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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE FUSES -

Part 2: Expulsion fuses

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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.

International Standard IEC 60282-2 has been prepared by subcommittee 32A: High-voltage
fuses, of IEC technical committee 32: Fuses.

This third edition cancels and replaces the second edition, published in 1995, and constitutes
a technical revision.

The main changes with regard to the previous edition concern the following:

— Class C has been eliminated;

— TRV values have been reviewed and, where appropriate, harmonized with
IEC 62271-100:2001, its amendment 1 (2002) and amendment 2 (2006);

— tests for non-ceramic insulators have been included;
— alightning surge impulse withstand test for fuse-links has been included;
— an homogeneous series has been redefined.
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The text of this standard is based on the following documents:

FDIS Report on voting
32A/261/FDIS 32A/264/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 60282 series, under the general title High-voltage fuses, can
be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.
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HIGH-VOLTAGE FUSES -

Part 2: Expulsion fuses

1 Scope

This part of IEC 60282 specifies requirements for expulsion fuses designed for use outdoors
or indoors on alternating current systems of 50 Hz and 60 Hz, and of rated voltages
exceeding 1 000 V.

Expulsion fuses are fuses in which the arc is extinguished by the expulsion effects of the
gases produced by the arc.

Expulsion fuses are classified according to the TRV (transient recovery voltage) capability in
classes A and B.

This standard covers only the performance of fuses, each one comprising a specified
combination of fuse-base, fuse-carrier and fuse-link which have been tested in accordance
with this standard; successful performance of other combinations cannot be implied from this
standard.

This standard may also be used for non-expulsion fuses in which the interruption process
waits for natural current zero to clear the circuit.

NOTE 1 See Clause 5 and Clause 12 for specific information regarding the selection of fuse class.

NOTE 2 Fuses required for the protection of capacitors and for transformer circuit applications are subject to
additional requirements (see IEC 60549 [1]1 or IEC 60787 [2]).

NOTE 3 This standard does not cover load-switching nor fault-making capabilities. Information regarding
requirements related to switching capabilities may be found in IEC 60265-1 [3].

NOTE 4 This standard does not cover aspects related to the level of noise, nor the emission of hot gases inherent
to some types of expulsion fuses during the process of interruption of fault currents.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60060-1:1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60071-1:2006, Insulation coordination — Part 1: Definitions, principles and rules
IEC 60694:1996, Common clauses for high-voltage switchgear and controlgear standards?2

Amendment 1 (2000)
Amendment 2 (2001)

IEC 60815:1986, Guide for the selection of insulators in respect of polluted conditions

IEC 60898-1:2002, Electric accessories — Circuit-breakers for overcurrent protection for
household and similar installations — Part 1: Circuit-breakers for a.c. operation

IEC 61109:1992, Composite insulators for a.c. overhead lines with a nominal voltage greater
than 1 000 V - Definitions, test methods and acceptance criteria

1 References in square brackets refer to the bibliography.

2 |EC 60694, together with its 2 amendments, have since been withdrawn and replaced by IEC 622D—Qﬁuments
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IEC 61952:2002, Insulators for overhead lines — Composite line post insulators for alternative
current with a nominal voltage > 1 000 V

IEC 62271-100:2001, High-voltage switchgear and controlgear — Part 100: High-voltage
alternating-current circuit-breakers

Amendment 1 (2002)
Amendment 2 (2006)

3 Terms and definitions
For the purposes of this document the following terms and definitions apply.

NOTE Certain terms, are taken from IEC 60050-151 [5]3 and IEC 60050- 441 [6], as indicated by the reference
numbers in brackets.

3.1 Electrical characteristics

3.1.1

rated value

quantity value assigned, generally by the manufacturer, for a specified operating condition of
a component, device or equipment

[IEV 151-04-03,modified]

NOTE Examples of rated values usually stated for fuses: voltage, current, breaking capacity.

[IEV 441-18-35]

3.1.2
rating
set of rated values and operating conditions

[IEV 151-04-04]
[IEV 441-18-36]

3.1.3

prospective current (of a circuit and with respect to 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 The method to be used to evaluate and to express the prospective current is to be specified in the relevant
publications.

[IEV 441-17-01]

3.1.4
prospective peak current
peak value of a prospective current during the transient period following initiation

NOTE 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.

[IEV 441-17-02]

3.1.5

prospective breaking current

prospective current evaluated at a time corresponding to the instant of the initiation of the
breaking process

3 The terms cited from IEC 60050-151 are from the first edition (1978). A second edition whic |
replaces the first edition, was published in 2001. I’Dﬁ(éilments
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NOTE Specifications concerning the instant of the initiation of the breaking process are to be found in the
relevant publications. For mechanical switching devices or fuses, it is usually defined as the moment of initiation of
the arc during the breaking process.

[IEV 441-17-06]

3.1.6

breaking capacity

value of prospective current that a switching device or a fuse is capable of breaking at stated
voltage under prescribed conditions of use and behaviour

NOTE 1 The voltage to be stated and the conditions to be prescribed are dealt with in the relevant publications.

NOTE 2 For switching devices, the breaking capacity may be termed according to the kind of current included in
the prescribed conditions, e.g. line-charging breaking capacity, cable charging breaking capacity, single capacitor
bank breaking capacity, etc.

[IEV 441-17-08]

3.1.7

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

[IEV 441-18-21]

3.1.8

arcing time

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

[IEV 441-17-37]
3.1.9
operating time

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

[IEV 441-18-22]

3.1.10
Joule integral
12t

]
integral of the square of the current over a given time interval: 1t = Iiztdt
fo

NOTE 1 The pre-arcing /2t is the /2t integral extended over the pre-arcing time of the fuse.
NOTE 2 The operating /°t is the /?t integral extended over the operating time of the fuse.

NOTE 3 The energy in joules liberated in 1 Q of resistance in a circuit protected by a fuse is equal to the numerical
value of the operating /°t expressed in AZ.s.

[IEV 441-18-23]

3.1.11
virtual time
value of the Joule integral divided by the square of the value of the prospective current

NOTE The values of virtual times usually stated for a fuse-link in the scope of this standard are the values of the
pre-arcing time.

3.1.12

time-current characteristic

curve giving the time, e.g. pre-arcing time or operating time, as a function of the pgospecti

current under stated conditions of operation ba%utments
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[IEV 441-17-13]

3.1.13

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 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.

[IEV 441-17-25]

3.1.14

transient recovery voltage

TRV

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

NOTE 1 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 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.

[IEV 441-17-26]

3.1.15
power-frequency recovery voltage
recovery voltage after the transient voltage phenomena have subsided

[IEV 441-17-27]

3.1.16

prospective transient recovery voltage (of a circuit)

the transient recovery voltage following the breaking of the prospective symmetrical current
by an ideal switching device

NOTE 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.

[IEV 441-17-29]

3.2 Fuses and their component parts (see Figure 1)

3.21

fuse

device that by the fusing of one or more of its specially designed and proportioned
components, opens the circuit in which it is inserted by breaking the current when this
exceeds a given value for a sufficient time. The fuse comprises all the parts that form the
complete device

[IEV 441-18-01]

3.2.2

terminal (as a component)

conductive part of a device, electric circuit or electric network, provided for connecting that
device, electric circuit or electric network to one or more external conductors

NOTE The term "terminal" is also used for a connection point in circuit theory

[IEV 151-12-12]
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3.2.3

fuse-base

fuse-mount

fixed part of a fuse provided with contacts and terminals

[IEV 441-18-02]

3.2.4
fuse-base contact
contact piece of a fuse-base designed to engage with a corresponding part of the fuse

[IEV 441-18-03]

3.2.5
fuse-carrier
movable part of a fuse designed to carry a fuse-link

[IEV 441-18-13]

3.2.6
fuse-carrier contact
contact piece of a fuse-carrier designed to engage with a corresponding part of the fuse

[IEV 441-18-05]

3.2.7
fuse-holder
combination of a fuse-base with its fuse-carrier

[IEV 441-18-14]

3.2.8

fuse-link

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

[IEV 441-18-09]

3.2.9
fuse-link contact
contact piece of a fuse-link designed to engage with a corresponding part of the fuse

[IEV 441-18-04]

3.2.10

fuse-element

part of the fuse-link designed to melt under the action of current exceeding some definite
value for a definite period of time

[IEV 441-18-08]

3.2.11
renewable fuse-link
fuse-link that, after operation, may be restored for service by a refill-unit

[IEV 441-18-16]

3.2.12

refill unit

set of replacement parts intended to restore a fuse-link to its original condition after an
operation

[IEV 441-18-15] Documents
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3.3 Additional terms

3.3.1
expulsion fuse
fuse in which operation is accomplished by expulsion of gases produced by the arc

[IEV 441-18-11]

3.3.2

drop-out fuses

fuse in which the fuse-carrier automatically drops into a position providing an isolating
distance after the fuse has operated

[IEV 441-18-07]

3.3.3

homogeneous series (of fuse-link)

series of fuse-links, deviating from each other only in such characteristics that, for a given
test, the testing of one or a reduced number of particular fuse-link(s) of that series may be
taken as representative for all the fuse-links of the homogeneous series.

NOTE The relevant publications specify the characteristics by which the fuse-links of a homogeneous series may
deviate, the particular fuse-links to be tested and the specific test concerned.

[IEV 441-18-34]

NOTE See also 8.6.1.2, 8.6.1.4 and 8.6.3.1.

3.34

isolating distance (for a fuse)

shortest distance between the fuse-base contacts or any conductive parts connected thereto,
measured on a fuse:

a) for a drop-out fuse, with the fuse-carrier in drop-out position;

b) for fuses that are not drop-out fuses, with the fuse-link or the renewable fuse-link
removed.

[IEV 441-18-06, modified]

3.3.5

speed designation of fuse-links (for expulsion fuses)

designation, expressed by letters such as K or T associated with the ratio between the values
of the pre-arcing currents at two specified values of pre-arcing times

NOTE 1 Kor T are letters typically used for speed designation.
NOTE 2 Pre-arcing times are usually declared for 0,1 s and 300 s (or 600 s).

NOTE 3 Fuse-links are typically designated by their rated current followed by their speed designation, e.g. a
125 K fuse-link is a 125 A rated fuse-link of speed designation type K.

3.3.6

interchangeability of fuse-links

compatibility of dimensions and pre-arcing time-current characteristics between different
manufacturer's expulsion fuse-links, permitting use of such fuse-links in fuse-carriers of
alternative manufacturers, without significant alteration of the pre-arcing time-current
characteristics

NOTE It should be noted that the protective and interrupting performance provided by the combination of the
selected fuse-link and the selected fuse-carrier can only be assured by performance test on the specific
combination.

3.3.7

distribution fuse-cutout

drop-out fuse comprising a fuse-base, a fuse-carrier lined with arc-quenching material, and a
fuse-link having a flexible tail, and a small diameter arc-quenching tube surrounding the fuse-
element
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3.3.8

open-link cutout

expulsion-fuse that does not employ a fuse-carrier and, in which the fuse-base directly
receives an open-link fuse-link or a disconnecting blade

3.3.9

open-link fuse-link

replaceable part or assembly comprising the fuse-element and fuse tube, together with the
parts necessary to confine and aid in extinguishing the arc and the parts to connect it directly
into the fuse clips of the open-link cutout fuse-base

4 Service conditions

4.1 Normal service conditions

Fuses complying with this standard are designed to be used under the following conditions:

a) The maximum ambient air temperature is 40 °C and its mean measured over a period of
24 h does not exceed 35 °C. The total solar radiation does not exceed 1 kW/m?2:

— for indoor installations, the preferred values of minimum ambient air temperature are
-5 °C, =15 °C and -25 °C;

— for outdoor installations, the preferred values of minimum ambient air temperature
are —-10 °C, -25 °C, -30 °C and —40 °C.

NOTE 1 Attention is drawn to the fact that the time-current characteristics may be influenced by changes in

ambient temperature.

b) The pollution level as classified in Clause 3 of IEC 60815 does not exceed the pollution
level Il — Medium according to Table 1 of IEC 60815.

c) Forindoor installations, only normal condensation is present.

d) For outdoor installations, the wind pressure does not exceed 700 Pa (corresponding to
34 m/s wind speed).

e) The altitude does not exceed 1 000 m.

NOTE 2 When fuses are required for use above 1 000 m, the rated insulation levels to be specified should be
determined by multiplying the standard insulation levels given in Tables 4 and 5 by the appropriate correction
factors given in Table 1, or reducing overvoltages by using appropriate overvoltage limiting devices.

NOTE 3 The rated current of the equipment or the temperature rise specified in Table 12 can be corrected for
altitudes exceeding 1 000 m by using appropriate factors given in Table 2, columns 2 and 3 respectively. Use
one correction factor from columns 2 or 3, but not both for any one application.

4.2 Special service conditions

By agreement between manufacturer and user, high-voltage fuses may be used under
conditions different from the conditions given in 4.1.

For any special service condition, the manufacturer shall be consulted.
5 Classification and designation

5.1 Classification

For a given rating, two classes of expulsion fuses are defined according to their ability to
comply with the TRV requirements of the following tables for test duties 1, 2, 3 and 4 (see
Annex A for guidance on correct application):

a) Class A — Table 8;

b) Class B — Table 9.

NOTE 1 These classes are approximately in line with the TRV requirements in the following standards:

— Class A: IEC 60282-2 (1970) [714: (Class 2 fuses), and IEEE C37.41 (distribution class fuse-cutouts) [8];

4 First edition now withdrawn and replaced by more recent editions. Documents
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— Class B: IEC 60282-2 (1970): (Class 1 fuses), and IEEE C37.41 (power class fuses).
NOTE 2 Parameters used to define TRV are described in Figures 6 and 7.
5.2 Fuse-link speed designation
Certain types of fuse-link are designated as, e.g. "type T" or "type K", according to their
compliance with specific pre-arcing time-current characteristics.

Such designation may assist in allowing interchangeability (see 3.3.8) between alternative
manufacturer's fuse-links for use in distribution fuse-cutouts.

a) Designation type K: high-speed fuse-links with pre-arcing time-current characteristics in
accordance with Table 10.

b) Designation type T: low-speed fuse-links with pre-arcing time-current characteristics in
accordance with Table 11.

6 Ratings

6.1 General
The ratings of the fuse and its classification according to 5.1 are based on the defined
working conditions for which it is designed and constructed. These ratings are as follows:
a) Fuse (complete)
— Rated voltage (see 6.2);
— Rated current (see 6.3);
— Rated frequency (see 6.4);
— Rated breaking capacity (see 6.5);
— Rated insulation level (see 6.6).
b) Fuse-base
— Rated voltage (see 6.2);
— Rated current (see 6.3);
— Rated insulation level (see 6.6).
c) Fuse-carrier
— Rated voltage (see 6.2);
— Rated current (see 6.3);
— Rated frequency (see 6.4);
— Rated breaking capacity (see 6.5).
d) Fuse-link
— Rated voltage (see 6.2);
— Rated current (see 6.3).
6.2 Rated voltage
A voltage used in the designation of the fuse, fuse-base, fuse-carrier, or fuse-link from which
the test conditions are determined.

The rated voltage shall be selected from the voltages given in Table 3.

NOTE This rated voltage is equal to the highest voltage for the equipment.

Two series of highest voltages for equipment are given in Table 3; one for 50 Hz and 60 Hz
systems (series I), and the other for 60 Hz systems (series 11 — North American practice). It is
recommended that only one of these series should be used in any one country.
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6.3 Rated current

6.3.1 General

The rated current shall be the current used in the designation of the fuse, fuse-base, fuse-
carrier, or fuse-link from which the test conditions are determined.

The rated current should be selected from the R10 series.

NOTE The R10 series comprise the numbers: 1 —1,25-1,6 -2 —-2,5-3,15-4 —5—6,3 - 8 and their multiples of 10".
6.3.2 Fuse (complete)

The rated current of the fuse shall be equal to the rated current of the fuse-link included
therein.

6.3.3 Fuse-base

The rated current assigned to a fuse-base shall be the maximum current that a new clean
fuse-base will carry continuously, without exceeding specified temperatures and temperature
rises, when equipped with a fuse-carrier and a fuse-link of the same current rating designed
to be used in the particular fuse-base, and connected to the circuit with certain specified
conductor sizes and lengths, at an ambient temperature of not more than 40 °C.

The preferred values of the rated current of the fuse-base are

50 - 100 — 200 — 315 - 400 - 630 A.
6.3.4 Fuse-carrier

The rated current assigned to a fuse-carrier shall be the maximum current that a new fuse-
carrier, fitted with a fuse-link of the same rated current, will carry continuously, without
exceeding specified temperatures and temperature rises, when mounted on a fuse-base
specified by the manufacturer at an ambient temperature of not more than 40 °C.

6.3.5 Fuse-link

The rated current assigned to a fuse-link shall be the maximum current that a new fuse-link
will carry continuously, without exceeding specified temperatures and temperature rises,
when mounted on a fuse-base and, if applicable, within a fuse-carrier specified by the
manufacturer, at ambient temperature of not more than 40 °C.

The following ratings for fuse-links designated type K and type T are recommended:

— preferred ratings (in amperes): 6,3 -10-16-25-40-63 -100 - 160 — 200;
— intermediate ratings (in amperes): 8 - 12,5 - 20 - 31,5 - 50 - 80.
NOTE In some countries, valuesof 1 -2-3-6-12 - 15 - 30 - 65 and 140 A are also used.

6.4 Rated frequency

The rated frequency shall be the power frequency for which the fuse has been designed and
to which the values of other characteristics correspond.

Standardized values of rated frequency are 50 Hz, 50/60 Hz and 60 Hz.

6.5 Rated breaking capacity

The rated breaking capacity assigned to a fuse and a fuse-carrier shall be the maximum
breaking current in kiloamperes r.m.s. symmetrical specified when tested in accordance with
this standard.

6.6 Rated insulation level (of a fuse or fuse-base)

The rated insulation level shall be selected from the values of voltage (both power-frequency
and impulse) given in Tables 4 and 5.

In these tables, the withstand voltage applies at the standardized reference atmosphere,
temperature (20 °C), pressure (101,3kPa) and humidity (11 g/m3), specified in IEC E?&?éuments
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NOTE Two levels of dielectric withstand are recognized for a fuse-base according to IEC practices. These are
termed "List 1" and "List 2", and relate to different severities of application, and corresponding different values of
test voltages for the dielectric tests. See IEC 60071-2 [9].

The rated withstand voltage values for lightning impulse voltage (Up) and power-frequency
voltage (Uy) shall be selected without crossing the horizontal marked lines. The rated
insulation level of a fuse or a fuse-base is specified by the rated lightning impulse withstand
voltage phase to earth, according to Tables 4 or 5.

The withstand values “across the isolating distance” are valid only for fuse-bases where the
clearance between open contacts is designed to meet the safety requirements specified for
disconnectors.

Rated insulation levels may also be selected from values higher than those corresponding to
the rated voltage of the fuse or fuse-base.

It shall be stated whether the fuse-cutout is suitable for indoor and/or outdoor service.
7 Standard conditions of use and behaviour

7.1 Standard conditions of use with respect to breaking capacity

Fuses shall be capable of breaking correctly any value of prospective current, irrespective of
the possible d.c. component, provided that:

— the a.c. component is not higher than the rated breaking capacity;

— the prospective transient recovery voltage and its rate of rise are not higher than those
specified in Tables 8 and 9 for the relevant classes A and B;

— the power-frequency recovery voltage is not higher than that specified in Table 6 (for
special conditions, see 12.3.3 and 12.3.4);

— the frequency is between 48 Hz and 62 Hz for fuses rated 50 Hz and 50/60 Hz, and
between 58 Hz and 62 Hz for fuses rated 60 Hz;

— the power factor is not lower than that specified in Tables 6 and 7.

When used in systems with voltages less than the rated voltage of the fuse, the breaking
capacity in kiloamperes is not less than the rated breaking capacity.

7.2 Standard conditions of behaviour with respect to breaking capacity

According to the conditions of use indicated in 7.1, the behaviour of the fuse shall be as
follows:

a) Flashovers shall not occur during operation. It is the responsibility of the fuse
manufacturer to include, in the documentation and on the packaging, a warning that there
is a possibility of expulsion of hot gases and particles during fuse operation.

b) After the fuse has operated, the components of the fuse, apart from those intended to be
replaced after each operation, shall be in substantially the same condition as before
operation. In the case of expulsion fuses, exception is made for the erosion of the bore of
the fuse-carrier. The fuse, after renewal of the components intended to be replaced after
each operation, shall be capable of carrying its rated current at rated voltage. Any
mechanical damage after the operation shall not be such as to impair drop-out action
(when applicable), nor the ability to easily remove and replace the fuse-carrier.

However, it is permissible for the components designed to secure the fuse-link in
renewable fuses to be slightly damaged, provided that such damage is not likely to
prevent the replacement of the melted fuse-element, to decrease the breaking capacity of
the fuse, to modify its operating characteristics or to increase its temperature rise in
normal service. Such damage is normally verified by visual inspection of the fuse.

c) After operation, the dielectric withstand of the fuse across its terminals may be limited to
the power-frequency recovery voltage (see Clause 12).

d) During the operation of a drop-out fuse, small points of arc erosion at the upper contact
may occur, mainly at low levels of interrupting current and are acceptable. Documents
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e) The pre-arcing time shall be inside the limits of the time-current characteristic supplied by
the manufacturer.

7.3 Time-current characteristics

7.3.1 General

The time-current characteristics of fuse-links are based on applying current to a new and

unloaded fuse-link in a fuse-base specified by the manufacturer.

Unless otherwise specified, the time-current characteristics shall be deemed to apply at an
ambient air temperature of 20 °C.

The manufacturer shall make available curves from the values determined by the time-current
characteristic type tests specified in 8.7.

The time-current characteristics shall be presented with current as abscissa and time as
ordinate.

Logarithmic scales shall be used on both co-ordinate axes.

The basis of the logarithmic scales (the dimensions of one decade) shall be in the ratio 2:1
with the longer dimension on the abscissa. However, a ratio of 1:1 (5,6 cm) (North American
practice) is also recognized.

When the ratio of 2:1 is used, representation shall be on size A3 or A4 paper. If the ratio 1:1
is used, representation may be on paper in accordance with North American practice.

The dimensions of the decades shall be selected from the following series:

2cm—-4cm-8cm-—16cm
and
28cm-56cm-11,2cm

NOTE It is recommended to use wherever possible the underlined values.

The curves shall show:

— the pre-arcing time or the operating time;

— the relation between the time and the r.m.s. symmetrical prospective current for the time
range, at least, 0,01 s to 300 s or 600 s as appropriate to the fuse-link rated current;

— the type and rating and speed designation of the fuse-link to which the curve applies;

— if the curve represents minimum values of time and current, the actual points established
by tests shall lie within a distance corresponding to 0-20 % on the current scale to the
right of the curve. If the curve represents average values of time and current, the actual
points established by tests shall lie within a distance corresponding to 10 % on the current
scale on either side of the curve. Tolerances apply in range 0,01 s to 300 s or 600 s, as
appropriate to the fuse-link rated current.

7.3.2 Pre-arcing time-current characteristics for fuse-links designated type K and
type T

The maximum and minimum pre-arcing time-current characteristics supplied by the
manufacturer shall lie within the zones given in Tables 10 and 11.
7.4 Temperature and temperature rise

The fuse-base, fuse-carrier and fuse-link shall carry their rated currents continuously without
exceeding temperature and temperature-rise limits specified in Table 12. These limits shall
not be exceeded, even when the rated current of the fuse-link is equal to the rated current of
the fuse-carrier intended to accommodate this fuse-link.
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Fuse-link parts for which temperatures can not be easily measured during tests (for example
the small arc-quenching tube of distribution fuse-cutouts), shall be checked by visual
examination for deterioration.

7.5 Electromagnetic compatibility

Fuses within the scope of this standard are not sensitive to electromagnetic disturbances, and
therefore no immunity tests are necessary. Any electromagnetic disturbance which may be
generated by a fuse is limited to either radio interference or switching voltage. The former is
deemed to be negligible in fuses of rated voltage below 123 kV. The latter is limited to the
instant of operation of the fuse, and, with fuses other than current-limiting fuses, there is little
significant overvoltage during operation; therefore no emission tests are deemed to be
necessary. For fuses rated 123 kV and above, requirements for radio interference voltage
specified in IEC 60694 apply.

7.6 Mechanical requirements (for distribution fuse-cutouts)

7.6.1 Fuse-bases and fuse-carriers

When tested according to 8.8.1, the fuse shall be capable of remaining in an operable
condition.

7.6.2 Fuse-links

7.6.2.1 Static strength

When tested according to 8.8.2.1, fuse-links shall be capable of withstanding the specified
tensile strength without change in the mechanical and electrical characteristics.

7.6.2.2 Dynamic strength

When tested according to 8.8.2.2, fuse-links shall be capable of withstanding 20 operations
without change in the mechanical and electrical characteristics.

8 Type tests

8.1 Conditions for performing the tests

Type tests are tests made to check whether a type of particular design of fuse corresponds to
the characteristics specified, and operates satisfactorily under normal operating conditions, or
under special specified conditions. Type tests are made on samples to check the specified
characteristics of all fuses of the same type.

These tests shall be repeated if the construction is changed in a way which might modify the
performance. For example, if a non-ceramic insulator is substituted for a ceramic insulator,
dielectric, breaking, RIV, mechanical and artificial pollution tests shall be repeated.

For convenience of testing, and with the previous consent of the manufacturer, the values
prescribed for the tests, particularly the tolerances, can be so changed as to make the test
conditions more severe. Where a tolerance is not specified, type tests shall be carried out at
values not less severe than the specified values. The upper limits are subject to the consent
of the manufacturer. Type tests at values above assigned ratings are not required.

If conformance tests are made with conditions which are more severe than those obtained

during the original type-tests, the responsibility of the manufacturer shall be limited to the

rated values.

8.2 List of type tests and test reports

8.2.1 List of type tests

The type tests to be conducted, in any order, upon completion of a design, or following a
change that affects the performance, are the following:

— dielectric tests;

— temperature-rise tests;

— breaking tests; Documents
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— tests for time/current characteristics;
— radio-interference tests (for fuses rated 123 kV and above);
— mechanical tests (for fuse-bases and fuse-links);

— artificial pollution tests where applicable.

8.2.2 Test reports
The results of all type tests shall be recorded in test reports containing the data necessary to
prove compliance with this standard.

The reports shall record the manufacturer's name, type reference(s) of the fuse base, fuse-
carrier, and fuse-link, and any specified details that may affect the performance of the fuse.
Such data shall be sufficient to enable unambiguous identification and assembly of the fuse
by the test laboratory.

Details of the test arrangements, including positions of any metalwork, shall also be recorded.

When the test reports do not include all five test duties for a given fuse type, this shall be
clearly stated in the front of the report.

8.3 Common test practices for all type tests

8.3.1 Condition of device to be tested

The device shall be new, clean, and in good condition. It shall be assembled in accordance
with the manufacturer's instructions which shall be recorded.

8.3.2 Mounting of fuse

The fuse to be tested shall be mounted in conditions as close as possible to the normal
service conditions, or to conditions indicated in the manufacturer’s written instructions, in the
normal service position for which it is designed, with the mounting metal parts earthed. The
connections shall be so positioned that the normal electrical clearances are not reduced.

8.4 Dielectric tests

8.4.1 Test practices

Dielectric test practices shall be as specified in 8.3, with the following additional
requirements:

a) Mounting

For multi-pole arrangements of fuses, the spacing between poles shall be the minimum
value specified by the manufacturer.

b) Connections

Electrical connections shall be made by means of bare conductors connected to each
terminal. These conductors shall project from the terminals of the fuse in substantially a
straight vertical line for an unsupported distance of at least the isolating distance of the
fuse.

8.4.2 Application of test voltage for impulse and power-frequency tests

With reference to Figure 2, which shows a diagram of connection of a three-pole arrangement
of fuses, the test voltage specified in Tables 4 or 5 shall be applied according to Table 13:

a) At the rated withstand voltage to earth and between poles:

— between the terminals and all earthed metal parts with the fuse-link and its fuse-carrier
completely assembled and ready for service in the “closed” position. Conditions 1 to 3
in Table 13 are applicable;

— between each terminal and all earthed metal parts with the fuse-link fitted and fuse-
carrier in the “open” position. Conditions 4 to 9 in Table 13 are applicable.

b) Between terminals at the rated withstand voltage across the isolating distance:
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— for other types, the fuse-carrier shall be removed from the base.
Conditions 4 to 9 in Table 13 are applicable.
For single-pole and double-pole fuses, consider only the applicable symbols in Figure 2 and
Table 13 and disregard the others.
8.4.3 Test voltages
The test voltages to be used shall be the applicable ones given in Tables 4 and 5, corrected
for atmospheric conditions according to IEC 60060-1.
8.44 Lightning impulse voltage dry tests
Fuses shall be subjected to lightning impulse voltage dry tests.

The tests shall be performed with voltages of both positive and negative polarity, using the
standard lightning impulse 1,2/50 us, in accordance with IEC 60060-1.

One of the following procedures according to Clause 20 of IEC 60060-1 can be followed:

— procedure B with 15 consecutive impulses for each test condition and each polarity; ou

— procedure C with three consecutive impulses for each test condition and each polarity.
The fuse shall be considered to have passed the test successfully if the requirements
specified in IEC 60060-1 for the number of disruptive discharges are met.

8.4.5 Power-frequency voltage dry tests

Fuses shall be subjected to 1 min power-frequency voltage dry tests, as specified in
IEC 60060-1.

If flashover or puncture occurs, the fuse shall be considered to have failed the test.

8.4.6 Power-frequency voltage wet tests

Outdoor type fuses shall be subjected to power-frequency voltage wet tests under the same
conditions as specified in 8.4.5 and IEC 60060-1. Test duration shall be as specified in
Tables 4 or 5.

8.4.7 Radio interference voltage test for fuses rated 123 kV and above

The test shall be made in accordance with IEC 60694.

8.5 Temperature-rise tests
8.5.1 Test practices

Temperature-rise tests shall be carried out as specified in 8.3 on one single-pole fuse, with
the test current equal to the rated current of the fuse-base or fuse-carrier, and with the
following additional requirements.

The tests shall be carried out with the fuse-link of the largest current rating, i.e. of the same
rating as the fuse-carrier.

8.5.2 Arrangement of the equipment

The test shall be made in a closed room, substantially free from air currents, except those
generated by heat from the device being tested.

The fuse shall be mounted in the most unfavourable position within the directions specified by
the manufacturer, and connected to the test circuit by bare copper conductors as follows:

— each conductor shall be approximately 1 m long, mounted in a plane parallel to the
mounting surface of the fuse, but they may be in any direction in this plane. The sizes of
the leads are given in Table 14.

— Normal clearances need not be provided.
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Tests shall be made at a frequency between 48 Hz and 62 Hz. Each test shall be made over a
period of time sufficient for the temperature rise to reach a constant value (for practical
purposes this condition is regarded as being obtained when the variation of temperature rise
does not exceed 1 K/h).

8.5.3 Measurement of temperature and temperature rise
Precautions shall be taken to reduce the variations and the errors due to the time lag between
the temperature of the fuse and the variations in the ambient air temperature.

The temperature of the various parts for which limits are specified shall be measured with
thermocouples or thermometers of any suitable type, located and secured to provide good
heat conduction at the hottest accessible point.

For measurement with thermometers or thermocouples, the following precautions shall be
taken:

a) the bulbs of the thermometers or the thermocouples shall be protected against cooling
from outside (dry clean wool, etc.). The protected area shall, however, be negligible
compared to the cooling area of the apparatus under test;

b) good heat conductivity between the thermometer or thermocouple and the surface of the
part under test shall be ensured,;

c) when bulb thermometers are employed in places where there is a varying magnetic field, it
is recommended to use alcohol thermometers in preference to mercury thermometers, as
the latter are more liable to be influenced under these conditions.

8.5.4 Ambient air temperature

The ambient air temperature is the average temperature of the air surrounding the fuse (for
the fuse in an enclosure, it is the air outside the enclosure). It shall be measured during the
last quarter of the test period by means of at least three thermometers, thermocouples or
other temperature detecting devices, equally distributed around the fuse at about the average
height of its current-carrying parts at a distance of about 1 m from the fuse. The thermometers
or thermocouples shall be protected against air currents and undue influence of heat.

In order to avoid indication errors due to rapid temperature changes, the thermometers or
thermocouples may be immersed in small oil-filled bottles with oil contents of about half
a litre.

During the last quarter of the test period, the change of ambient air temperature shall not
exceed 1 K in 1 h. If this is not possible because of unfavourable temperature conditions of
the test room, the temperature of an identical fuse under the same conditions, but without
current, can be taken as a substitute for the ambient air temperature.

The ambient air temperature during tests shall be between 10 °C and 40 °C. No correction of
the temperature-rise values shall be made for ambient air temperature within this range.

8.6 Breaking tests
8.6.1 Test practices
8.6.1.1 General

Test practices shall be as specified in 8.3 and as follows:

8.6.1.2 Description of tests to be made
The breaking tests shall be made with single-phase alternating current.

Tests shall be made in accordance with Tables 6 to 9 where applicable, and shall include the
following five test duties:

Test duty 1: Verification of the rated breaking capacity (/)

Test duties 2 and 3: Verification of breaking capacity in the following two ranges of fault

currents (I, and /3) Documents
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— Testduty 2 : from 0,6 /; to 0,8 /,
- Testduty 3:from 0,2/, t0 0,3/,

Test duties 4 and 5: Verification of breaking capacity when the fuse is required to operate at
comparatively low fault currents (/4 and /)

— Test duty 4: from 400 A to 500 A
— Test duty 5: from 2,7 /. to 3,3 /. with a minimum of 15 A
(/; being the rated current of the fuse-link)
If the fuse is rated to be used only in three-phase circuits, test duty 1 may be replaced by:

— atestduty 1 at voltage 87 % U, and current /;, and
— atest duty 1 at voltage U, and current 87 % /.

NOTE 87 % U, represents phase-neutral voltage multiplied by a first phase to clear factor of 1,5. 87 % I,
represents a phase-to-phase fault current cleared by one fuse, or the current broken by the second fuse to
clear a three-phase unearthed fault.

It is not necessary to perform breaking tests on fuses fitted with fuse-links, or refill units of all
current ratings of a homogeneous series. See 8.6.3.1 for the requirements to be met, and
Table 6, where applicable, for the tests to be made.

8.6.1.3 Characteristics of test circuit

The circuit elements used to control the current and power factor shall be in series
arrangement, as shown in Figure 3.

The test circuit power frequency shall be between 58 Hz and 62 Hz for fuses rated 60 Hz, and
between 48 Hz, and 52 Hz for fuses rated 50 Hz or 50/60 Hz.

The characteristics of the test circuit are specified in Tables 6 to 9.

If the specified prospective TRV cannot be achieved with the conventional single-phase test
circuit, earthed as shown in Figure 3, then the test laboratory may earth the circuit at
whatever point is necessary to achieve the specified TRV. In all cases, the test laboratory
shall record the actual test circuit, and if necessary, the justification for the earthing point.
8.6.1.4 Test samples

Fuse-links, refill units of the same manufacturer as that of the fuse-carrier, or as specified,
shall be used in carrying out tests on fuses.

In performing tests on renewable fuses, only the fuse-link, refill unit, or other parts normally
replaceable after operation shall be replaced. However, a new fuse-carrier or fuse-base may
be used, as specified in Table 6, where appropriate.

Where the same fuse-carrier is to be used for tests on both the minimum and maximum rated
currents of a homogeneous series (e.g. test duty 3), the order of the tests shall be from the
lowest to the highest rated current of the series.

Any attachment intended for use with the fuse should be incorporated in the samples for test.
Modification and/or addition of some attachments create new combinations that shall be
subjected to a full test series. The following list gives some examples:

— pressure relief cap;

— optional exhaust-control device;

— arc-shortening rod for use with single-venting expulsion fuses.

8.6.1.5 Arrangement of the equipment

For test duties 1 and 2, the test connections shall be securely supported at a distance (d)
from the fuse-base terminals, as shown in Figure 4, to prevent the movement of the test
conductors causing excessive mechanical stresses in the fuse-base. Documents
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Fuses which emit ionized gases during operation (e.g. expulsion fuses), shall be mounted in
such a manner that any nearby metalwork, at earthed or line potential, which may commonly
be present under practical service conditions is simulated for the short-circuit tests, e.g. the
other two fuses of a three-phase set.

When fuses are used in enclosures, the proper performance of the fuses within the enclosure
and the structural integrity of the enclosure shall be verified. In these cases, three-phase
short-circuit tests may be necessary.

8.6.2 Test procedure

8.6.2.1 Calibration of the test circuit

The fuse, or the fuse-link B under test shall be replaced by a link A of negligible impedance
compared with that of the test circuit, as shown in Figure 3.

The circuit shall be adjusted to give the specified prospective current. This shall be verified by
an oscillographic record.

8.6.2.2 Test method

The link A is removed, and replaced by the fuse, or the fuse-link B under test.

The making switch E is closed at such an instant as to provide the conditions specified in
Table 6.

Methods of determining TRV parameters shall be in accordance with IEC 62271-100.

After the fuse has operated, the recovery voltage shall be maintained across the fuse for the
periods specified in Table 6.
8.6.2.3 Interpretation of oscillograms (see Figure 5)

For test duties 1 to 4, the prospective breaking current shall be the r.m.s. value of the a.c.
component of the current, measured one half-cycle after the initiation of short circuit in the
calibration of the test circuit (see Figure 5a).

For test duty 5, the breaking current shall be the r.m.s. symmetrical current measured at the
instant of the initiation of the arc in the breaking test (see Figure 5b).

The value of the power-frequency recovery voltage is measured between the peak of the
second non-influenced half-wave, and the straight line drawn between the peaks of the
preceding and following half-waves.

8.6.3 Breaking tests for fuses of a homogeneous series

8.6.3.1 Characteristics of a homogeneous series of distribution fuse-cutouts
Experience has shown that to test distribution fuse-cutouts using a homogeneous series, the
homogeneous series is defined as follows:

a) The minimum current rating of fuse-links for 50 A and 100 A rated expulsion fuses class A
and B is a 6,3K fuse-link, and for 200 A rated devices it is a 125 K fuse-link.

NOTE In some countries 6,3 K and 125 K are not used and 6 K and 14 OK fuse-links can be substituted.

b) The maximum current rating of fuse-links for 50 A rated devices is a 50 T fuse-link, for
100 A rated devices it is a 100 T fuse-link, and for 200 A rated it is a 200 T fuse-link.

Types of fuse-links other than those meeting the K and T criteria are also suitable for use in a
tested distribution fuse-cutout, provided they are produced by the same manufacturer, and the
only difference between the tested K and T fuse-links and the other types being:

1) they use the same materials and construction;

2) the element mass is within the maximum and minimum fuse-links tested;

3) the flexible fuse-link tail diameter and number of strands is within that of the maximum

and minimum fuse-links tested; Documents
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4) the element length is within 75 % of the shortest element length and 133 % of the
longest element of the fuse-links tested;

5) the pre-arcing time-current characteristics lies to the left of the largest fuse-link tested.

If the distribution fuse-cutout manufacturer does not make K or T fuse-links, the distribution
fuse-cutout can be qualified by using an alternate homogeneous series determined by the
smallest size fuse-link and the largest size fuse-link of the links that they do manufacture. The
fuse-links in this alternate homogeneous series shall meet all the conditions detailed above
related to the minimum and maximum sizes of the fuse-links tested. If a distribution fuse-
cutout manufacturer does not make any fuse-links, they shall use a single manufacturer's K
and/or T fuse-links for all the required tests.

If any of these conditions are not met, then the fuse-link and cutout can be qualified together
by following the rules in 8.6.3.2
8.6.3.2 Homogeneous series requirements

Fuse-links are considered as forming a homogeneous series when their characteristics
comply with the following:

D

Rated voltage, breaking capacity and frequency shall be the same.

O

All materials, except for the fuse-element, shall be the same.

o O

)
)
) All dimensions, except the cross-section and number of fuse-elements, shall be the same.
)

The law governing any variation of the cross-section of individual fuse-elements along
their length shall be the same.

e) All variations in thickness, width, diameter and number of main fuse-elements shall be
monotonous5) with respect to the rated current.

When determining compliance with homogeneous series, the following may be ignored:
i) Any strain wire connected in parallel with the fuse-element in order to relieve it of tensile
strain.

ii) The material and dimensions of the conductor(s) which complete the electric circuit
between the terminals of a fuse-holder of a fuse, for example, the flexible tails of fuse-
links used in certain types of expulsion fuses.

iii) The length of the main fuse-elements provided that the variation in length is monotonous.

iv) The material of the fuse-element provided that the material variation is within the same
general category, for example tin and tin alloys, silver and silver alloys, copper and
copper alloys.

For fuse-links used in distribution fuse-cutouts, the dimensions of the smaller diameter arc-
quenching tube are excluded when determining homogeneity for test duties 1, 2 and 3 of
Table 6.

8.6.3.3 Test requirements

In Tables 6 and 7, the test requirements are given for the minimum and maximum current
ratings of a series of homogeneous design.

8.6.4 Interpretation of breaking-test results

If the results of tests made according to the Tables 6 to 9 meet the requirements of 7.2, any
current rating of fuse-links within the homogeneous series shall be deemed to comply with the
breaking requirements of this standard.

If a fuse-link does not perform satisfactorily according to 7.2 on one or more test duties, that
fuse-link shall be rejected from the homogeneous series, but such failure does not necessarily
entail the rejection of any other current rating.

5 Monotonous function: a function continually varying in the same direction for a given direction of nD»QGMmentS
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Any failure to clear and, for drop-out fuses, any failure to drop out or move into the
disconnected position, during any test, is a failure for test duties 1 to 5 for that rated current.

For TRV class A drop-out fuses, arcing times longer than 100 ms are considered to be a
failure due to external arcing. For TRV class B, this time may be longer.

After the test, in case of doubt concerning the dielectric withstand of the fuse base across its
terminals, a power-frequency voltage dry test with 80 % of the appropriate value given in
Tables 4 or 5 may be made.

8.7 Time-current characteristics tests

8.71 Test practices

8.7.1.1 General

Time-current test practices shall be as specified in 8.3 and as follows:

8.7.1.2 Ambient air temperature

The time/current characteristics shall be verified at any ambient air temperature between
15 °C and 30 °C.

At the beginning of each test, the fuse shall be approximately at ambient air temperature.

8.7.1.3 Arrangement of the equipment

The tests shall be made on a single-pole fuse and with the same arrangement of the
equipment as for the temperature-rise tests in 8.5.

8.7.2 Test procedure

8.7.21 Operating time-current tests

Operating time-current tests shall be performed at rated voltage under the test circuit
conditions specified for breaking tests in 8.6.

Operating time-current curves shall represent maximum values determined by adding the pre-
arcing time (at the current from the pre-arcing test) to its tolerance, plus the maximum arcing
time. Maximum arcing time should be determined by the operating time-current tests specified
in this subclause. If arcing time factors are used in place of tests at rated voltage, the method
used in arriving at the operating time shall be made available.

8.7.2.2 Pre-arcing time-current tests
Pre-arcing time-current tests shall be made at any convenient voltage, with the test circuit so
arranged that the current through the fuse is held to an essentially constant value.

Time-current data obtained from breaking tests may be used.

8.7.2.3 Time range

Tests shall be made in the time range of 0,01 s to 300 s or 600 s.

8.7.2.4 Measurement of current

The current through the fuse during time-current tests shall be measured by ammeter,
oscillograph or other suitable instrument.

8.7.2.5 Determination of time

The determination of the time shall be made by any suitable means.

8.7.2.6 Test currents

For verification of the pre-arcing time-current characteristics, apply the minimum values of
current from the curves supplied by the manufacturer for the times 0,1 s, 10 s and 300 s (or
600 s).
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The current shall be applied during a time sufficient to melt the fuse-link, or in the case of
300 s (or 600 s) currents, for a time sufficient to permit the verification of the test results.
8.7.2.7 Test results

The pre-arcing times obtained shall lie within the limits of the curves and tolerances supplied
by the manufacturer.

8.7.3 Verification of arcing and operating time

When necessary, for example in the interpretation of breaking-test results, arcing and total
operating times shall be verified from the breaking-test oscillograms.

8.8 Mechanical tests (for distribution fuse-cutouts)

The tests shall be performed at a temperature between 10 °C and 40 °C.

8.8.1 Mechanical test of fuse-bases and fuse-carriers

Three fuses shall be closed and opened 200 times. The fuses shall be mounted and operated
according to the manufacturer's specifications for normal handling. At the conclusion of the
operations, all fuses shall be in an operable condition, with no cracks in the insulator(s), or
loose hardware.

The fuse-carriers should contain fuse-links of high current rating, or dummy links, so that the
fuse-links are not subjected to the same endurance test as the fuse-bases and fuse-carriers.
8.8.2 Mechanical tests of fuse-links

8.8.2.1 Static test

One fuse-link shall be tested in a mechanical apparatus in which it is possible to apply the
specified axial tensile force of 60 N.

The force shall be applied gradually, with no precipitous action.

The fuse-link shall be considered to be approved if no damage such as rupture, loosening,
slipping of connections, or elongation of components, is observed after a minimum time of
30 min after full load is applied.

8.8.2.2 Dynamic test

One fuse-link shall be installed in a fuse, which is mounted according to the manufacturer's
specification for normal service.

The fuse shall be closed and opened 20 times and according to the manufacturer's
instructions for operation.

After the operations, there shall be no damage such as rupture, elongation of components,
loosening or slipping of connections as verified by visual inspection.

8.9 Artificial pollution tests

8.9.1 Ceramic insulators

For ceramic insulators artificial pollution tests shall be performed if the insulator does not
meet the creepage distances specified in Clause 4 of IEC 60815. Such tests are subject to
agreement between the manufacturer and the user.

8.9.2 Non-ceramic insulators

For fuse-bases that use non-ceramic post insulators, these insulators shall be tested
according to IEC 61952. For fuse-bases that use suspension insulators, these insulators shall
be tested according to IEC 61109. For fuse-bases that use insulators that are not covered by
these standards, such as certain distribution fuse-cutouts, tests requirements are subject to
agreement between the manufacturer and user.
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9 Special tests

9.1 General

Special tests are made to check whether a type or particular design of fuse corresponds to
the characteristics specified and behaves satisfactorily under special specified conditions.
They are made on samples to check the specified characteristics of all fuses of the same

type.

These tests shall be repeated only if the construction is changed in a way that might modify
its behaviour.

For convenience of testing, and with the previous consent of the manufacturer, the values
prescribed for the tests, particularly the tolerances, can be changed so as to make the test
conditions more severe.

The following tests are to be made after agreement between manufacturer and user for
certain types of fuses or for special applications.

The results of all tests shall be recorded in test reports containing the data necessary to prove
compliance with this standard.

Unless otherwise specified, the tests shall be made according to the test practices specified
in 9.2.

9.2 Lightning surge impulse withstand test

9.2.1 General

This test is intended to check the withstand, of a particular design of fuse-link, to a specific
lightning surge impulse current.

Fuse-links subjected to this test are intended to be used in areas where the architecture of
the network allows surge arrester discharges to pass through a fuse-link, and it is desired to
minimize the number of fuse-link operations caused by these currents.

9.2.2 Test sample

The test sample is a fuse-link, representative of its type. A fuse-link of each rated current
shall be tested unless the manufacturer can show that all the fuse-links, of the type intended
to be qualified, have a higher pre-arcing I’t than the current rating tested.

9.2.3 Arrangement of the equipment

The tests shall be made on a single-pole fuse and with the same arrangement of the
equipment as for the temperature-rise tests in 8.5.

9.24 Test procedure

Three test samples shall be subjected to a single standard current impulse, 8/20 type,
according IEC 60060-1 with a peak value of 15 kA.

9.2.5 Acceptance criteria

Following the tests specified in 9.2.4, a fuse-link is qualified as lightning surge impulse
resistant if the following criteria are met:

a) the mechanical strength of the fuse-link is according to 7.6.2.1, static strength;

b) the electrical resistance of the fuse-link is within the values specified by the manufacturer
for a new fuse-link;

c) pre-arcing time-current characteristics of the fuse-link shall meet the requirements of
8.7.2.6 and 8.7.2.7 but for a time of 1 s.
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10 Acceptance tests

If acceptance tests are agreed between user and manufacturer, they should be selected from
the type tests. In addition, further tests or verifications may be requested, for example:

a) dimensional verification;
b) measurement of resistance of fuse-links.

11 Markings and information

11.1 Identifying markings
If the fuse is designed for indoor service only, this shall be indicated by means of an
appropriate marking.

The minimum identifying markings on fuse-links, fuse-carriers and fuse-bases are given
below.

The identifying markings shall be legible and durable for the service conditions. In case of
doubt, a test according to 9.3 of IEC 60898-1 may be used.

The figures representing ratings shall in all cases be followed by the symbol of the unit in
which they are expressed.

a) On the fuse-base:
— manufacturer's name or trademark;
— manufacturer's type designation (if any);
— rated insulation level (see 6.6);
— rated voltage (U,) (see 6.2);
— rated current (/,) (see 6.3.3).
b) On the fuse-carrier:

— manufacturer's name or trademark;

— rated voltage (U,) (see 6.2);

— rated current (/,) (see 6.3.4);

— rated breaking capacity (see 6.5) and TRV class (see 5.1);
— rated frequency (see 6.4).

c) On the fuse-links:
— manufacturer's name or trademark;
— manufacturer's type designation (if any);
— rated current (/,) and speed designation (if any) (see 5.2);
- rated voltage (U,) (see 6.2).
11.2 Information to be given by the manufacturer
The manufacturer shall make available to the purchaser the following information:

a) the time-current characteristics for fuse-links;
b) mounting angle of the fuse, if applicable.
12 Application guide

12.1 Object

The object of this clause is to present suggestions on the application, operation and
maintenance as an aid in obtaining satisfactory performance with expulsion and similar fuses.
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12.2 General

A fuse in an electric circuit stands guard at all times to protect the circuit, and the equipment
connected to it, from overcurrent damage within the limits of its rating. How well this fuse will
perform depends not only upon the accuracy with which it was manufactured, but also the
correctness of the application and the attention it receives after it is installed. If not properly
applied and maintained, considerable damage may occur to costly equipment. As an example,
drop-out fuse-carriers that remain in the open position for prolonged periods of time, may
accumulate water and pollution in their internal parts, which may result in the degradation of
their operational properties. In this respect, operational procedures that may lead to fault
making or load switching (for fuses not complying with the additional requirements of
IEC 60265-1[3] shall be avoided due to the operational risks, and are not covered by this
standard.

It cannot be stressed too strongly that prescribed safety rules should be adhered to at all
times when handling or maintaining fuses near energized equipment or conductors.

For all application purposes, the ratings of a given fuse (current, voltage, breaking-capacity,
etc.) are to be considered the maximum values, which shall not be exceeded in service; see
also 8.1.

12.3 Application
12.3.1 Mounting

Fuses shall be mounted in the position specified by the manufacturer. For multiple
arrangements of fuses, when the distance between poles is not fixed by the construction, the
poles shall be mounted with clearances not less than those specified by the manufacturer.

Precautions shall be taken concerning the selection of the site of installation of expulsion type
fuses, due to the high level of noise and emission of hot gases during operation which are
inherent in some types.

12.3.2 Selection of the rated current of the fuse-link

The rated current of the fuse-link should be selected with due regard to the following
parameters:

a) normal and permissible overload currents of the circuit, including sustained harmonics;

b) transient phenomena in the circuit related to switching such equipment as transformers,
motors, or capacitors;

c) coordination with other protective devices, if any;

d) enclosure of the fuse or other variation in the cooling conditions, which may affect the
temperature of the fuse-link.

The rated current of a fuse-link is usually higher than the normal service current.
Recommendations for selection are usually provided by the manufacturer.

If the rated current of the fuse-link is less than that of the fuse-base or fuse-carrier, the
effective current rating of the fuse is that of the fuse-link.

The rated current is defined with reference to the temperature rise of a fuse tested in free air.

When fuses are used in an enclosure, the rated current may have to be reduced, in order that
the maximum temperature requirements specified in this standard may still be met, and
consequently, the fuse may have many different current ratings depending upon the type of
enclosure. For the short pre-arcing times, generally used in predicting discrimination, the
time-current characteristic is not significantly changed by mounting the fuse in such an
enclosure.

Fuses, which are loaded with a current exceeding the rated current for a time longer than that
recommended by the manufacturer, may be subject to deterioration, which may influence the
time-current characteristics.
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More details may be found in IEC 60787 for transformer protection, and in IEC 60549 for
capacitor protection, where applicable.

12.3.3 Selection of the rated voltage of the fuse-base

The rated voltage of the fuse-base should not be less than the highest phase-to-phase
service voltage of the multiphase or single-phase system.

NOTE 1 Successful completion of the dielectric withstand tests does not ensure that fuses providing an isolating
distance, when open, will always flash over to earth instead of across the isolating distance.

NOTE 2 Selection of a higher insulation level than given in Tables 4 and 5 is permissible for each rated voltage.
12.3.4 Selection of class of fuses

e C(Class A

These fuses are generally applicable for the protection of small transformers and small
capacitor banks for power-factor correction or voltage control, located on power
distribution systems of open-line type or cable type, and remotely placed from major
substations. They are also applicable as protective devices at sectionalizing points on
such systems. TRV conditions are described by TRV test parameters, having lower values
of u. and longer values of t5 than those for class B fuses.

e Class B

These fuses are generally applicable to protect similar equipment such as class A fuses
but in closer proximity to a major supplying substation and feeder circuits leaving such
substations. TRV conditions are more severe than those for class A fuse applications, and
therefore have more severe TRV test parameters specified.

12.3.5 Selection of the rated insulation level
Table 4 specifies two lists for the values of the rated lightning impulse withstand voltage.

The choice between lists 1 and 2 should be made by considering the degree of exposure to
lightning and switching overvoltages, the type of system neutral earthing, and the type of
overvoltage limiting device (see IEC 60071-1).

Equipment designed to list 1 is suitable for installations such as the following:

1) In systems and industrial installations not connected to overhead lines:

a) where the system neutral is earthed, either solidly, or through an impedance which is
low compared with that for an arc-suppression coil. Surge protective devices, such as
diverters, are generally not required,;

b) where the system neutral is earthed through an arc-suppression coil, and adequate
overvoltage protection is provided in special systems, for example an extensive cable
network, where surge diverters capable of discharging the cable capacitance may be
required.

2) In systems and industrial installations connected to overhead lines through transformers
where cables or additional capacitors of at least 0,05 uF per phase are connected
between the transformer lower voltage terminals and earth, on the transformer side of the
fuses and as close as possible to the transformer terminals. This covers the cases:

a) where the system neutral is earthed either solidly or through an impedance which is
low compared with that of an arc-suppression coil. Overvoltage protection by means of
surge diverters may be desirable;

b) where the system neutral is earthed through an arc suppression coil, and where
adequate overvoltage protection by surge diverters is provided.

3) In systems and industrial installations connected directly to overhead lines:

a) where the system neutral is earthed solidly or through an impedance which is low
compared with that of an arc-suppression coil, and where adequate overvoltage
protection by spark gaps or surge diverters is provided, depending on the probability of

overvoltage amplitude and frequency. D
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b) where the system neutral is earthed through an arc-suppression coil and where
adequate overvoltage protection by surge diverters is provided.

In all other cases, or where a very high degree of security is required, equipment designed to
list 2 should be used.

12.3.6 Disposal

When applicable, the manufacturer shall provide information concerning the disposal of fuses
with due regard to environmental considerations.

It is the responsibility of the user to consider and comply with all local relevant regulations
concerning disposal.

12.4 Operation

It is advisable to replace all three fuse-links, when the fuse on one or two phases of a three-
phase circuit has operated, unless it is definitely known that no overcurrent has passed
through the unmelted fuse-links.

12.5 Information about special requirements not covered by this standard

Some national standards include additional requirements, including classifications related to
special conditions of fuse applications. For informative purposes only, some of these include:
— spark production tests (AS 1033-1 [10]);

— mechanical robustness of fuse-links;

— measurement of the resistance of fuse-links;

— verification of mechanical forces to open and to close drop-out fuses after mechanical
operations;

— verification of pre-arcing time-current characteristics after thermal preconditioning.
Table 1 — Altitude correction factors for insulation levels

Altitude Correction factors for rated insulation levels
m
1000 1,00
1500 1,06
2 000 1,13
2 500 1,20
3000 1,28
NOTE Linear interpolation can be applied for intermediate altitudes.

Table 2 — Altitude correction factors for temperature rise

Maximum altitude Correction factor Correction factor
m for rated current for temperature rise
(1) (2) (3)
1000 1,00 1,00
1500 0,99 0,98
3000 0,96 0,92
NOTE Linear interpolation can be applied for intermediate altitudes.
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Table 3 — Rated voltages

Series | Series 11
kv kV
- 2,8
3,6 -
- 5,1 (see note)
- 5,2
- 5,5
7,2 -
- 7,8
- 8,3

12,0 -
- 15,0
- 15,5

17,5 -

24,0 -
- 25,8
- 27,0

36,0 -
- 38,0

40,5 -
- 48,3

52,0 -

72,5 72,5

100 -
- 121

123 -

145 145
- 169
170 -

NOTE Indicates non-preferred voltages.
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Table 4 — Rated insulation levels (Series 1)
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Rated List 1 Rated short-duration Rated lightening impulse
Voltage (reduced power-frequency withstand voltage
U insulation) withstand voltage U
r U P
kV (r.m.s. KV ( d ue)
: r.m.s. value
value) List 2 kV (r.m.s. value)
(full
insulation) Common Across the Common Across the
value isolating distance value isolating distance
1 2 3 4 5 6
List 1 20 23
3,6 10 12
List 2 40 46
List 1 40 46
7,2 20 23
List 2 60 70
List 1 60 70
12 28 32
List 2 75 85
List 1 75 85
17,5 38 45
List 2 95 110
List 1 95 110
24 50 60
List 2 125 145
List 1 145 165
36 70 80
List 2 170 195
List 1 180 200
40,5 80 95
List 2 190 220
List 1
52 95 110 250 290
List 2
List 1
72,5 140 160 325 375
List 2
List 1 150 175 380 440
100
List 2 185 210 450 520
List 1 185 210 450 520
123
List 2 230 265 550 630
List 1 230 265 550 630
145
List 2 275 315 650 750
List 1 275 315 650 750
170
List 2 325 375 750 860
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