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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

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

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

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

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

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

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

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

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

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

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC 62271-105:2012. A vertical bar appears in the margin wherever a change
has been 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
IEC 62271-1:2017;

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 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

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

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

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

This document is to be read in conjunction with IEC 62271-1:2017, to which it refers and which
is applicable unless otherwise specified. In order to simplify the indication of corresponding
requirements, the same numbering of clauses and subclauses is used as in IEC 62271-1:2017.
Amendments to these clauses and subclauses are given under the same numbering, whilst
additional subclauses are numbered from 101.

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

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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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

This part of IEC 62271 applies to three-pole units for public and industrial distribution systems
| which are functional assemblies of switches—including composed of switches or switch-
disconnectors and current-limiting fuses designed so as to be capable of

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

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

It does not apply to combinations of fuses with circuit-breakers, contactors or circuit switchers,
nor for combinations for motor-circuits nor to combinations incorporating single capacitor bank
switches.

This document applies to combinations designed with rated voltages above 1 kV up to and
including 52 kV for use on three-phase alternating current systems of either 50 Hz or 60 Hz.

In this document, the word "combination" is used for a combination in which the components
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.lr-practice; Different types of fuses-may
can be combined with one type of switch, which give several combinations with different
characteristics, in particular concerning the rated continuous -currents.—Mereever—for

A switch-fuse combination is-then therefore defined by its type designation and a list of selected
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. D t
ocuments
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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 62271-102.

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.

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

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

IEC 60282-1:20092020, High-voltage fuses — Part 1: Current-limiting fuses

IEC 62271-1:20072017, High-voltage switchgear and controlgear — Part 1: Common
specifications for alternating current switchgear and controlgear

IEC 62271-100:20082021, High-voltage switchgear and controlgear — Part 100: Alternating-
current circuit-breakers

IEC 62271-102:20012018, High-voltage switchgear and controlgear — Part 102: Alternating |
current disconnectors and earthing 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.

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

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

e [SO Online browsing platform: available at http://www.iso.org/obp
NOTE Some of the terms given in IEC 60050-441 are listed hereunder.

3.1 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:

3.4.101

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.

3.4.102

switch-fuse combination base

combination base

switch-fuse combination without fuse-links mounted

3.4.103
switch-fuse
switch in which one or more poles have a fuse in series in a composite unit

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

3.4.104
fuse-switch
switch 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

switch-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-
current release or a shunt release

3.5 Parts of switchgear and controlgear

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

3.5.101

release

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

[SOURCE: IEC 60050-441:20072000, 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 60050-441:20072000, 441-16-33] ‘

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 60050-441:20072000, 441-16-41]

3.6  Operational characteristics of switchgear and controlgear
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Subclause 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

prospective current

<of a circuit and with respect to a switching device or a fuse> current that would flow in the
circuit if each pole of the switching device or the fuse were replaced by a conductor of negligible
impedance

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

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

3.7.102
prospective peak current
peak value of a prospective current during the transient period following initiation

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

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

3.7.103

maximum prospective peak current

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

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

[SOURCE: IEC 60050-441:20072000, 441-17-04]
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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]

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 60050-441:20072000, 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 switching device

[SOURCE: IEC 60050-441:20672000, 441-17-10] ‘

3.7.107
cut-off current

let-through current-{of-afuse) |

maximum instantaneous value of current attained during the breaking operation of a switching
device or a fuse

Note 1 to entry: This concept is of particular importance when the switching device or the fuse operates in such a
manner that the prospective peak current of the circuit is not reached.

[SOURCE: IEC 60050-441:20072000, 441-17-12]

3.7.108
transfer current

Itransfer
<striker operation> value of the three-phase symmetrical current at which the fuses and the
switch exchange 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

maximum take-over current

<of arelease-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-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
applied voltage

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

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

3.7.113

recovery voltage

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

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

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

3.7.114

transient recovery voltage

TRV

recovery 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 the ideal switching device takes place only in the pole considered.

[SOURCE: IEC 60050-441:20072000, 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)

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
of any form of auxiliary power, interval of time between the instant at which, the switch being
in the closed position, the current in the main circuit reaches the operating value of the over-
current release and the instant when the arcing contacts have separated in all poles

3.7.119

minimum 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 minimum setting

3.7.120

maximum 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

3.7.121

break-time

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]
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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
assessed

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.

3.101.2

fuse-base

fuse mount

fixed part of a fuse provided with contacts and terminals

‘ [SOURCE: IEC 60050-441:20672000, 441-18-02]

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

3.101.4

pre-arcing time

melting time

interval of time between the beginning of a current large enough to cause a break in the fuse-
element(s) and the instant when an arc is initiated

‘ [SOURCE: IEC 60050-441:20072000, 441-18-21]
3.101.5
operating time

total clearing time
sum of the pre-arcing time and the arcing time

[SOURCE: IEC 60050-441:20072000, 441-18-22]

3.101.6

12t

Joule integral

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

i1
|%=jﬁm
to

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

Clause 4 of IEC 62271-1:2017 applies.

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.

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
controlgear assembly).

5.2 Rated voltage (U,)

Subclause 5.2 of IEC 62271-1:2017 applies.
5.3 Rated insulation level (Uy, U,, Ug)
Subclause 5.3 of IEC 62271-1:2017 applies.
5.4 Rated frequency (f,)

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

IEC-60282-1-

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

Each combination of a given type of switch and a given type of fuse defines one type of switch-
fuse combination. Different types of fuses may be combined with one type of switch, which give
several switch-fuse combinations with different rated continuous currents.

It is not required that the rated continuous current is selected from the R10 series.

5.6 Rated short-time withstand current (I,)
Subclause 5.6 of IEC 62271-1:2017 does not apply.
5.7  Rated peak withstand current (l)
Subclause 5.7 of IEC 62271-1:2017 does not apply.
5.8 Rated duration of short-circuit (t,)

Subclause 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.

. gl for i lati | .

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
prescribed 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—transient

recovery-voltage-equalto-the rated-value specified-in4-102 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 expressed by the RMS value of its AC component.

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

NOTE 1 The R10 series comprises the numbers:1-1,25-1,6-2-2,5-3,15-4 -5 - 6,3 — 8 and their products
by 10"

NOTE 2 |Itis recognized that the series impedance of the combination or rapid operation of the fuses or switch-may
can cause one or both of the following effects:

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

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

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

5.102 Rated short-circuit making current

The rated short-circuit making current is the highest prospective peak current which the switch-
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
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.

6.4 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 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:
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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.

. | hiat . | . | o :
6.10 Pressure/level indication

Subclause 6.10 of IEC 62271-1:2017 applies.

6.11 Nameplates

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

The nameplate of a switch-fuse combination shall contain information in accordance with
Table 1.
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| Table 1 — Nameplate-markings information

Abbreviation Unit Switch-fuse | Operating Condition for marking
combination device required
| &) @° ®) ) (®) ©®)

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.

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

Number of this document X

Instruction book reference X

Rated voltage U, kv X

Rated lightning impulse Up kv X

withstand voltage

Rated frequency f, Hz X

Rated-rermal continuous See X

current with fuses reference list

Rated Filling pressure for Pim L Y If applicable. Information to

operation(*) kPa be put on the nameplate or in
the instructions book.

Minimum functional Pmm kPa Y If applicable. Information to

pressure for operation(*) be put on the nameplate or in
the instructions book.

Alarm pressure for Pam kPa Y If applicable. Information to

operation(*) be put on the nameplate or in
the instructions book.

Filling pressure for Pre kPa Y If applicable. Information to

insulation(*) be put on the nameplate or in
the instructions book.

Minimum functional Pme kPa Y If applicable. Information to

pressure for insulation(*) be put on the nameplate or in
the instructions book.

Minimum functional Pow kPa Y If applicable. Information to

pressure for switching(*) be put on the nameplate or in
the instructions book.

Rated supply voltage-of U, \% Y If applicable.

devices-and of auxiliary and

control circuits

Year of manufacture X

Temperature class ¥ Different from
S aleas
—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).

NOTE

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. _Qo_c_u_ments
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6.12 Interlocking 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

Subclause 6.14 of IEC 62271-1:2017 applies.

6.15 Creepage distances for outdoor insulators
Subclause 6.15 of IEC 62271-1:2017 applies.

6.16 Gas and vacuum tightness

Subclause 6.16 of IEC 62271-1:2017 applies.

6.17 Liguid-tightness Tightness for liquid systems
Subclause 6.17 of IEC 62271-1:2017 applies.

6.18 Fire hazard (flammability)
Subclause 6.18 of IEC 62271-1:2017 applies.

6.19 Electromagnetic compatibility (EMC)
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.

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,g. and TDyax @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:

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

1) 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.

2) 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
relevant;

3) where it can be shown that the thermal release of the fuse striker makes the switch clear
the current before arcing in the fuse can occur, for all currents below I3 (minimum

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

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

7.1.1 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
operating 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.

For combinations, three groups of tests are involved:

a) tests on the switch in accordance with IEC 62271-103:2021; these tests may be carried out |
on a combination other than that used for tests c);

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

c) tests on the combination in accordance with this document.

In the case of a fuse-switch, the tests of IEC 62271-103:2021 and the tests of 7.102 of this |

document 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-specimens 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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7.2 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 Measurementoftheresistanceofcircuits Resistance measurement

Subclause 7.4 of IEC 62271-1:2017 applies with the following addition:

Solid links of negligible resistance shall be used instead of fuses and the resistance of the links
shall be recorded.

7.5 Temperature-rise Continuous current tests

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

The continuous current tests of the combination shall be carried out at the rated continuous
currents of the combination with all fuses of the reference list. However, the number of tests
may be reduced by applying 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 conared to
IEC 62271-1:2017, the lower values are applicable. ocuments
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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
Subclause 7.7 of IEC 62271-1:2017 applies.
7.8 Tightness tests

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-procedure for vacuum interrupters

Subclause 7.11 of IEC 62271-1:2017 applies.

7.101 Making and breaking tests

7.101.1 General

This clause contains four test duties:

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 manufacturer’s
instructions, on a specified or equivalent support. Its operating device shall be operated in the
manner specified and in particular, if it is electrically or pneumatically operated, it shall be
operated at the minimum voltage or gas pressure respectively as specified in 5.9 and 5.11 of
IEC 62271-1:2017, unless current chopping influences the test results. In the latter case, the
combination shall be operated at a voltage or gas pressure within the tolerances specified in
5.9 and 5.11 of IEC 62271-1:2017, chosen so as to obtain the highest contact speed at contact
separation and maximum arc extinguishing properties.

It shall be shown that the combination will operate satisfactorily under the above conditions on
no-load.

| Combinations with independent—manuatl unlatched operation may be operated by an
arrangement provided for the purpose of making remote control possible.

| Due consideration shall be given to the choice of the-live supply side connections. When the
combination is intended for power supply from either side, and the physical arrangement of one

| side of the break, or breaks, of the combination differs from that of the other side, the-live supply
side of the test circuit shall be connected to the side of the combination which gives the more
onerous condition. In case of doubt, the test-duty shall be repeated with the supply connections
reversed, but for test duties comprising identical tests, one test shall be made with the supply
connected to one side and the following test(s) with the supply connected to the other side.

The fuses selected for the tests shall be chosen so that the result of the test duties are deemed
valid for all combinations made of the same combination base and any fuse of the reference
list. For the tests of take-over current of release-operated combinations, over-current relays or
releases (where fitted) shall be of the lowest release-initiated opening time-asseociated—with
these-fuses. The tests shall be carried out at ambient temperature and without previous loadings

uhless—otherwise-specified. If applicable, test shall be performed 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.
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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
D, ransferr 1Pito If a derating factor of 1,22 is applied to the yes

rated transfer current and to the rated
take-over current

TDlSC’ TDIWmax yesb yesb

The factor 1,2 reflects the higher di/dt at 60 Hz. In the case of a switch-fuse combination of a rated
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,, and 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 fuses. Therefore
peak factors of 2,6 usually considered for 60 Hz, are irrelevant for switch-fuse combinations.

7.101.2.3 Power factor

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

During the tests, the average value shall conform to the values given in 7.101.3.1, 7.101.3.2,
7.101.3.3 and 7.101.3.4.

7.101.2.4 Arrangement of test circuits

For test duties TD\g. and TDyymax, the combination shall-preferably be connected in a circuit

having the neutral point of the supply isolated and the neutral point of the three-phase short-
circuit earthed, as shown in Figure 1a). When the neutral point of the test supply cannot be
isolated, it shall be earthed and the three-phase short-circuit point shall be isolated as shown
in Figure 1b).

Documents

Document Sharing Hub

Full document details: IEC 62271-105 2021 RLV


http://avadocuments2026.com/doc/iec-62271-105-2021-rlv
http://avadocuments2026.com/doc/iec-62271-105-2021-rlv

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

—
N %
J

1

O\O

/
el

1
 E—

i

— /1Y
| 11l

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

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

| —

- — -

L,oob
°/ g/ : / 5,004
4“' —| |
Fuse \_,D |_——sSolid link D g |

| | | I P,/Load |
|
I

IEC IEC

a) Preferred earth point b) Alternative earth point

Figure 2 — Arrangement of test circuits for test-duty TD;ansfer
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1
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a) Preferred earth point b) Alternative earth point

Figure 3 — Arrangement of test circuits for test-duty TD,

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
after the 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.

The power-frequency recovery voltage of a three-phase test circuit shall be the average value of
the power-frequency recovery voltages in all phases measured after the opening of the switch.

The power-frequency recovery voltage of the test circuit shall be measured between
the terminals of each pole of the combination in each phase of the test circuit.

The power-frequency recovery voltage shall be measured one cycle after the opening of the
switch in accordance with Figure 4.
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Pole 1
Fuse did not operate

> Pole 2

Pole 3

C First fuse to clear

IEC

Key

U 2\/5 voltage of pole 1
1/ g p U U, Us

U2/2\/5 voltage of pole 2 Average voltage of poles 1, 2 and 3 = 222 2J2 22
3

U3/2\/E voltage of pole 3

OO instant 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-3-74314 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-
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|g., TD|\ymax @nd TDy,,, the RMS value of the AC component of the breaking
current in any pole shall not vary from the average by more than 10 %. For test-duty TD,; ansfer:
the RMS value of the AC component of the breaking current in the two poles fitted with solid

conducting links shall be not less than (V3)/2, i.e. 87 % of that in the first-pole-to-clear, i.e. the
pole fitted with a fuse.

| 7.101.2.9 Transient recovery voltage TRV

The prospective TRV of a test circuit shall be determined by such a method as will produce and
measure the TRV wave without significantly influencing it and shall be measured at the
terminals to which the combination will be connected with all necessary test-measuring devices,

| such as voltage dividers, included. Suitable methods are described in-ArrexF-of HEC-62271-
100:2008 Annex E of IEC 62271-100:2021.The TRV refers to the first-pole-to-clear, i.e. the
voltage across one open pole with the other two poles closed, with the appropriate test circuit
arranged in accordance with 7.101.2.4.

The prospective TRV curve of a test circuit is represented by its envelope drawn as shown in
Figure 5 and by its initial portion.

u A

u

'
u

o
n
o
-
[6)]
o

A

IEC

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

The prospective TRV wave of the test circuit shall comply with the following requirements (see
example in Figure 6):

a) Its envelope shall at no time be below the specified reference line.

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

b) Its initial portion shall not cross the delay line where such a-ene delay is specified.
7.101.3 Test-duty procedures

7.101.3.1 Test-duty TD . — Making and breaking tests at the rated short-circuit
current

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

One break and then one make-break test shall be made in a three-phase circuit, having
prospective current equal to the rated short-circuit breaking current of the combination with

a tolerance of +2 %.

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

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.
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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.

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
fuse striker;

— the switch used has been subjected, under IEC 62271-103:2021 conditions, to two make
tests at a peak current value not less than 2,5 times 1, (50 Hz) or 2,6 times I, (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
prospective short-circuit current for test-duty 2 of IEC 60282-1:2020).

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

This test-duty may be also omitted if the fuse or fuses tested in the combination to test-duty
TD,,. of this document have a higher published value of 1%t under test-duty 1 of
IEC 60282-1:2020 than under test-duty 2 of IEC 60282-1:2020.

One break and one make-break test shall be made in a three-phase circuit having a prospective
current within +10 % of that prospective current required-to-verify-the value of 12t of EC 60282~
: : losion | ¥ bination.

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

The applied voltage shall be in accordance with 7.101.2.7. For the breaking test of this test-
duty, the operation shall be made with point-on-wave closure of the circuit so that current
commences 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
practicable for the testing laboratory, then the fuse-may 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—a—blewn 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)-and or |
Figure 2h)).

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

The supply circuit shall have a power factor not exceeding 0,2 lagging and shall meet the
following requirements:

a) the symmetrical component of the short-circuit breaking current of the supply circuit shall
neither exceed the rated short-circuit breaking current of the combination nor be less than
5 % of this current;

b) the impedance of the supply circuit shall be between 12 % and 18 % of the total impedance
of the test circuit for test-duty TDy,anster- If, due to limitations of the testing station, this

condition cannot be met, the percentage may be lower, but it shall be ensured that the
resulting prospective TRV is not less severe;

c) the prospective TRV of the supply circuit under short-circuit conditions shall be in
accordance with test duty 1 of IEC 60282-1:2020.

NOTE 1 For more information about TRV during tests refer to the notes in Table 8 of IEC 62271-103:2021.
The power factor of the load circuit, determined in accordance with 7.101.2.3, shall be:

— 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.

The test voltage shall be in accordance with 7.101.2.5.

The 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 phase
voltage to the average value is +20 %.

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 TDy,ansfer Pased

on practice in the United States of America-and-Canada

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, =14x15xU £
Cc 1 1 r \/5

NOTE 2 Table 3 and Table 4 give TRV for the first-pole-to-clear, i.e. the pole with the fuse (or dummy fuse/insulating
link).

NOTE 3 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 f
P D§difiients

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.

NOTE Figure 7 represents for the minimum and maximum release-initiated opening time of the switch, the case of
a direct over-current release.

[0]
g A
= Fuse
Mechanical
switching
device
| Maximum 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 [
% | $ N Maximum operating time for maximum rated current
] Y]
% | f‘g ~ Minimum pre-arcing time for maximum rated current
el 8
£ | £
= ©
= =
Prospective current
IEC
Figure 7 — Characteristics for determining take-over current
7.101.3.5 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 Fest
SRR e ; e e L
No Circuit angte
By 3-phase o, See@&@i%% o 0,07 to-0.15 lagging See test-duty 1
Figure-3 el co e
FBywmas R b o, S o Coole DD oo e
Figure-3 this standard co of IEC 60282-1
FByyanster | 3-phasel o, Yiranster OF o Yiranster >400-A Fables2-and-3
of-this-standard
2-phase (087} orer) © 0,2t0-0,3
gure-2 See 610133 6f © lagging
this-standard
lrlransfergf_zi'gg_A
6:3-to-0:4
lagging
By 3-phase o, te o 1, ,>400-A Fables2-and-3-of
Figure-3 See 6.101.3.4 of o 021003 this standard
- )
+Ho—=<400-A
6:3-to-0:4
tagging
1OFE e-powertactorsrelating-to-test-duties EItransfer lto

Test-duty Test Test Test
current/making ; Power factor TRV
} . voltage series
No Circuit angle
D\ 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 l'Jr Itransfer o Itransfer > 400 A Table 3 and
See 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
NOTE The power factors relating to test duties TD ... and TD refer to the load circuit.

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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e 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.

e 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.

e 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,ymax the switch shall open following the action of the fuse
strikers.

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.

NoFE 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-5-1-3-ef 1EC 60282-1:2009 6.1.3 of
IEC 60282-1:2020.

After performing each test-duty:

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

b) The combination shall, without reconditioning, be capable of withstanding its rated voltage
without dielectric failure.

c) For those combinations which incorporate a switch-disconnector, the isolating properties of
the switch-disconnector in the open position shall not be reduced below those specified (see
42 6HEC62271-1:2007 5.3 of IEC 62271-1:2017) by deterioration of insulating parts in the
neighbourhood of, or parallel to, the isolating distance. The requirements for disconnectors
given in IEC 62271-102:2018 shall be fulfilled.

d) The switch-fuse combination shall be capable of carrying its highest rated-nermal continuous
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) and/or c), it shall be subjected to the relevant power frequency voltage withstand tests in
accordance with 7.2.12 of IEC 62271-1:2017.

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

integrity check shall also be performed after the making and breaking tests, as follows.

An additional breaking test TD;,, shall be performed using a circuit that supplies at least the

50 % rated breaking take-over current with at least 50 % of the rated voltage, having both the
neutral points of source side and load circuit, earthed. This additional breaking test shall be
made before or after the no-load tests subsequent to the making and breaking test. A successful
interruption in each pole evidences that the vacuum interrupter integrity is maintained.

In case of doubt on the capability of the switch-fuse combination, where applicable, to meet the
conditions of 7.101.5 d), the requirement is considered to be met if one of the following criteria
is satisfied:

1) visual inspection of the main contacts shows evidence of their good condition;
or, if impracticable or unsatisfying,

2) the resistance 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,

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 have
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 u
purp 9 P Y be l'i¥bcuments
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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.

Each of the three 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.

After performing this (these) test-duty(ies), the fuses shall show neither signs of mechanical
damage nor significant change in resistance. They shall not have become displaced in their
contacts.

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-temperature-rise 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.

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.

The test is valid if

a) the striker 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.
Documents
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7.105.2 TFemperaturerise 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;

— the fuses have a dissipated power (in accordance with IEC 60282-1:2020) lower than, or
equal to, those of the fuse X-fuses;

— the derating of the fuses within the combination (I, .ombination/!r fuse) 1S lower than, or equal
to, those of the fuse X-fuses.

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

7.105.3 Making and breaking

Compliance with this document is also achieved by alternative untested or partially tested
combinations made of combination base and fuses, provided that the following conditions are
met:

a) any fuse considered-shal to comply with its relevant standard (IEC 60282-1:2020);

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

c) 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;

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

8 Routine tests

Clause 8 of IEC 62271-1:2017 applies with the following addition:

8.101 Mechanical operating tests

Operating tests shall be carried out to ensure that combinations comply with the—presecribed
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

| 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: Documents
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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
energized by the closing of the main contacts.

The tests a), b), ¢), d) and e) shall be made without current passing through the main circuit.

During all the foregoing routine tests, no adjustments shall be made and the operation shall be
faultless. The closed and open positions shall be attained during each operating cycle on
tests a), b), ¢), d) and e).

After the tests, the combination shall be examined to determine that no parts have sustained
damage and that all parts are in a satisfactory condition.

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

Clause 9 of IEC 62271-1:2017 applies with the following additions:

9.101 Guideto the selection of switch-fuse combination for transformer protection

9.101.1 General
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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.

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

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, shall be
so chosen that they alone will deal with such a fault condition without throwing any of the
breaking duty onto the switch. In practice, this entails ensuring that the transfer current of the
combination under consideration is less than the foregoing primary fault current expressed by
(see Figure 8):

10011
e =7

where
I+ is the rated current of the transformer;
lsc is the primary fault current on the transformer;

z is the short-circuit percentage impedance of the transformer.
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LA

Transfer current

1
sc
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Figure 8 — Transfer current in relation to the primary fault current I,
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.

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-reguirements conditions of this subclause cannot be met, a switch

according-totEC62271-103-shall fuse-combination should not be applied.

9.102 Coordination of switch and fuses for extension of the reference list of fuses
9.102.1 General

In the following paragraphs, strictly speaking, one should refer to the break-time and not to the
opening time of the switch. However, the opening time is usually more readily available and 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-presecribed 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

The transfer current of a combination is dependent upon both the fuse-initiated opening time 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 pole
and its striker starts to trip the switch.

The other two poles then see a reduced current (87 %) which will be interrupted by either the
switch or the remaining fuses. The transfer point is when the switch opens and the fuse
elements 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-maximum rated take-over current of the combination (see definition 3.7.112 and the
test conditions in 7.101.3.4).

9.102.6 Extension of the validity of type tests

As it is 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—temperature—rise
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
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.

.I ’ . . . _
6} When-aswitch-fuse_has-operated-as-aresult of a three-phasefaultitissassisli@cuments
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