btandardization (ISO) in accordance with conditions determined by agreement. between the two organizatio

The formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internati
gonsensus of opinion on the relevant subjects since each technical committee has representation fron
ihterested IEC National Committees.

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

In order to promote international uniformity, IEC Nationat Committees undertake to apply IEC Publicaf
fransparently to the maximum extent possible in their pational and regional publications. Any divergence bet
gny IEC Publication and the corresponding national or‘regional publication shall be clearly indicated in the 14

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

All 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
hembers of its technical committées.and IEC National Committees for any personal injury, property damag
qther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising out of thé publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn to_theiNormative references cited in this publication. Use of the referenced publicatio
indispensable for thelcarrect application of this publication.

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

5 redling version of the official IEC Standard allows the user to identify the changes mad

sing

all national electrotechnical committees (IEC National Committees). The object of IEC is to proniote international

and

ih addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Repprts,

heir
with

hay participate in this preparatory work. International, governmental and non-governmental organizations liaising
ith the IEC also participate in this preparation. IEC collaborates closely with the€\International Organizatiofp for

S.

onal
h all

onal
IEC
any

ions
een
tter.

EC itself does not provide any attestation of canformity. Independent certification bodies provide confoimity

any

and
e or
and
IEC

s is

tent

e 10
hge

heen made Additions are in green text, deletions are in strikethrough red text
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IEC 62271-105 has been prepared by subcommittee 17A: Switching devices, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is an International Standard.

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

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

a) the document has been updated to be in alignment with the second edition of

lEOo 0074 4.9N04 77
e Vo7 L= 1L. VLT,

b) [rated TRV has been removed (TRV is only a test parameter), as in the latest revision of
IEC 62271-100;

c) [|differentiation has been introduced between requirements expressed for(fulfilling [the
function expected from a switch-fuse combination, from requirements only,‘relevant when
the function is performed by a stand-alone device. The goal is to avpid” duplicationy or
conflicts of requirements with a standard dealing with assemblies, ywhen the functiop is
implemented within such an assembly.

Thqg text of this International Standard is based the following documents:

FDIS Report on yating

17A/1300/FDIS 17A/1306/RVD

Full information on the voting for its approval can he found in the report on voting indicatef in
thelabove table.

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

Thi$ document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accprdance with ISO/IEC Directives, Rart 1 and ISO/IEC Directives, IEC Supplement, availgble
at ywwww.iec.ch/members_experts/refdocs. The main document types developed by IEC |are
described in greater detail at wwwe-iec.ch/standardsdev/publications.

Thi$ document is to be read_in conjunction with IEC 62271-1:2017, to which it refers and wiich
is gpplicable unless otherwise specified. In order to simplify the indication of corresponding
regpirements, the same numbering of clauses and subclauses is used as in IEC 62271-1:2(17.
Amgndments to these clauses and subclauses are given under the same numbering, whilst
additional subclauses are numbered from 101.

A list of all_parts in the IEC 62271 series, published under the general title High-volthge
swifchgeat and controlgear, can be found on the IEC website.

Thr committon hac dacidaod that tha contante Af thic docsimant v o
C—Ccormmr e oo ot oot oot e CoTrteT It oo oo to e Ty i oo

stability date indicated on the IEC website under webstore.iec.ch in
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 105: Alternating current switch-fuse combinations
for rated voltages above 1 kV up to and including 52 kV

1 |[Scope

Thig part of IEC 62271 applies to three-pole units for public and industrial distribution syste¢ms
which are functional assemblies of switches—including composed of 'switches or swifch-
dis¢onnectors and current-limiting fuses designed so as to be capable of

— Jbreaking, at the rated-recovery voltage, any current up to and,including the rated shfort-
circuit breaking current;

— |making, at the rated voltage, circuits to which the ratéd short-circuit breaking curfent
applies.

It dpes not apply to combinations of fuses with tircuit-breakers, contactors or circuit switchgrs,
nor|for combinations for motor-circuits noroscombinations incorporating single capacitor bpnk
swifches.

Thi$ document applies to combingtions designed with rated voltages above 1 kV up to pnd
including 52 kV for use on three-phase alternating current systems of either 50 Hz or 60 H3.

In this document, the word "combination" is used for a combination in which the compongnts
constitute a functional assembly. Each association of a given type of switch and a given type
of fuse defines one type" of switch-fuse combination.ln-practice; Different types of fuses—fray
can be combined, with one type of switch, which give several combinations with diffefent
characteristics, (n-“particular concerning the rated continuous -currents.—Mereever—{for

mainterance_plrpo he OV

A syitch-fuse combination is-then therefore defined by its type designation and a list of selegted
fuses defined by the manufacturer, the so-called "reference list of fuses"”. Compliance with this
document of a given combination means that every combination using one of the selected fuses
is proven to be in compliance with this document.

The fuses are incorporated in order to extend the short-circuit breaking rating of the combination
beyond that of the switch alone. They are fitted with strikers in order both to open automatically
all three poles of the switch on the operation of a fuse and to achieve a correct operation at
values of fault current above the minimum melting current but below the minimum breaking
current of the fuses. In addition to the fuse strikers, the combination-may can be fitted with
either an over-current release or a shunt release.

NOTE In this document the term "fuse" is used to designate either the fuse or the fuse-link where the general
meaning of the text does not result in ambiguity.
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Fuses are-covered-by in accordance with IEC 60282-1:2020.

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

Switches, including their specific mechanism,-shal-be are in accordance with IEC 62271-103
except for the short-time current and short-circuit making requirements where the current-
limiting effects of the fuses are taken into account.

Earthing switches forming an integral part of a combination are covered by IEC 622715102

In gddition, switches which include other functions (not covered by IEC 62271-103)lare covdred
by fheir relevant standards (e.g. IEC 62271-102 for disconnectors and earthing)switches).

2 |Normative references

Thq 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 appljes.
For| undated references, the latest edition of the refereneced document (including pny
amg¢ndments) applies.

Sufclause 1.2 of IEC 62271-1:2007 is-applicable with-the following additions:
Clapse 2 of IEC 62271-1:2017 applies with the fallowing additions:

IEQ 60050-441, International Electrotechniical Vocabulary (IEV) — Part 441: Switchg
controlgear and fuses (available at http:/www.electropedia.org)

%
Q
=

IEQ 60282-1:206092020, High-voltage fuses — Part 1: Current-limiting fuses

IEA/TR 60787:2007
=g HxO oo ~£L99

n
(02}

IEQ 62271-1:200420Q17y High-voltage switchgear and controlgear — Part 1: Common
specifications for dlternating current switchgear and controlgear

IEQ 62271-100:20082021, High-voltage switchgear and controlgear — Part 100: Alternat|ng-
current cireuit-breakers

IEQ 62271-102:20012018, High-voltage switchgear and controlgear — Part 102: Alternaling
CUrfETTt dTSTOTNMETIOTS and earting SwitChes

IEC 62271-103:20412021, High-voltage switchgear and controlgear — Part 103: Switches for
rated voltages above 1 kV up to and including 52 kV

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-441 and the
following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

NOTE Some of the terms given in IEC 60050-441 are listed hereunder.

3.1

General terms and definitions

Sufclause 3.1 of IEC 62271-1:2017 applies.

3.2

Assemblies of switchgear and controlgear

Sufjclause 3.2 of IEC 62271-1:2017 applies.

3.3

Parts of assemblies

Subclause 3.3 of IEC 62271-1:2017 applies.

3.4

£

Switching devices

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

3.4
SWi
co

stri

101

ch-fuse combination

bination of a three-pole switch with three fuses provided with strikers, the operation of
er causing all three pofes-of the switch to open automatically

Notg 1 to entry: The switCh-fuse combination includes the fuse-switch combination.

3.4
SWi

102
tch-fuse combination base

combinationase

SWi

3.4

ch-fuse’combination without fuse-links mounted

103

any

SWI

ch-tuse

switch in which one or more poles have a fuse in series in a composite unit

[SOURCE: IEC 60050-441:20072000, 441-14-14]

3.4
fus
SWi

.104
e-switch
tch in which a fuse-link or a fuse-carrier with fuse-link forms the moving contact

[SOURCE: IEC 60050-441:20072000, 441-14-17]
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3.4.105

SWi

tch-disconnector

switch which, in the open position, satisfies the isolating requirements specified for a
disconnector

[SOURCE: IEC 60050-441:20072000, 441-14-12]

3.4.

106

release-operated combination
combination in which automatic opening of the switch can also be initiated by either an over-

cur

3.5
Sl

Sul

3.5
relg
<of
deVv
swi

[sd

3.5
oVe
relg
the

Notg

[sd

3.5
shy
relg

Notg

[sd

3.6

et TEEase Or a STuNt Telease

Parts of switchgear and controlgear
clause 3.5 of IEC 62271-1:2017 applies, with the following additions:

101
ase
a mechanical switching device> device, mechanically connected to a mechanical switch
ice, which releases the holding means and permits the\.opening or the closing of
ching device

URCE: IEC 60050-441:20072000, 441-15-17]
102
r-current release

ase which permits a mechanical switching device to open with or without time-delay w
current in the release exceeds a predetermined value

1 to entry: This value can in some cases depend upon the rate-of-rise of current.

URCE: IEC 60050-441:200+£42000, 441-16-33]

103
nt release
ase energized by-a-source of voltage

1to entry: Thessource of voltage may be independent of the voltage of the main circuit.

URCE; (EC 60050-441:20072000, 441-16-41]

@perational characteristics of switchgear and controlgear

ing
the

nen
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Subclause 3.6 of IEC 62271-1:2017 applies.

the

the

3.7| Characteristic quantities

Suficlause 3.7 of IEC 62271-1:2017 applies, with the following additions:

3.7]101

prolspective current

<of|a circuit and with respect to a switching device or a fuse> currént that would flow in
cirquit if each pole of the switching device or the fuse were replacedby’a conductor of negligjble
impedance

Notg 1 to entry: The method to be used to evaluate and to express the prospective current is to be specified if
releyant publications.

[SQURCE: IEC 60050-441:20672000, 441-17-01]

3.7]102

prolspective peak current

pegk value of a prospective current during:the transient period following initiation

Notqg
tran

poly
one

[sd

3.7
ma
<of

1toentry: The definition assumes that thiecurrent is made by an ideal switching device, i.e. with instantan
ition from infinite to zero impedance. For circuits where the current can follow several different paths,
bhase circuits, it further assumes that(the current is made simultaneously in all poles, even if only the curre
pole is considered.

URCE: IEC 60050-441;206+72000, 441-17-02]
103

imum prospective peak current
an AC circuit>prospective peak current when initiation of the current takes place at

insant which leads to the highest possible value

Notg
sing

1 to_entry: For a multiple device in a polyphase circuit, the maximum prospective peak current refers
e-pole pnly.

POUS

e.g.
ht in

the

to a

[SO
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3.7.104

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

[SQURCE: IEC 60050-441:2000, 441-17-07]

3.7]105

mirfimum breaking current
minimum value of prospective current that a fuse-link is capable of breaking.ab a stated voltage
under prescribed conditions of use and behaviour

[SQURCE: IEC 60050-441:20072000, 441-18-29]

3.7]106

shqrt-circuit making capacity
malking capacity for which the prescribed conditions include a short circuit at the terminal of
the [switching device

[SQURCE: IEC 60050-441:20672000, 441-17-10]

3.7]107
cuttoff current

let-through current-{efafuse)

maximum instantaneous value of curtent attained during the breaking operation of a switch
devlice or a fuse

ng

Notg 1 to entry: This concept is af\particular importance 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 60050:441:20072000, 441-17-12]

3.7]108
trapsfer current
Itra1sfer
<striker operation> value of the three-phase symmetrical current at which the fuses and|the
switchrexchange breaking duties

Note 1 to entry: Above this value the three-phase current is interrupted by the fuses only. Immediately below this
value, the current in the first-pole-to-clear is interrupted by the fuse and the current in the other two poles by the
switch, or by the fuses, depending on the tolerances of the fuse time current characteristic and the fuse-initiated
opening time of the switch.

3.7.109

take-over current

current co-ordinate of the intersection between the time-current characteristics of two over-
current protective devices

[SOURCE: IEC 60050-441:20072000, 441-17-16]
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3.7.110

minimum take-over current

<of a release-operated combination> current determined by the point of intersection of the time-
current characteristics of the fuse and the switch corresponding to

a) the maximum break-time plus, where applicable, the maximum operating time of an external
over-current or earth-fault relay,

b) the minimum pre-arcing time of the fuse

3.7.111

mayximum take-over current
<of|a release-operated combination> current determined by the point of intersection of the tijne-
curfent characteristics of the fuse and the switch corresponding to:

a) [the minimum-break opening time plus, where applicable, the minimum operating\time of an
external over-current or earth-fault relay,

b) [the maximum-pre-arcing operating time of the fuse

3.7]112

apflied voltage
<for a switching device> voltage which exists across the terminalsi.of a pole of a switch
devlice just before the making of the current

ng

[SQURCE: IEC 60050-441:20072000, 441-17-24]

37113
fuspd-short-cilreuit current

conditi | T S :

3.7]113

recpvery voltage
voltage which appears across thecterminals of a pole of a switching device or a fuse after|the
brepking of the current

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

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

3.7]114

trapsient.réeovery voltage
TR
recpvery voltage during the time in which it has a significant transient character

Note 1 to entry: The transient recovery voltage may be oscillatory or non-oscillatory or a combination of these
depending on the characteristics of the circuit and the switching device. It includes the voltage shift of the neutral of
a polyphase circuit.

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

[SOURCE: IEC 60050-441:20072000, 441-17-26]
3.7.115

power-frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided
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[SOURCE: IEC 60050-441:20072000, 441-17-27]

3.7.116

prospective transient recovery voltage

<of a circuit> transient recovery voltage following the breaking of the prospective symmetrical
current by an ideal switching device

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

[SQURCE: IEC 60050-441:20072000, 441-17-29]

3.71117

fusp-initiated opening time
<of| the switch-fuse combination> time taken from the instant at which~drcing in the fuse
conpmences to the instant when the arcing contacts of the switch of the“combination hpve
separated in all poles (including all elements influencing this time)

3.7/118

relgease-initiated opening time
<of|the switch-fuse combination> release-initiated openingitime is defined according to [the
tripping method as stated below with any time-delay device’forming an integral part of the swjtch
adjlisted to a specified setting:

a) ffor a switch tripped by any form of auxiliary pawer, interval of time between the instant of
energizing the opening release, the switch being in the closed position, and the instant when
the arcing contacts have separated in all poles;

b) [for a switch tripped (other than by the striker) by a current in the main circuit without the|aid
of any form of auxiliary power, intervalof time between the instant at which, the switch bging
in the closed position, the current.inithe main circuit reaches the operating value of the oyer-
current release and the instant when the arcing contacts have separated in all poles

3.7]119

mirfimum release-initiated 0péning time
<of|the switch-fuse combination> release-initiated opening time when the specified setting of
any| time-delay device fgrming an integral part of the switch is its minimum setting

3.7]120

makximum release-initiated opening time
<of|the switch*fuse combination> release-initiated opening time when the specified setting of
any| time-delay device forming an integral part of the switch is its maximum setting

3.7]122
brealte
interval of time between the beginning of the opening time of a mechanical switching device (or
the pre-arcing time of a fuse) and the end of the arcing time

[SOURCE: IEC 60050-441:20672000, 441-17-39]

3.7.122

arcing time

<of a pole or a fuse> interval of time between the instant of the initiation of the arc in a pole or
a fuse and the instant of final arc extinction in that pole or that fuse

[SOURCE: IEC 60050-441:20072000, 441-17-37]


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

- 16 - IEC 62271-105:2021 RLV © IEC 2021

3.101 Fuses

3.101.1

reference list of fuses
list of fuses defined by the manufacturer for a given type of switch-fuse combination base, for
which compliance to the present document of all corresponding switch-fuse combinations is

ass

essed

Note 1 to entry: TFhis-list-can-be-updated- Conditions for extending the validity of the type tests are given in 7.105

and

9.102.

3.1
fus
fus
fixel

[SQ

3.1
stri
me
eng

[sd

3.1
pre
me
inte

12
e-base

e mount

d part of a fuse provided with contacts and terminals

URCE: IEC 60050-441:2060672000, 441-18-02]

D1.3
ker
hanical device forming part of a fuse-link which, when the fuse operates, releases

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

D1.4

rarcing time

ting time

rval of time between the beginning of a cufrent large enough to cause a break in the fu

element(s) and the instant when an arc is initiated

URCE: IEC 60050-441:2060672000, 441-18-21]
D1.5
rating time

totrII clearing time

of the pre-arcing time‘and the arcing time

URCE: IEC 600503441:20072000, 441-18-22]

the

rgy required to cause operation of other apparatus or indicatérs“or to provide interlocking

se-

I'Q("I TuVal il il allala¥alalal A A1 - 2007 441 17 1271
[S OHREE—AH=E6-60656=444-2007—444=4-7=37]
3.101.6

12t

Joule integral
integral of the square of the current over a given time interval:

Note 1 to entry: The pre-arcing 12t is the 1%t integral extended over the pre-arcing time of the fuse.

)
T+
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Note 2 to entry: The operating It is the 1%t 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 1t expressed in A%s.

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

4

Normal and special service conditions

Cla

ol

2 o o A

o
=

If th
rati

lise 4 of IEC 62271-1:2017 applies.

Ratings

General

clause 5.1 of IEC 62271-1:2017 applieS\with the following additions:

rated short-circuit breaking currenf

rated short-circuit making curreqt;

rated transfer current for striker operation;

rated take-over current/fara release-operated combination.

controlgear asseniply).

5.2

S

Rateg-voltage (U,)

e switch-fuse comhination is not used as a stand-alone device, the influences to the diffe
ngs are covered(by*the relevant standards (e.g. if it is used as a part of switchgear

ent
and

Subclause 5.2 of IEC 62271-1:2017 applies.

5.3

Rated insulation level (Uy, Uy, Ug)

Subclause 5.3 of IEC 62271-1:2017 applies.

5.4

Rated frequency (f,)

Subclause 5.4 of IEC 62271-1:2017 applies.
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5.5 Rated-nrormalcurrent-and-temperaturerise Rated continuous current (I,)
441 Ratednormalcurrent{h)

| %V
Sulelanca 442 af IEC 62271-1:2007 ic_annlicahlae and  ac far ac fucac araMeancardad
StHeaUdSe 4400+t oA 1S appHeabdie aha—as—+afF—aS—HdSesS—af quuuu 65

Sufjclause 5.5 of IEC 62271-1:2017 applies with the following additions: ,\QQ')

/7
Thqg rated continuous current applies to the complete switch-fuse cqﬁination.

fus¢ combination. Different types of fuses may be combined With’ one type of switch, which give
several switch-fuse combinations with different rated cont'sQ us currents.

O
It i not required that the rated continuous current is@gected from the R10 series.

Eagh combination of a given type of switch and a given type ofgﬁ(g defines one type of swijch-

5.6] Rated short-time withstand current (IKL§\

Subclause 5.6 of IEC 62271-1:2017&&3 not apply.

. O
5.7 Rated peak withstand eur ent (Ip)
.\Q

Sufjclause 5.7 of Ié&?l—l:ml? does not apply.
5.8 Rated&s&fion of short-circuit (t,)

Sutc&z{se 5.8 of IEC 62271-1:2017 does not apply.

5.9 Rated supply voltage-ofclosingand-epening-devicesand of auxiliary and control

circuits (Uy,)
Subclause 5.9 of IEC 62271-1:2017 applies.

5.10 Rated supply frequency-efclosingand-epening-devicesand of auxiliary and

control circuits
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Subclause 5.10 of IEC 62271-1:2017 applies.

5.11 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 5.11 of IEC 62271-1:2017 applies.

5.1

Thd
the

pre
cor

the

The

Thd

NOT

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

D1 Rated short-circuit breaking current

combination shall be capable of breaking under the conditions of use |and behav
eribed defined in this document in a circuit having a power-frequengy.recovery volt
esponding to the rated voltage of the combination and having a prospective—trans

bvery-voltage-equalto-the rated-value-specified-in4-102 TRV as specified in 7.101.2.8
values specified in test-duty 1 of IEC 60282-1:2020.

rated short-circuit breaking current is expressed by the RMS value of its AC componer
rated short-circuit breaking currents shall be selected\from the R10 series.
E 1 The R10 series comprises the numbers: 1 - 1,25 -16<2 -2,5-3,15-4 -5 - 6,3 — 8 and their prod
o

E 2 Itis recognized that the series impedance of the.combination or rapid operation of the fuses or switch/{
cause one or both of the following effects:

uch rapid operation that the short-circuit.cdrfent wave is distorted from its normal form.

is why the term "prospective current’(is used when assessing breaking and making performances.

rated short-circuit breaking current is the highest prospective short-circuit~cutrent which

our
hge
oo
and

ucts

may

5.1

D2 \Rated short-circuit making current

TheTafed short-circuit making current Is the highest prospeciive peak current which the swi

ch-

fuse combination shall be capable of making under the conditions of use and behaviour defined
in this document in a circuit having a power-frequency voltage corresponding to the rated
voltage of the switch-fuse combination. It shall be at least 2,5 times (50 Hz) or 2,6 times (60 Hz)

the

value of the rated short-circuit breaking current.

NOTE 1 See also Note 2 in 5.101.

NOTE 2 A higher peak factor,

linked with possible long time constant of the network, does not influence the

performance of the switch-fuse combination under short-circuit conditions, thanks to the current-limiting behaviour
of the fuses. That is stated in IEC 60282-1:2020, 6.1.2.
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5.103 Rated transfer current (striker operation) (It ansfer)

The rated transfer current is the maximum RMS value of the transfer current which the switch
in the combination is able to interrupt.

5.104 Rated take-over current for release-operated combinations (dgl;;,)

The rated take-over current is the maximum RMS value of the take-over current which the switch
in the combination is able to interrupt.

6 |Design and construction

6.1] Requirements for liquids in switch-fuse combinations
Sufjclause 6.1 of IEC 62271-1:2017 applies.
6.2 Requirements for gases in switch-fuse combinations
Sufclause 6.2 of IEC 62271-1:2017 applies.

6.3| Earthing of switch-fuse combinations

Sufjclause 6.3 of IEC 62271-1:2017 applies.

6.4 Auxiliary and control equipment and circuits
Sufjclause 6.4 of IEC 622711:2017 applies.

6.5 Dependent power operation
Sufclause 5-5pfEC62271-1:2007 is-applicable-with-the following-addition:

Subclause\b.5 of IEC 62271-1:2017 applies with the following addition:

Dependent manual operation is not allowed.

6.6 Stored energy operation

Subclause 6.6 of IEC 62271-1:2017 applies.

Independent unlatched operation (independent manual or power operation)

Subclause 6.7 of IEC 62271-1:2017 applies with the following addition:


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

IEC 62271-105:2021 RLV © IEC 2021 -21-

NOTE The switch-fuse combination is able to break the fault current, without need of a time delay.
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.

5g | hiat . | . | o : Q}/

Sublelause 5.9 of IEC 6227112007 is-applicable. "[,\
1

6.10 Pressure/level indication Q<°

Sufjclause 6.10 of IEC 62271-1:2017 applies. ,r\

/\
6.11 Nameplates (.O"],q’

Sufjclause 6.11 of IEC 62271-1:2017 applies with\@&ollowing modifications:

)
Thg nameplate of a switch-fuse combinati s\shall contain information in accordance
Talle 1. $\~Q
¥
xO
o

vith
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Table 1 — Nameplate-markings information

IEC 62271-105:2021 RLV © IEC 2021

Abbreviation Unit Switch-fuse | Operating Condition for marking
combination device required
(1) (2) 8 (3) (4) (5) (6)

Manufacturer X Y Only if not integral with the
combination and/or if
manufacturers are different.

Type designation X Y Only if not integral with the
combination and/or if
manufacturers are different.

Sevlial number X YY) Only if not integral with.the)
combination and/or if
manufacturers are different.

Number of this document X

Insfruction book reference X

Rafed voltage U, kv X

Rafed lightning impulse Up kv X

withstand voltage

Rafed frequency f, Hz X

Rafed-rermal continuous See X

curfent with fuses reference list

Rafed Filling pressure for Pim L Y If applicable. Information t

opgration(*) kPa be put on the nameplate o1 in
the instructions book.

Mirfimum functional Pmm kPa Y If applicable. Information t

pregsure for operation(*) be put on the nameplate ol in
the instructions book.

Alafm pressure for Pam kPa Y If applicable. Information t

opgration(*) be put on the nameplate off in
the instructions book.

Filllng pressure for Pre kRa Y If applicable. Information t

inspilation(*) be put on the nameplate off in
the instructions book.

Mirlimum functional Pme kPa Y If applicable. Information t

prepsure for insulation(*) be put on the nameplate o1l in
the instructions book.

Mirfimum functional Pow kPa Y If applicable. Information t

prepsure for switching(*) be put on the nameplate ol in
the instructions book.

Rafed supply voltageof U, \% Y If applicable.

devices-and of auxiliary and

corftrol circuits

Year of manufacture X

Tetpperature class ¥ Different from

I
25 °C outdoors

Minimum and maximum °C Y If different from -5 °C and/or

ambient air temperature 40 °C.

Insulating fluid and mass M; kg Y If applicable.

Key

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

X The marking of these values is mandatory; blank spaces indicate zero values.

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

(YY) The marking of these values is optional and subject to the conditions in column (6).

NOFE

2  Abbreviations in column (2) may be used instead of terms in column (1). When terms of column (1) are used,
the word "rated" need not appear.
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6.12 Interlocking Locking devices

Subclause 6.12 of IEC 62271-1:2017 applies.

6.13 Position indication

Sul

6.1

Suf

6.1

Sul

6.1

Sul

6.1

Sul

6.1

Sul

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.

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 applies.

| Liguid-tightress Tightnessgyfor liquid systems
clause 6.17 of IEC §2271-1:2017 applies.

B Fire hazard (flammability)

clayse.6.18 of IEC 62271-1:2017 applies.

6.19

=1 - b AR Y V2 X PN
J LIELTUTITayTietiv CUTITP attuTiTty (LIviv)

Subclause 6.19 of IEC 62271-1:2017 applies.

6.20 X-ray emission

Subclause 6.20 of IEC 62271-1:2017 applies.
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6.21 Corrosion

Subclause 6.21 of IEC 62271-1:2017 applies.

6.22 Filling levels for insulation, switching and/or operation

Subclause 6.22 of IEC 62271-1:2017 applies.

021

6.1

Theg
ope
ma
of

IEC
for

6.1

Thdg
sati
fusd

by

a)

b)

D 1 LInKages between the tuse striker(s) anda tne switch release

rates satisfactorily under both three-phase and single-phase conditions at the minimum
imum requirements of a given type of striker (medium or heavy) irrespective-0f,the met

60282-1:2020. This requirement is considered to be demonstrated by the tests speci
est duties TDg. and TDyymax @nd mechanical operation tests.

D2 Low over-current conditions (long fuse-pre-arcing time ¢conditions)

switch-fuse combination shall be designed so thatthe combination will perf
sfactorily at all values of breaking current from the ratedimaximum breaking current of
b down to the minimum melting current under low overscurrent conditions. This is achie
ompliance with the following:

time coordination between switch and fuse is prowided by either 1), 2) or 3) below:

1) the fuse-initiated opening time of the switeh-fuse combination shall be shorter than
maximum arcing time the fuse can withstand as specified in IEC 60282-1:2020;

NOTE Tests have been introduced in IEC'60282-1 in order to assess that the maximum arcing withs
time of the fuse under long pre-arcing conditions is at least 100 ms.

2) where the fuse manufacturer can show that the fuse has been satisfactorily proven a
values of breaking current from the rated maximum breaking current of the fuse dow
then the fuse-initiated.(opening time of the switch-fuse combination is deemed

relevant;

3) where it can be shown that the thermal release of the fuse striker makes the switch ¢

breaking current of the fuse in accordance with IEC 60282-1:2020);

temperaturevrise under these conditions does not impair the performances of
combination as proven by the test described in 7.104.

Type tests

linkages between the fuse striker(s) and the switch release shall be such that the\swjtch

and
hod

Striker operation (spring or explosive). The requirements for strikers)-are given in

ied

brm
the
ved

the

and

I all
h to

the rated minimum melting-current of the fuse in the combination (i.e. full range fuges)

not

ear

the current before arcing in the fuse can occur, for all currents below I3 (minimum

the

7.1

7.1.

General

1 Basics

Subclause 7.1.1 of IEC 62271-1:2017 applies with the following additions:
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The purpose of type tests is to prove the characteristics of switch-fuse combinations, their

ope

rating devices and their operating equipment.

It is required that the switch of the combination has been tested as an individual component for
compliance with IEC 62271-103:2021, except for the short-time withstand current and short-
circuit making current requirements, because these parameters will be influenced by the fuses.

Furthermore, it is—understoed required that the fuses have been tested to the applicable
requirements of IEC 60282-1:2020.

aBa:

In t
doc

shape, dimension and mass as thatyof the fuses.

The
with

combinations, three groups of tests are involved:

tests on the switch in accordance with IEC 6227%:103:2021; these tests may be carried
on a combination other than that used for tests'c);

tests on the fuse in accordance with IEC 60282-1:2020;

tests on the combination in accordancewith this document.

he case of a fuse-switch, the tests;of IEC 62271-103:2021 and the tests of 7.102 of
ument shall be carried out after replacing, as specified, the fuses with solid links of the sa

combination submitted.fortest shall be in new condition with clean contact parts and fi
the appropriate fuses.

out

this
me

ted

2 Information for identification of cpnr‘imnnc tost nhjnrfe

Subclause 7.1.2 of IEC 62271-1:2017 applies.

7.1.

3 Information to be included in type-test reports

Subclause 7.1.3 of IEC 62271-1:2017 applies.



https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

- 26 — IEC 62271-105:2021 RLV © IEC 2021

7.2 Dielectric tests

Sufjclause 7.2 of IEC 62271-1:2017 and 7.4 of IEC 60282-1:2020 apply.

7.3] Radio interference voltage (RIV) test Qq/
S

RI\| tests are not required.

Sufjclause 7.4 of IEC 62271-1:2017 applies Wig\®e following addition:

Sol{d links of negligible resistance shall be@ed instead of fuses and the resistance of the links

shalll be recorded. $
RN
7.5 Temperature-rise Continu%s current tests

S

Sufjclause 7.@EC 62271-1:2017 applies with the following additions:

The co@ous current tests of the combination shall be carried out at the rated continupus
f

cur e\) the combination with all fuses of the reference list. However, the number of thts
ma reduced hy :\Inlnl\lling the criteria of 7 105 2

The power (in W) dissipated by each individual (1-phase) fuse-link just before the end of the
test period shall be recorded in the type test report.

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

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

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

As long as IEC 60282-1:2020 provide different temperature rise limits compared to
IEC 62271-1:2017, the lower values are applicable.
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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

Suljcratse 7.7 of TEC 6227 1-1. 2017 applies.

7.8| Tightness tests

Sufclause 7.8 of IEC 62271-1:2017 applies.

7.9 Electromagnetic compatibility tests (EMC)
Sufclause 7.9 of IEC 62271-1:2017 applies.

7.10 Additional tests on auxiliary and control cirelits

Suliclause 7.10 of IEC 62271-103:2021 applies.

| X-radiation test-procedure farqyacuum interrupters

o o

(4]

QT >

P ©
< g+

Sufclause 7.1%0FI1EC 62271-1:2017 applies.

7.191 Making and breaking tests

7.10104 General

Fhlecloneccontnine tot oo duioes

Subclause 7.101.1 describes four independent test duties:

- TDg¢: making and breaking tests at the rated short-circuit current;
- TDpwmax: making and breaking tests at the maximum breaking 12t;

— TDyyansfer:  breaking tests at the rated transfer current;

- TDy: breaking tests at the rated take-over current.
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7.101.2 Conditions for performing the tests

7.101.2.1 Condition of the combination before testing

The

combination under test shall be mounted in accordance with the manufactur

insfructions, on a specified or equivalent support. Its operating device shall be operated in

ma
ops§
IEQ

hner specified and in particular, if it is electrically or pneumatically operated; it shall
rated at the minimum voltage or gas pressure respectively as specified, n .9 and 5.1
62271-1:2017, unless current chopping influences the test results. InCthe latter case,

conpbination shall be operated at a voltage or gas pressure within the tolerances specifie

5.9
sep

Its
no-

Con
arrg

and 5.11 of IEC 62271-1:2017, chosen so as to obtain the highespcontact speed at con
aration and maximum arc extinguishing properties.

hall be shown that the combination will operate satisfactorily under the above conditions
oad.

hbinations with independent—manual unlatched\<operation may be operated by
ingement provided for the purpose of making remate control possible.

Dud

consideration shall be given to the choicelaf the-live supply side connections. When

conpbination is intended for power supply fromeither side, and the physical arrangement of
sid¢ of the break, or breaks, of the combinétion differs from that of the other side, the-ive supply

side
one
rev
con

Thd
vali
list.
relg
the!

b of the test circuit shall be connectedto the side of the combination which gives the m
rous condition. In case of doubt, the-test-duty shall be repeated with the supply connecti
brsed, but for test duties comprising identical tests, one test shall be made with the su
nected to one side and the follewing test(s) with the supply connected to the other side

fuses selected for the tests shall be chosen so that the result of the test duties are deer
d for all combinations made of the same combination base and any fuse of the refere
For the tests of take-over current of release-operated combinations, over-current relay
ases (where fitted) shall be of the lowest release-initiated opening time-asseociated—
Le-fuses. Thewtests shall be carried out at ambient temperature and without previous load

unless—otherwise speecified. If applicable, test shall be performed at the minimum functig

pre

sure forinsulation and/or switching.

D1./2.2 Test frequency

Per’'s
the
be
| of
the
l in
act

on

an

the
bne

ore
ns

ply

ned
hce
ol
vith
ng-
nal

Combinations shall be tested at rated frequency, with a tolerance as stated in Table C.1,
Annex C.
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Combinations may be tested at 50 Hz or 60 Hz to cover both frequencies with the testing
conditions given in Table 2.

Table 2 — Summary of the conditions for combining tests and alternative procedures

Test duty Performed at 50 Hz, and Performed at 60 Hz, and also
also valid for 60 Hz valid for 50 Hz
TD\ranster' TPito If a derating factor of 1,22 is applied to the yes
rated transfer current and to the rated
take-over current
TDISC’ TDIWmax yesb yesb

The factor 1,2 reflects the higher di/dt at 60 Hz. In the case of a switch-fuse combination bf a rated
transfer current of 1 000 A tested at 50 Hz, a rated transfer current of 833 A may be assigged at 60 Hz
without any other additional tests.

During TD,,. and TD . CUrrent-limiting fuses reduce significantly the peak cuwtént and force the

current to zero before the natural zero of the circuit. Within certain limits (from~48 Hz to 62 Hz),
frequency is not a critical parameter for current-limiting fuses (see 7.6.1.4 of IEC 60282-1:2020 and
4.2.3.5 of IEC TR 62655:2013) and in such case the current should be clearéd only by fuses. Therefore
peak factors of 2,6 usually considered for 60 Hz, are irrelevant for switchsfuse combinations.

7.1

The
the

Dun

7.1

For

haVv
cirg
isol
in H

ing

ing
uit

D1.2.3 Power factor

power factor of the test circuit shall be determined by measurement and shall be takern
average of the power factors in each phase.

D1.3.3 and 7.101.3.4.

D1.2.4 Arrangement of test cirCuits

test duties TD|g. and TDymax~ the combination shall-preferably be connected in a cir

the tests, the average value shall conform to the values given in 7.101.3.1, 7.101.

the neutral point of the . supply isolated and the neutral point of the three-phase sh
earthed, as shown in:Eigure 1a). When the neutral point of the test supply cannof

as

B.2,

Cuit

ort-
be

pted, it shall be earthed and the three-phase short-circuit point shall be isolated as sh¢wn
igure 1b).
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IEC

a) Preferred earth point

Figure 1 — Arrangement of test circuits for test duties TD|;. and TDywmax

/Y
Il S

11l

O——O0—0 IEC

b) Alternative earth point

For|test duties TD,; ansfer aNd TD}y,, the combination shall be connected in a circuit as shgwn
in Higure 2 and Figure 3, respectively.

Flse

o

s 8, 4
4“|
\_>D | Solid link

1

| F,/Load
| | | |
i

IEC

a) Preferred earth point

IEC

b) Alternative earth point

Figure 2 — Arrangement of test circuits for test-duty TD;ansfer
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1

-

——1— —+——]
f ﬁjlsolid link 5/ ? —HI

| P—/Load | |
L ol T .

a) Preferred earth point b) Alternative earth point

Figure 3 — Arrangement of test cifcuits for test-duty TD,;,

Forlcombinations producing an emission of flame or metallic particles, the tests shall be mpde
with metallic screens placed in the vicinity of the live parts, separated from them by a clearahce
distance which the manufacturer shall specify.

Thqg screens, framg and other normally earthed parts shall be insulated and then connectefl to
earth through g current indicating device. The current indicating device can be a fuse consisfing
of g copper wire-of 0,1 mm diameter and 5 cm in length, or a link to earth across a sensof to
measure thé turrent. The fuse wire may also be connected to the secondary side of a 1:1 rptio
curfent transformer. The terminals of the current transformer should be protected by a sgark
gaf or surge arrester. No significant leakage is assumed to have occurred if the wire is infact
aftqr e test or if the Joule integral of the leakage current is less than 5 A2s from |arc
establishing up to 100 ms.

7.101.2.5 Test voltage for breaking tests

The test voltage is the average of the phase-to-phase voltages measured at the combination
location immediately after the breaking operation.

The voltage shall be measured as close as practicable to the terminals of the combination, i.e.
without appreciable impedance between the measuring point and the terminals.
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The test voltage shall be equal to the rated voltage of the combination with a tolerance on the
average value of 5 % and a tolerance on any phase to the average value of +20 %.

7.101.2.6 Power-frequency recovery voltage

The power-frequency recovery voltage shall be maintained for at least 0,3 s after arc extinction.

Thg power-frequency recovery voltage of a three-phase test circuit shall be the average valug of
the|power-frequency recovery voltages in all phases measured after the opening of the _swifch.

Thg power-frequency recovery voltage of the test circuit shall be measured betwgen
the|terminals of each pole of the combination in each phase of the test circuit.

Thg power-frequency recovery voltage shall be measured one cycle afterthe opening of|the
swifch in accordance with Figure 4.



https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

IEC 62271-105:2021 RLV © IEC 2021 - 33 -

Key
Ul/z\/
U2/2‘\

Us/2y

0o

Pole 1
Fuse did not operate

> Pole 2

Pole 3

C First fuse to clear

IEC

3 voltage of pole 1

2 voltage of pole-3

stant of opening of mechanical switching device

Figure 4 — Determination of power-frequency recovery voltage

Uy , Uz  [Us
2 voltage of pole 2 Average voltage of poles 1, 2 and 3 = 222 22 p2
3

7.1

T.2.7 Applied voltage before short-circuit making tests

The applied voltage (see-3-74314 3.7.112) before the short-circuit making tests in test duties
TDsc and TDywmax IS the RMS value of the voltage at the pole terminals immediately before the

test

The average value of the applied three-phase voltages shall be not less than the rated voltage

of the combination divided by V3 and shall not exceed this value by more than 10 % without the
consent of the manufacturer.

The difference between the average value and the applied voltages of each phase shall not
exceed 5 % of the average value.
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7.101.2.8 Breaking current

For test duties TD|;. and TDpymax: the RMS value of the AC component of the prospective
short-circuit breaking current shall be measured one half-cycle after the initiation of the short-

circ

uit in the prospective current test.

For test duties TDyansfer @aNd TDyy,, the breaking current shall be the RMS value of the AC
component measured at the initiation of arcing.

For test duties TD,.., TDywmay @and TD,,,, the RMS value of the AC component of the breaking

cur

the
con
pols

7.1
The

ent in any pole shall not vary from the average by more than 10 %. For test-duty TD)y.a,

RMS value of the AC component of the breaking current in the two poles fitted with s
ducting links shall be not less than (V3)/2, i.e. 87 % of that in the first-pole-to-clear, i.e.
e fitted with a fuse.

D1.2.9 Transient recovery voltage TRV

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

arrag

The
Fig

Suc

sure the TRV wave without significantly influencing it and shall be measured at
inals to which the combination will be connected with all necessary test-measuring devig
as voltage dividers, included. Suitable methods are described in-Annex+FofHEC-622
: Annex E of IEC 62271-100:2021.The TRV referss/toe-the first-pole-to-clear, i.e.
ge across one open pole with the other two poles clased; with the appropriate test cir
\nged in accordance with 7.101.2.4.

prospective TRV curve of a test circuit is represented by its envelope drawn as show
ire 5 and by its initial portion.

u A

u

'
u

o
n
o
-
[6)]
o

A

IEC

cfer:
plid
the

and
the
es,
71~
the
Cuit

N in

Figure 5 — Representation of a specified TRV by a two-parameter
reference line and a delay line
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Figure 6 — Example of a two-parameter reference line for a TRV

prospective TRV wave of the test circuit shall comply with the-following requirements (

example in Figure 6):

a)

b)
7.1

7.1

Thi
cut-
Thd

Oné
pro

atd

The

Its envelope shall at no time be below the specified reférence line.

It is stressed that the extent by which the envelope.may exceed the specified reference
requires the consent of the manufacturer.

Its initial portion shall not cross the delay line;where such a-ene delay is specified.
D1.3 Test-duty procedures

D1.3.1 Test-duty TD g, — Making and breaking tests at the rated short-circuit
current

5 test-duty is performed to show that the switch is capable of withstanding and making
off current of the fuse without damage and that the striker will open the switch at this curr
test is carried out with\fuses fitted in all three poles of the combination.

b break and thenmone make-break test shall be made in a three-phase circuit, ha
Epective current €qual to the rated short-circuit breaking current of the combination

lerance of +2 %.

power factor of the test circuit shall be 0,07 to 0,15 lagging.

See

ne

the
bnt.

ing
vith

The applied voltage shall be in accordance with 7.101.2.7.

The power-frequency recovery voltage (see 7.101.2.6) shall be equal to the rated voltage of the
combination divided by V3. The tolerance on the average value is +5 % of the specified value,
and the tolerance on any phase to the average value is £20 %.

The prospective TRV shall be in accordance with 7.101.2.9 and the values specified in test-
duty 1 of IEC 60282-1:2020.


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

- 36 - IEC 62271-105:2021 RLV © IEC 2021

The breaking test of this test-duty shall be made with the initiation of arcing in the fuse in one
of the outer poles in accordance with the provisions of test-duty 1 of IEC 60282-1:2020, i.e. to
be within the range of 65 to 90 electrical degrees after voltage zero in that pole.

7.101.3.2 Test-duty TD\yymax — Making and breaking tests at the maximum breaking
12t

When carried out, its purpose is to verify the performance of the combination with a prospective
current approximating to that producing the maximum 12t for the switch-fuse combination. The
test is carried out with fuses fitted in all three poles of the combination.

Comhinatione in whiech tha cwiteh eclocac fullvy hama haofara onenina tundeaer tha action oftha“flica
Ceofrbinntiencneiniehthocudtelh elocne ol hesns Bofers coonine nndor tho netion ol the fheo
ctrikar and hac heen csithiactad 1tnder IEC 62271102 canditions to two - makae tactelatr nhaole
Chfoionehoe booroubiostodpnde s [EC EO0T0 100 copclitione fo haoopanlie focte c o opal
curfent-valvenotlessthan2.5-timest,(50-Hz)-or 2.6-times+,(60-Hz)—and-ashort-time-test-for
a—dpration-ofnetlessthanr 01 satacurrentvaluehrotlessthant, {-e—theprospectiveshert-
chguit—eurrentfortest-duty 2 of HEC-60282-1)are—exempt—irom—test-duty—FD o —0Ffhis

—
=3

i$ test-duty may be omitted if all of the following requirements argmet:

combinations in which the switch closes fully home before epehing under the action of|the
fuse striker;

the switch used has been subjected, under IEC 6227%-103:2021 conditions, to two mpke
tests at a peak current value not less than 2,5 times, 13(50 Hz) or 2,6 times I, (60 Hz).

A short-time test for a duration of not less than 0,1<g at a current value not less than I, (i.e.|the
progpective short-circuit current for test-duty 2 oflEC 60282-1:2020).

NOTIE For other peak factors/time constants refer to~\NOTE 2 of 5.102.

Thig test-duty may be also omitted if the*fuse or fuses tested in the combination to test-dquty
TD|. of this document have a_higher published value of 1%t under test-duty 1| of
IEQ 60282-1:2020 than under testtduty 2 of IEC 60282-1:2020.

On¢ break and one make-break test shall be made in a three-phase circuit having a prospecfive
curfent within +10 % of that prospective current required-to-verify-the value of 12t of IEC 60482~

Thg power factor of-the test circuit shall be between 0,07 to 0,15 lagging.

Thg applied voltage shall be in accordance with 7.101.2.7. For the breaking test of this tgst-
duty, thewoperation shall be made with point-on-wave closure of the circuit so that curfent
conrmences between 0 and 20 electrical degrees after voltage zero on any one phase.

The power-frequency recovery voltage (see 7.101.2.6) shall be equal to the rated voltage of the
combination divided by V3. The tolerance on the average value is +5 % of the specified value,
and the tolerance on any phase to the average value is £20 %.

The prospective TRV shall be in accordance with 7.101.2.9 and the values specified in test-
duty 2 of IEC 60282-1:2020.

7.101.3.3 Test-duty TDyansfer — Breaking tests at the rated transfer current

This test-duty is performed to prove the correct coordination between the switch and fuses
in the current region where the breaking duty is transferred from the fuses to the switch
(see 3.7.108 and Annex B).
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Test-duty TD,ansfer May be omitted in the case of release-operated combinations if the rated
take-over current is equal to or higher than the rated transfer current.

Three break tests shall be made in a three-phase circuit, as shown in Figure 2a) or Figure 2b),
with the fuses in two poles replaced by solid links of negligible impedance. The pair of poles
with the solid links shall be different on each of the three breaking tests. In the case of fuse-
switches, the solid links shall be of the same shape, dimension and mass as those of the fuses
they replace.

If this arrangement of one fuse on one pole and two solid links on the two other poles is not
pragticable for the testing laboratory, then the fuse-may could be omitted and the switch tripped
in slome other way. In the case of fuse-switches, the fuse shall be replaced by either a. duhpmy
fus¢ (for example—a—blewn an operated fuse-link) or an insulating link of the same-shgpe,
dimension and mass as those of the fuse.

Thqg test circuit shall consist of a three-phase supply and load circuit (see/Figure 2a)-ang or
Figtire 2b)).

Thqg load circuit shall be an R-L series connected circuit.

Thg supply circuit shall have a power factor not exceeding 0,2-lagging and shall meet |the
wing requirements:

a) [the symmetrical component of the short-circuit breaking current of the supply circuit shall
neither exceed the rated short-circuit breaking curtent of the combination nor be less than
% of this current;

b) the impedance of the supply circuit shall be hetween 12 % and 18 % of the total impedahce
f the test circuit for test-duty TDjyansfer- M’ due to limitations of the testing station, this

ondition cannot be met, the percentagé’may be lower, but it shall be ensured that|the
resulting prospective TRV is not less severe;

he prospective TRV of the supply circuit under short-circuit conditions shall bg in
ccordance with test duty 1 of JEC 60282-1:2020.

between 0,2 to 0,3%agging if the breaking current exceeds 400 A;
between 0,3 to(0;4 lagging if the breaking current is equal to or less than 400 A.

Thdg test voltage shall be in accordance with 7.101.2.5.

Thqg power-frequency recovery voltage shall be equal to the rated voltage of the combination

divided by V3. The tolerance on the average value is +5 % and the tolerance on any phpse
vol is +20 04

The prospective TRV of the load circuit;ferecalibrationpurposes; shall be in accordance with
7.101.2.9 and Table 3 or Table 4, as appropriate. A delay line is not specified.
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Table 3 —Stanrdard Values of prospective TRV for test-duty TDyansfer Pased
on practice in Europe

Rated voltage TRV peak voltage Time Rate-of-rise
U, U, ty u.lty
kv kv us kV/us
3,6 6,2 80 0,077
7,2 12,3 104 0,115
12 20,6 120 0,167

17,5 30 144 0,208
24 41 176 0,236
36 62 216 0,285

u. =14x15%xU \/E
C 1 ’ r \/E

Table 4 —Standard Values of prospective TRV for test-duty TD|yansfer Pased
on practice in the United States of America-and-Eahada

Rated voltage TRV peak voltage Time Rate-of-rise
U, U, ty u.lty
kv kv us kV/us
2,8 4,8 74 0,065
5,5 9,4 92 0,103
8,3 14,2 108 0,132
15 25,7 132 0,195

15,5 26,6 134 0,198
27 46,3 186 0,249
38 65,2 222 0,293

u 1,4x15x%xU £
C 1 1 r \/5

NOTNE 1 Tables 2 and 3 give-threamhase values-and refer-to-the first-pole-to-clear—i-e—the pole with-the fusé (or
NOHIET—aHeS=aht-ghvethRteespriaseYadeSaheaferefrtotheHSt-pote-to-ciear—+-e—+thepote-WHAtHeHuSe{(of
NOHE 2 e values showkr ynTables 2 and 3 - are-app atransfer currents—of
NOHE—~—HRe Ve S—SROWRR—abieS 2 antsare app g—tHahstereurren}s—ot
lowdrvalue than-those-drsiha-from-solid-short-cireuits | zone—the latted-are
oW gr—vardetiah—tesSe aiSHihgHoem-SoHEG—SReR-GHEUHHS +—Zohe e atteafre
norphalhvcleared byv-thé fuSes However thev-mav-not be n or a cati o a-the clearingof $uch
RorfAaHy-creafreaBytheH4seS—roweverthey-mayhRoetse P Of =3 cato e4q gthe-ctearng-otpden
terminal-zone faultsthyv the switeh-— Such-a condition-of-applicationis-subiect to-aogreement between-the user and-the
termiar-ZeReauntSRY-thHe-SWheh-—deha-coRaiHoR- o appHecatoiisSSubjecttoagreementDewwee e userangth

NOTIE 2 Takle.8 and Table 4 give TRV for the first-pole-to-clear, i.e. the pole with the fuse (or dummy fuse/insulating

NOTEN3W/For more information about TRV during tests refer to the notes in Table 8 of IEC 62271-103:2021.

NOTE 4 It is recognized that the TRV values obtained during the test will differ from prospective values shown in
Table 3 and Table 4, due both to the influence of the supply circuit and the power factor of the load.

7.101.3.4 Test-duty TD|;, — Breaking tests at the rated take-over current (release-
operated combinations only)

This test-duty is mandatory for release-operated combinations only and is performed to prove
the correct coordination between the release-operated switch and fuses in the current region
where the breaking duty is taken over from the fuses by the release-operated switch.

Three break tests shall be made in a three-phase circuit, as shown in Figure 3, with the fuses
in all three poles replaced by solid links of negligible impedance. In the case of fuse-switches,
the solid links shall be of the same shape, dimension and mass as those of the fuses
they replace.
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The test circuit shall be the same as for test-duty TD;,ansfer-

The test current value corresponds to

a) the minimum release-initiated opening time of the switch plus;where-applicable; a half cycle
time to represent the minimum operating time of an external over-current or an earth-fault
relay;

b) the maximum operating time of the fuses of highest rated current.

See Figure 7.
NO1'|E Figure 7 represents for the minimum and maximum release-initiated opening time of the switch, the cage of
a difject over-current release.
[0]
2 A
= Fuse
Mechanical
switching
device
| Maxitum break time (increased by the maximum relay
\ operating time if operated by external over-current relays)
| ﬁ\ Minimum opening time (increased by a half cycle
g o if operated by external over-current relays)
o [
% I 3 N Maximum operating time for maximum rated current
: o)
% | f‘g ~ Minimum pre-arcing time for maximum rated current
el €
£ | £
= ©
=, =
Prospective current
IEC
Figure 7 — Characteristics for determining take-over current
7.10153./5 Summary of test parameters

A summary of the parameters to be used when performing test duties is given in Table 5.
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Table 5 — Summary of test parameters for test duties

y Fest est . st
SRR e ; e e L
No Cireuit angle
FByse o g, See%&@i%% o e e S
Figure-3 this-standard co of IEC 60282-1
FBywimas 3-phase o, See 6.101.3.2 of o 0,07 t0-0.15 lagging | See test-duty 2
Figure-3 this standard co of IEC 60282-1
Fyranster ,’3 prRase Y, Hiransier OF 9 hranster > 400A ‘El SL‘_ES 2& ’Jd 34
—— aemcaa S omom s ame: SHHS-Standate
gure-2 :évee%&@i%;@i © lagging
e < 400 A
lrtransfer -
6:3-to-0:4
lagging
Blo 3-phase o, te o 1, ,>400-A Fables2-and-3-of
Figure-3 See 6.101.3 4 of o 021003 B
- )
+o-<-400-A
6:3-to-0:4
tagging
- - ' et
NOfE e-powertactorsrelating-to-test-duties EItransfer lto
Test-duty Test
Test current/making Te_st Power factor TRV
} . voltage series$
No Circuit angle
D\ Figure 1 U, See 7.101.3.1 Q) 0,07 to 0,15 lagging | See test-duty 1
CO of IEC 60282-
1:2020.
TD,wmax | Figure 1 U, See 7.101.3,2 O 0,07 to 0,15 lagging | See test-duty 2
CO of IEC 60282-
1:2020.
TDItransfer Figure 2 l'Jr Itransfer o Itransfer > 400 A Table 3 and
$e€’7.101.3.3 o 0,210 0,3 Table 4
0 lagging
Itransfer <400 A
0,3t0 0,4
lagging
Do Figure 3 U, lio (0] I, > 400 A Table 3 and
See 7.101.3.4 0 0,210 0,3 Table 4
o lagging
I, <400 A
0,3t0 0,4
lagging
Dl T Tl £ r3 | P r's E's = M T T £ + . L &l H M
NOFE—TFhepower-taetorsretatingto-testeuttes T B et Tbyfeferto-thetoad-eiretit

7.101.4 Behaviour of the combination during tests

The combination may be inspected but not reconditioned (apart from the replacement of fuses)
between any of the test duties which shall all be done on one-sample test object.

During operation, the combination shall show neither signs of-excessive electrical or mechanical
distress nor phenomena that might endanger an operator, verified as follows.
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From liquid-filled combinations there shall be no outward emission of flame, and the gases
produced together with the liquid carried with the gases shall be allowed to escape in such
a way as not to cause electrical breakdown.

For other types of combinations, flame or metallic particles such as might impair the
insulation level of the combination 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 intact after the test.

During test duties TD,.. and TD,wmay, the switch shall open following the action of the fuse

stri

For
occ|
occ|
riski
the

shafll be reported in order to explain the irregularities in the recovery voltage.

All
not

NOT

ers.

combinations with vacuum switches, non-sustained disruptive discharges (NSDDs) may
ur during the recovery voltage period following a breaking operation. However, their
urrence is not a sign of distress of the switching device under test and theycdo’not pose pny
to a system in service. Therefore, their number is of no significance in the, interpretatiop of
performance of the device under test. Where NSDDs are seen during‘normal testing they

hree fuses should be replaced, regardless of whether they have|operated during the tegt or

E In three-phase operations, one fuse and/or its stfiker may not have operated dufing

tesfing. This is a normal and not unusual condition which-will not invalidate acceptance of|the

test

7.1

Aftd
IEC

Afte

a)

b)

provided that the fuse shall not have received external damage in any way.

D1.5 Condition of the apparatus after testing

r testing, fuses shall comply with the reguirements of-5-1-3-ef lEC 60282-1:2009 6.1.3 of
60282-1:2020.

r performing each test-duty:

The mechanical function and- the insulators of the combination shall be practically in|the
same condition as beforethe tests. There may be deposits on the insulators caused by|the
decomposition of the arc-extinguishing medium.

The combination shall, without reconditioning, be capable of withstanding its rated voltpge
without dielectric failure.

For those comhihations which incorporate a switch-disconnector, the isolating propertiep of
the switch<disconnector in the open position shall not be reduced below those specified (see
42 of HEC: 6227112007 5.3 of IEC 62271-1:2017) by deterioration of insulating parts in|the
neighbeurhood of, or parallel to, the isolating distance. The requirements for disconnecfors
givenin IEC 62271-102:2018 shall be fulfilled.

d)

The switch-fuse combination shall he Pnpnhlp of Pnrrying its highpcr rated-normal continubus
current continuously, from the reference list, after renewal of fuses.

Visual inspection and no-load operation of the combination after testing are usually sufficient
for checking the above requirements.
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In case of doubt on the ability of the switch-fuse combination to meet the conditions of 7.101.5

b) gnd/or c), it shall be subjected to the relevant power frequency voltage withstand testp in
accprdance with 7.2.12 of IEC 62271-1:2017.

If vecuum interrupters are used, and they are placed in an insulating fluid other than aif at
atmospheric pressure (for example a vacuum interrupter in an enclosure fillgdwith SFg) an

intggrity check shall also be performed after the making and breaking tests,<as-follows.

An fadditional breaking test TD},, shall be performed using a circuit that supplies at least|the

50 Y6 rated breaking take-over current with at least 50 % of the ratéd, voltage, having both|the
neytral points of source side and load circuit, earthed. This additional breaking test shall be
magle before or after the no-load tests subsequent to the making-and breaking test. A succespful
intgrruption in each pole evidences that the vacuum interrup{erintegrity is maintained.

In dase of doubt on the capability of the switch-fuse cobimation, 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 sptisfied:

1) isual inspection of the main contacts shows*evidence of their good condition;

or, |f impracticable or unsatisfying,

2) [the resistance measurement according to the procedure and the relevant acceptance critgria
of 7.4 is satisfying. Before measurement of contact resistance, up to 10 no-load operatipns
may be done,

or, |f the condition of b) is pofsatisfied:

3) | test under the highest rated continuous current demonstrates that no thermal runayay
occurs, by monitoning the temperature at the points where resistance measurement yas
made until stabilization (variation less than 1 K/h). During this test, no other temperajure
measuremeniNis made inside of the switching device. If stabilization cannot be obtairjed,
then the €erdition check has failed and the switch-fuse combination is considered to hpve
failed the test duty as well.

7.102/,~Mechanical operation tests

Tests of the trip linkages shall be performed as follows:

a) To test the mechanical reliability of the linkages between the fuse striker(s) and the switch
release, a total of 100 operations shall be made, of which 90 shall be made (30 in each
pole) with one striker of minimum energy and 10 with three strikers of maximum energy
operating simultaneously.

After performing this test-duty, the mechanical functioning of the trip linkages shall be
practically the same as before the tests.

b) Using a dummy fuse-link with extended striker, set to the minimum actual travel within the
tolerance specified in IEC 60282-1:2020, for each pole in turn it shall be shown that the
switch either cannot be closed or cannot remain closed according to its design.

For the purpose of these tests, a device simulating fuse striker operation may be used.
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NOTE The switch being in compliance with IEC 62271-103:2021, no additional mechanical operation tests of the
switch are required.

7.103 Mechanical shock tests on fuses

During the test of the trip linkages given in 7.102, two fuses shall be fitted in the two poles of
the combination not fitted with the fuse striker simulating device for the three sets of 30
operations involved. Each of the two fuses used shall have the lowest rated current of the
reference list. If this rating is listed with several fuse types, then the fuses used for the test shall
be of different types.

Additionally, in the case of fuse-switches only, 90 close-open operations shall be performed
manually with three fuses.

Eagh of the three fuses used shall have the lowest rated current of the reference list. If fhis
ratipg is listed with several fuse types, then the fuses used for the test shall)be of diffefent

typés.

Aftgr performing this (these) test-duty(ies), the fuses shall show neijther signs of mechanjical
damage nor significant change in resistance. They shall not haverbecome displaced in their
congacts.

Thg satisfactory performance of the above test-duty(ies)’can be deemed to be sufficjent
eviTence for justifying the use of fuses other than those tested without further mechanical shjock
tesfing.

7.104 Thermal test with long pre-arcing time of fuse

Thqg test conditions are similar to the one used for the-temperature-rise continuous current fest
of 1.5 without measurement of temperature-rise. However, the no-load voltage of the supply
shall be sufficient to operate the striker.

Thqg test shall be carried out on the fuse, in the reference list, having the highest current rafing
in gach homogeneous series. Thetest shall be performed at the current giving the highest fuse
body temperature, as stated by'the fuse manufacturer.

Thqg test is performed by applying a test current of the required value, as stated above, until|the
striker operates.

Thg above test need not be repeated for alternative types of fuse having a stated lower ppak
body temperature than that tested and using the same striker design.

Thq test-is_valid if

a) [hevstriker and the switch have operated correctly,

inspection, no parts of the swnch fuse comblnatlon have sustained damage and all parts
are in a satisfactory condition (for fuses as defined in 6.1.3 of IEC 60282-1:2020).

7.105 Extension of validity of type tests
7.105.1 Dielectric

The dielectric properties may be affected when using other diameters than that of the tested
fuse. Extension of validity is restricted to fuses with the same overall dimensions.
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7.105.2 Femperaturerise Continuous current tests

Compliance with-temperature-rise continuous current tests of the combination made-efthe on
a combination base and a given fuse type (referred to as X) demonstrates the compliance of
any combination made of the same combination base fitted with another fuse type, at the
associated rated-nermal continuous current of this new combination, provided that the four
criteria below are fulfilled:

the fuses have the same length as the fuse X;

the fuses have a rated current lower than, or equal to, those of the fuse X-fuses;

U Da
equal to, those of the fuse X-fuses;

he derating of the fuses within the combination (I, ;ombination’!r fuse) iS lower than{or equal
0, those of the fuse X-fuses.

As compliance with the above criteria already includes safety margins, the diameter of the fuses
d not be considered.

7.105.3 Making and breaking

Compliance with this document is also achieved by alternative-untested or partially tegted
conpbinations made of combination base and fuses, provided that the following conditions |are
met:
a) fany fuse considered-shal to comply with its relevant standard (IEC 60282-1:2020);

b) the same type of striker—shall-be is fitted, j-e./medium or heavy in accordance \ith
IEC 60282-1:2020;

c) [the alternative type of fuse is such that the ¢ut-off current and operating 12t of the alternative
type, as established by test-duty 1 and/ertest-duty 2 of IEC 60282-1:2020, are not gregter
than those of the tested type similarly, established;

d) for fuse-switches only, any changedn fuse-link mass-shall-netinvalidate is not invalidafing
breaking characteristics due to change in the mechanical operation (i.e. opening speed).

8 |Routine tests
Clapse 7o HEC 62271-1:2007 is-applicable-with-the following-addition:
Clapse 8 of IEC 622y1-1:2017 applies with the following addition:

8.11 Mech@nical operating tests

Opé¢rating tests shall be carried out to ensure that combinations comply with the—preseriped
spefcified”operating conditions within the specified voltage and supply pressure limits of their

op rnhng devices

During these tests, it shall be verified, in particular, that the combinations open and close
correctly as specified by the manufacturer when their operating devices are energized or under
pressure. It shall also be verified that the operation will not cause any damage to the
combinations. Fuses of maximum mass and dimensions shall be fitted for fuse-switch testing.
For switch-fuse combinations, tests may be made without fuses.

For all switch-fuse combinations the following test shall be carried out:

a) under the conditions of 7.102 with the action of one fuse striker of minimum energy
simulated: one opening operation on each phase.

Additionally, the following tests shall be performed where applicable:
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b) at the specified maximum supply voltage and/or the maximum pressure of the compressed

gas supply: five operating cycles;

c) at the specified minimum supply voltage and/or the minimum pressure of the compressed

gas supply: five operating cycles;

d) if a combination can be operated by hand as well as by its-rermal electric or pneumatic

operating device: five manually operated cycles;

e) for manually operated combinations only: ten operating cycles;

f) for release-operated combinations only, at rated supply voltage and/or rated pressure of the
compressed gas supply: five operating cycles with a minimum current for the tripping circuit

The

Dun
fau
test

Afte
dan

energized by the closing of the main contacts.

tests a), b), c), d) and e) shall be made without current passing through the main’cirCu

ing all the foregoing routine tests, no adjustments shall be made and the opgration shal
tless. The closed and open positions shall be attained during each opetating cycle
s a), b), ¢), d) and e).

r the tests, the combination shall be examined to determine that'no parts have sustai
hage and that all parts are in a satisfactory condition.

Guide to the selection of switch-fuse combinations (informative)

lise 9 of IEC 62271-1:2017 appliés with the following additions:

D1 Guide to the selectiom of switch-fuse combination for transformer protection

D1.1 General

be
on

hed
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The objective of this application guide, taken in conjunction with that for switches (see Clause 9
of IEC 62271-103:2021) and that for fuses is to specify criteria for the selection of a combination
of switch and fuses which will ensure correct performances of the switch-fuse combination.

Criteria for the coordination of high-voltage fuses with other circuit components in transformer
applications and guidance for the selection of such fuses with particular reference to their time-
current characteristics and ratings are given in 5.2.2.2 of IEC TR 62655:2013.

Gui

dance for the selection of switches is given in Clause 9 of IEC 62271-103:2021.

9.1
The

fuse¢s and shall be equal to or greater than the maximum expected RMS symmetrical f
ent level of the point in the distribution system at which the combination is to-be located.

cur

9.1

Theg
tern
tot
so

bre

conpbination under consideration is less than the foregoing primary fault current expressed

(se

whd

D1.2 Rated short-circuit breaking current

rated short-circuit breaking current of a combination is largely determined by that’of

D1.3 Primary fault condition caused by a solid short-circuit on the-transformer
secondary terminals

primary side fault condition caused by a solid short-circuit on he transformer secong
hinals corresponds to very high TRV values which the switchc(net designed and not tes
hat condition) in a combination may not be able to cope with., The fuses, therefore, shal
chosen that they alone will deal with such a fault condition without throwing any of
bking duty onto the switch. In practice, this entails ensuring that the transfer current of

b Figure 8):

10011
=57

re
I+ is the rated current of the transformer;

Isc is the primary fault curreqt’on the transformer;

7 is the short-circuit percentage impedance of the transformer.

the
ault

ary
ted

be
the
the

by



https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

IEC 62271-105:2021 RLV © IEC 2021 - 47 —

LA

Wit
or f

Transfer current
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Y

Figure 8 — Transfer current in relation to the primary fault current I,
due to a solid short circuit in the transformer'secondary terminal

ault line impedance reduce the magnitude of ‘both the current and the TRV values

incease the power factor.

An

In ¢
tran
IEQ
fau

In g
ace

9.1
9.1

Int

bxample is given in Annex A.

ases where a system provider considers that the design of the LV connections betw
sformer and LV switchgear_(e.g. inside prefabricated substations in accordance
62271-202) prevents a solid short-circuit on the secondary transformer terminals, the ab
t condition need not be cafsidered in the selection of the fuse-links.

prading-totEC-622%1-103-shall fuse-combination should not be applied.

D2  Coordination of switch and fuses for extension of the reference list of fuses
D2.1 General

neAfollowing paragraphs, strictly speaking, one should refer to the break-time and not to

op€

ning time of the switch. However, the opening time is usually more readily available an

n this condition being fulfilled, transfer currents correspond to faults for which arc impedahce

and

ben
vith
pve

Il other cases where\thereguirements conditions of this subclause cannot be met, a swjtch

the
d is

close enough to the break-time for the purposes of this document.

9.102.2 Rated-nermal continuous current

The rated-nermal continuous current of a switch-fuse combination is assigned by the switch-

fuse manufacturer-en—the-basis—of-information—gained-from-temperature-rise—tests and will

depend on the type and ratings of the switch and the fuses. It may have to be reduced where

the

ambient temperature in service exceeds the-preseribed specified ambient temperature.
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The rated-nermal continuous current of a combination is generally less than, but-sheuld shall
not be in excess of, the rated current of the fuses as assigned by the fuse manufacturer.

9.102.3 Low over-current performance

At values of fault current below the minimum breaking current of the fuses fitted in the
combination, correct operation is ensured by the ejection of one or more fuse strikers operating
the switch tripping mechanism (and hence causing the switch to open) before the fuse has had
time to be damaged by internal arcing (see 6.102). Additionally, over-current relays could be
used.

9.102.4 Transfer current

Thqg transfer current of a combination is dependent upon both the fuse-initiated opening timg of
the|switch and the time-current characteristic of the fuse.

Near the transfer point, under a three-phase fault, the fastest fuse to melt.clears the first gole
and its striker starts to trip the switch.

Thg other two poles then see a reduced current (87 %) which will be interrupted by either|the
swifch or the remaining fuses. The transfer point is when the.(switch opens and the fuse
elements melt simultaneously.

Thg transfer current for a given combination, determined ‘as”described in Annex B, shall be
smaller than the rated transfer current.

9.1p2.5 Take-over current

Thg value of the take-over current of a combination is dependent upon both the release-initigted
opgning time of the switch and the time-current characteristic of the fuse. As its name impljes,
it id the value of the current at the intersection of the two curves, above which the fuses tpke
ovelr the function of current interruption_from the release and switch.

Relpy behaviour and fuse characteristics should be such that the take-over current is smgller
than the-maximum rated take-over current of the combination (see definition 3.7.112 and|the
tes{ conditions in 7.101.3.4),

9.102.6 Extension ef the validity of type tests

As |t is recognizedthat it may well be impractical to test all combinations made of a combination
basle and fuses and-to carry out repeat tests on combinations whenever the fuse is altered, this
dodument specifies conditions (see 7.105) whereby the validity of the—temperature—fise
conftinuous current test, making and breaking type tests may be extended to cover combinatipns
other than-that (those) tested.

Thg _test duties specified in this document, together with the associated guidance as to|the

application of these tests to other combinations cover most users' requirements. However, in
some cases, for example supporting the use of a back-up fuse by type tests carried out on the
combination using full range fuses from another manufacturer, may require additional
combination testing. Such testing should be subject to agreement between the manufacturer
and user.
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manufacturer shall.give, in addition to the rated quantities, the following information:

a)

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

L General

clause 10.1 of IEC 62271-1:2017 applies.

P Information with enquiries and orders

clause 10.2 of IEC 62271-1:2017 applies with the following additions:

ddition to the information listed for the switch in 10.2 of IEC 62271-103:2021, the inq
uld specify the limit of supply, i.e. if;thé combinations described include the fuse-li
ined as switch-fuse combination) or not (defined as switch-fuse combination base).

B Information with tenders

clause 10.3 of IEC £2271-1:2017 applies with the following additions:

vell as the information given for the switch in 10.3 of IEC 62271-103:2021, the combina

the reference list of fuses, which shall include the designation of the combination base
maximum-demonstrated-cut-off current-characteristics—of the fuse and for each seled
fuse, the following information:

irer
nks

ion

s
ted

-\ fuse designation (brand manufacturer, type, rating);

— rated-permal continuous current of the combination;
— rated short-circuit current of the combination;
— rated maximum cut-off current of the combination;

filling medium (type and amount), when applicable.
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On request, the following information for the extension of the type test validity should be given:

fuse length (7.105.2);
fuse power dissipation (7.105.2);
Joule integral (highest value of the fuse type used in 7.101.3.1 and 7.101.3.2.

11

cla]
Cla
The

Hig

Transport, storage, installation,-eperation operating instructions and
maintenance

se 11 of IEC 62271-1:2017 applies with the following additions:

reference list of fuses shall be given in the instruction book.

h-voltage fuses, although robust in external appearance,may have fuse-elementg

reld

or
te

For

a)

b)

c)

d)

e)

un} ready for installation and should be handled with the sameé-degree of care as arelay, m

tively fragile construction. Fuses should, therefore, be keépt in their protective packag

ther similar item. Where fuses are already fitted in<a switch-fuse unit, they should
porarily removed while the unit is man-handled int@ position.

operation, the following points should be considered:
The three fuses fitted in a given combinatjgn*shall all be of the same type and current rat
otherwise the breaking performance of:the€ combination could be adversely affected.

It is vital, for the correct operation efithe combination, that the fuses are inserted with
Sstrikers in the correct orientation.

\When a switch-fuse has operated as a result of a three-phase fault, it is possible for
1) only two out of the three;fuses to have operated,
2) all three fuses to ha\e operated but for only two out of the three strikers to have ejec

Such partial operation of one fuse can occur under three-phase service conditions an
not to be considérgd abnormal.

Where a switch<fuse has operated without any obvious signs of a fault on the syst
examinatiofNof the operated fuse or fuses may give an indication as to the type of f
current @qd its approximate value. Such an investigation is best carried out by the f
manufaegturer.

AV three fuses shall be discarded and replaced if the fuse(s) in one or two poles {

of
ing
pter
be

ng,

the

ed.
i is

bm,
Qult
Lise

fa

cotbination has operated.

f)

12

Before removing or replacing fuses, the operator should satisfy himself that the fuse-mount

is electrically disconnected from all parts of the combination which could still be electric
energized. This is especially important when the fuse-mount is not visibly isolated.

Safety

Clause 12 of IEC 62271-1:2017 applies.

ally
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13 Influence of the product on the environment

Clause 13 of IEC 62271-1:2017 applies.
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Annex A
(informative)

Example of the coordination of fuses, switch and transformer

The transformer is chosen by the user for its particular duty, thus fixing values of the full load
current and permissible overload current.

The maximum fault level of the high-voltage system is known.

For
ma

a)
b)

c)

Sitd

Suy
will

Thd

the purpose of this example, an 11 kV, 400 kVA transformer on a high-voltage system
imum fault level of 16 kA is considered:

full load current is approximately 21 A;

permissible periodic overload is assumed to be 150 %, on the "-5 %" ltapping of
transformer, i.e. approximately:

21 Ax1,05x15=33A
maximum magnetizing inrush current, assumed to be 12 times'the rated current, is:

21 Ax 12 =252 A

for a duration of 0,1 s (Clause—5—a)rof tEC/TFREH784 2007 5.2.2.2.3 a) of IEC
62655:2013).

ambient air temperature is 45 °C, i.e. 5 °C above standard.

be used to control and protect the transformer.

manufacturer shall provide a list of the fuses which can be used in the combination

shdlll advise which of these are suitable for the application.

Thi

app
the

Suy
cer
haVv

a)

5 list of fuses will have been drawn up by the switch-fuse manufacturer on the basi
ropriate type tests on the/switch-fuse combination in accordance with this document ang
application of its extension of validity clauses (see 9.102).

pose he advises that a 12 kV, 40 A, 16 KA (at least) back-up fuse of a given type fro
ain fuse manufacturer is suitable. To justify this advice, the switch-fuse manufacturer
e ascertaiped the following:

The flse can withstand the 252 A magnetizing inrush current of the transformer for O

(SHause 5-a)oHHEC/FR 607842007 5.2.2.2.3 a) of IEC TR 62655:2013). He will norm

vith

the

TR

pose the user has decided that a 12 kV switch-fuse combination from a certain manufactirer

And

5 of
by

n a
will

1s
ally

do.this by examining the fuse time-current characteristic, i.e. where the 252 A point at 0

1s

has a selectivity distance of 20 % to the time-current curve at this point, and/or by consulting

the fuse manufacturer.

b) The-rermal continuous current rating of the switch-fuse combination when fitted with the
fuses is adequate to allow for periodic overloading of the transformer up to 33 A in ambient

air temperature conditions of 45 °C (Clause 5-b)})of IEC /TR 60787:2007 5.2.2.2.3 b)1) of

IEC TR 62655:2013).
The-nermal continuous current rating of the combination when fitted with the fuses may

not

be more than 40 A, especially in the higher than standard ambient conditions.-Femperature-

rise Continuous current tests carried out by the switch-fuse manufacturer, or calculati

ons

based on such tests, may indicate a-nermal continuous current rating of, say, 35 A in

ambient conditions of 45 °C. This would be adequate for the application.

c) The pre-arcing current of the fuse is low enough in the 10 s region of the fuse time-current
characteristic to ensure satisfactory protection of the transformer (Clause5¢)—of
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IEC /TR 60787:2007 5.2.2.2.3 ¢c) of IEC TR 62655:2013). The manufacturer will normally do

this by examining the fuse time-current characteristic and/or consulting the fuse
manufacturer.

d) The fuses alone will deal with the condition of a solid short-circuit on the transformer
secondary terminals, i.e. that the maximum primary short-circuit current (in this case:

400x100

=420 A
11x+/3 x5

based on 5 % transformer impedance) is greater than the transfer current (see 3.7.108) of

the combination when fitted with 40 A tfuses. He will do this using the method explaTed

in 9.102.3. Reference to Figure A.1 shows that the transfer current thus obtained is*¢nly

280 A, the fuse-initiated opening time of the switch assumed to be 0,05 s for the purposg of

this example.

Oy}
10
0,1 9
T
m
40 Afuse rated time-current
characteristics

>
33 252 | 420 \ I (A)
Permissible overload J

Maximal value in inrush currents —

I

transfer —

Primary current in case of low-voltage short-circuit — IEC

Figure A.1 — Characteristics relating to the
protection of an 11 kV, 400 kVA transformer

e) The transfer current of the combination, when fitted with 40 A fuses, is less than its rated
transfer current (see 5.103), which one can suppose to be 1 000 A.

The user shall check that the fuse discriminates with the highest rating of a low-voltage fuse
used in the event of a phase-to-phase fault occurring on the low-voltage system.

NOTE This is usually the worst condition for discrimination.
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As explained in : 5.2.2.2.3 d) of IEC TR 62655:2013, the
intersection of the two time-current characteristics of the high-voltage and low-voltage fuses
shall occur at a value of current greater than that of the maximum fault current on the load side
of the low-voltage fuse
(see Figure A.2).

A

t (s)

Minimum time-current characteristic
of high-voltage fuse

Maximum fault current on low-voltage
4 side (referred to high-voltage.side)

Maximum operating time of
low-voltage fuse (referred
to high-voltage side)

420 I(A)

IEC

Figure A.2 — Discrimination between HV and LV fuses
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Annex B
(normative)

Procedures for determining transfer current

Background

Transfer current ly,5,.s1er iS defined as the current at which, under striker operation, the breaking
duty is transferred from the fuses to the switch.

Thi
bef
bet

A K
bet

Theg
fusg
the
the
ma

Cal
Sys
red
fusé

5 occurs when, after the melting of a first fuse, the switch opens under striker opéra
pre or at the same time as the melting of the second fuse, there being an inevitable differe
veen the melting times of fuses.

nowledge of this difference, AT, between the melting times of fuses pgrmits compari
veen it and the striker-initiated opening time of the switch-fuse combination.

following procedures compare, in an intentional simplification, virtual melting times of
-links against the real opening times of the switch-fuse comhbination. Taking into accq
real melting-time values of the fuses, resulting from the interdepéndent three-phase effe
value of transfer current may be different. As the calculation already includes some sa
gins, these differences may not be taken into consideration.

Culations proposed in this annex use the assumption of a non-effectively earthed neJ
fem. Such an assumption leads to consider thatythe current in the two remaining phase
iced after a first fuse cleared, possibly extending the melting duration of the remain
es. With such an assumption, it could be feared that the two remaining phases should

cleqred by the switch-fuse combination with cenditions not clearly addressed by this docum

Wh
cur
ac
swi

o8}
)

Fig
cur

en an effectively earthed neutral system is used, then, after a first fuse cleared the fault,
ent in the two remaining phases c¢auld keep the value of the three-phase fault. Under s
bndition, the requirement expressed in 5.103 ensures that the fuses will melt before
ch-fuse combination can be opened by any tripping device. There is no reason for conc

Mathematical detérmination of AT

ire B.1 shows/small segments of the more probable minimum and maximum fuse ti
ent characteristics in the transfer current region.
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t
A Probable maximum time-current characteristic
Probable minimum time-current characteristic
Tm2 \
& \
I
5 I
1l
~
<
Tm1
0 |
0,871 I

IEC

Figure B.1 — Practical determination of the transfer current

Thd time T,,; on the minimum characteriStic is the melting time of the first fuse to operate urjder
a three-phase fault current 1.
Thd time T, is the melting timecof the second fuse to operate. It should be noted that this tjme
Tmd (see Figure B.1) is shorter than the value indicated for a two-phase current of 0,871, by|the
maximum time-current characteristic as this second fuse has already seen the three-phase fpult
curfent I, for the time ;.
Thg small segments of the time-current characteristics can be regarded as straight lines {o a
cloge approxifiation in log-log coordinates, their formula being:
logT,, =—alogl +logC

defining a relationship between I and T, such that:

I*xT,=C (B.1)

where o is the gradient and logC the intercept with the ordinate axis of the straight line so
defined.

Applying Formula (B.1) to the minimum time-current characteristic, the formula for the maximum
time-current characteristic will be expressed by:

1% Ty, =C(1+x)* (B.2)
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where x is the tolerance on the current between the two time-current characteristics and defined
as 100 x %.

The first fuse melts under the three-phase fault current I, in a time T4 according to Formula
(B.1) for the minimum time-current characteristic such that:

Aft
fau
ch

Cor

The

17 x Ty =C (B.3)

t current, 0,871, in a time T,,, according to Formula (B.2) for the maximum time-Cur
racteristic such that:

If‘Tml +(0,87 17)* x(Tm2 = Tm1)=C (1+x) ¢ (
hbining Formula (B.3) and Formula (B.4) one obtains:
1+x)% -1
AT =Tz =Tm1=Tm1 % (
0,87

Taling a statistically realistic tolerance for théyfuse time-current characteristics of +6,

(£2

Thd

fuse.

As

madle: a first value of T, shall be taken, for instance (T,,,)g €qual to 1,2T, for it is norm

clos

5 of £10 %) then x = 0,13. Using this value,in Formula (B.5) gives:

0,87¢
Tml :TOI: }

(1+0,13)* -1

transfer current Iy, 5,51t 1S'then deduced from the minimum time-current characteristic of

2}

the slope « is(dependent on the value T,; (Figure B.2), an iterative calculation shal

e to the practical value. Then, a first value of the transfer current (l;54sfer)g @nd of the sl

oy @re deducted from the minimum time-current characteristic.

ase
ent

3.4)

3.5)

transfer point occurs when AT is equal to the fuse-initiated opening time T, of the swifch.

b %

3.6)

the

be
ally
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(Itransfer)1 (Itransfer)o [N

IEC
Figure B.2 — Determination af‘the transfer current with the iterative method
N this value «g, a new (T,,1)ylis calculated with Formula (B.6) and new (l,5,sfer)1 @and oy

brmined as above. If the-new value of the transfer current does not differ from the previ
by more than 5 %, then it is taken for I, ,sfer- If NOt, this calculation shall be re-m

cessively until the difference between two successive transfer currents is less than 5 %

Simplified- method for determination of transfer current

TalKing a.=4;which is on the conservative side with fuse-initiated opening times lying betw

0,0

b s and 0,3 s, then Formula (B.5) gives:

are

pus
hde

(1+0,13)% - 1}

AT :T 1
" ( 0,87)

(B.7)

The transfer point occurs when the fuse-initiated opening time T, of the switch is equal to AT:

or

To=AT=1,1xTy,

Tn1=09T,
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Thus, the transfer current can be defined as the current which gives a pre-arcing time equal
to 0,9 T, for the minimum time-current characteristic of the fuse.

This simplified procedure is based on a slope of the fuse characteristic of « = 4. The slope of
the characteristics of actually existing fuses may vary from 4, which may lead to different
transfer currents and, thus, different fuse rated currents. In case of doubt apply the iterative
method (Clause B.2) or consult the switch-fuse manufacturer.
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Annex C
(normative)

Tolerances on test quantities for type tests

Table C.1 — Tolerances on test quantities for type tests

Subclause Designation Test quantity Specified test | Test tolerance Reference to
of the test value
Metdrgarebreakhg
7101 tests
Test frequency Rated +8 %
7.401.2.2 Test frequency frequency
Power-frequency Rated voltage +5 %
recovery voltage
Test voltage for ;
7.101.2.5 A Power-frequency 1 +20 % Figure 4
breaking tests recovery voltage of
any phase/average
value
Applied voltage Rated voltage +10'%
Applied voltage =0%
7.101.2.7 before short circuit Applied voltage of 1 +5 %%
tests any phase /average
value
AC component of 1 +10 %
test current for
TDiscr TDjwmax @nd
1D, in any
phase/average
7.101.2.8 Breaking current AC componeéti.of 1 > 3/2
test current\for
TDItransfer in two
phases fitted with
solid) links/phase
with fuses
Prospective current | Rated value +5 %
-0 %
Power factor 0,07 to 0,15
7.101.3.1 Short circuit current
TRV of supply See +10 %
circuit IEC 60282-1: -0 %
2020 test-duty
1
Prospective current | Specified +10 %
value
AN Current with max. 12t Power factor 0,07 to 0,15
' Of the Tuse TRV of supply See +10 %
circuit IEC 60282-1: -0 %

2020 test-duty
2
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Subclause Designation Test quantity Specified test | Test tolerance Reference to
of the test value
Prospective current | Rated value +10 %
-0 %
P_owgr factor of load | 1 . nster = 0,2t0 0,3
circuit 400 A
Irtransfer s 0.3t00,4
400 A
Power factor of <0,2
Zn10133 Transfer current and supply circuit
7.101.3.4 | take-overcurrent TRV of supply See +10 %
circuit IEC 60282-1: -0 %
2020 test-duty
1
TRV of load circuit Table 3 and +10 %
Table 4 -0 %
Impedance of 0,15 +0,03

supply circuit/total
impedance
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EC itself does not provide any attestation of canformity. Independent certification bodies provide conformity
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constitutes a technical revision.

ion

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

a)

b)

the document has been updated to be in alignment with the second edition
IEC 62271-1:2017;

of

rated TRV has been removed (TRV is only a test parameter), as in the latest revision of

IEC 62271-100;


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

c)

-6 - IEC 62271-105:2021 © IEC 2021

differentiation has been introduced between requirements expressed for fulfilling

the

function expected from a switch-fuse combination, 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

implemented within such an assembly.

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

FDIS Report on voting

17A/1300/FDIS 17A/1306/RVD

Ful
the

Thd

Thi
acc
at

des

Thi
is g
req
Am

Al
SWi

Theg

stability date indicated on the IEC website under webstore.iec.ch in the data related to

spe

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

language used for the development of this International Standard is Englistn

5 document was drafted in accordance with ISO/IEC Directives, Partn2yand develope
prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEG.Supplement, availg
vww.iec.ch/members_experts/refdocs. The main document types\ developed by IEC
cribed in greater detail at www.iec.ch/standardsdev/publications.

pplicable unless otherwise specified. In order to simplify the indication of correspond
lirements, the same numbering of clauses and subclauses is used as in IEC 62271-1:2(

st of all parts in the IEC 62271 series, published under the general title High-volt
chgear and controlgear, can be found onithe IEC website.

committee has decided that the eontents of this document will remain unchanged until
cific document. At this date, the’document will be

reconfirmed,

withdrawn,

replaced by a reyised edition, or
amended.

H in

] in
ble
are

5 document is to be read in conjunction with IEC 62271-1{2017, to which it refers and which

ing
17.

endments to these clauses and subclauses are,given under the same numbering, whilst
additional subclauses are numbered from 101.

hge

the
the
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1

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 105: Alternating current switch-fuse combinations
for rated voltages above 1 kV up to and including 52 kV

Scope

Thi
whi
cur

Itd
nor
SWi

Thi
incl

Int
con
of f
wit
par

A's

5 part of IEC 62271 applies to three-pole units for public and industrial distribution systd
Ch are functional assemblies of switches composed of switches or switch-disconnegctors
ent-limiting fuses designed so as to be capable of

breaking, at the rated voltage, any current up to and including the rdated short-cir
breaking current;

making, at the rated voltage, circuits to which the rated short-circtit breaking cur
applies.

bes not apply to combinations of fuses with circuit-breakers, contactors or circuit switch
for combinations for motor-circuits nor to combinations incorporating single capacitor b
ches.

5 document applies to combinations designed with, rated voltages above 1 kV up to

his document, the word "combination” is used for a combination in which the compong
stitute a functional assembly. Each assogiation of a given type of switch and a given t
Ise defines one type of switch-fuse combination. Different types of fuses can be combi

one type of switch, which give several combinations with different characteristics
icular concerning the rated continugus currents.

fus

witch-fuse combination is therefore defined by its type designation and a list of seled
s defined by the manufacturer, the so-called "reference list of fuses". Compliance with

docdument of a given combination means that every combination using one of the selected fu

is

oven to be in compliance with this document.

Thqg fuses are incorporated in order to extend the short-circuit breaking rating of the combina

be

nd that of the switch alone. They are fitted with strikers in order both to open automatic

all three poles)af the switch on the operation of a fuse and to achieve a correct operatio
valyies of fault current above the minimum melting current but below the minimum break
curfent of-the fuses. In addition to the fuse strikers, the combination can be fitted with eithe
over-cutrent release or a shunt release.

uding 52 kV for use on three-phase alternating cdrrent systems of either 50 Hz or 60 HZ.

ms
And

Cuit

ent

prs,
ANk

And

nts
ype
hed
in

ted
fhis
ses

ion
ally
h at
ing
an

NOTE

mea

ning of the text does not result in ambiguity.

Fuses are in accordance with [EC 60282-1:2020.

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

In this document the term "fuse" is used to designate either the fuse or the fuse-link where the general

Switches, including their specific mechanism, are in accordance with IEC 62271-103 except for
the short-time current and short-circuit making requirements where the current-limiting effects
of the fuses are taken into account.

Earthing switches forming an integral part of a combination are covered by IEC 62271-102.
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In addition, switches which include other functions (not covered by IEC 62271-103) are covered
by their relevant standards (e.g. IEC 62271-102 for disconnectors and earthing switches).

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.

Clapse 2 of IEC 62271-1:2017 applies with the following additions:

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

IEQ 60282-1:2020, High-voltage fuses — Part 1: Current-limiting fuses

IEQ 62271-1:2017, High-voltage switchgear and controlgear — Part 1}, Common specificati

for

hlternating current switchgear and controlgear

IEQ 62271-100:2021, High-voltage switchgear and controlgear—~ Part 100: Alternating-cur
cirduit-breakers

IEC 62271-102:2018, High-voltage switchgear and cotitrolgear — Part 102: Alternating cur
dis¢onnectors and earthing switches

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

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in IEC 60050-441 and

follpwing apply.

IS and IEC maintain_terminological databases for use in standardization at the follow
addresses:

IEC Electropedia: available at http://www.electropedia.org/
ISO Onliné browsing platform: available at http://www.iso.org/obp

NOTE Some of the terms given in IEC 60050-441 are listed hereunder.

3.1

14

ear,

NS

ent

ent

ted

the

ng

General terms and definitions

Subclause 3.1 of IEC 62271-1:2017 applies.

3.2

Assemblies of switchgear and controlgear

Subclause 3.2 of IEC 62271-1:2017 applies.

3.3

Parts of assemblies

Subclause 3.3 of IEC 62271-1:2017 applies.

3.4

Switching devices

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


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288
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101

switch-fuse combination
combination of a three-pole switch with three fuses provided with strikers, the operation of any
striker causing all three poles of the switch to open automatically

Note 1 to entry: The switch-fuse combination includes the fuse-switch combination.

3.4.
Swi

102
tch-fuse combination base

combination base
switch-fuse combination without fuse-links mounted

3.4

103

swiftch-fuse

SWi
[SC

3.4
fus
Swi

[SQ

3.4

ch in which one or more poles have a fuse in series in a composite unit
URCE: IEC 60050-441:2000, 441-14-14]

104
e-switch
ch in which a fuse-link or a fuse-carrier with fuse-link forms the [/moving contact

URCE: IEC 60050-441:2000, 441-14-17]

105

switch-disconnector

swi
disq

[SQ

3.4
reld

ch which, in the open position, satisfies_.the isolating requirements specified fo
onnector

URCE: IEC 60050-441:2000, 441-14-12]

106
ase-operated combination

combination in which automatici opening of the switch can also be initiated by either an o

cur

3.5

Sul

3.5
reld
<of
dev

ent release or a shunt rel€ase

Parts of switchgear and controlgear

clause 3.5 of IEC62271-1:2017 applies, with the following additions:

101
ase
a mechanical switching device> device, mechanically connected to a mechanical switch
icey Which releases the holding means and permits the opening or the closing of

sSwi

china device
~

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

3.5.

102

over-current release
release which permits a mechanical switching device to open with or without time-delay when

the

current in the release exceeds a predetermined value

Note 1 to entry: This value can in some cases depend upon the rate-of-rise of current.

[SOURCE: IEC 60050-441:2000, 441-16-33]

er-

ing
the
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3.5.103
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  Operational characteristics of switchgear and controlgear

Suhclause 3.6 of IEC 62271-1:2017 applies

3.7 Characteristic quantities

Subclause 3.7 of IEC 62271-1:2017 applies, with the following additions:

3.7]101

prolspective current
<of|a circuit and with respect to a switching device or a fuse> current.that would flow in|the
circluit if each pole of the switching device or the fuse were replaced by 'a conductor of negligjble
impledance

Notg 1 to entry: The method to be used to evaluate and to express the prospective current is to be specified in the
releyant publications.

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

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

Notg 1 to entry: The definition assumes that the.Gurrent is made by an ideal switching device, i.e. with instantan¢ous
trangition from infinite to zero impedance. Fof circuits where the current can follow several different paths,|e.g.
polyphase circuits, it further assumes that threicurrent is made simultaneously in all poles, even if only the currept in
one [pole is considered.

[SQURCE: IEC 60050-441:2000; 441-17-02]

3.7]103

makimum prospective peak current
<offan AC circuit¥ prospective peak current when initiation of the current takes place at|the
instant which leadsto the highest possible value

Notg 1 to entry:) For a multiple device in a polyphase circuit, the maximum prospective peak current refers|to a
sing|e-poletonly.

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

3.7.104

breaking current

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

[SOURCE: IEC 60050-441:2000, 441-17-07]
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3.7.105

minimum breaking current

minimum value of prospective current that a fuse-link is capable of breaking at a stated voltage
under prescribed conditions of use and behaviour

[SOURCE: IEC 60050-441:2000, 441-18-29]

3.7.106

short-circuit making capacity
making capacity for which the prescribed conditions include a short circuit at the terminals of
the [switchinmg device

[SQURCE: IEC 60050-441:2000, 441-17-10]

3.7{107

cuttoff current
let-through current
maximum instantaneous value of current attained during the breaking operation of a switch
devlice or a fuse

ng

Notg 1 to entry: This concept is of particular importance when the switching dé€vice or the fuse operates in such a
manper that the prospective peak current of the circuit is not reached.

[SQURCE: IEC 60050-441:2000, 441-17-12]

3.7/108
trampsfer current

|

trapsfer
<striker operation> value of the three-phase,symmetrical current at which the fuses and|the
swifch exchange breaking duties

Notg 1 to entry: Above this value the three-phase current is interrupted by the fuses only. Immediately below] this
valug, the current in the first-pole-to-clear is-interrupted by the fuse and the current in the other two poles by the
switgh, or by the fuses, depending on thé tolerances of the fuse time current characteristic and the fuse-initipted
opefing time of the switch.

3.7{109

takp-over current
current co-ordinate of.the intersection between the time-current characteristics of two oyer-
curfent protective devices

[SQURCE: IEE60050-441:2000, 441-17-16]

3.7{110

mirlimum take-over current
<of|a‘release-operated combination> current determined by the point of intersection of the tine-
current characteristics of the fuse and the switch corresponding to

a) the maximum break-time plus, where applicable, the maximum operating time of an external
over-current or earth-fault relay,

b) the minimum pre-arcing time of the fuse
3.7.111
maximum take-over current

<of a release-operated combination> current determined by the point of intersection of the time-
current characteristics of the fuse and the switch corresponding to:

a) the minimum opening time plus, where applicable, the minimum operating time of an
external over-current or earth-fault relay,

b) the maximum operating time of the fuse
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3.7.112

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]

3.7.113

recovery voltage
voltage which appears across the terminals of a pole of a switching device or a fuse after the
bregkimgof thecurremnt

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

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

3.7]114

tramsient recovery voltage
TR
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
depé¢nding on the characteristics of the circuit and the switching devicey ¥t includes the voltage shift of the neutral of
a polyphase circuit.

Notg 2 to entry: The transient recovery voltages in three-phaSe eircuits is, unless otherwise stated, that acrosg the
first|pole to clear, because this voltage is generally highet\than that which appears across each of the other| two
polep.

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

3.7]1115
power-frequency recovery voltage
recpvery voltage after the transient-voltage phenomena have subsided

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

3.7]116

prolspective transient recovery voltage
<of|a circuit> transient recovery voltage following the breaking of the prospective symmetijical
curfent by ansdeal switching device

Notg 1 to_entry: The definition assumes that the switching device or the fuse, for which the prospective transgient
recoyery oltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from gero
to infinite/impedance at the very instant of zero current, i.e. at the "natural” zero. For circuits where the current can

follolw-—several-different-paths—e-g—apolyphaseciouit-the-definition-furtherassumes-that-the-breaking-oi-the-cu t
ollo g—ap g ren

by the ideal switching dewce takes place only in the pole considered.

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

3.7.117

fuse-initiated opening time

<of the switch-fuse combination> time taken from the instant at which arcing in the fuse
commences to the instant when the arcing contacts of the switch of the combination have
separated in all poles (including all elements influencing this time)


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

IEC 62271-105:2021 © IEC 2021 - 13 -

3.7.

118

release-initiated opening time
<of the switch-fuse combination> release-initiated opening time is defined according to the
tripping method as stated below with any time-delay device forming an integral part of the switch
adjusted to a specified setting:

a) for a switch tripped by any form of auxiliary power, interval of time between the instant of
energizing the opening release, the switch being in the closed position, and the instant when

the arcing contacts have separated in all poles;

b) for a switch tripped (other than by the striker) by a current in the main circuit without the aid

f ahy form of nllvﬂlnr\]l power; mtarval of tima hetweaen the instant ot \Alhlr‘h the switch b

3.7
mir
<of
anyj

3.7
ma
<of
any

3.7
bre
inte
the

[sd

3.7
arc
<of
a fu

[SQ

3.1
3.1

in the closed position, the current in the main circuit reaches the operating value of the o
current release and the instant when the arcing contacts have separated in all poles

119

imum release-initiated opening time

the switch-fuse combination> release-initiated opening time when the specified settin
time-delay device forming an integral part of the switch is its minimum(Setting

120

imum release-initiated opening time

the switch-fuse combination> release-initiated opening time‘\when the specified settin
time-delay device forming an integral part of the switch is its maximum setting

121

pk-time

rval of time between the beginning of the opening‘time of a mechanical switching device
pre-arcing time of a fuse) and the end of the.arcing time

URCE: IEC 60050-441:2000, 441-17-39]
122
ng time

a pole or a fuse> interval of tithe between the instant of the initiation of the arc in a pol
se and the instant of final arc.extinction in that pole or that fuse

URCE: IEC 60050-441:2000, 441-17-37]

D1 Fuses

D1.1

ref

rence listof fuses

list [of fuses~defined by the manufacturer for a given type of switch-fuse combination base,
which ¢ompliance to the present document of all corresponding switch-fuse combination
assessed

ing
er-

) of

j of

(or

e or

Note 1 to entry: Conditions for extending the validity of the type tests are given in 7.105 and 9.102.

3.101.2
fuse-base
fuse mount

fixe

d part of a fuse provided with contacts and terminals

[SOURCE: IEC 60050-441:2000, 441-18-02]
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3.101.3
striker

mechanical device forming part of a fuse-link which, when the fuse operates, releases the
energy required to cause operation of other apparatus or indicators or to provide interlocking

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

3.101.4
pre-arcing time
melting time

intwmmmmmm T T
element(s) and the instant when an arc is initiated

[SQURCE: IEC 60050-441:2000, 441-18-21]

3.1p1.5

opdrating time

total clearing time

sum of the pre-arcing time and the arcing time

[SQURCE: IEC 60050-441:2000, 441-18-22]
3.1p1.6
12t

JoJle integral
intgdgral of the square of the current over a given timevinterval:

<]
|%:jﬁm
to

Notq 1 to entry: The pre-arcing 1%t is the(12t integral extended over the pre-arcing time of the fuse.

Notd 2 to entry: The operating I?tis\the 1%t integral extended over the operating time of the fuse.

Notg 3 to entry: The energy in joules liberated in one ohm of resistance in a circuit protected by a fuse is equ

the Yalue of the operating I2t\expressed in AZs.

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

4 |[Normgland special service conditions

Clapsé-4of IEC 62271-1:2017 applies.

al to

5 Ratings

5.1 General
Subclause 5.1 of IEC 62271-1:2017 applies with the following additions:

k) rated short-circuit breaking current;

[) rated short-circuit making current;

m) rated transfer current for striker operation;

n) rated take-over current for a release-operated combination.
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If the switch-fuse combination is not used as a stand-alone device, the influences to the different
ratings are covered by the relevant standards (e.g. if it is used as a part of switchgear and

con

5.2

trolgear assembly).

Rated voltage (U,)

Subclause 5.2 of IEC 62271-1:2017 applies.

5.3

Rated insulation level (Uy, Uy, Ug)

Sul

5.4

Sul

5.5

Sul

Thd

Ead
fusé
sev|

Itis

5.6

Sul

5.7

Sul

5.8

Suk

5.9

Suh

clause 5.3 of IEC 622/1-1:2017 applies.

Rated frequency (f,)

clause 5.4 of IEC 62271-1:2017 applies.

Rated continuous current (1))

clause 5.5 of IEC 62271-1:2017 applies with the following additiens:
rated continuous current applies to the complete switch-fuse combination.

h combination of a given type of switch and a given type of fuse defines one type of swi
e combination. Different types of fuses may be combined with one type of switch, which ¢
eral switch-fuse combinations with different rated continuous currents.

not required that the rated continuous currentis selected from the R10 series.

Rated short-time withstand current.(l,)
clause 5.6 of IEC 62271-1:2017 doe€s not apply.
Rated peak withstand eurrent (Ip)
clause 5.7 of IEC 62271-1:2017 does not apply.
Rated duratignyof short-circuit (t,)
clause 5.8 @f\lEC 62271-1:2017 does not apply.
Rated-supply voltage of auxiliary and control circuits (U,)

clause 5.9 of IEC 62271-1:2017 applies.

5.10 Rated supply frequency of auxiliary and control circuits

Subclause 5.10 of IEC 62271-1:2017 applies.

5.11 Rated pressure of compressed gas supply for controlled pressure systems

Subclause 5.11 of IEC 62271-1:2017 applies.

ive
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5.101 Rated short-circuit breaking current

The rated short-circuit breaking current is the highest prospective short-circuit current which
the combination shall be capable of breaking under the conditions of use and behaviour defined
in this document in a circuit having a power-frequency recovery voltage corresponding to the
rated voltage of the combination and having a prospective TRV as specified in 7.101.2.8 and
the values specified in test-duty 1 of IEC 60282-1:2020. The rated short-circuit breaking current

is e

xpressed by the RMS value of its AC component.

The rated short-circuit breaking currents shall be selected from the R10 series.

NOT
by 1]

NOT
caug

a) 4
b) 3

This
51

The
fusd

vol
the

NOT

NOT|
perf
of th

5.1

Thd
int

5.1

The
int

6

E 1 The R10 series comprises the numbers: 1 -1,25-1,6-2-2,5-3,15-4-5-6,3 — 8 and their prod
p".

E 2 Itis recognized that the series impedance of the combination or rapid operation of the fuses er switch
e one or both of the following effects:

reduction of short-circuit current to a value appreciably below that which would otherwise-besreached;
uch rapid operation that the short-circuit current wave is distorted from its normal formt

is why the term "prospective current" is used when assessing breaking and making\performances.
D2 Rated short-circuit making current

rated short-circuit making current is the highest prospective peak current which the swi
p combination shall be capable of making under the conditiens of use and behaviour defi

in Eis document in a circuit having a power-frequency~voltage corresponding to the r3

ge of the switch-fuse combination. It shall be at least 2,5 times (50 Hz) or 2,6 times (60
value of the rated short-circuit breaking current.

E 1 See also Note 2 in 5.101.

E 2 A higher peak factor, linked with possibléslong time constant of the network, does not influence
brmance of the switch-fuse combination under short-circuit conditions, thanks to the current-limiting beha
e fuses. That is stated in IEC 60282-1:20204;6"1.2.

D3 Rated transfer current (striker operation) (I ¢;ansfer)

rated transfer current is.the maximum RMS value of the transfer current which the sw
ne combination is able to jnterrupt.

D4 Rated take aqver current for release-operated combinations (l,,)

rated take-overcurrent is the maximum RMS value of the take-over current which the sw
he combination is able to interrupt.

DesSign and construction

ucts

can

ch-
ned
ted
Hz)

the
iour

tch

tch

6.1

Requirements for liquids in switch-fuse combinations

Subclause 6.1 of IEC 62271-1:2017 applies.

6.2

Requirements for gases in switch-fuse combinations

Subclause 6.2 of IEC 62271-1:2017 applies.

6.3

Earthing of switch-fuse combinations

Subclause 6.3 of IEC 62271-1:2017 applies.
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Auxiliary and control equipment and circuits

Subclause 6.4 of IEC 62271-1:2017 applies.

6.5

Dependent power operation

Subclause 6.5 of IEC 62271-1:2017 applies with the following addition:

Dependent manual operation is not allowed.

6.6

Sul

6.7

Sul

NOT
6.8

Sul

6.9

Sul

6.1

Sul

6.1

Sul

The
Tahb

StoTed energy operation

clause 6.6 of IEC 62271-1:2017 applies.

Independent unlatched operation (independent manual or power operation)

clause 6.7 of IEC 62271-1:2017 applies with the following addition:

E The switch-fuse combination is able to break the fault current, without need of ‘a\xtime delay.
Manually operated actuators

clause 6.8 of IEC 62271-1:2017 applies.

Operation of releases

clause 6.9 of IEC 62271-1:2017 applies.

D Pressure/level indication

clause 6.10 of IEC 62271-1:2017 applies.

|l Nameplates

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

nameplate of a switch/fuse combination shall contain information in accordance
le 1.

vith
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Table 1 — Nameplate information

Abbreviation Unit Switch-fuse | Operating Condition for marking
combination device required
(1) (22 (3) (4) (5) (6)

Manufacturer X Y Only if not integral with the
combination and/or if
manufacturers are different.

Type designation X Y Only if not integral with the
combination and/or if
manufacturers are different.

Seflial number X YY) Only if not integral with.the
combination and/or if
manufacturers are different.

Number of this document X

Insfruction book reference X

Rafed voltage U, kv X

Rafed lightning impulse Up kv X

withstand voltage

Rafed frequency f, Hz X

Rafed continuous current See X

with fuses reference list

Filllng pressure for Pim kPa Y If applicable. Information t

opgration(*) be put on the nameplate o1l in
the instructions book.

Mirfimum functional Prm kPa Y If applicable. Information t

prefpsure for operation(*) be put on the nameplate ol in
the instructions book.

Alafm pressure for Pam kPa Y If applicable. Information t

opgration(*) be put on the nameplate ol in
the instructions book.

Filllng pressure for Pre kRa Y If applicable. Information t

insplation(*) be put on the nameplate off in
the instructions book.

Mirfimum functional Prme kPa Y If applicable. Information t

prepsure for insulation(*) be put on the nameplate o1l in
the instructions book.

Mirfimum functional Psw kPa Y If applicable. Information t

prepsure for switching(*) be put on the nameplate ol in
the instructions book.

Rafed supply voltage of U, \% Y If applicable.

audiliary and contrql CirCuits

Year of manufacture X

Mirfimum and maximum °C Y If different from -5 °C and/pr

ampient air-temperature 40 °C.

Insplating-fluid and mass M; kg Y If applicable.

Ke

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

X The marking of these values is mandatory; blank spaces indicate zero values.

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

(YY) The marking of these values is optional and subject to the conditions in column (6).

a8  Abbreviations in column (2) may be used instead of terms in column (1). When terms of column (1) are used,
the word "rated" need not appear.
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6.12 Locking devices

Subclause 6.12 of IEC 62271-1:2017 applies.

6.13 Position indication

Subclause 6.13 of IEC 62271-1:2017 applies.

6.14 Degrees of protection provided by enclosures

Suhclause 6 14 of IEC 62271-1:2017 alnlnlipq

6.15 Creepage distances for outdoor insulators

Subclause 6.15 of IEC 62271-1:2017 applies.

6.16 Gas and vacuum tightness

Sufclause 6.16 of IEC 62271-1:2017 applies.

6.1Y Tightness for liquid systems

Sufclause 6.17 of IEC 62271-1:2017 applies.

6.18 Fire hazard (flammability)

Sufclause 6.18 of IEC 62271-1:2017 applies.

6.19 Electromagnetic compatibility (EMC)

Suljclause 6.19 of IEC 62271-1:2017 applies.

6.20 X-ray emission

Subjclause 6.20 of IEC 62271-1,2017 applies.

6.21 Corrosion

Subjclause 6.21 of IEC62271-1:2017 applies.

6.22 Filling levels for insulation, switching and/or operation

Suljclause.6.22 of IEC 62271-1:2017 applies.

6.101%/,Linkages between the fuse striker(s) and the switch release

The linkages between the fuse striker(s) and the switch release shall be such that the switch
operates satisfactorily under both three-phase and single-phase conditions at the minimum and
maximum requirements of a given type of striker (medium or heavy) irrespective of the method
of striker operation (spring or explosive). The requirements for strikers are given in
IEC 60282-1:2020. This requirement is considered to be demonstrated by the tests specified
for test duties TD 4. and TDymax @nd mechanical operation tests.

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

The switch-fuse combination shall be designed so that the combination will perform
satisfactorily at all values of breaking current from the rated maximum breaking current of the
fuse down to the minimum melting current under low over-current conditions. This is achieved
by compliance with the following:
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a) time coordination between switch and fuse is provided by either 1), 2) or 3) below:

1)

2)

the fuse-initiated opening time of the switch-fuse combination shall be shorter than the
maximum arcing time the fuse can withstand as specified in IEC 60282-1:2020;

NOTE Tests have been introduced in IEC 60282-1 in order to assess that the maximum arcing withstand
time of the fuse under long pre-arcing conditions is at least 100 ms.

where the fuse manufacturer can show that the fuse has been satisfactorily proven at all
values of breaking current from the rated maximum breaking current of the fuse down to
the rated minimum melting current of the fuse in the combination (i.e. full range fuses)
then the fuse-initiated opening time of the switch-fuse combination is deemed not

ralavant:
+erev ettt

3) where it can be shown that the thermal release of the fuse striker makes the switch-¢lear
the current before arcing in the fuse can occur, for all currents below I3 {minimum
breaking current of the fuse in accordance with IEC 60282-1:2020);

b) temperature rise under these conditions does not impair the performances of |the

combination as proven by the test described in 7.104.

7 |Type tests

7.1 General

7.112 Basics

Sufjclause 7.1.1 of IEC 62271-1:2017 applies with the following additions:

Thg purpose of type tests is to prove the charaéteristics of switch-fuse combinations, their
opdrating devices and their operating equipment.

It ig required that the switch of the combination has been tested as an individual componen{ for
conppliance with IEC 62271-103:2021, except for the short-time withstand current and shjort-
circluit making current requirements, because these parameters will be influenced by the fuges.
Furthermore, it is required that the)fuses have been tested to the applicable requirements of
IEQ 60282-1:2020.

Forlcombinations, three groups of tests are involved:

a) [tests on the switchyin accordance with IEC 62271-103:2021; these tests may be carried|out

on a combination other than that used for tests c);

b) ests on the“fuse in accordance with IEC 60282-1:2020;

c) fests onthe combination in accordance with this document.

In thescase of a fuse-switch, the tests of IEC 62271-103:2021 and the tests of 7.102 of fhis
dodunient shall be carried out after replacing, as specified, the fuses with solid links of the same

shape, dimension and mass as that of the fuses.

The combination submitted for test shall be in new condition with clean contact parts and fitted
with the appropriate fuses.

7.1.

2 Information for identification of test objects

Subclause 7.1.2 of IEC 62271-1:2017 applies.

7.1.

3 Information to be included in type-test reports

Subclause 7.1.3 of IEC 62271-1:2017 applies.
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Dielectric tests

Subclause 7.2 of IEC 62271-1:2017 and 7.4 of IEC 60282-1:2020 apply.

7.3

Radio interference voltage (RIV) test

RIV tests are not required.

7.4

Suh

Resistance measurement

clause 7 4 of IEC 62271-1:2017 alnlnlipq with the fnlln\/\/ing addition:

Sol

d links of negligible resistance shall be used instead of fuses and the resistance ofthé li

shalll be recorded.

7.5

Sul

The
cur
may

The
test

NOT|
valu

NOT|
the i

Continuous current tests

clause 7.5 of IEC 62271-1:2017 applies with the following additions:

continuous current tests of the combination shall be carried gut.‘at the rated continu

be reduced by applying the criteria of 7.105.2.

power (in W) dissipated by each individual (1-phase):fuse-link just before the end of
period shall be recorded in the type test report.

E 1 The power dissipated by the fuse is defined by the préduct of the applied AC continuous test current (
) and the measured steady voltage drop across the fuse*link.

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

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

As
IEC

7.6

Sul

7.7

Sul

long as IEC 60282-1:2020"-provide different temperature rise limits compared
62271-1:2017, the lower. values are applicable.

Short-time withstand current and peak withstand current tests

clause 7.6 of IEC_62271-1:2017 does not apply.

Verification of the protection

clause=Z.7 of IEC 62271-1:2017 applies.

7.8

Tightness tests

nks

pus

ents of the combination with all fuses of the reference list. However, the number of tgsts

the

RMS

with

to

Subclause 7.8 of IEC 62271-1:2017 applies.

7.9

Electromagnetic compatibility tests (EMC)

Subclause 7.9 of IEC 62271-1:2017 applies.

7.10 Additional tests on auxiliary and control circuits

Subclause 7.10 of IEC 62271-103:2021 applies.

7.11 X-radiation test for vacuum interrupters

Subclause 7.11 of IEC 62271-1:2017 applies.
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7.101 Making and breaking tests

7.101.1 General

Subclause 7.101.1 describes four independent test duties:

TD\gc: making and breaking tests at the rated short-circuit current;
TDwmax: making and breaking tests at the maximum breaking 12t;

TDyransfer:  Dreaking tests at the rated transfer current;

7.1
7.1
The

TD,;0: breaking tests at the rated take-over current.

D1.2 Conditions for performing the tests
D1.2.1 Condition of the combination before testing

combination under test shall be mounted in accordance with, theé manufactur

instructions, on a specified or equivalent support. Its operating device shall be operated in

ma
op€
IEG

hner specified and in particular, if it is electrically or pneumatically operated, it shall
rated at the minimum voltage or gas pressure respectively as¢specified in 5.9 and 5.1
62271-1:2017, unless current chopping influences the test results. In the latter case,

conpbination shall be operated at a voltage or gas pressure within the tolerances specifie

5.9
sep

Its
no-

Con
pro

Dud

and 5.11 of IEC 62271-1:2017, chosen so as to obtain the_highest contact speed at con
aration and maximum arc extinguishing properties.

hall be shown that the combination will operate satisfactorily under the above conditions
oad.

hbinations with independent unlatched @peration may be operated by an arrangen
ided for the purpose of making remoté&.control possible.

consideration shall be given tothe choice of the supply side connections. When

sid
sid
ong

Pr's
the
be
| of
the
1 in
act

on

ent

the
bne

of the break, or breaks, ofithe combination differs from that of the other side, the supply

cor‘ibination is intended for power. Supply from either side, and the physical arrangement of

of the test circuit shall be-connected to the side of the combination which gives the m
rous condition. In case 'ofidoubt, the test-duty shall be repeated with the supply connecti

ore
oNs

reversed, but for test duties comprising identical tests, one test shall be made with the supply

con

The
vali
list.
relg
car

nected to one sideand the following test(s) with the supply connected to the other side

fuses selected for the tests shall be chosen so that the result of the test duties are deer
d for all cOmbinations made of the same combination base and any fuse of the refere
For theltests of take-over current of release-operated combinations, over-current relay
ases-(where fitted) shall be of the lowest release-initiated opening time. The tests shal
ied,'out at ambient temperature and without previous loading. If applicable, test shal

ned
hce
5 Or
be
be

per

ormmed at the minimum functional pressure for insulation and/or switching.

7.101.2.2 Test frequency

Combinations shall be tested at rated frequency, with a tolerance as stated in Table C.1,
Annex C.

Combinations may be tested at 50 Hz or 60 Hz to cover both frequencies with the testing

con

ditions given in Table 2.
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Table 2 — Summary of the conditions for combining tests and alternative procedures

Test duty Performed at 50 Hz, and Performed at 60 Hz, and also
also valid for 60 Hz valid for 50 Hz
TD\iranster’ 1Pjio If a derating factor of 1,22 is applied to the yes
rated transfer current and to the rated
take-over current
D5 TDwmax yesb yesb
a Th £ + 12 £l Py hiclk. il o0 Ll

1 o £ ok f i £ £ tadl
e—tattor—T ettt gt oraroatr oottt ta St o a—SWht TSttt omohatoR—or—a—Tatea

transfer current of 1 000 A tested at 50 Hz, a rated transfer current of 833 A may be assigned at 60.Hz
without any other additional tests.

b During TD,,, @nd TD . CUrrent-limiting fuses reduce significantly the peak current and,force the

current to zero before the natural zero of the circuit. Within certain limits (from 48 Hz to 62 Hz),
frequency is not a critical parameter for current-limiting fuses (see 7.6.1.4 of IEC 60282-1:2020 and
4.2.3.5 of IEC TR 62655:2013) and in such case the current should be cleared only by fusés. Therefore
peak factors of 2,6 usually considered for 60 Hz, are irrelevant for switch-fuse combinations.

7.1

The
the

Dun
7.1

7.1

For
neu
as 9
ear

D1.2.3 Power factor

power factor of the test circuit shall be determined by measurement and shall be takern
average of the power factors in each phase.

ing the tests, the average value shall conform to the values given in 7.101.3.1, 7.101.
D1.3.3 and 7.101.3.4.
D1.2.4 Arrangement of test circuits

test duties TD|;. and TDpymax: the combination shall be connected in a circuit having
tral point of the supply isolated and the neutral point of the three-phase short-circuit earth
hown in Figure 1a). When the neutral point of the test supply cannot be isolated, it shal
hed and the three-phase short-circuit point shall be isolated as shown in Figure 1b).

—
N %
J

1

as

B.2,

the

ed,
be

L ]
/

el 0 —

— VA
(I

IEC oO——O0——0 IEC

a) Preferred earth point b) Alternative earth point

Figure 1 — Arrangement of test circuits for test duties TD|s. and TDymax


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

- 24 — IEC 62271-105:2021 © IEC 2021

For test duties TD; ansfer @Nd TDyy,, the combination shall be connected in a circuit as shown
in Figure 2 and Figure 3, respectively.

1

:
|

—
a Tl
|
A

5 $
/ O/ (¢} J)

g — ,
Fhse \_,D |_——sSolid link D f |

| }4,/|Load l |
I D W

IEC IEC

|
f

a) Preferred earth point b) Alternative earth point

Figure 2 — Arrangement of test circuits for test-duty TD ansfer

—
\%\ %
J

L

oy | -
5 $
[ e —

| F/Load | |
L S

a) Preferred earth point b) Alternative earth point

o—

Figure 3 — Arrangement of test circuits for test-duty TD,
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For combinations producing an emission of flame or metallic particles, the tests shall be made
with metallic screens placed in the vicinity of the live parts, separated from them by a clearance
distance which the manufacturer shall specify.

The screens, frame and other normally earthed parts shall be insulated and then connected to
earth through a current indicating device. The current indicating device can be a fuse consisting
of a copper wire of 0,1 mm diameter and 5 cm in length, or a link to earth across a sensor to
measure the current. The fuse wire may also be connected to the secondary side of a 1:1 ratio
current transformer. The terminals of the current transformer should be protected by a spark
gap or surge arrester. No significant leakage is assumed to have occurred if the wire is intact

aftwmkﬁ&bﬂw%n—%m—
establishing up to 100 ms.

7.101.2.5 Test voltage for breaking tests

Thd

location immediately after the breaking operation.

Thd
with

Theg
ave

7.1

The

The
the

The
the

The
sSwi

test voltage is the average of the phase-to-phase voltages measured at(the combina

out appreciable impedance between the measuring point and th@ terminals.

test voltage shall be equal to the rated voltage of the combination with a tolerance on
rage value of £5 % and a tolerance on any phase to the.average value of +20 %.

D1.2.6 Power-frequency recovery voltage

power-frequency recovery voltage shall be maintained for at least 0,3 s after arc extinct

power-frequency recovery voltage of a three-phase test circuit shall be the average valu
power-frequency recovery voltages inall*‘phases measured after the opening of the swi

power-frequency recovery voltage of the test circuit shall be measured betw
terminals of each pole of the coembination in each phase of the test circuit.

power-frequency recovery’voltage shall be measured one cycle after the opening of
ch in accordance with kigure 4.

arc

ion

D

voltage shall be measured as close as practicable to the terminals"ef the combination,|i.e.

the

on.

b of
ch.

the
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Pole 1
Fuse did not operate

> Pole 2

Pole 3

C First fuse to clear

IEC

Key

U1/2\/2_ voltage of pole 1

U, Up [YUs
Uz/zﬂ,E voltage of pole 2 Average voltage of poles 1, 2 and 3 = 22 22 P2
3

U3/2\’E voltage of pole-3

0o

stant of opening ‘of mechanical switching device

Figure 4 — Determination of power-frequency recovery voltage

7.101.2.7 Applied voltage before short-circuit making tests

The applied voltage (see 3.7.112) before the short-circuit making tests in test duties TD,;. and
TD,wmax iS the RMS value of the voltage at the pole terminals immediately before the test.

The average value of the applied three-phase voltages shall be not less than the rated voltage
of the combination divided by V3 and shall not exceed this value by more than 10 % without the
consent of the manufacturer.

The difference between the average value and the applied voltages of each phase shall not
exceed 5 % of the average value.
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7.101.2.8 Breaking current

For test duties TD|;. and TDpymax the RMS value of the AC component of the prospective

short-circuit breaking current shall be measured one half-cycle after the initiation of the short-
circuit in the prospective current test.

For test duties TDyansfer @aNd TDyy,, the breaking current shall be the RMS value of the AC
component measured at the initiation of arcing.

For test duties TD,.., TDywmay @and TD,,,, the RMS value of the AC component of the breaking

cur

the
con

pole fitted with a fuse.

7.101.2.9 TRV

Theg

measure the TRV wave without significantly influencing it and shall be measured at
terminals to which the combination will be connected with all necessary test-measuring devid

suc
IEQ
pols
with

The
Fig

ent in any pole shall not vary from the average by more than 10 %. For test-duty TD)y.a,

RMS value of the AC component of the breaking current in the two poles fitted with s
ducting links shall be not less than (V3)/2, i.e. 87 % of that in the first-pole-to-clear, i.e.

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

h as voltage dividers, included. Suitable methods ate “described in Annex E
62271-100:2021. The TRV refers to the first-pole-to-clear,".e. the voltage across one o
b with the other two poles closed, with the appropriate test circuit arranged in accorda
7.101.2.4.

prospective TRV curve of a test circuit is represented by its envelope drawn as show
ire 5 and by its initial portion.

u A

u

'
u

o
n
o
-
[6)]
o

A

IEC

cfer:
plid
the

and
the
es,

of
ben
hce

N in

Figure 5 — Representation of a specified TRV by a two-parameter
reference line and a delay line
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u “

U, [——————" —— —
c

The

i~

1EC
Figure 6 — Example of a two-parameter reference line for a TRV

prospective TRV wave of the test circuit shall comply with the-following requirements (

example in Figure 6):

a)

b)
7.1

7.1

Thi
cut-
Thd

Oné

pro
a ta

The

Its envelope shall at no time be below the specified reférence line.

It is stressed that the extent by which the envelope.may exceed the specified reference
requires the consent of the manufacturer.

Its initial portion shall not cross the delay line;where such a delay is specified.
D1.3 Test-duty procedures

D1.3.1 Test-duty TD g, — Making and breaking tests at the rated short-circuit
current

5 test-duty is performed to show that the switch is capable of withstanding and making
off current of the fuse without damage and that the striker will open the switch at this curr
test is carried out with\fuses fitted in all three poles of the combination.

b break and thenmone make-break test shall be made in a three-phase circuit, ha
Epective current ,€qual to the rated short-circuit breaking current of the combination

lerance of *3 %.

power factor of the test circuit shall be 0,07 to 0,15 lagging.

See

ne

the
bnt.

ing
vith

The applied voltage shall be in accordance with 7.101.2.7.

The power-frequency recovery voltage (see 7.101.2.6) shall be equal to the rated voltage of the
combination divided by V3. The tolerance on the average value is +5 % of the specified value,
and the tolerance on any phase to the average value is £20 %.

The prospective TRV shall be in accordance with 7.101.2.9 and the values specified in test-
duty 1 of IEC 60282-1:2020.

The breaking test of this test-duty shall be made with the initiation of arcing in the fuse in one
of the outer poles in accordance with the provisions of test-duty 1 of IEC 60282-1:2020, i.e. to
be within the range of 65 to 90 electrical degrees after voltage zero in that pole.
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7.101.3.2 Test-duty TDwmax — Making and breaking tests at the maximum breaking
12t
When carried out, its purpose is to verify the performance of the combination with a prospective

current approximating to that producing the maximum 12t for the switch-fuse combination. The
test is carried out with fuses fitted in all three poles of the combination.

This test-duty may be omitted if all of the following requirements are met:

— combinations in which the switch closes fully home before opening under the action of the

P |
TUOT OSUITATT,

— [the switch used has been subjected, under IEC 62271-103:2021 conditions, to two mpke
tests at a peak current value not less than 2,5 times I, (50 Hz) or 2,6 times |, (60°Hz).

A short-time test for a duration of not less than 0,1 s at a current value not less than I, (i.e.|the
progpective short-circuit current for test-duty 2 of IEC 60282-1:2020).

NOTIE For other peak factors/time constants refer to NOTE 2 of 5.102.

Thig test-duty may be also omitted if the fuse or fuses tested in the eombination to test-dquty
TD|. of this document have a higher published value of It under test-duty 1f of
IEQ 60282-1:2020 than under test-duty 2 of IEC 60282-1:2020:

Ong¢ break and one make-break test shall be made in a three-phase circuit having a prospective
curfent within +10 % of that prospective current requiréd.

Theg power factor of the test circuit shall be between 0,07 to 0,15 lagging.

Thg applied voltage shall be in accordance With 7.101.2.7. For the breaking test of this tgst-
duty, the operation shall be made with paint-on-wave closure of the circuit so that curfent
commences between 0 and 20 electricalldegrees after voltage zero on any one phase.

Thg power-frequency recovery valtage (see 7.101.2.6) shall be equal to the rated voltage of|the
combination divided by V3. Theltolerance on the average value is +5 % of the specified value,
and the tolerance on any phase’ to the average value is 20 %.

Thg prospective TRV shall be in accordance with 7.101.2.9 and the values specified in tgst-
duty 2 of IEC 60282¢132020.

7.101.3.3 Test-duty TDy,ansfer — Breaking tests at the rated transfer current

Thig testzduty is performed to prove the correct coordination between the switch and fuses
in the ,cunrent region where the breaking duty is transferred from the fuses to the swjtch
(seg<3(7.108 and Annex B).

Test-duty TDyansfer May be omitted in the case of release-operated combinations if the rated
take-over current is equal to or higher than the rated transfer current.

Three break tests shall be made in a three-phase circuit, as shown in Figure 2a) or Figure 2b),
with the fuses in two poles replaced by solid links of negligible impedance. The pair of poles
with the solid links shall be different on each of the three breaking tests. In the case of fuse-
switches, the solid links shall be of the same shape, dimension and mass as those of the fuses
they replace.
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is arrangement of one fuse on one pole and two solid links on the two other poles is not

practicable for the testing laboratory, then the fuse could be omitted and the switch tripped in
some other way. In the case of fuse-switches, the fuse shall be replaced by either a dummy
fuse (for example an operated fuse-link) or an insulating link of the same shape, dimension and
mass as those of the fuse.

The test circuit shall consist of a three-phase supply and load circuit (see Figure 2a) or
Figure 2h)).
The load circuit shall be an R-L series connected circuit.

Th

follpwing requirements:

supply circuit shall have a power factor not exceeding 0,2 lagging and shall meét [the

a) fthe symmetrical component of the short-circuit breaking current of the supplylcircuit shall

neither exceed the rated short-circuit breaking current of the combination.nor be less than
% of this current;

b) fthe impedance of the supply circuit shall be between 12 % and 18 % of the total impedahce

c)

NOTIE 1 For more information about TRV during tests refer to the\riotes in Table 8 of IEC 62271-103:2021.

Thg power factor of the load circuit, determined in accordance with 7.101.2.3, shall be:

Thq test voltage shall be in accordancéwith 7.101.2.5.

Thg power-frequency recovery yoltage shall be equal to the rated voltage of the combina

f the test circuit for test-duty TDyansfer- |f, due to limitations ofi the testing station, fhis

ondition cannot be met, the percentage may be lower, but it shall be ensured that|the
resulting prospective TRV is not less severe;

he prospective TRV of the supply circuit under short=Circuit conditions shall bg in
ccordance with test duty 1 of IEC 60282-1:2020.

between 0,2 to 0,3 lagging if the breaking current exceeds 400 A;
between 0,3 to 0,4 lagging if the breaking current is equal to or less than 400 A.

on

divided by V3. The tolerance ©n the average value is +5 % and the tolerance on any phpse

vol

Thdg
Tal

age to the average valGe'is +20 %.

prospective TRV-8f the load circuit shall be in accordance with 7.101.2.9 and Table 3 or
le 4, as appropriate. A delay line is not specified.

Table 3 — Values of prospective TRV for test-duty TDansfer Pased
on practice in Europe

Rated voltage TRV peak voltage Time Rate-of-rise
U, U, T u.rt;
kv kV us kV/us
3,6 6,2 80 0,077
7,2 12,3 104 0,115
12 20,6 120 0,167
17,5 30 144 0,208
24 41 176 0,236
36 62 216 0,285

Uu. =1,4x15xU £
C ’ ’ r \/g
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Table 4 — Values of prospective TRV for test-duty TD 4nsfer Pased

— 31 -

on practice in the United States of America

NOT
link)

NOT

NOT|
Tabl

7.1

Thi
the
whd

Thr

in gdll three poles replaced by solid.links of negligible impedance. In the case of fuse-switch

the
the

Theg

Thd

a)

b)

Rated voltage TRV peak voltage Time Rate-of-rise
U, U, ty u.lty
kv kv us kV/us
2,8 4.8 74 0,065
5,5 9,4 92 0,103
8,3 14,2 108 0,132
15 25,7 132 0,195
15,5 26,6 134 0,198
27 46,3 186 0,249
38 65,2 222 0,293

V2
Uc =1,4X1,5XUrT
3

E 2 Table 3 and Table 4 give TRV for the first-pole-to-clear, i.e. the pole with the fuse (or dummy fuse/insul

E 3 For more information about TRV during tests refer to the notes in Talle, 8 of IEC 62271-103:2021.

E 4 It is recognized that the TRV values obtained during the test will differ from prospective values shov
e 3 and Table 4, due both to the influence of the supply circuit and,the power factor of the load.

D1.3.4 Test-duty TD;, — Breaking tests at the rated take-over current (release-

operated combinations only)

b test-duty is mandatory for release-operatedicombinations only and is performed to pr
correct coordination between the releases;operated switch and fuses in the current reg
re the breaking duty is taken over fromnthe fuses by the release-operated switch.

be break tests shall be made in a.three-phase circuit, as shown in Figure 3, with the fu

solid links shall be of the same shape, dimension and mass as those of the fu
/ replace.

test circuit shall be the same as for test-duty TDansfer-

test current value corresponds to

the minimgm release-initiated opening time of the switch plus a half cycle time to repres
the minimum operating time of an external over-current or an earth-fault relay;

the maximum operating time of the fuses of highest rated current.

ting

pve
ion

ent

Se

Eigure 7
~

NOTE Figure 7 represents for the minimum and maximum release-initiated opening time of the switch, the case of
a direct over-current release.
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Time

Mechanical \ \
switching
device N

Maximum break time (increased by the maximum relay
operating time if operated by external over-currentrelays)

Minimum opening time (increased by a half ¢ycle
if operated by external over-current relays)

N Maximum operating time for maximum rated current

~ Minimum pre-arcing time for.maximum rated current

Maximum take-over current - ~

Minimum take-over current

e
L

Prospective ctirrent

IEC
Figure 7 — Characteristics for‘determining take-over current

7.101.3.5 Summary of test parameters

A simmary of the parameters to be used when performing test duties is given in Table 5.
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Table 5 — Summary of test parameters for test duties

Test-duty Test
Test current/making Te§t Power factor TRV
. . voltage series
No Circuit angle
TD\q¢ Figure 1 U, See 7.101.3.1 (@) 0,07 to 0,15 lagging | See test-duty 1
CO of IEC 60282-
1:2020.
TD,wmax | Figure 1 U, See 7.101.3.2 o 0,07 to 0,15 lagging | See test-duty 2
CO of IEC 60282-
1:2020.
TDItransfer Figure 2 Ur Itransfer o Itransfer > 400 A Table 3 and
See 7.101.3.3 O 0,21t00,3 Table 4
o lagging
Itransfer <400 A
0,3t0 0,4
lagging
Dyt Figure 3 U, lio O I, > 400 A Table 3 and
See 7.101.3.4 0 0,21t00,3 Table 4
o lagging
I, <400 A
0,3to 0,4
lagging
NOTE The power factors relating to test duties TD ..., and TD,, ‘refer to the load circuit.

7.1

The
bet

Dun
nor

Dun

D1.4 Behaviour of the combination during<tests

combination may be inspected but not reconditioned (apart from the replacement of fus
veen any of the test duties which shall all-be done on one test object.

ing operation, the combination shall’'show neither signs of electrical or mechanical distr
phenomena that might endanger-an operator, verified as follows.

From liquid-filled combinations there shall be no outward emission of flame, and the ga
produced together withtheTiquid carried with the gases shall be allowed to escape in s
a way as not to cause. etectrical breakdown.

For other types .df-combinations, flame or metallic particles such as might impair
insulation level-of-the combination shall not be projected beyond the boundaries speci
by the manufacturer.

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

ing, test duties TD|;. and TD,ymax the switch shall open following the action of the f

es)

eSS

ses
Lich

the
fied

2.4

Lise

stri

ers

For combinations with vacuum switches, non-sustained disruptive discharges (NSDDs) may
occur during the recovery voltage period following a breaking operation. However, their
occurrence is not a sign of distress of the switching device under test and they do not pose any
risk to a system in service. Therefore, their number is of no significance in the interpretation of
the performance of the device under test. Where NSDDs are seen during normal testing they
shall be reported in order to explain the irregularities in the recovery voltage.

All three fuses should be replaced, regardless of whether they have operated during the test or

not.
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In three-phase operations, one fuse and/or its striker may not have operated during testing.
This is a normal and not unusual condition which will not invalidate acceptance of the test
provided that the fuse shall not have received external damage in any way.

7.101.5 Condition of the apparatus after testing

After testing, fuses shall comply with the requirements of 6.1.3 of IEC 60282-1:2020.

After performing each test-duty:

a)

b)

c)

d)

Vis
for

In @
b) 4
acc

If v
atm

inte

Thn mnr\hc\nlr\cﬂ 'Fllnr\hr\n anrl fhn |nc|||cﬂ'nrc r\'F fhn r\r\mhlnghr\n oho“ hn V'\V"JI""II'\'J”\I |n
Sorroto e praCtroett

same condition as before the tests. There may be deposits on the insulators caused by
decomposition of the arc-extinguishing medium.

The combination shall, without reconditioning, be capable of withstanding its rated volt
without dielectric failure.

For those combinations which incorporate a switch-disconnector, the isolating propertie
the switch-disconnector in the open position shall not be reduced below those specified (
5.3 of IEC 62271-1:2017) by deterioration of insulating parts in the ,neighbourhood of
parallel to, the isolating distance. The requirements for “isconnectors given
IEC 62271-102:2018 shall be fulfilled.

The switch-fuse combination shall be capable of carrying #s highest rated continu
current continuously, from the reference list, after renewal of fuses.

al inspection and no-load operation of the combination after testing are usually suffic
checking the above requirements.

ase of doubt on the ability of the switch-fuse<combination to meet the conditions of 7.1(
ind/or c), it shall be subjected to the relevant power frequency voltage withstand test
prdance with 7.2.12 of IEC 62271-1:2017¢

ospheric pressure (for example_a\wacuum interrupter in an enclosure filled with SFq
grity check shall also be perfefrmed after the making and breaking tests, as follows.

additional breaking test-TD|,, shall be performed using a circuit that supplies at least
o rated breaking take-over current with at least 50 % of the rated voltage, having both

int

In
co
iss

1

tral points of soureeside and load circuit, earthed. This additional breaking test shal
e before or afterithe no-load tests subsequent to the making and breaking test. A succes
rruption in each_pole evidences that the vacuum interrupter integrity is maintained.

ase of doubt on the capability of the switch-fuse combination, where applicable, to meet
ditions-0f 7.101.5 d), the requirement is considered to be met if one of the following crit
tisfied:

the
the

nge

5 of
See
or

puUS

ent

1.5

1°2)
5.

acuum interrupters are used, and they are placed in an insulating fluid other than aif at

an

the

the
be
Sful

the
bria

or, if impracticable or unsatisfying,

2) theresistance measurement according to the procedure and the relevant acceptance criteria
of 7.4 is satisfying. Before measurement of contact resistance, up to 10 no-load operations

may be done,
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or,

if the condition of b) is not satisfied:

3) a test under the highest rated continuous current demonstrates that no thermal runaway
occurs, by monitoring the temperature at the points where resistance measurement was
made until stabilization (variation less than 1 K/h). During this test, no other temperature
measurement is made inside of the switching device. If stabilization cannot be obtained,

then the condition check has failed and the switch-fuse combination is considered to h
failed the test duty as well.

7.102 Mechanical operation tests

ave

Te

b)

For

S O the Uip |inKages Shiall be pertorimed as TOlows.

To test the mechanical reliability of the linkages between the fuse striker(s) and the\sw
release, a total of 100 operations shall be made, of which 90 shall be made (30 in e
pole) with one striker of minimum energy and 10 with three strikers of maximum ene
operating simultaneously.

After performing this test-duty, the mechanical functioning of the trip linkages shall be
same as before the tests.

Using a dummy fuse-link with extended striker, set to the minimum actual travel within
tolerance specified in IEC 60282-1:2020, for each pole in turnyit’shall be shown that
switch either cannot be closed or cannot remain closed according to its design.

the purpose of these tests, a device simulating fuse strik€roperation may be used.

NOT|E The switch being in compliance with IEC 62271-103:2021_no additional mechanical operation tests o

swit

7.1

h are required.

D3 Mechanical shock tests on fuses

Dutling the test of the trip linkages given in(%:102, two fuses shall be fitted in the two pole

the

combination not fitted with the fuse Striker simulating device for the three sets off

opdrations involved. Each of the twocfuses used shall have the lowest rated current of
refgrence list. If this rating is listed with several fuse types, then the fuses used for the test s

be

bf different types.

Additionally, in the case of fuse-switches only, 90 close-open operations shall be perforr

ma

hually with three fuses.

Eagh of the three fuses used shall have the lowest rated current of the reference list. If

rati

ng is listed with-several fuse types, then the fuses used for the test shall be of diffe

typés.

Aftgr performing this (these) test-duty(ies), the fuses shall show neither signs of mechan
damage-.nor significant change in resistance. They shall not have become displaced in t

con

tch
ach

rgy
the

the
the

the

5 of
30
the
hall

ned

this
ent

ical
heir

tacts.

The satisfactory performance of the above test-duty(ies) can be deemed to be sufficient
evidence for justifying the use of fuses other than those tested without further mechanical shock
testing.

7.104 Thermal test with long pre-arcing time of fuse

The test conditions are similar to the one used for the continuous current test of 7.5 without
measurement of temperature rise. However, the no-load voltage of the supply shall be sufficient
to operate the striker.
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021

The test shall be carried out on the fuse, in the reference list, having the highest current rating
in each homogeneous series. The test shall be performed at the current giving the highest fuse
body temperature, as stated by the fuse manufacturer.

The test is performed by applying a test current of the required value, as stated above, until the
striker operates.

The above test need not be repeated for alternative types of fuse having a stated lower peak
body temperature than that tested and using the same striker design.

Thd

a)
b)

7.1
7.1

The
fusé

7.1
Cor
ag

the
cur

As
nee

7.1

Cor

test is valid if

the striker and the switch have operated correctly,
after visual inspection, no parts of the switch-fuse combination have sustained damage

D5 Extension of validity of type tests

D5.1 Dielectric

. Extension of validity is restricted to fuses with the same pverall dimensions.

D5.2 Continuous current tests

npliance with continuous current tests of the combination made on a combination base
ven fuse type (referred to as X) demonstrates €hie“‘compliance of any combination mad
same combination base fitted with another fuse type, at the associated rated continu
ent of this new combination, provided that‘the four criteria below are fulfilled:

the fuses have the same length as the*fuse X;

the fuses have a rated current lowef;than, or equal to, those of the fuse X;

the fuses have a dissipated power (in accordance with IEC 60282-1:2020) lower than
equal to, those of the fuse X;

to, those of the fuse X.

compliance with thetabove criteria already includes safety margins, the diameter of the fu
d not be considered.

D5.3 Making and breaking

met.

and

all parts are in a satisfactory condition (for fuses as defined in 6.1.3 of IEC-60282-1:2020).

dielectric properties may be affected when using other diameters than that of the tegted

and
p of
bus

, or

the derating of the fuses.within the combination (I, compination’!r fuse) iS lower than, or equal

Ses

hpliarice with this document is also achieved by alternative untested or partially tegted
conlubinations made of combination base and fuses, provided that the following conditions

are

a)
b)
c)

d)

8

Cla

any fuse considered to comply with its relevant standard (IEC 60282-1:2020);

the same type of striker is fitted, i.e. medium or heavy in accordance with IEC 60282-1:2020;

the alternative type of fuse is such that the cut-off current and operating 12t of the alternative
type, as established by test-duty 1 and/or test-duty 2 of IEC 60282-1:2020, are not greater

than those of the tested type similarly established;

for fuse-switches only, any change in fuse-link mass is not invalidating breaking

characteristics due to change in the mechanical operation (i.e. opening speed).
Routine tests

use 8 of IEC 62271-1:2017 applies with the following addition:
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8.101 Mechanical operating tests

Operating tests shall be carried out to ensure that combinations comply with the specified
operating conditions within the specified voltage and supply pressure limits of their operating
devices.

During these tests, it shall be verified, in particular, that the combinations open and close as
specified by the manufacturer when their operating devices are energized or under pressure. It
shall also be verified that the operation will not cause any damage to the combinations. Fuses
of maximum mass and dimensions shall be fitted for fuse-switch testing. For switch-fuse
comhinations tests may he made without fuses

For|all switch-fuse combinations the following test shall be carried out:

a) junder the conditions of 7.102 with the action of one fuse striker of minimum engrgy
simulated: one opening operation on each phase.

Additionally, the following tests shall be performed where applicable:

b) [at the specified maximum supply voltage and/or the maximum pressure of the compresged
gas supply: five operating cycles;

c) Jat the specified minimum supply voltage and/or the minimum{pressure of the compresged
gas supply: five operating cycles;

d) [f a combination can be operated by hand as well as by its electric or pneumatic opera
device: five manually operated cycles;

ng

e) [for manually operated combinations only: ten opérating cycles;

f) [for release-operated combinations only, at rated 'supply voltage and/or rated pressure of|the
compressed gas supply: five operating cycles)with a minimum current for the tripping circuit
energized by the closing of the main contacts.

Thqg tests a), b), ¢), d) and e) shall be made without current passing through the main circult.

Durning all the foregoing routine tests, no adjustments shall be made and the operation shal| be
faultless. The closed and open positions shall be attained during each operating cycle| on
tests a), b), c), d) and e).

After the tests, the combination shall be examined to determine that no parts have sustaiped
damage and that all parts are in a satisfactory condition.

9 |Guide to-the selection of switch-fuse combinations (informative)

Clapse 9%of*IEC 62271-1:2017 applies with the following additions:

9.101 Guide to the selection of switch-fuse combination for transformer Ir_\rr'afr:-r‘fir'an

9.101.1 General

The objective of this application guide, taken in conjunction with that for switches (see Clause 9
of IEC 62271-103:2021) and that for fuses is to specify criteria for the selection of a combination
of switch and fuses which will ensure correct performances of the switch-fuse combination.

Criteria for the coordination of high-voltage fuses with other circuit components in transformer
applications and guidance for the selection of such fuses with particular reference to their time-
current characteristics and ratings are given in 5.2.2.2 of IEC TR 62655:2013.

Guidance for the selection of switches is given in Clause 9 of IEC 62271-103:2021.
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9.101.2 Rated short-circuit breaking current

The rated short-circuit breaking current of a combination is largely determined by that of the
fuses and shall be equal to or greater than the maximum expected RMS symmetrical fault
current level of the point in the distribution system at which the combination is to be located.

9.101.3 Primary fault condition caused by a solid short-circuit on the transformer

secondary terminals

The primary side fault condition caused by a solid short-circuit on the transformer secondary
terminals corresponds to very high TRV values which the switch (not designed and not tested

to that condition) in a combination may not be able to cope with. The fuses, therefore, shal

SO

brepking duty onto the switch. In practice, this entails ensuring that the transfer current of

chosen that they alone will deal with such a fault condition without throwing any, of

be
the
the

combination under consideration is less than the foregoing primary fault current expressed by

(se

where

b Figure 8):

10011
z

ISC

I+ is the rated current of the transformer;
Ic is the primary fault current on the transformer;

4 is the short-circuit percentage impedance of the transformer.

LA

Transfer current

ANEAN

sc

~Y

Figure 8 — Transfer current in relation to the primary fault current Ig.
due to a solid short circuit in the transformer secondary terminal

With this condition being fulfilled, transfer currents correspond to faults for which arc impedance
or fault line impedance reduce the magnitude of both the current and the TRV values and
increase the power factor.

An example is given in Annex A.
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In cases where a system provider considers that the design of the LV connections between
transformer and LV switchgear (e.g. inside prefabricated substations in accordance with
IEC 62271-202) prevents a solid short-circuit on the secondary transformer terminals, the above
fault condition need not be considered in the selection of the fuse-links.

In all other cases where the conditions of this subclause cannot be met, a switch fuse-
combination should not be applied.

9.102 Coordination of switch and fuses for extension of the reference list of fuses

9.1p2-% Senrerat

In the following paragraphs, strictly speaking, one should refer to the break-time and_notto|the
opgning time of the switch. However, the opening time is usually more readily available and is
cloge enough to the break-time for the purposes of this document.

9.102.2 Rated continuous current

Thg rated continuous current of a switch-fuse combination is assigned by the switch-fuse
manufacturer and will depend on the type and ratings of the switch and the fuses. It may hpve
to be reduced where the ambient temperature in service exc€eds the specified amb|ent
temperature.

Thg rated continuous current of a combination is generally.less than, but shall not be in excess
of, the rated current of the fuses as assigned by the fuse(manufacturer.

9.102.3 Low over-current performance

At yjalues of fault current below the minimum/ breaking current of the fuses fitted in |the
combination, correct operation is ensured by.the ejection of one or more fuse strikers operafing
the|switch tripping mechanism (and hence*causing the switch to open) before the fuse has had
tim¢ to be damaged by internal arcing(See 6.102). Additionally, over-current relays could be
used.

9.102.4 Transfer current

Thq transfer current of a cambination is dependent upon both the fuse-initiated opening timg of
the|switch and the time-current characteristic of the fuse.

Near the transfer pojnt, under a three-phase fault, the fastest fuse to melt clears the first gole
and its striker starts to trip the switch.

Thg other tvQ ‘poles then see a reduced current (87 %) which will be interrupted by either|the
swifch or<the remaining fuses. The transfer point is when the switch opens and the fuse
elellnents melt simultaneously.

The transfer current for a given combination, determined as described in Annex B, shall be
smaller than the rated transfer current.

9.102.5 Take-over current

The value of the take-over current of a combination is dependent upon both the release-initiated
opening time of the switch and the time-current characteristic of the fuse. As its name implies,
it is the value of the current at the intersection of the two curves, above which the fuses take
over the function of current interruption from the release and switch.

Relay behaviour and fuse characteristics should be such that the take-over current is smaller
than the rated take-over current of the combination (see definition 3.7.112 and the test
conditions in 7.101.3.4).
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9.102.6 Extension of the validity of type tests

As itis recognized that it may well be impractical to test all combinations made of a combination
base and fuses and to carry out repeat tests on combinations whenever the fuse is altered, this
document specifies conditions (see 7.105) whereby the validity of the continuous current test,
making and breaking type tests may be extended to cover combinations other than that (those)
tested.

The test duties specified in this document, together with the associated guidance as to the
application of these tests to other combinations cover most users' requirements. However, in
SO i - i the
combination using full range fuses from another manufacturer, may require additignal
combination testing. Such testing should be subject to agreement between the manufactiirer
and user.

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

10.1 General

Sufjclause 10.1 of IEC 62271-1:2017 applies.

10.2 Information with enquiries and orders

Sufjclause 10.2 of IEC 62271-1:2017 applies with the following additions:

In gddition to the information listed for the switch in~10.2 of IEC 62271-103:2021, the inguirer
should specify the limit of supply, i.e. if the combinations described include the fuse-links
(defined as switch-fuse combination) or not (defined as switch-fuse combination base).

10.8 Information with tenders

Subclause 10.3 of IEC 62271-1:2017.applies with the following additions:

As well as the information given for the switch in 10.3 of IEC 62271-103:2021, the combination
manufacturer shall give, in addition to the rated quantities, the following information:

a) fhe reference list of fuses, which shall include the designation of the combination base, pnd
for each selected fuse, the following information:
— fuse designation (manufacturer, type, rating);
— rated continuous current of the combination;
— rated short-circuit current of the combination;
— maximum cut-off current of the combination;

b) filling medium (type and amount), when applicable.

On request, the following information for the extension of the type test validity should be given:

— fuse length (7.105.2);
— fuse power dissipation (7.105.2);
— Joule integral (highest value of the fuse type used in 7.101.3.1 and 7.101.3.2.

11 Transport, storage, installation, operating instructions and maintenance
Clause 11 of IEC 62271-1:2017 applies with the following additions:

The reference list of fuses shall be given in the instruction book.
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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 switch-fuse unit, they should be
temporarily removed while the unit is man-handled into position.

For

operation, the following points should be considered:

a) The three fuses fitted in a given combination shall all be of the same type and current rating,

b)

c)

d)

e)

f)

12

Cla

13

Cla

otherwise the breaking performance of the combination could be adversely affected.

s vital, for the corTect operation of the compimation, that the fuses are mserted with
strikers in the correct orientation.

When a switch-fuse has operated as a result of a three-phase fault, it is possiblefor
1) only two out of the three fuses to have operated,
) all three fuses to have operated but for only two out of the three strikers to have ejec

Such partial operation of one fuse can occur under three-phase service conditions an
not to be considered abnormal.

Where a switch-fuse has operated without any obvious signscofsa fault on the syst
examination of the operated fuse or fuses may give an indication as to the type of f
current and its approximate value. Such an investigation s ‘best carried out by the f
manufacturer.

All three fuses shall be discarded and replaced if the fuse(s) in one or two poles (
combination has operated.

Before removing or replacing fuses, the operatofr'should satisfy himself that the fuse-mg
is electrically disconnected from all parts of the combination which could still be electric
energized. This is especially important when the fuse-mount is not visibly isolated.

Safety

use 12 of IEC 62271-1:2017 applies.

Influence of the product on the environment

se 13 of IEC 62271-1:2017 applies.
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Annex A
(informative)

Example of the coordination of fuses, switch and transformer

The transformer is chosen by the user for its particular duty, thus fixing values of the full load
current and permissible overload current.

The maximum fault level of the high-voltage system is known.

For[the purpose of this example, an 11 kV, 400 kVA transformer on a high-voltage system*\ith
maximum fault level of 16 kA is considered:

a) ffull load current is approximately 21 A;

b) |permissible periodic overload is assumed to be 150 %, on the "-5 %" tapping of [the
transformer, i.e. approximately:

21 Ax1,05x15=33A

c) [maximum magnetizing inrush current, assumed to be 12 times the rated current, is:
21 Ax 12 =252 A

for a duration of 0,1 s (5.2.2.2.3 a) of IEC TR 62655:2013).

Sitg ambient air temperature is 45 °C, i.e. 5 °C above standard.

Suppose the user has decided that a 12 kV switehrfuse combination from a certain manufactlirer
willlbe used to control and protect the transfermer.

Thg manufacturer shall provide a list ofithe fuses which can be used in the combination and
shall advise which of these are suitable’for the application.

Thisg list of fuses will have been drawn up by the switch-fuse manufacturer on the basi$ of
apgropriate type tests on the.switch-fuse combination in accordance with this document and by
thelapplication of its extension of validity clauses (see 9.102).

Suppose he advises that a 12 kV, 40 A, 16 kA (at least) back-up fuse of a given type from a
cerfain fuse manufacturer is suitable. To justify this advice, the switch-fuse manufacturer |will
havie ascertained'the following:

a) [The fuse can withstand the 252 A magnetizing inrush current of the transformer for 0f1 s
(5.2,272:3 a) of IEC TR 62655:2013). He will normally do this by examining the fuse time-
current characteristic, i.e. where the 252 A point at 0,1 s has a selectivity distance of 2D %
tosthe time-current curve at this point, and/or by consulting the fuse manufacturer.

b) The continuous current rating of the switch-fuse combination when fitted with the fuses is
adequate to allow for periodic overloading of the transformer up to 33 A in ambient air
temperature conditions of 45 °C (5.2.2.2.3 b)1) of IEC TR 62655:2013).

The continuous current rating of the combination when fitted with the fuses may not be more
than 40 A, especially in the higher than standard ambient conditions. Continuous current
tests carried out by the switch-fuse manufacturer, or calculations based on such tests, may
indicate a continuous current rating of, say, 35 A in ambient conditions of 45 °C. This would
be adequate for the application.

c) The pre-arcing current of the fuse is low enough in the 10 s region of the fuse time-current
characteristic to ensure satisfactory protection of the transformer (5.2.2.2.3 c) of
IEC TR 62655:2013). The manufacturer will normally do this by examining the fuse time-
current characteristic and/or consulting the fuse manufacturer.
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d) The fuses alone will deal with the condition of a solid short-circuit on the transformer
secondary terminals, i.e. that the maximum primary short-circuit current (in this case:

400 %100

=420 A

11x+/3 x5
based on 5 % transformer impedance) is greater than the transfer current (see 3.7.108) of
the combination when fitted with 40 A fuses. He will do this using the method explained
in 9.102.3. Reference to Figure A.1 shows that the transfer current thus obtained is only
280 A, the fuse-initiated opening time of the switch assumed to be 0,05 s for the purpose of

hic axvamnla
HHS—EXarhpre-

Oy}
10
0,1 L]
T
m
40 Afuse rated time-current
characteristics

>
33 252 | 420 \ 1A
Permissible oyerload J

Maximal value in inrush currents —

I

transfer —

Rrimary current in case of low-voltage short-circuit — IEC

Figure A.1 — Characteristics relating to the
protection of an 11 kV, 400 kVA transformer

e) The transfer current of the combination, when fitted with 40 A fuses, is less than its rated
transfer current (see 5.103), which one can suppose to be 1 000 A.

The user shall check that the fuse discriminates with the highest rating of a low-voltage fuse
used in the event of a phase-to-phase fault occurring on the low-voltage system.

NOTE This is usually the worst condition for discrimination.
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As explained in 5.2.2.2.3 d) of IEC TR 62655:2013, the intersection of the two time-current
characteristics of the high-voltage and low-voltage fuses shall occur at a value of current greater
than that of the maximum fault current on the load side of the low-voltage fuse
(see Figure A.2).

A

t (s)

Minimum time-current characteristic
of high-voltage fuse

Maximum fault current on low-voltage
4 side (referred to high-voltage sidg)

Maximum operating time of
low-voltage fuse (referred
to high-voltage side)

420 I(A)

IEC

Figure A.2 — Discrimination between HV and LV fuses



https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

IEC

B.1

62271-105:2021 © IEC 2021 — 45 —

Annex B
(normative)

Procedures for determining transfer current

Background

Transfer current ly,5,.s1er iS defined as the current at which, under striker operation, the breaking
duty is transferred from the fuses to the switch.
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5 occurs when, after the melting of a first fuse, the switch opens under striker opéra
bre or at the same time as the melting of the second fuse, there being an inevitable differe
veen the melting times of fuses.

nowledge of this difference, AT, between the melting times of fuses pgrmits compari
veen it and the striker-initiated opening time of the switch-fuse combination.

following procedures compare, in an intentional simplification, virtual melting times of

-links against the real opening times of the switch-fuse comhbination. Taking into accq
real melting-time values of the fuses, resulting from the interdepéndent three-phase effe
value of transfer current may be different. As the calculation already includes some sa
gins, these differences may not be taken into consideration.

Culations proposed in this annex use the assumption of a non-effectively earthed neJ
fem. Such an assumption leads to consider thatythe current in the two remaining phase
iced after a first fuse cleared, possibly extending the melting duration of the remain
es. With such an assumption, it could be feared that the two remaining phases should

en an effectively earthed neutral system is used, then, after a first fuse cleared the fault,
ent in the two remaining phases c¢auld keep the value of the three-phase fault. Under s
bndition, the requirement expressed in 5.103 ensures that the fuses will melt before
ch-fuse combination can be opened by any tripping device. There is no reason for conc

Mathematical detérmination of AT
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t
A Probable maximum time-current characteristic
Probable minimum time-current characteristic
Tm2 \
& \
I
5 I
1l
~
<
Tm1
0 |
0,871 I

IEC

Figure B.1 — Practical determination of the transfer current

Thd time T,,; on the minimum characteriStic is the melting time of the first fuse to operate urjder
a three-phase fault current 1.
Thd time T, is the melting timecof the second fuse to operate. It should be noted that this tjime
Tmd (see Figure B.1) is shorter than the value indicated for a two-phase current of 0,871, by|the
maximum time-current characteristic as this second fuse has already seen the three-phase fpult
curfent I, for the time ;.
Thg small segments of the time-current characteristics can be regarded as straight lines {o a
cloge approxifiation in log-log coordinates, their formula being:
logT,,, =—alog/ +logC

defining a relationship between I and T, such that:

I“xT, =C (B.1)

where o is the gradient and logC the intercept with the ordinate axis of the straight line so
defined.

Applying Formula (B.1) to the minimum time-current characteristic, the formula for the maximum
time-current characteristic will be expressed by:

1% xT, = C(1+x )* (B.2)
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where x is the tolerance on the current between the two time-current characteristics and defined
as 100 x %.

The first fuse melts under the three-phase fault current I, in a time T, according to Formula
(B.1) for the minimum time-current characteristic such that:
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The

|fXTm1=C (BS)

t current, 0,871, in a time T,,, according to Formula (B.2) for the maximum time-Cur
racteristic such that:

17 Tm1 + (0,87 11)“ x (Tmz ~Tm1) = C (1+x) * (
hbining Formula (B.3) and Formula (B.4) one obtains:
1+x)* -1
AT =Tm2 =Tm1=Tm1 % (
0,87

Taling a statistically realistic tolerance for thé)fuse time-current characteristics of 6,

(£2

The

fuse.

As

madle: a first value of T,,; shall be taken, for instance (T,,,)g €qual to 1,2T, for it is norm

clos

5 of £10 %) then x = 0,13. Using this value,in Formula (B.5) gives:

0,87%
T =To[ ]

(1+0,13)% -1

transfer current Iy, ,,s1et 1S'then deduced from the minimum time-current characteristic of

2}

the slope « is(dependent on the value T,; (Figure B.2), an iterative calculation shal

e to thespractical value. Then, a first value of the transfer current (I, 54sfer)o @nd of the sl

oy @re deducted from the minimum time-current characteristic.
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Figure B.2 — Determination af‘the transfer current with the iterative method
N this value ¢, a new (T,,1)ylis calculated with Formula (B.6) and new (l,4,sfer)1 @and oy

brmined as above. If the-new value of the transfer current does not differ from the previ
by more than 5 %, then it is taken for I, ,sfer- If NOt, this calculation shall be re-m

cessively until the difference between two successive transfer currents is less than 5 %

Simplified- method for determination of transfer current

TalKing a.=4;which is on the conservative side with fuse-initiated opening times lying betw

0,0

b s and 0,3 s, then Formula (B.5) gives:

are

pus
hde

(1+0,13)% —1}

AT =T, 1
" [ (0,87)%

(B.7)

The transfer point occurs when the fuse-initiated opening time T, of the switch is equal to AT:

or

To=AT=1,1xTy,

Tn1=09T,
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Thus, the transfer current can be defined as the current which gives a pre-arcing time equal
to 0,9 T, for the minimum time-current characteristic of the fuse.

This simplified procedure is based on a slope of the fuse characteristic of « = 4. The slope of
the characteristics of actually existing fuses may vary from 4, which may lead to different
transfer currents and, thus, different fuse rated currents. In case of doubt apply the iterative
method (Clause B.2) or consult the switch-fuse manufacturer.
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Annex C
(normative)

Tolerances on test quantities for type tests

Table C.1 — Tolerances on test quantities for type tests

Subclause Designation Test quantity Specified test | Test tolerance Reference to
of the test value
Metdrgarebreakhg
7101 tests
Test frequency Rated +8 %
7.401.2.2 Test frequency frequency
Power-frequency Rated voltage +5 %
recovery voltage
Test voltage for ;
7.101.2.5 A Power-frequency 1 +20 % Figure 4
breaking tests recovery voltage of
any phase/average
value
Applied voltage Rated voltage +10'%
Applied voltage =0%
7.101.2.7 before short circuit Applied voltage of 1 +5 %%
tests any phase /average
value
AC component of 1 +10 %
test current for
TDiscr TDjwmax @nd
1D, in any
phase/average
7.101.2.8 Breaking current AC componeéti.of 1 > 3/2
test current\for
TDItransfer in two
phases fitted with
solid) links/phase
with fuses
Prospective current | Rated value +5 %
-0 %
Power factor 0,07 to 0,15
7.101.3.1 Short circuit current
TRV of supply See +10 %
circuit IEC 60282-1: -0 %
2020 test-duty
1
Prospective current | Specified +10 %
value
AN Current with max. 12t Power factor 0,07 to 0,15
' Of the TUse TRV of supply See +10 %
circuit IEC 60282-1: -0 %

2020 test-duty
2
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Subclause Designation Test quantity Specified test | Test tolerance Reference to
of the test value
Prospective current | Rated value +10 %
-0 %
P_owgr factor of load | 1 . nster = 0,2t0 0,3
circuit 400 A
Irtransfer s 0.3t00,4
400 A
Power factor of <0,2
Zn10133 Transfer current and supply circuit
7.101.3.4 | take-overcurrent TRV of supply See +10 %
circuit IEC 60282-1: -0 %
2020 test-duty
1
TRV of load circuit Table 3 and +10 %
Table 4 -0 %
Impedance of 0,15 +0,03

supply circuit/total
impedance
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

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

AVANT-PROPOS

1) lla Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compg@sée
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour objet de
voriser la coopération internationale pour toutes les questions de normalisation dansy\es domaineg de
électricité et de I'électronique. A cet effet, 'I[EC — entre autres activités — publie des Normes internationgles,
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles~au public (PAS) el des
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des’comités d'études |aux
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisafions
ternationales, gouvernementales et non gouvernementales, en liaison avec I'"EC," participent également|aux
avaux. L'IEC collabore étroitement avec I'Organisation Internationale de.‘Naormalisation (ISO), selon|des
onditions fixées par accord entre les deux organisations.

2) les décisions ou accords officiels de I'lEC concernant les questions techfniques représentent, dans la mesurg du
ossible, un accord international sur les sujets étudiés, étant donné que/les"Comités nationaux de I'lEC intérefsés

ont représentés dans chaque comité d’'études.

3) les Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr¢ées
omme telles par les Comités nationaux de I'lEC. Tous les_éfforts raisonnables sont entrepris afin que [IEC
‘assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de

Iléventuelle mauvaise utilisation ou interprétation qui en est/faite par un quelconque utilisateur final.

4) IDbans le but d'encourager l'uniformité internationale,¢les,"Comités nationaux de I'lEC s'engagent, dans touje la
esure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications natiorjales
t régionales. Toutes divergences entre toutes-~Publications de I'lEC et toutes publications nationale$ ou

égionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

5) W'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendfants
purnissent des services d'évaluation de\conformité et, dans certains secteurs, accedent aux marque$ de
onformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification

hdépendants.

[

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatajres,
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I')EC,
our tout préjudice causésen cas de dommages corporels et matériels, ou de tout autre dommage de quejque
nature que ce soit, dipeete ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépepses
découlant de la pubtication ou de l'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'JEC,
u au crédit qui lui‘est accordé.

8) lU'attention est) aftirée sur les références normatives citées dans cette publication. L'utilisation de publicafions
éférencées~€st obligatoire pour une application correcte de la présente publication.

9) l’attentiomest attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'¢bjet
e droits'de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droitp de
rev€ts et de ne pas avoir signalé leur existence.

L'IEC 62271-105 a été établie par le sous-comité 17A: Appareils de connexion, du comité
d’études 17 de L'IEC: Appareillage haute tension. Il s’agit d’'une norme internationale.

Cette troisieme 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) le document a été mis a jour conformément a la 2e édition de I'l|EC 62271-1:2017;

b) la TTR assignée est supprimée (la TTR n’est qu'un parameétre d'essai) comme dans la
derniere édition de I'lEC 62271-100;
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c)

une distinction est désormais faite entre les exigences spécifiées pour I'exécution de la
fonction attendue d'un combiné interrupteur-fusibles, et les exigences qui ne sont
pertinentes que lorsque la fonction est exécutée par un appareil autonome. Cette distinction
a pour but d’éviter des répétitions ou des contradictions d’exigences avec une norme traitant

d’ensembles, lorsque la fonction est mise en ceuvre au sein d’'un tel ensemble.

Le texte de cette Norme internationale est issu des documents suivants:
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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

Domaine d’application

La

résente partie de I'lEC 62271 est applicable aux appareils tripolaires utilisés dans

réseaux de distribution publics ou les installations industrielles. Ces derniers forment
enslembles fonctionnels composés d'interrupteurs ou d'interrupteurs-sectionneurs et'de fusilhles
limiteurs de courant, congus pour étre capables de

Ellg
cirg
aux

Le
al
cou

Dar
forn

typ¢

co
per

un
de

couper, a la tension assignée, tous les courants jusqu'au pouvoir de colpure assigng
court-circuit inclus;

Etablir, a la tension assignée, des circuits pour lesquels le pouvoir de coupure assigné
court-circuit s’applique.

ne s'appligue ni aux combinés de fusibles avec des disjoncteurs, des contacteurs ou
uits-switchers, ni aux combinés destinés a la manceuvreleta la protection des moteurs
combinés destinés a la manceuvre et a la protection des*batteries de condensateurs.

brésent document s'applique aux combinés prévus pour des tensions assignées supériel
kV et inférieures ou égales a 52 kV, et destinés{a étre utilisés sur des réseaux triphasé
rant alternatif a 50 Hz ou 60 Hz.

s le présent document, le mot "combiné™ désigne un combiné dans lequel les composa
hent un ensemble fonctionnel. Chaque association d’un type donné d'interrupteur aved
b donné de fusible définit un typeZde combiné interrupteur-fusibles. Différents types|

fusr:LbIes peuvent étre combinés avec un type donné d’interrupteur, ce qui donne plusie

binés de caractéristiques différentes, en particulier pour ce qui concerne les courg
manents assignés.

combiné interrupteur-fusibles est donc défini par sa désignation de type, ainsi qu'une |
fusibles utilisables.définie par le fabricant appelée "liste des fusibles de référence".

conpbiné est réputé. satisfaire au présent document dans la mesure ou la conformité a celd

aé

Les
ass
des
par

€ démontrée, pour tous les combinés équipés de I'un des fusibles utilisables.

fusibles™sont introduits dans le combiné en vue d'obtenir des caractéristiques de coup
gnées-en court-circuit supérieures a celles du seul interrupteur. Ces fusibles compor
percuteurs destinés a provoquer l'ouverture automatique des trois péles de l'interrup
suite du fonctionnement d'un fusible, permettant ainsi d'assurer le bon fonctionnemen

les
des

en

en

des

res
s a

INts
un
de

urs

s

ste
un
i-Ci

ure
ent
eur

du

con

pIine pour des valeurs de courant de defaut superieures au courant minimal de TusIO

et

inférieures au courant minimal de coupure de ces fusibles. En plus des percuteurs des fusibles,
les combinés peuvent également étre équipés soit d'un déclencheur & maximum de courant,

soit

d'un déclencheur shunt.

NOTE Dans le présent document, le terme "fusible" est utilisé pour désigner soit le fusible, soit I'élément de
remplacement, quand le sens général du texte ne comporte aucune ambiguité.

Les

fusibles sont conformes a I'lEC 60282-1:2020.

Les dispositifs qui exigent une manceuvre dépendante manuelle ne sont pas traités par le
présent document.
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Les interrupteurs, y compris leurs mécanismes de mancuvre, sont conformes a
I'lEC 62271-103, sauf en ce qui concerne les exigences relatives au courant de courte durée
admissible et au pouvoir de fermeture sur court-circuit, pour lesquelles I'effet limiteur des
fusibles est pris en compte.

Les sectionneurs de terre incorporés dans le combiné répondent aux spécifications de
I''EC 62271-102.

Les interrupteurs qui incluent d’autres fonctions (non couvertes par I'lEC 62271-103) sont
couverts par leurs normes applicables (par exemple, IEC 62271-102 Sectionneurs et
secionmeurs de terre).

2 |Références normatives

Les| documents suivants sont cités dans le texte de sorte qu’ils constituent, podrtout ou pgrtie
de [leur contenu, des exigences du présent document. Pour les références datées, squle
I'édition citée s’applique. Pour les références non datées, la derniere édition du documen{ de
réfgrence s'applique (y compris les éventuels amendements).

L'Afticle 2 de I'lEC 62271-1:2017 s’applique avec les ajouts suivants:

IEQ 60050-441, Vocabulaire Electrotechnique Internationalh(IEV) — Part 441: Appareillagg et
fusibles (disponible a I'adresse http://www.electropedia.org)

IEQ 60282-1:2020, Fusibles a haute tension — Partienl: Fusibles limiteurs de courant

IEQ 62271-1:2017, Appareillage a haute tension — Partie 1: Spécifications communes gour
appareillage a courant alternatif

IEC 62271-100:2021, High-voltage switchgear and controlgear — Part 100: Alternating-curfent
circuit-breakers (disponible en anglais*seulement)

IEQ 62271-102:2018, Appareillage a haute tension — Partie 102: Sectionneurs et sectionngqurs
de ferre a courant alternatif

IEQ 62271-103:2021, High-voltage switchgear and controlgear — Part 103: Alternating curfent
swifches for rated.\altages above 1 kV up to and including 52 kV (disponible en angfais
seuflement)

3 |Termes et définitions

Pouyr.l€s besoins du présent document, les termes et définitions de I'lEC 60050-441, ainsi fgue
les ‘sutvants—s‘appticoent:

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible & I'adresse http://www.iso.org/obp
NOTE Une partie des termes de I'lEC 60050-441 est énumérée ci-dessous.
3.1 Termes et définitions généraux

Le paragraphe 3.1 de I'lEC 62271-1:2017 s’applique.
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Ensembles d'appareillages

Le paragraphe 3.2 de 'l|EC 62271-1:2017 s’applique.

3.3

Parties d’ensembles

Le paragraphe 3.3 de I'l|EC 62271-1:2017 s’applique.

3.4

Le

Appareils de connexion

f\nrngrnlnhn 34del'llEC 62271-1:2017 Q'nlhlr\“ﬂlllp, avec les AjnllfQ suivants:

3.4
con

101
nbiné interrupteur-fusibles

combinaison d’'un interrupteur tripolaire et de trois fusibles équipés de percuteurs, tels qu

fon
de

Notg

3.4
S0Q
S0Q

Ltionnement de n’importe quel percuteur provoque I'ouverture automatique)des trois pg
‘interrupteur

1 a I'Article: Le combiné interrupteur-fusibles comprend le combiné fusible-interrupteur.
102
le de combiné interrupteur-fusibles

le de combiné

combiné interrupteur-fusibles dans lequel les éléments de, remplacement ne sont pas insta

3.4
intd
inte

103
rrupteur a fusibles
rrupteur dans lequel un ou plusieurs pbles camportent un fusible en série dans un appa

conpbiné

[sd

3.4
fus
intg
rem

[SQ
3.4

intg
intg

URCE: IEC 60050-441:2000, 441-14-14]

104

ble-interrupteur

rrupteur dans lequel un élément de remplacement ou un porte-fusible avec son élémen
placement forme le contact'mobile

URCE: IEC 60050:441:2000, 441-14-17]

105
rrupteur-seetionneur
rrupteur~gui, dans sa position d'ouverture, satisfait aux conditions d'isolement spécifi

pour un seetionneur

[sd

b le
es

lés

reil

de

Ees

URCE: IEC 60050-441:2000, 441-14-12]

3.4.106

combiné actionné par déclencheur
combiné dans lequel I'ouverture automatique de I'interrupteur peut aussi étre provoquée par un
déclencheur a maximum de courant ou par un déclencheur shunt
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3.5

Parties d’appareillages

Le paragraphe 3.5 de I'lEC 62271-1:2017 s’applique, avec les ajouts suivants:

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

[SQUREEEEC660650-4412600441-15-1t+

3.5{102

dédlencheur a maximum de courant

dédlencheur qui permet l'ouverture, avec ou sans retard, d'un appareil mécanique| de
connexion, lorsque le courant dans le déclencheur dépasse une valeur prédéterminée

Notg 1 a I'Article: Cette valeur peut, dans certains cas, dépendre de la vitesse d'accroissement du courant.
[SQURCE: IEC 60050-441:2000, 441-16-33]

3.5{103

dédlencheur shunt

dédlencheur alimenté par une source de tension

Notg 1 a I’Article: 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 def'appareillage

Le paragraphe 3.6 de I'lEC 62271-1:2017 s’applique.

3.7] Grandeurs caractéristiques

Le paragraphe 3.7 de I'IEC 62271-1:2017 s’applique, avec les ajouts suivants:

3.7{101

coyrant présumé

<d'Win circuit et relatif a un appareil de connexion ou a un fusible> courant qui circulerait dans
le ¢ircuit si chaque pble de l'appareil de connexion ou le fusible était remplacé par| un
conducteur dimpédance négligeable

Notg 1 a I'Article: La méthode a employer pour évaluer et pour exprimer le courant présumé doit étre spécifiée gans
les publications particuliéres.

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

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 I'Article: La définition implique que le courant est établi par un appareil de connexion idéal, c'est-a
passant instantanément d'une impédance infinie & une impédance nulle. Pour un circuit ayant plusieurs voies, par
exemple un circuit polyphasé, il est entendu en outre que le courant est établi simultanément dans tous les pdles
méme si on ne considére que le courant dans un seul poéle.

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

-dire
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3.7.103

valeur maximale de créte du courant présumé

<d'un circuit a courant alternatif> valeur de créte du courant présumé quand I'établissement du
courant a lieu a l'instant qui conduit a la plus grande valeur possible

Note 1 a I'Article: Pour un appareil multipolaire dans un circuit polyphasé, la valeur maximale de créte du courant
présumé ne se rapporte qu'a un seul pdle.

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

3.7.104

coyrant coupé
<d'in 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]105

coyrant minimal de coupure
val¢ur minimale de courant présumé qu'un élément de remplacement peut couper sous lne
tengsion donnée et dans des conditions prescrites d'emploi et de comportement

[SQURCE: IEC 60050-441:2000, 441-18-29]

3.7]106

poyvoir de fermeture en court-circuit
poyvoir de fermeture pour lequel les conditions_prescrites comprennent un court-circuit pux
borpes de l'appareil de connexion

[SQURCE: IEC 60050-441:2000, 441-17-10]

3.7]107

coyrant coupé limité
valgur instantanée maximale du“courant atteinte au cours de la coupure effectuée par| un
appareil de connexion ou un-fusible

Notg 1 & I'Article: Cette notion,est d'importance particuliére si I'appareil de connexion ou le fusible fonctionng de
tellelmaniere que la valeursde'créte du courant présumé du circuit n'est pas atteinte.

[SQURCE: IEC 60050-441:2000, 441-17-12]

3.7]108
coyrant detransition

Itra1sfer
<sur~fonctionnement provoqué par percuteur> valeur du courant triphasé symétrique gour
IaquLﬂ_V_t_m_t‘I"_t_t—h_t‘l_t_ﬁ—e € Ies TUSIDIeS et I'nterrupieur echangent la fonction de coupure

Note 1 a I'Article: Au-dessus de cette valeur, le courant dans les trois phases n'est interrompu que par les fusibles.
Immédiatement en dessous de cette valeur, le courant dans le premier pdle qui coupe est interrompu par le fusible,
et le courant dans les deux autres pdles par l'interrupteur; ou par les fusibles selon les tolérances de la
caractéristique temps-courant des fusibles et de la durée d’ouverture de l'interrupteur provoquée par le percuteur
des fusibles.

3.7.109

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.

110

courant minimal d'intersection
<d'un combiné actionné par déclencheur> courant déterminé par le point d'intersection des
caractéristiques temps-courant du fusible et de I'interrupteur, correspondant a:

a) ladurée de coupure maximale de l'interrupteur plus, s'il y a lieu, la durée de fonctionnement

maximale d'un relais a maximum de courant ou d'un relais de terre externe a l'appatreil,

b) la durée de préarc minimale du fusible

3.7.111

courant maximal d'intersection

<d'lin combiné actionné par déclencheur> courant déterminé par le point d'intersection des

carctéristiques temps-courant du fusible et de I'interrupteur, correspondant a:

a) [a durée d'ouverture minimale de l'interrupteur plus, s'il y a lieu, la durée de fonctionnement
minimale d'un relais a maximum de courant ou d'un relais de terre externe & l'appareil,

b) [a durée de fonctionnement maximale du fusible

3.7{112

tengion appliquée

<pdur un appareil de connexion> tension qui existe entre les bornes d'un pdle d'un apparei| de

connexion immédiatement avant I'établissement du courant

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

3.7{113

tengion de rétablissement

tengion qui apparait entre les bornes d'un appareil de connexion ou d'un fusible agrés

I'interruption du courant

Notg 1 a I'Article: Cette tension peut étre considérée durant deux intervalles de temps consécutifs, I'un ddrant

lequEl existe une tension transitoire, suivi par un*second intervalle durant lequel la tension de rétablissemgnt a

frégyuence industrielle ou en régime établi existeseule.

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

3.7{1114

tenpion transitoire de rétablissement

TTR

tengion de rétablissement pendant le temps ou elle présente un caractere transitpire

apdréciable

Notg 1 & I'Artielei, La tension transitoire de rétablissement peut étre oscillatoire ou non oscillatoire ou étrefune

compinaisonde-celles-ci selon les caractéristiques du circuit et de I'appareil de connexion. Elle tient compte de la

variation gu\potentiel du point neutre du circuit polyphasé.

Notd 2.a’Article: Sauf spécification contraire, la tension transitoire de rétablissement pour les circuits triphfisés

est LENSION auX DOTrMes au premier polte qui coupe, Car cetie lension est generalemernt pius elevee que cell qui

apparait aux bornes de chacun des deux autres poéles.

[SOURCE: IEC 60050-441:2000, 441-17-26]

3.7.

115

tension de rétablissement a fréquence industrielle
tension de rétablissement aprés la disparition des phénomeénes transitoires de tension

[SOURCE: IEC 60050-441:2000, 441-17-27]


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288

— 66 — IEC 62271-105:2021 © IEC 2021

3.7.116

tension transitoire de rétablissement présumée

<d'un circuit> tension transitoire de rétablissement présumée qui suit la coupure du courant
présumé symétrique par un appareil de connexion idéal

Note 1 a I'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 ayant plusieurs voies, par exemple un circuit polyphasé, on suppose en outre que la coupure du
courant par l'appareil de connexion idéal n'a lieu que sur le pdle considéré.

[SOQURCE IFC 60050-441:2000, 441-17-29]

3.7]117

durge d'ouverture provoquée par le percuteur des fusibles
<dy combiné interrupteur-fusibles> intervalle de temps compris entre l'instant du.début de ljarc
dans le fusible jusqu'a I'instant de la séparation des contacts d'arc de l'interrupteur du comfijiné
sur|tous les p6les (comprenant tous les éléments ayant une influence sut~cet intervalle| de
temps)

3.7]118

durlée d'ouverture provoquée par le déclencheur
<dy combiné interrupteur-fusibles> durée d'ouverture provoguée’ par le déclencheur qui|est
définie, selon la méthode de déclenchement, comme cela est’indiqué ci-dessous; tout dispofitif
de fetard faisant partie intégrante de l'interrupteur étant réglé“a une valeur spécifiée:

a) [pour un interrupteur déclenché a l'aide d'une_forme quelconque d'énergie auxilidire:
I'intervalle de temps depuis l'instant d'application/de la source d'énergie auxiliaire suf le
déclencheur, l'interrupteur étant en position fermée, jusqu'a l'instant de la séparation des
contacts d'arc sur tous les pdles;

b) |pour un interrupteur déclenché (autrement que par les percuteurs des fusibles) paf le
courant du circuit principal sans l'aidevd'aucune forme d'énergie auxiliaire: l'intervallg de
temps depuis l'instant ou l'interrupteur étant en position fermée, le courant dans le circuit
principal atteint la valeur de fonctionnement du déclencheur a maximum de courant jusqu'a
I'instant de la séparation des contacts d'arc sur tous les poles

3.7]119

durige d'ouverture minimale*provoquée par le déclencheur
<dy combiné interrupteur-fusibles> durée d'ouverture provoquée par le déclencheur lorsqug le
réglage spécifié d'un_dispositif de retard quelconque faisant partie intégrante de l'interrupteur
estla sa valeur minimale

3.7]120

durlée d'ouyerture maximale provoquée par le déclencheur
<dy combhin€ interrupteur-fusibles> durée d'ouverture provoquée par le déclencheur lorsqug le
réglage\spécifié d'un dispositif de retard quelconque faisant partie intégrante de l'interrupteur
estlansa’ valeur maximale

3.7.121

durée de coupure

intervalle de temps entre le début de la durée d'ouverture d'un appareil mécanique de
connexion, ou le début de la durée de préarc d'un fusible, et la fin de la durée d'arc

[SOURCE: IEC 60050-441:2000, 441-17-39]

3.7.122

durée d’arc

<d’'un péle ou d’un fusible> intervalle de temps entre I'instant de début de I'arc sur un péle ou
sur un fusible et I'instant de I'extinction finale de I'arc sur ce pdle ou ce fusible

[SOURCE: IEC 60050-441:2000, 441-17-37]
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3.101 Fusibles

3.101.1

liste des fusibles de référence
liste de fusibles définie par le fabricant pour un type donné de socle de combiné interrupteur-
fusibles et pour lesquels la conformité au présent document de tous les combinés interrupteurs-

fusi

bles correspondants est établie

Note 1 a I’Article: Les conditions d’extension de validité des essais de type sont données en 7.105 et 9.102.

3.101.2

s0d
par

[SQ

3.1

le
ie fixe d'un fusible munie de contacts et de bornes

URCE: IEC 60050-441:2000, 441-18-02]

D1.3
cuteur

per
dis

ositif mécanique faisant partie d'un élément de remplacement qui,)ors du fonctionnen

du fusible, libére I'énergie requise pour faire fonctionner d'autres-appareils, des dispos
indicateurs ou pour effectuer un verrouillage

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

3.101.4

durlée de préarc

durge de fusion

intgrvalle de temps qui s'écoule a partir du moment.ou commence a circuler un courant suffis
poyr provoquer une coupure dans le ou les<éléments fusibles jusqu'a l'instant ou un
commence a se former

[SQ

3.1
dur]

URCE: IEC 60050-441:2000, 441-18-21]

D1.5
ée de fonctionnement

somme de la durée de préarc.et de la durée d'arc

[sd

3.1
12t

int4
inté

URCE: IEC 60050=441:2000, 441-18-22]
D1.6
grale deJoule

graleduw carré du courant pour un intervalle de temps donné:

[
|%:jﬁm

fo

Note 1 & I'Article: L’1%t de préarc est l'intégrale 1%t pour la durée de préarc du fusible.

Note 2 a I'Article: L’1%t de fonctionnement est lI'intégrale 12t pour la durée de fonctionnement du fusible.

Note 3 a I'Article:

par un fusible est égale a la valeur de 1%t de fonctionnement exprimée en AZs.

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

ent
tifs

ant
arc

L'énergie en joules libérée dans une portion ayant une résistance de un ohm d'un circuit protégé
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Conditions normales et spéciales de service

L'Article 4 de I'lEC 62271-1:2017 s’applique.

5

5.1

Caractéristiques assignées

Généralités

Le paragraphe 5.1 de 'l|EC 62271-1:2017 s’applique avec les ajouts suivants:

k)
)

m)
n)

Lor
utili
les

5.2
Le
5.3
Le
5.4
Le
5.5
Le
Le
Che

de

typ¢
diff

pouvoir de coupure assigné en court-circuit;

pouvoir d’établissement assigné en court-circuit;

courant de transition assigné sur fonctionnement provoqué par percuteur;
courant d'intersection assigné pour un combiné actionné par déclencheur.

sque le combiné interrupteur-fusibles n’est pas utilisé comme un appareilautonome (s’il
Ssé, par exemple, comme un composant d’'un ensemble d’appareillages), les influences
différentes caractéristiques assignées sont couvertes par les normes applicables.

Tension assignée (U,)
baragraphe 5.2 de I'lEC 62271-1:2017 s’applique.
Niveau d’isolement assigné (U, Up, Us)
baragraphe 5.3 de I'lEC 62271-1:2017 s’appligue.
Fréquence assignée (f,)
baragraphe 5.4 de I'lEC 62271-1:2017 s’applique.
Courant permanent assigne (I,)
paragraphe 5.5 de I'lEC _62271-1:2017 s’applique avec les ajouts suivants:
Courant permanent.assigné s'applique au combiné interrupteur-fusibles complet.

lque combiné d’un type donné d’interrupteur et d'un type donné de fusibles définit un t
combiné ifnterrupteur-fusibles. Différents types de fusibles peuvent étre combinés aved
b donné_d’interrupteur, ce qui donne plusieurs combinés interrupteurs-fusibles ay
Brents courants permanents assignés.

est
sur

ype
un
ant

Il n

5.6

+ H & gl oo l + + + & al 1 Fa"H I Wl
Col 'JQD C/\lUC Ut LTIUIoI1T 1T Luurarit |JCIIII(1IICIIL aODIyIIC udallio Ta oSTITIT TN 1LU.

Courant de courte durée admissible assigné (l,)

Le paragraphe 5.6 de I'lEC 62271-1:2017 ne s’applique pas.

5.7

Valeur de créte du courant admissible assignée (Ip)

Le paragraphe 5.7 de I'l|EC 62271-1:2017 ne s’applique pas.

5.8

Durée de court-circuit assignée (t,)

Le paragraphe 5.8 de 'lEC 62271-1:2017 ne s’applique pas.
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5.9 Tension d'alimentation assignée des circuits auxiliaires et de commande (U,)

Le paragraphe 5.9 de I'lEC 62271-1:2017 s’applique.

5.10 Fréquence d’alimentation assignée des circuits auxiliaires et de commande

Le paragraphe 5.10 de I'lEC 62271-1:2017 s’applique.

5.11 Pression d’'alimentation assignée en gaz comprimé pour les systemes a pression
entretenue

Le paragraphe 5.11 de I'lEC 62271-1:2017 s’applique.

5.1p1 Pouvoir de coupure assigné en court-circuit

Le [pouvoir de coupure assighé en court-circuit est le plus grand courantfde court-circuit
présumé que le combiné doit étre capable de couper, dans les conditionsvd'utilisation ef de
fongtionnement fixées dans le présent document, dans un circuit /denht la tension| de
rétgblissement a fréquence industrielle correspond a la tension assignée’ du combiné et ayant
ung TTR présumée telle que définie au 7.101.2.8 et les valeursspécifiées dans la sgrie
d'egsais 1 de I'lEC 60282-1:2020. Le pouvoir de coupure assigné.en,court-circuit s'exprime|par
la vialeur efficace de la composante alternative du courant.

Les| pouvoirs de coupure assignés en court-circuit doiventiétre choisis dans la série R10.

NOT[E 1 La série R10 comprend les nombres: 1 — 1,25 - 1,6 #2~ 2,5 - 3,15 -4 -5 - 6,3 — 8 et leurs progluits
par L0".

NOTE 2 1l est reconnu que l'impédance série du combiné ou le fonctionnement rapide des fusibles oy de
I'intgrrupteur peut provoquer I'un des deux ou les deux effets suivants:
a) l|p réduction du courant de court-circuit a une valéur notablement plus faible que celle qu'il atteint autrement;
b) 4¢n fonctionnement suffisamment rapide pour-deformer I'onde du courant de court-circuit.

C'est la raison pour laquelle le terme "courant'présumé" est utilisé pour définir les performances de fermeture gt de
cougure.

5.102 Pouvoir d’établissement assigné en court-circuit

Le pouvoir d’établissement assigné en court-circuit est la valeur maximale de créte du coufant
présumé que le combiné interrupteur-fusibles doit étre capable d'établir, dans les conditipns
d'utilisation et de eomportement définies dans le présent document, dans un circuit dont la
tension a fréquence industrielle correspond a la tension assignée du comhiné
rrupteur-fusibles. Il doit étre égal a 2,5 fois (50 Hz) ou 2,6 fois (60 Hz) la valeur efficacg du

NOTIE 1 \Voir également la note 2 de 5.101.

NO pHrs—étevé—asso Ste-constan - ps—éventt Stevée—dutésent tence
pas les performances du combiné interrupteur-fusibles dans les conditions de court-circuit, en raison du
comportement limiteur de courant des fusibles. Cette situation est indiquée en 6.1.2 de I'|EC 60282-1:2020.

5.103 Courant de transition assigné (sur fonctionnement provoqué par percuteurs)

(Irtransfer)

Le courant de transition assigné est la valeur efficace maximale du courant de transition que
I'interrupteur du combiné est capable d’interrompre.

5.104 Courant d'intersection assigné pour combinés actionnés par déclencheur (l,)

Le courant d’intersection assigné est la valeur efficace maximale du courant d’intersection que
I'interrupteur du combiné est capable d’interrompre.
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6 Conception et construction

6.1 Exigences pour les liquides utilisés dans les combinés interrupteurs-fusibles

Le paragraphe 6.1 de I'lEC 62271-1:2017 s’applique.

6.2 Exigences pour les gaz utilisés dans les combinés interrupteurs-fusibles

Le paragraphe 6.2 de I'l|EC 62271-1:2017 s’applique.

6.3 Raccordement a la terre des combines interrupteur-tusibles

Le paragraphe 6.3 de I'l|EC 62271-1:2017 s’applique.

6.4| Equipements et circuits auxiliaires et de commande

Le paragraphe 6.4 de I'l|EC 62271-1:2017 s’applique.

6.5] Manceuvre dépendante a source d'énergie extérieure

Le paragraphe 6.5 de I'l|EC 62271-1:2017 s’applique avec l'ajout(suivant:
Les| manceuvres manuelles dépendantes ne sont pas admises.

6.6 Manceuvre & accumulation d'énergie

Le paragraphe 6.6 de 'l|EC 62271-1:2017 s’applique.

6.7] Manceuvre indépendante sans accroehage mécanique (manceuvre indépendant
manuelle ou manceuvre indépendante a source d’énergie extérieure)

11°

Le paragraphe 6.7 de I'lEC 62271-1:2017 s’appliqgue avec I'ajout suivant:

NOT|E Le combiné interrupteur-fusibles‘est capable de couper le courant de défaut, sans nécessiter de retard
6.8 Organes de commande a manceuvre manuelle

Le paragraphe 6.8 de I'tEC 62271-1:2017 s’applique.

6.9 Fonctionnement des déclencheurs

Le paragraphe6.9 de I'lEC 62271-1:2017 s’applique.

6.10 Indjcation de la pression/du niveau

Le patagraphe 6-10de HEC 62271-1-2017 s'applique——————— |

6.11 Plaques signalétiques

Le paragraphe 6.11 de I'lEC 62271-1:2017 s’applique avec les modifications suivantes:

La plaque signalétique d'un combiné interrupteur-fusibles doit contenir les renseignements
indiqués dans le Tableau 1.
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Tableau 1 — Informations sur la plaque signalétique

Abréviation | Unité Combiné Dispositif Condition de marquage exigée
interrupteur- de
fusibles manceuvre
(1) (2)2 (3) (4) () (6)

Fabricant X Y Seulement si indépendant du
combiné et/ou fabricants différents.

Désignation de type X Y Seulement si indépendant du
combiné et/ou fabricants différents.

Nunére-ee—sére . Settement-shdépendantet
combiné et/ou fabricants différepts.

Nunjéro du présent X

docyment

Réfégrence du manuel X

d’ingtructions

Tengion assignée U, kv X

Tengion de tenue Up kv

assipnée aux chocs

de fopudre

Fréduence assignée f, Hz X

Coufant permanent Voir la liste

assipné avec fusibles de X

référence

Pregsion de Pim kPa Y Si applicable. Informations a

remplissage pour la inscrire sur la plaque signalétiqlie

manjoeuvre (*) ou dans le manuel d'instructiong.

Pregsion fonctionnelle Pmm kPa Y Si applicable. Informations a

minimale pour la inscrire sur la plaque signalétiqlie

manjoeuvre (*) ou dans le manuel d'instructiong.

Pregsion d'alarme Pam kPa Y Si applicable. Informations a

poul la manceuvre(*) inscrire sur la plaque signalétiqlie
ou dans le manuel d'instructiong.

Pregsion de Pre kPa Y Si applicable. Informations a

remplissage pour inscrire sur la plaque signalétiqlie

I'isolement (*) ou dans le manuel d'instructiong.

Pregsion fonctionnelle Prme kPa Y Si applicable. Informations a

mininale pour inscrire sur la plaque signalétiqlie

I'isolement (*) ou dans le manuel d'instructiong.

Pregsion fonctionnelle Pyw kPa Y Si applicable. Informations a

minimale pour la inscrire sur la plaque signalétiqlie

coupure (*) ou dans le manuel d'instructiong.

Tengion assignée U, \% Y Si applicable.

d'alimentation dés

circyits auxiliaires et

de commangde

Annge_devfabrication X

Température minimalel °C Y Si différent de —5 °C et/ou 40 °

et maximale de l'air

ambiant

Fluide isolant et M kg Y Si applicable.

masse

Key

(*) Pression absolue (abs.) ou pression relative (rel.) a indiquer sur la plaque signalétique ou dans le manuel
d'instructions.

X Le marquage de ces valeurs est obligatoire; les cases vides correspondent a des valeurs nulles.

Y Le marquage de ces valeurs est obligatoire et dépend des conditions figurant a la colonne (6).

(Y) Le marquage de ces valeurs est facultatif et dépend des conditions figurant & la colonne (6).

a8 Les abréviations de la colonne (2) peuvent étre utilisées a la place des termes de la colonne (1). Quand les
termes de la colonne (1) sont utilisés, il n'est pas nécessaire de faire apparaitre le mot "assigné".
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6.12 Dispositifs de verrouillage

Le paragraphe 6.12 de I'lEC 62271-1:2017 s’applique.

6.13 Indicateur de position

Le paragraphe 6.13 de I'lEC 62271-1:2017 s’applique.

6.14 Degrés de protection procurés par les enveloppes

Le f\nrngrnlnhn 614 de 'IlEC 62271-1:2017 Q’nlnlnlinllm

6.15 Lignes de fuite pour les isolateurs d’extérieur

Le paragraphe 6.15 de I'lEC 62271-1:2017 s’applique.

6.16 Etanchéité au gaz et au vide

Le paragraphe 6.16 de I'lEC 62271-1:2017 s’applique.

6.1 Etanchéité des systémes de liquide

Le paragraphe 6.17 de I'lEC 62271-1:2017 s’applique.

6.18 Risque de feu (inflammabilité)

Le paragraphe 6.18 de I'lEC 62271-1:2017 s’applique«

6.19 Compatibilité électromagnétique (CEM)

Le paragraphe 6.19 de I'lEC 62271-1:20178’applique.

6.20 Emission de rayons X

Le paragraphe 6.20 de I'lEC 62271-1:2017 s’applique.

6.21 Corrosion

Le paragraphe 6.21 de\'lEC 62271-1:2017 s’applique.

6.22 Niveaux<deremplissage pour l'isolement, la coupure et/ou la manceuvre

Le paragraphe 6.22 de I'lEC 62271-1:2017 s’applique.

6.1015/,Liaisons entre le ou les percuteurs des fusibles et le déclencheur de

| L PN Btair
LELERAAI R IvE vas e g

Les liaisons entre le ou les percuteurs des fusibles et le déclencheur de l'interrupteur doivent
étre congues de telle sorte que l'interrupteur fonctionne convenablement, aussi bien en triphasé
gu'en monophasé, aux exigences minimale et maximale d'un type de percuteur donné (moyen
ou fort) indépendamment du mode de fonctionnement de ce percuteur (a ressort ou a charge
explosive). Les exigences relatives aux percuteurs sont spécifiées dans I'lEC 60282-1:2020.
Ces exigences sont considérées comme étant vérifiées par les essais spécifiés pour les séries
d’essais TD|g. et TD)ymay €t par les essais de manceuvre mécanique.
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6.102 Conditions de faible courant de défaut (conditions de longue durée de préarc

des fusibles)

Le combiné interrupteur-fusibles doit étre concu de maniére a fonctionner de facon satisfaisante
a toutes les valeurs de courants de coupure, depuis le courant maximal de coupure assigné

jusqu'au courant minimal de fusion, dans des conditions de faibles courants de défaut. Cela
réalisé si les conditions suivantes sont satisfaites:

est

a) la coordination entre I'interrupteur et les fusibles est assurée par les conditions 1), 2) ou 3)

ci-dessous:

1) la durée d'ouverture de linterrupteuyr pm\/nquép par le percuteur des fusibles

du

combiné interrupteur-fusibles doit étre plus courte que la durée d’arc maximale que
fusibles peuvent supporter, comme cela est spécifié dans I'lEC 60282-1:2020;

NOTE Des essais ont été introduits dans I'lEC 60282-1 pour vérifier que la durée d’arc maximale q(
fusible peut supporter, dans des conditions de longue durée de préarc des fusibles, est supérieure a 100

2) quand le fabricant des fusibles peut prouver que le fusible a été éprouvé/avec succé
toutes les valeurs de courants de coupure, depuis le courant maximal de coup

a coupure intégrale), alors la durée d'ouverture de linterrupteur provoquée pa
percuteur des fusibles des combinés interrupteurs-fusibles gst.réputée non applicahb

entraine la coupure du courant avant que I'arc dans ceux-ti puisse apparaitre, pour t
les courants inférieurs a I3 (courant minimal’\’de coupure du fusible s¢g

I'NEC 60282-1:2020);

b) dans ces conditions, la montée en températfure du combiné ne diminue pas
performances, comme cela est démontré dans4essai décrit en 7.104.

7 |Essais de type

7.1 Généralités
7.111 Principes fondamentaux

Le paragraphe 7.1.1 de I'l|EC 62271-1:2017 s’applique avec les ajouts suivants:

L'objectif des essais,_ de type est de démontrer les caractéristiques des combipés
intgrrupteurs-fusibles sde leurs dispositifs de manceuvre et de leurs équipements auxiliaires.

L'interrupteur du combiné doit étre soumis aux essais en tant que constituant individuel,
conformité avee'tEC 62271-103:2021, excepté pour les exigences de courant de courte du
admissible efde pouvoir d’établissement en court-circuit, car ces parametres sont influen
par|les fusibles.

De |plifs; les fusibles doivent avoir été soumis aux essais selon les exigences applicableg

les

ele
ms.
sa
ure

assigné jusqu'au courant minimal de fusion assigné du fusible dans‘le combiné (fusilples

le
le;

3) quand il peut étre prouvé que le déclencheur thermigue du percuteur des fusibles

pus
lon

Ses

de

I''ECB0Z8Z2-1:2020.

Ainsi, pour les combinés, trois groupes d'essais sont effectués:

a) essais de l'interrupteur conformément a I'lEC 62271-103:2021; ces essais peuvent étre

effectués sur un autre combiné que celui utilisé pour les essais c¢);
b) essais des fusibles conformément a I'lEC 60282-1:2020;
c) essais du combiné conformément au présent document.

Dans le cas des fusibles-interrupteurs, les essais de I'lEC 62271-103:2021 et les essais décrits

en 7.102 du présent document doivent étre effectués aprés avoir remplacé, comme il a

ete

spécifié, les fusibles par des connexions rigides de mémes forme, dimension et masse que ces

fusibles.


https://iecnorm.com/api/?name=e1ef8790ccc303aa64cff42cc9ff2288
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