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This|redline version of the official IEC Standard allows the user to identify the cha

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE FUSES -
Part 1: General requirements

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. {[o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Intérhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\us€ and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible forsthe“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

IEC draws attention( to the possibility that the implementation of this document may involve the use
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thereof~As-of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not rep
th¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shpll not-be held responsible for identifying any or all such patent rights.
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bar appears in the margin wherever a change has been made. Additions are in green text,
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IEC 60269-1 has been prepared by subcommittee 32B: Low-voltage fuses, of IEC technical
committee 32: Fuses. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2006, Amendment 1:2009
and Amendment 2:2014. This edition constitutes a technical revision.

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

a) N

3
=

ew numbering, editorial corrections and normative references updated;

ization

arking: requirements and tests separated to the relevant subclauses;

h) Requirements for temperature rise limited to terminal temperattre’rise only;

i g

raphic symbol for fuse-base updated,

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

Full i
the 4

The |

Draft Report on voting

32B/748/FDIS 32B/756/RVD

bove table.

anguage used for the development of this International Standard is English.

hformation on the voting for its approyvalrcan be found in the report on voting indicated in

This [document was drafted jin\accordance with ISO/IEC Directives, Part 2, and developged in

accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable

at wyvw.iec.ch/members \experts/refdocs. The main document types developed by IEC are

descfibed in greater detail at www.iec.ch/publications.

IEC 60269 consists'of the following parts, under the general title Low-voltage fuses:

Part |I: General requirements

Part p: Supplementary requirements for fuses for use by authorized persons (fuses njainly
for industrial application) — Examples of standardized systems of fuses A to |

Part 3: Supplementary requirements for fuses for use by unskilled persons (fuses mainly for
household or similar application) — Examples of standardized systems of fuses A to
F

Part 4: Supplementary requirements for fuse-links for the protection of semiconductor
devices

Part 5: Guidance for the application of low-voltage fuses

Part 6: Supplementary requirements for fuse-links for the protection of solar photovoltaic

energy systems

Part 7: Battery Fuses

For reasons of convenience, when a part of this publication has come from other publications,
a remark to this effect has been inserted in the text.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT — The "colour inside" logo on the cover page of this document indicates
ontalr olour WT N are Oor gered 1o be usertu Or The orre unaer ar Ing
of its contents. Users should therefore print this document using a colour printer:
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LOW-VOLTAGE FUSES -

Part 1: General requirements

1+—General

1 $ecope—antdrebiect

This part of IEC 60269 is applicable to fuses incorporating enclosed current-limiting/fusetlinks
with rated breaking capacities of not less than 6 kA, intended for protecting power-freqyency
AC cjrcuits of nominal voltages not exceeding 1 000 V or DC circuits of nominal’voltagep not
excegding 1 500 V.

Subsequent parts of this standard, referred to herein, cover supplementary requirements for
such|fuses intended for specific conditions of use or applications.

Fusetlinks intended to be included in fuse-switch combinations according to IEC 60947-3
should also comply with the following requirements.

As fgr as not stated in subsequent parts for fuse-linksy\details of performance (see 3.2.4) on
DC c¢jrcuits should be stated in the manufacturer's literature.

NOTEL1 For "a" fuce-linkse details of nerformance (cee®™ ) A4\ on d o circuite cshould be cubiect to aarekment
NOTE|+—For"a" fuse-links,—details—of performance—(see*2:2.4) on—d-c—circuits—should—be—subject-to—agrepment
betwepn user and manufacturer.

NOTE| 21 Modifications of, and supplements to, this document required for certain types of fuses for pargicular
applicptions — for example, certain fuses for rolling' stock, or fuses for high-frequency circuits — will be covered, if
necespary, by separate standards.

NOTE|32 This document does not apply to-miniature fuses, these being covered by IEC 60127.

The pbject of this standard seriés is to establish the characteristics of fuses or parts of {fuses
(fusetbase, fuse-carrier, fuse<link) in such a way that they can be replaced by other fusgs or
parts| of fuses having the'same characteristics provided that they are interchangeable as far as
their |dimensions are ¢oncerned. For this purpose, this standard series refers in particular|to

— the following.characteristics of fuses:

rated yalues;

insulation;

témperature rise in normal service;

power dissipation and acceptable power dissipation;
time/current characteristics;
breaking capacity;

cut-off current characteristics and their 72¢ characteristics.

— type test for verification of the characteristics of fuses;

— the marking of fuses.

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.
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including any

(

latest edition of the referenced document

the

For undated references
amendments) applies.
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3 Terms and definitions

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

addr

[«

v

NOTE|
3.1

3.1.1
fuse
devid
open
for a

[SOU

3.1.2
fuse
coml

Note
if no d

[SOU

3.1.2,

fuse
fixed

Note 1

ISO tnd IEC maintain terminological databases for use in standardization at the felld

SSes:

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

O Online browsing platform: available at http://www.iso.org/obp
For general definitions concerning fuses, see also IEC 60050-441.

Fuses and their component parts

5 the circuit in which it is inserted by breaking the current when this exceeds a given
sufficient time. The fuse comprises all the parts-that form the complete device

RCE: IEC 60050-441:1984, 441-18-01]

holder
ination of the fuse-base with its fuse-carrier

wing

e that by the fusing of one or more of its specially designed and proportioned components

alue

to entry: Where, in this document, the term "fuse-holder" is used, it covers fuse-bases and/or fuse-carriers,

earer distinction is necessary.

RCE: IEC 60050-441:1984, 441-18-14]

1
base (fuse-mount)
part of a fuse provided with contacts and terminals

to entry=> Where applicable, covers are considered as part of the fuse-base.

REE: IEC 60050-441:1984, 441-18-02]

[sou

3.1.2

.2

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

[SOURCE: IEC 60050-441:1984, 441-18-13]

3.1.3

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

[SOURCE: IEC 60050-441:1984, 441-18-09]
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3.1.4

fuse-contact

two or more conductive parts designed to ensure circuit continuity between a fuse-link and the
corresponding fuse-holder

3.1.5

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

Note 1 to entry: The fuse-link may comprise several fuse-elements in parallel.

[SOURCE: IEC 60050-441:1984, 441-18-08]

3.1.6]
indidating device (indicator)
part ¢f a fuse provided to indicate whether the fuse has operated

[SOYRCE: IEC 60050-441:1984, 441-18-17]

3.1.7
strikpr
mechanical device forming part of a fuse-link which, when ‘the fuse operates, release$ the
energy required to cause operation of other apparatus or indicators or to provide interlocKing

[SOURCE: IEC 60050-441:1984, 441-18-18]

3.1.8
termjnal
condpctive part of a fuse provided for electric connection to external circuits

Note 1 to entry: Terminals may be distinguished according to the kind of circuits for which they are intendgd (for
example, main terminal, earth terminal, etct))and also according to their design (for example, screw terminal, plug
terminjal, etc.).

3.1.9
dummy fuse-link
test fuse-link with defined'power dissipation and dimensions

3.1.1)0
test fig
defined test fuse-base

3.1.111

gaugde-piece
additional part of a fuse-base intended to achieve a degree of non-interchangeability

3.1.12

linked fuse-carrier

fuse-carrier which is mechanically linked to the fuse-base and gives a defined insertion and
withdrawal movement to the fuse-link
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3.2
3.2.1

General terms

enclosed fuse-link
fuse-link in which the fuse-element(s) is (are) totally enclosed, so that during operation within
its rating it cannot produce any harmful external effects, for example, due to development of an
arc, the release of gas or the ejection of flame or metallic particles

[SOURCE: IEC 60050-441:1984, 441-18-12]

3.2.2

curréent-limiting fuse-link
fuse-link that during and by its operation in a specified current range, limits the cucrent

subs

antially lower value than the peak value of the prospective current

[SOYRCE: IEC 60050-441:1984, 441-18-10]

3.2.3

"g" fuse-link
<fullrange breaking-capacity fuse-link, formerly general purpose fuse-link>
currgnt-limiting fuse-link capable of breaking under specified ,conditions all currents,

caus

3.2.

b melting of the fuse-element up to its rated breaking capacity

"a" fuse-link
<parfial-range breaking-capacity fuse-link, formerly Hack-up fuse-link>

curr
the |

its ra

nt-limiting fuse-link capable of breaking under. specified conditions all currents bet
pwest current indicated on its operating time-current characteristic (k,/,, in Figure 2

ted breaking capacity

Note 1 to entry: "a" fuse-links are generally usgd to provide short-circuit protection. Where protection is re
againgt over-currents less than &,/ in Figure 2} they are used in conjunction with another suitable switching

desigrjed to interrupt such small overcurrepts)

3.2.5

temperatures

3.2.5/1
ambient air temperature

T

a
temp

erature of thevair surrounding the fuse (at a distance of about 1 m from the fuse

enclgsure, if any)

to a

vhich

veen
and

nuired
levice

br its

3.2.5.2
fuse-component temperature

T

<fuse-component (contact, terminal, etc.)>

temp

erature of the relevant part



https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

- 16 - IEC 60269-1:2024 RLV © IEC 2024

3.2.6

overcurrent-diserimination selectivity

coordination of the relevant characteristics of two or more overcurrent protective devices such
that, on the occurrence of overcurrents within stated limits, the device intended to operate within
these limits does so, while the other(s) do(es) not

[SOURCE: IEC 60050-441:1984, 441-17-15, modified — "discrimination" replaced by
"selectivity" in term, "operating" replaced by "relevant" and "incidence" replaced by
"occurrence" in definition]

3.2.7

fuse|system
family of fuses following the same physical design principles with respect to the shape qf the
fusedlinks, type of contact, etc.

3.2.8
size
specified set of dimensions of fuses within a fuse system

Note 1 to entry: Each individual size covers a given range of rated currents for which the specified dimensipns of
the fuges remain unchanged.

3.2.9
homopgeneous series of fuse-links
seriep of fuse-links, within a given size, deviating from g€ach other only in such characterjstics
that for a given test, the testing of one or a reduced number of particular fuse-links of that deries
may pe taken as representative for all the fuse-links\of the homogeneous series

Note 1 to entry: The characteristics by which the fuse-Jinks of a homogeneous series may deviate and detgils on
which|of the fuse-links shall be tested are specified n~association with the tests concerned (see Table 12 and
Table [13).

[SOURCE: IEC 60050-441:1984, 441-18-34, modified — Note 1 to entry replaced]

3.2.10
utilization-category class (of a-fuse-link)
combination of specified requirements related to the conditions in which the fuse-link fulfils its
purpose, selected to represent a characteristic group of practical applications (see 6.7.1)
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3.2.11
fuses for use by authorized and unskilled persons
fuse systems divided into systems for use by authorized persons and for use by unskilled

persons

Note 1 to entry: For safe replacement of fuses-links of systems used by authorized persons special skills are
necespary.

Authofized person is understood to have the meaning defined for categories BA 4 "instructed",(IEC 60050-826}2022,
826-1$-02) and BA 5 "skilled" (IEC 60050-826:2022, 826-18-01).

Natiorjal regulations might supersede these definitions.

Instru¢ted persons are persons adequately advised or supervised by skilled persofysyto enable them to avoid dgngers
which|electricity may create (operating and maintenance staff).

Skilleq persons have technical knowledge or sufficient experience to enable\them to avoid dangers which ele¢tricity
may cfeate (engineers and technicians). For example, dangers for personssmay come from touching live parts fduring
operafion and from replacing fuse-links under load.

Unskilfed persons do not have technical knowledge or sufficient@€xpérience. To avoid dangers, which electricify may
creatq, the relevant part of the fuse standard shall provide requirements for maximum safety in service. IEC 6(]269-3
provides four systems for use by unskilled persons.

3.2.12
replgcement of a fuse link
exchpnge of a fuse-link

3.2.13
non-jnterchangeability
limitgtions on shape and/on dimensions with the object of avoiding in a specific fuse-basg the
inadyertent use of fuse-links*having electrical properties other than those ensuring the defsired
degrége of protection

[SOYRCE: IEC 60050-441:1984, 441-18-33]

3.3 | Characteristic quantities

3.3.1
ratin
gene i isti i rking
conditions upon which the tests are based and for which the equipment is designed

[SOURCE: IEC 60050-441:1984, 441-18-36]

Note 1 to entry: Rated values usually stated for low-voltage fuses are: voltage, current, breaking capacity, power
dissipation and acceptable power dissipation, and frequency, where applicable. In the case of AC, rated voltage and
rated current are stated as r.m.s. symmetrical values; in the case of DC, when ripple is present, the rated voltage is
stated as a mean value, the rated current as an RMS value. The above applies to any value of voltage and current,
if not indicated otherwise.

3.3.2

prospective current (of a circuit and with respect to a fuse)

current that would flow in the circuit if-each-pole—of the fuse-link(s)-were is(are) replaced by a
conductor of negligible impedance
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Note 1 to entry: For AC, the prospective current is expressed by the RMS value of the AC component.

Note 2 to entry: The prospective current is the quantity to which the breaking capacity and characteristics of the
fuse are normally referred, e.g. /2t and cut-off current characteristics (see 9.5.7).

[SOURCE: IEC 60050-441:1984, 441-17-01, modified — "each pole of the switching device
were" replaced by "the fuse-link(s) is", Note to entry replaced]

3.3.3

gates

limiting values within which the characteristics, for example time-current characteristics, are
obtained.

3.3.4J

breaking capacity of a fuse
valug of prospective current that a fuse is capable of breaking at a statedcvoltage Under
presg¢ribed conditions of use and behaviour

[SOYRCE: IEC 60050-441:1984, 441-17-08, modified — "switching deviée) removed from|term
and definition, Note to entry removed]

3.3.5
breaking range
range of prospective currents within which the breaking capacity of a fuse-link is assured

3.3.6]
cut-qff current
maximum instantaneous value reached by the curtent during the breaking operation of a fuse-
link when it operates in such a manner as to prevent the current from reaching the othefwise
attaipable maximum

3.3.7
cut-gff current characteristic; let-through current characteristic
curve giving the cut-off current as afunction of the prospective current under stated conditions
of opleration

Note 1 to entry: In the case of AC, the values of the cut-off currents are the maximum values which can be refached
whateper the degree of asymmetry. In the case of DC, the values of the cut-off currents are the maximum Yyalues
reach¢d related to the time"constants as specified.

[SOURCE: IEC 60050-441:1984, 441-17-14]

3.3.8
peak| withstand current (of a fuse-holder)
valug of cut-off current that the fuse-holder can withstand

Note 1 to entry: The peak withstand current is not less than the highest cut-off current of any fuse-link with which
the fuseholder is intended to be associated.

3.3.9

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 60050-441:1984, 441-18-21]

3.3.10

arcing time of a fuse-link

interval of time between the instant of the initiation of the arc in a fuse and the instant of final
arc extinction in-that the same fuse-link
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[SOURCE: IEC 60050-441:1984, 441-17-37 modified — "pole" removed from term and definition]

3.3.1

1

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

[SOURCE: IEC 60050-441:1984, 441-18-22]

3.3.12
I?t; Joule integral
integrat-of-thesquare-oftheeurrentoveragiventmeintervalk
t
o= |7 Pde
o
Note 1 to entry: The pre-arcing /% is the I? integral extended over the pre-arcing time of the fuse.

Note 4

Note 3
value

[SOU

3.3.1

to entry: The operating /% is the I?s integral extended over the operating time of-the fuse.

to entry: The energy, in joules, released in 1 Q of resistance in a circuit protectted by a fuse is equal
bf the operating /2¢ expressed in AZs.

RCE: IEC 60050-441:1984, 441-18-23]

w

Ptc

curve giving I2¢ values (pre-arcing 72t and/or operating /2¢) as a function of prospective cU
undef stated conditions of operation

3.3.1

I?t zgne
rang¢ contained by the minimum pre-arcing /2¢ characteristic and the maximum operatir
characteristic, under specified conditions.

3.3.1
rated
In

valudg
cond

3.3.1
time
curve

aracteristic

5
current of a fuse-link

of current that.the fuse-link can carry continuously without deterioration under spe
tions

6
current.characteristic
giving the time, e.g. pre-arcing time or operating time as a function of the prospg

to the

rrent

g I?t

cified

ctive

currg

nt‘Under stated conditions of operation

Note 1 to entry:

time is negligible.

[SOURCE: IEC 60050-441:1984, 441-17-13]

3.3.1

7

time-current zone
range contained by the minimum pre-arcing time-current characteristics and the maximum
operating time-current characteristic, under specified conditions

For times longer than 0,1 s, for practical purposes the difference between pre-arcing and operating
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3.3.18

conventional non-fusing current

Inf

value of current specified as that which the fuse-link is capable of carrying for a specified time
(conventional time) without melting

[SOURCE: IEC 60050-441:1984, 441-18-27]

3.3.19

conventional fusing current
Is
valug of current specified as that which causes operation of the fuse-link within a specified time
(conyentional time)

[SOURCE: IEC 60050-441:1984, 441-18-28]

3.3.20
over|load curve of an "a" fuse-link
curve showing the time for which an "a" fuse-link is able to carry the cutrent without deterioration

SEE]{9.4.3.4 and Figure 2

3.3.211
power dissipation (of a fuse-link)
powdr released in a fuse-link carrying a stated value of electric current under prescfibed
condj|tions of use and behaviour

Note 1 to entry: The prescribed conditions of use and/behaviour generally include a constant RMS value |of the
electric current after steady-state temperature conditiofnsare reached.

[SOYURCE: IEC 60050-441:1984/AMD1:2000, 441-18-38,medified]

3.3.22

table power-dissipation acceptance (of a fuse-base or a fuse-holder)
value of power dissipation of a fuse-link which a fuse-base or a fuse-holder can agcept
prescribed conditions ‘ef use and behavior

voltape which-appears across the terminals of a pole of a fuse after the breaking of the cyrrent

Note {1 to'entry: This voltage may be considered in two successive intervals of time, one during which a trajnsient
voltage exists (see 2.3.23. recovery voltage
(see 2.3.23.2) exists.

[SOURCE: IEC 60050-441:1984, 441-17-25, modified — "switching device" removed from
definition, Note 1 to entry modified]
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3.3.23.1

transient recovery voltage

abbreviation 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 fuse. It includes the voltage shift of the neutral of a polyphase
circuit.

Note 2 to entry: The transient recovery voltage in three-phase circuits is, unless otherwise stated, that which
appears 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 60050-441:1984, 441-17-26]

3.3.23.2
power-frequency or DC recovery voltage
recovery voltage after the transient voltage phenomena have subsided

Note 1 to entry: The power frequency or DC recovery voltage may be referred to asra‘/percentage of the| rated
voltagp.

[SOYRCE: IEC 60050-441:1984, 441-17-27, modified — "or DC" adged to term, Note 1 to pntry
addef)]

3.3.24
arc Joltage of a fuse
instaptaneous value of the voltage which appears a¢ross the terminals of a fuse during the
arcing time

[SOURCE: IEC 60050-441:1984, 441-18-30]

3.3.2

isol{ing distance (for a fuse)
shorfest distance between the fuse-base contacts or any conductive parts connected thgreto
meagured on a fuse with the fuse-link or the fuse-carrier removed

[SOYRCE: IEC 60050-441:1984, 441-18-06]

4 (Conditions for operation in service

4.1 General

Whefe the fellewing conditions apply, fuses complying with this document are deemed capable
of ogerating satisfactorily without further qualification. These conditions also apply for |tests
exceptthose otherwise specified in Clause 9.

4.2 Ambient air temperature (7,)

The ambient air temperature T, (see 3.2.5.1) does not exceed 40 °C, its mean value measured

over a period of 24 h does not exceed 35 °C, and its mean value measured over a period of
one year is lower.

The minimum value of the ambient air temperature is -5 °C.

NOTE2-In cases where the temperature conditions vary significantly from these values, this
should be taken into consideration from the points of view of operation, temperature rise, etc.
See Annex D.
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-+ The time-current characteristics given are related to a reference ambient air temperature of 20 °C.
urrent characteristics also approximately apply to a temperature of 30 °C.

Altitude

2024

These

The altitude of the site of installation of the fuses does not exceed 2 000 m above sea-level.

4.4

Atmospheric conditions

The air is clean and its relative humidity does not exceed 50 % at the maximum temperature of
40 °C.

High

Undg
temp)

NOTE
and

information shall be given in the manufacturer's literature. This applies also in cases W

depo

4.5

The s
For [
abov

For f

of the fuse.

NOTE]
opera

4.6

The

4.7
471

For A

4.7.2

br relative humidity is permitted at lower temperatures, for example, 90 % at 20 °C.

r these conditions, moderate condensation may occasionally occur due to variati
erature.

L Where fuses are to be used under conditions different from those mentioned in 4.1
1.3, in particular outdoors without protection,-the-manufacturer-sheuld-be-consulte

Sits of sea salt or abnormal deposits of industrial origin may agcur.

Voltage
ystem voltage has a maximum value not exceeding’110 % of the rated voltage of the

C when obtained by rectifying AC, the ripple shall'not cause a variation of more tharn
e or 9 % below the mean value of 110 % of the‘rated voltage.

ises rated 690 V the maximum system voltage shall not exceed 105 % of the rated vo

Attention is drawn to the fact that the indicating device or striker of a fuse may not operate if the fu
es at a voltage, which is considerably lower than its rated voltage (see 9.4.3.6).

Current

urrents to be carried and to be broken are within the range specified in 8.4 and 8.5.

Frequency, power factor and time constant
Frequenhcy

C the frequency is the rated frequency of the fuse-link.

DN in

, 4.2
H the
here

fuse.
5%

Itage

e-link

Power factor

For AC the power factor is not lower than that shown in Table 20, appropriate to the value of
prospective current.

4.7.3

Time constant (7)

For DC the time constant corresponds to that shown in Table 21.

Some service duties may be found which exceed the limits shown in Table 21 as regards time
constant. For such an application, a fuse-link which has been tested to verify that it meets the

requi

4.8

red time constant and is marked accordingly shall be used.

Conditions of installation

The fuse is installed in accordance with the manufacturer's instructions.
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If the fuse is likely to be exposed in service to abnormal vibrations or shocks, the manufacturer
should be consulted.

4.9
Utiliz

4.10

Utilization-category class
ation-categeries classes (for example, "gG") are specified according to 6.7.1.

Diserimination Selectivity of fuse-links

Limits of-discrimination selectivity for times greater than 0,1 s are given in Table 2 and Table 3.

For

HG" and "gM" fuse-links pre-arcing 72 values are given in Table 7 and operating 72¢'v

are diven in subsequent parts. Values for other breaking ranges and utilization categorie

show

6.1
6.1.1

The
appli

6.1.2

b)
c) K

n in subsequent parts.

Classification

5 are classified according to Clause 6 and the subsequent parts,

Characteristics of fuses

Summary of characteristics
General

characteristics of a fuse shall be stated in-the following terms, where such term
Cable.

Fuse-holders

a) zated voltage (see 6.2)

ated current (see 6.3.2)
nd of current and rated-frequency if applicable (see 6.4)

d) Rlated acceptable power dissipation (see 6.5)

e) D

imensions or size

f)  Number of poles,_if more than one

g) P

6.1.3

eak withstand current

Fuse-links

a) Riated vaoltage (qpp 6 7)

hlues
5 are

b are

b) Rated current (see 6.3.1)

c) K

ind of current and rated frequency, if applicable (see 6.4)

d) Rated power dissipation (see 6.5)

e) T
f) B

ime-current characteristics (see 6.6)
reaking range (see 6.7.1)

g) Rated breaking capacity (see 6.7.2)

h) C

ut-off current characteristics (see 6.8.1)

i) 72t characteristics (see 6.8.2)

k) D

imensions or size
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6.1.4 Complete fuses

Degree of protection according to IEC 60529.

6.2 Rated voltage

For AC the standard values of rated voltages are given in Table 1.

Table 1 — Standard values of AC rated voltages for fuses

Series | Series Il
v v
120
208
230% 240
277
400 415
500 480
690 600
1 000 347
hoeluoe mmedioc s s setopin o oee ctonclendimad oo e socopdline o 20 CO0SC 1P tho
meantime, the other values of the table will also be used-
Ford.cthe preferredvalues forrated-voltages-are given-in-Table 22
NOTElTherated-voltage-of-the-fuse-link-may-be-a-value-other than-the rated-voltage-of-the fuse-holderin-which-the

Series | Series H

v v

110*
220* _

_ 250~
400 -
440* 460~
500 -

800*
750*
1-000

- 1200

1-500*

For DC the standard values of rated voltages are given in Table 2.

Table 2 — Preferred values of DC rated voltages for fuses

Series | Series Il
\ \
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110
220

250
400
440 460
500

600
750
1000

1200
1500

For gpecific applications, rated voltage of different values to Table 1 and Table2 shall be given
in thg manufacturer’s instructions.

NOTE| The rated voltage of the fuse is the lowest value of the rated voltages of its partS{fuse-holder, fuse-lipk).
6.3 | Rated current

6.3.1 Rated current of the fuse-link

The datad current for the fuca-link avnresced in amneres: cknould hae csalacted from - the folldawinag
Chofetoderonites o tuaa Jinl —orsrooooednornnnrororanld bo onlostad fronn tho follahidng
e

The preferred rated currents for the fuse-links are\thie following values expressed in A:
2-4-6-8-10-12-13-16-20-25-32-35-40-50-63-80-100- 125 - 160 —
200 + 224 — 250 — 315 — 355 — 400 — 425%= 500 — 630 — 800 — 1 000 — 1 250 — 1 600

If it i$ necessary to choose lower vatues or intermediate values or higher values, these values
should be selected from the series R10 of ISO 3, and in exceptional cases, from R20 or RA0 of
ISO 3.

6.3.2 Rated current of the fuse-holder

The :Iated current of/the’fuse-holder, expressed in amperes, should be selected from the series
of rafed currents of fuse-links if not otherwise specified in subsequent parts. For "gG" and|"aM"
fuseq, the rated)current of the fuse-holder represents the highest rated current of the fusé-link

with

6.4

which it iS\intended to be used.

Rated frequency (see 7.1 and 7.2)

The absence of any marking regarding rated frequency shall imply that the fuse meets the
conditions laid down in this document for frequencies between 45 Hz and 62 Hz only.
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6.5 Rated power dissipation of a fuse-link and rated acceptable power dissipation of

a fuse-holder.

The rated power dissipation of a fuse-link is stated by the manufacturer if not otherwise
specified in subsequent parts. That value shall not be exceeded under specified test conditions.

The rated acceptable power dissipation of a fuse-holder is stated by the manufacturer if not

otherwise specified in the subsequent parts. It is intended to be the maximum power dissip

ation

the fuse-holder can tolerate under specified test conditions without exceeding the specified

temperature rise.

6.6 Limits of time-current characteristics
6.6.1 General

The limits are based on a reference ambient air temperature T, of +20 °C.

6.6.2 Time-current characteristics, time-current zones

They| depend on the design of the fuse-link, and, for a given fuse-link, on the ambie
temperature and the cooling conditions.

NOTE| For ambient air temperatures deviating from the temperature range‘according to 4.1, consultation w
manu]acturer is necessary.

For
subsequent parts, the manufacturer should keep available (with their tolerances):
— the pre-arcing and operating time-current ch@racteristics;

or

— the time-current zone.

NOTE| For pre-arcing times smaller than 0(T)s, the manufacturer should keep available s characteristics wit
tolerapces (see 6.8.3).

When the time-current characteristics are presented for pre-arcing times exceeding 0,1 s,
shou|d be given with current as abscissa and time as ordinate. Logarithmic scales shall be
on bgth coordinate axes.

125

nt air

th the

use-links not complying with the standardized /tithe-current zones as specified in the

h their

they
used

The basis of the logarithmic scales (the dimensions of one decade) shall be in the ratio 2/1
the longer dimensions on the abscissa. However, because of long-established practice in other
countries (for example UL fuse systems), a ratio of 1/1 is recognized as an alternative
presentation.

6.6.3 Conventional times and currents

The conventional times and currents for "gG" and "gM" fuse-links are given in Table 3.

with
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Table 3 — Conventional time and current for "gG",“gK" and "gM" fuse-links

Rated current I for "gG" Conventional time Conventional current
Characteristic current I, for "gM"? h I I
A
I,< 16 1 a a
16< [ < 63 1
63 < I, <160 2 1,251, 1,61
160 < III <400 3
400 < 1, 4
a8 Vplues for fuse-links with rated current less than 16 A are given in subsequent parts.
b Fpr "gM" fuse-links, see 6.7.1.
6.6.4 Gates
For "gG" and "gM" fuse-links, the gates given in Table 4 apply.
Tlable 4 — Gates for specified pre-arcing times of "gG*;<gK" and "gM" fuse-links?
1 2 3 4 5
[, for "gG" I, (10's) c I, (58) I, (0,18) I, (0,18
1}, for "gm" ®
A A A A A
13 24 65 65 130
16 33 65 85 150
20 42 85 110 200
25 52 110 150 260
32 75 150 200 350
35 83 175 225 445
40 95 190 260 450
50 125 250 350 610
63 160 320 450 820
80 215 425 610 1100
100 290 580 820 1450
125 355 715 1100 1910
160 460 950 1450 2 590
200 610 1250 1910 3420
224 600 1600 2 000 4 300
250 750 1650 2 590 4 500
315 1050 2 200 3420 6 000
355 1100 2 750 3 500 Z 700
400 1420 2 840 4 500 8 060
425 1350 3 300 4 500 9 500
450 1600 3 300 5250 9 300
500 1780 3800 6 000 10 600
630 2 200 5100 8 060 14 140
800 3 060 7 000 10 600 19 000
1000 4 000 9 500 14 140 24 000
1250 5000 13 000 19 000 35 000
1600 7 500 16 000 24 000 43 000

a8  Values for fuses with rated current less than-16-A 13A are given in subsequent parts.

b For "gM" fuse-links, see 6.7.1.

¢ (10 s) is the minimum value of current for which the pre-arcing time is not less than 10 s.

Imin
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For "aM" fuses the standard gates for time- current characteristics based on reference ambient
air temperature of 20 °C are given in Table 5 and Figure 3. The standardized k-factors are
ko= 1,5 ky =4 and k, = 6,3.

Table 5 — Gates for "aM ' fuse-links (all rated currents)

41, 6,31, 81, 101, | 1251, | 191,

t - 60 s - - 0,5s 0,10 s

operating

t pre-arcing 60 s - 0,5s 0,2s - -

E;:"

6.7
6.7.1

Breaking range and breaking capacity

Breaking range and utilization category

The first letter shall indicate the breaking range:

-

" fuse-links (full-range breaking-capacity fuse-link);

— "a" fuse-links (partial-range breaking-capacity fuse-link).

The
time-

second letter shall indicate the utilization category; this letter defines with accurac
current characteristics, conventional times and*currents, gates.

y the
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6.7.2 Rated breaking capacity

The rated breaking capacity of a fuse-link is given by the manufacturer corresponding to the
rated voltage. Values of minimum rated breaking capacity are given in subsequent parts.

6.8 Cut-off current and I%¢ characteristics

6.8.1 General

The value for cut-off and I2¢ characteristics shall take into account manufacturing tolerances
and shall refer to the service conditions as specified in subsequent parts, for example, the

I £ Lb £ =l £ 4
valugsorvortage, irequencyanapower-ractor:

6.8.2 Cut-off current characteristics

The ¢ut-off current characteristics shall represent the maximum instantaneous yvalues of cyrrent
likelyl to be experienced in service (see 9.6.1 and Annex C).

Whete the cut-off current characteristics are required, and unless specified’in subsequent parts,
they |should be given by the manufacturer according to the example |shown in Figure 4] in a
double logarithmic presentation with the prospective current as abscissa.

6.8.3|  I?t characteristics

The fpre-arcing 72¢ characteristics for pre-arcing time§’ of less than 0,1s down to a|time
corrgsponding to the rated breaking capacity shall be _given by the manufacturer. They [shall
reprgsent the lowest values likely to be experienced in service as a function of the prospdctive
current.

The pperating 72t characteristics with specified voltages as parameters shall be given by the
manufacturer for pre-arcing times less than*0,1 s. They shall represent the highest values |ikely
to be| experienced in service as a function of the prospective current.

When presented graphically, theZ2: characteristics shall be given with prospective currept as
absc(ssa and /2t values as ordindte. Logarithmic scales shall be used on both coordinate axes.
(For the use of the logarithmie’scales, see 6.6.2.)

7 Markings

7.1 General

The Farking shall be durable and easily legible.-Compliance-is—checked-by-inspection-ad-by

Compliance is checked by test 9.12.

NOTE 1 The marking for rated current and rated voltage may, for instance, be as follows:

10
10 A 500 V or 10/500 or ——
500

NOTE 2 For all parts of fuses relevant symbols from IEC 60417 can be used.
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7.2 Markings of fuse-holders
The following information shall be marked on all fuse-holders:

— name of the manufacturer or a trade mark by which he may be readily identified;

— manufacturer's identification reference enabling all the characteristics listed in 6.1.2 to be
found;

— rated voltage;
— rated current;

— kind of current and rated frequency, when applicable.

NOTEL-A fuse-holder marked with AC ratings may also be used for DC If a fuse-holder contains
a removable fuse-base and a removable fuse-carrier. Both should be separately marked fgr the
purpdse of identification.

7.3 | Markings of fuse-links

The following information shall be marked on all fuse-links except small;fuse-links where this is
impracticable:
— npme of the manufacturer or a trade mark by which he may pe, readily identified;

— manufacturer's identification reference, enabling all the characteristics listed in 6.1.3 fo be
fqund;

|
-

ated voltage;

ated current-{for"gM™~type-see 5-7-1);

— breaking range and utilization category (letter.code), where applicable (see 6.7.1);
k

|
—

{nd of current and, if applicable, rated frequency (see 6.4).

NoTEl-Fuse-links should be marked separately for AC and DC if the fuse-link is provided for AC
and DC.

For gmall fuse-links, where it is\impracticable to include all the specified information oph the
fusedlink, the trade mark, list reference of the manufacturer, rated voltage and the rated current
shalllbe marked.

8 Standard conditions for construction

8.1 Mechanical design
8.1.1 Replacement of fuse-links

A fuse-link shall have adequate mechanical strength and its contacts shall be securely fixed.-}

shall be possible to replace the fuse-links easily and safely.
8.1.2 Connections, including terminals

The fixed connections shall be such that the necessary contact force is maintained under the
conditions of service and operation.
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No contact force on connections shall be transmitted through insulating material other than
ceramic or other material with characteristics not less suitable, unless there is sufficient
resilience in the metallic parts to compensate for any possible shrinkage or other deformation
of the insulating material. Tests are specified in subsequent parts, where necessary.

Terminals shall be such that they cannot turn or be displaced when the connecting screws are
tightened, and such that the conductors cannot be displaced. The parts gripping the conductors
shall be of metal and shall have such a shape that they cannot unduly damage conductors.

Terminals shall be so arranged that they are readily accessible (after removal of covers, if any)
under the intended conditions of installation.

NOTE| Requirements of screwless-type terminals are given in Annex E.

8.1.3 Fuse-contacts

Fuselcontacts shall be such that the necessary contact force is maintained tnder the conditions
of sefvice and operation, in particular under the conditions correspondingito 8.5.

Contpct shall be such that the electromagnetic forces occurring’ during operation uJnder
condj|tions in accordance with 8.5 shall not impair the electrical connections between

a) the fuse-base and the fuse-carrier;
b) the fuse-carrier and the fuse-link;
c) the fuse-link and the fuse-base, or, if applicable,/any other support.

In addition, fuse contacts shall be so constructedyand of such material that, when the fuse is
propérly installed and service conditions are noermal, adequate contact is maintained

a) after repeated engagement and disengagement;
b) after being left undisturbed in service’for a long period (see 9.10).

Fuselcontacts of copper alloy shall\be free from season cracking.

Thesg requirements are vefified by the tests according to 9.10, 9.11.2.1 and in Clausg 8 of
subsequent parts of IEC 60269.

8.1.4  Construction-of a gauge-piece

A galige-piecesif\any, shall be so designed that it withstands normal stresses occurring during
use.

8.1.5 Mechanical strength of the fuse-link

A fuse-link shall have adequate mechanical strength and its contacts shall be securely fixed.

8.2 Insulating properties and suitability for isolation

The fuses shall be such that they do not lose their insulating properties at the voltages to which
they are subjected in normal service. The fuse shall be suitable for isolation when it is in its
normal open position, the fuse-link remaining inside the fuse-carrier, or when the fuse-link, and,
when applicable, the fuse-carrier is removed. The applicable overvoltage category is specified
in subsequent parts.

The fuse shall be deemed to satisfy these conditions if it passes the tests for verification of
insulating properties and suitability for isolation in accordance with 9.2.
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The minimum creepage distances, clearances and distances through insulating material or
sealing compound shall comply with the values specified in subsequent parts.

8.3 Temperature rise, power dissipation of the fuse-link and acceptable power
dissipation of a fuse-holder

The fuse-holder shall be so designed and proportioned as to carry continuously, under standard
conditions of service, the rated current of the fuse-link with which it is provided without
exceeding

— the temperature-rise limits specified in Table 6 at the rated acceptable power dissipation of

tr- £ b aldar-a H=w= H tad b th m-a-a-fEaateas rathara P Hiadin b PATRP - W t
CTOSTTTIUTUCT Ao MU atC U oy e TarmoTactarT T OUT UtTCTWisT SPTUTOTUTIT SUUSTUUTITU arts.

The {use-link shall be so designed and proportioned as to carry continuously, undes'standard
condjtions of service, its rated current without exceeding

— the rated power dissipation of the fuse-link as indicated by the manufacturér or othefwise
specified in the subsequent parts.

In pafrticular, the temperature-rise limits specified in Table 6 shall not beexceeded

— when the rated current of the fuse-link is equal to the rated~current of the fuse-hplder
ntended to accommodate this fuse-link;

when the power dissipation of the fuse-link is equal™e” the rated acceptable power
d|ssipation of the fuse-holder.

Thesg requirements are verified by the tests according to 9.3.

Table 6 — Temperature rise limits AT =\(T - T,) for-contactsand terminals

K
Unenclosed-* Enclosed-?
Conthets 9 Springloaded | Bare Sepper 40 45
Bare brass 45 50
Tinplated 55 60
phisleobeoloios 70-e)yerh) 75-e)h)-e}
Silver-plated &) )
el Eeenoos £L (2183
Somnbenes e e
Tinplated 65-H 65.H
Nickel-plated 8g-orerh) 85.6rerh)
Silvar plafnr{ " "
Terminals Bare copper 55 60
) e
65 65
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Contacts Temperature rise AT in K

TCIIIIiIIdib Bdlﬂ COUPpPLel OU
Bare Brass or tin-plated 65
Silver-plated or nickel-plated 702

a)

Tlhe limit of temperature rise is governed by the use of PVC insulated conductors or fof~othHer conne
methods or conductors the manufacturer has to give maximum values of temperature rise in fi's document
dnd the conductor rating must be observed. Temperature limits of the fuse and the conductor must be alig

ction
htion
ned.

8.4

The fuse-link shall be so designed and proportioned that, when tested in its appropriatsg
arrarjgement at rated frequency and an ambient air temperature of (20 + 5) °C,

For g "g" fuse-link within the conventional time,

NOTE| Time-current zones, if anyyare to be considered.

For gn "a" fuse-link,

Operation

itlis able to carry continuously any current not exceeding its rated current;
itlis able to withstand overload conditions as theysnay occur in normal service (see 9.4

npn-fusing current (/,);

itjoperates when it carries any current equal to or exceeding the conventional fusing cu

()-

O =

brresponding time indicated in the overload curve (see Figure 2);

when carpying a current between k4, and k[, the fuse-element may melt, provided

the pre-arcing time is greater than the value indicated in the pre-arcing time-cy
characteristic;

Re fuse-link dees~“not operate when it carries a current not exceeding &4/, fof

test

3.4).

the fuse-link does not operate, when it carries any current not exceeding the conventfional

rrent

the

that
rrent

the arcing time.

itloperates when it carries a current exceeding kzlII within its time-current zone incliiding

The time-current values measured in 9.4.3.3 shall fall within the time-current zone provided by

the

manufacturer.

A fuse-link is deemed to satisfy these conditions if it passes the tests prescribed in 9.4.

8.5

Breaking capacity

The fuse shall be capable of breaking, at rated frequency, and at a voltage not exceeding the
recovery voltage specified in 9.5, any circuit having a prospective current between,

for "g" fuse-links, the current I;;
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— for "a" fuse-links, the current k,I,,; and

— in the case of AC, the rated breaking capacity at power factors not lower than those shown
in Table 21 appropriate to the value of the prospective current;

— inthe case of DC, the rated breaking capacity at time constants not greater than those limits
shown in Table 22 appropriate to the value of the prospective current.

During operation of the fuse-link in a test circuit as described in 9.5, the arc voltage shall not
exceed the values given in Table 7.

NOTE Where fuse-links are used in circuits with system voltages belonging to a range lower than that corresponding

ted-volt f the f link iderati hould-b to-th It hich-should-not
to the rated-voltage-oithe-fuse-links—consideration-should-be-givento-the-arc-veliage—which-should-not-excead the

value |n Table 7 correspondlng to the system voltage.

Table 7 — Maximum arc voltage

Rated voltage U, Maximum arcvoltage,
of the fuse-link peak value
\Y \Y
AC apd DC currents Up to and including 60 1 000
61 to 300 2 000
301 to 690 2 500
691 to 800 3 000
801 to 1 000 3 500
DC ohly 1001 to 1 200 3 500
1201 to 18500 5000
NOTE For fuse-links having rated current less than 416“A, the maximum arc voltage is not specified in this
document but is under consideration.

A fusge shall be deemed to satisfy these conditions if it passes the tests prescribed in 9.5.

8.6 | Cut-off current characteristic

If not otherwise specified, in”subsequent parts, the values of cut-off current measurdd as
specified in 9.6 shall be less than, or equal to, the values corresponding to the cut-off cyrrent
characteristics assigned by the manufacturer (see 6.8.2).

NOTE| For the cut-eff\current characteristics as function of the actual pre-arcing time, see Annex C.

8.7 | I?t characteristics

The pre-arcing 2t values ver|f|ed accordmg to 9.7 shall not be Iess than the character stics
stated ) )
for "gG“ and "gM" fuse links. For pre arcing times smaller than 0, 01 s, I|m|ts are glven in
subsequent parts, if required. Values for "gD" and "gN" fuse-links are given in IEC 60269-2,

fuse system H.Malues for"gK" fuse-links-are-givenin lEC 680269-2 fuse system K-

The operating 72¢ values verified according to 9.7 shall be less than, or equal to, the
characteristics stated by the manufacturer in accordance with 6.8.3 or specified in subsequent
parts.
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Table 8 — Pre-arcing I2¢ values at 0,01 s for "gG" and "gM" fuse-links

I, for "gG" Iztmin Iztmax
I, for "gM"?
A 10° x (A%) 103 x (AZs)
16 0,3 1,0
20 0,5 1,8
25 1,0 3,0
32 48 5:0
35 2,2 8,0
40 3,0 9,0
50 5,0 16,0
63 9,0 27,0
80 16,0 46,0
100 27,0 8650
125 46,0 140,0
160 86,0 250,0
200 140,0 400,0
224 200,0 520,0
250 250,0 760,0
315 400,0 1 300,0
400 760,0 2250,0
500 1.300,0 3.800,0
630 2250,0 7 500,0
800 3.800,0 13 600,0
1000 7 840,0 25 000,0
1250 13 700,0 47 000,0
aﬁEer—gM—seeéJ—L" . —
8.8 | Overcurrent(selectivity of fuse-links
Reqgyirements €oncerning overcurrent-diserimination selectivity are dependant upon the|fuse
systgm, the fated voltage and the application of the fuse; relevant requirements may be given
in supsequent parts.
8.9 | Protection-againstelectric shock

8.9.1 General

For the protection of persons against electric shock, three states of the fuse shall be taken into
consideration:

— when the complete fuse is properly mounted, installed and wired with fuse-base, fuse-link
and, where applicable, gauge-piece, fuse-carrier and enclosure forming part of the fuse
(normal service condition);

— during the replacement of the fuse-link;
— when the fuse-link, and where applicable, the fuse-carrier is removed.

The rated impulse withstand voltage is given in Table 9 appropriate to the rated voltage and the
overvoltage category of the fuse, which are specified in subsequent parts.
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The requirements are specified in subsequent parts. See also 9.8.

Table 9 — Rated impulse withstand voltage

IEC 60269-1:2024 RLV © IEC 2024

Rated voltage of the fuse
up to and including

Rated impulse withstand voltage U.

imp

(1,2/50 ps)

\Y, kv
Overvoltage category
I\ 1 1 |
230 4 2,5 1,5 0,8
400 6 4 2,5 1.5
690 8 6 4 2,5
1000 12 8 6 4

8.9.2
The

Clearances and creepage distances

disruptive discharge due to overvoltage.

Table 10 — Minimum clearances inair

clearances shall be not less than the values given in Table10 to reduce the rigk of

Minimum clearance

)

mm
Rat¢d impulse withstand voltage Inhomogeneous field conditions
Uim
[
kV
0,8 0,8
1,5 0,8
2,5 1,5
4,0 3,0
6,0 5,5
8,0 8,0
12,0 14,0
NOTE The values of minimum clearances in air are based on 1,2/50 ys impulse voltage, for barometric pressure
of 80|kPa, equivalenfito.normal atmospheric pressure at 2 000 m above sea-level.

Creepage.distances shall also correspond to the material group, as defined in 2.7.1[3 of

IEC 60664-1:2002, corresponding with the rated voltage given in Table 11.

Table 11 — Minimum creepage distances

Creepage distances for equipment subject to long-term stress

mm

Rated voltage of the fuse
up to and including

Material group

Material group

Material group

\ | 1 1l
230 3,2 3,6 4
400 5 5,6 6,3
690 8 9 10
1000 12,5 14 16
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8.9.3 Leakage currents of fuses suitable for isolation

For fuses suitable for isolation and having a rated voltage greater than 50 V, the leakage current
shall be measured through each pole with the contacts in the open position.

The value of the leakage current, with a test voltage equal to 1,1 times the rated voltage, shall
not exceed

e 0,5 mA per pole for fuses in a new condition;
e 2 mA per pole for fuses having been submitted to tests according to 9.5.

8.9.4] Additional constructional requirements for-fuses fuse holders for linked fu:l.e-
carriers, suitable for isolation

The fuse-holder shall be marked with the symbol IEC 60617-S00369.

NOTE]

NOTE|1 Symbol IEC 60617. New definition with double@pening to be used (2021-04-29).

SC 3@B Fuse-disconnector double opening, C "Fuse base"

——
— —

When the fuse is in open position, with the fuse-link remaining inside the fuse-carrier, the
isolating distance between the fuse contacts in accordance with the isolating function shall be
provided. Indication of-this position shall be provided by the position of the fuse-carrier.

This fequirement.is.verified in accordance with 9.2.

When there‘exists a locking means specified by the manufacturer in order to lock the fuses in
the igolated position, locking shall be possible only in this position. Fuses shall be design¢d so
that {héfuse-carrier remains attached to the fuse-base giving a correct indication of the jopen

positter—and-efHoeking—ifany-

NOTE 2 Locking in the close position is permitted for particular applications.

For fuses incorporating electronic circuits connected to the main poles, the disconnection of the
electronic circuit(s) is permitted during dielectric tests.

8.10 Resistance to heat

All components shall be sufficiently resistant to heat which may occur in normal use.

If not otherwise specified in subsequent parts, this requirement is considered as being met
when satisfactory results are obtained in tests according to 9.9 and 9.10.
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8.11 Mechanical strength

All components of the fuse shall be sufficiently resistant to mechanical stresses which may
occur in normal use.

If not otherwise specified in the subsequent parts, this requirement is considered as being met
when satisfactory results are obtained on tests according to 9.3 to 9.5 and 9.11.1.

8.12 Resistance to corrosion

8.12.1 General

All mletallic components of the fuse shall be resistant to corrosive influences which may\¢ccur
in nofmal use.

8.122 Resistance to rusting

Ferrqus components shall be so protected that they meet the relevant tests:

If not otherwise specified in subsequent parts, this requirement is~considered as beind met
wher] satisfactory results are obtained on tests according to 9.11.2(3"and 9.11.2.3.

8.12.3 Resistance to season cracking

Curre¢nt-carrying parts shall be sufficiently resistant ta_season cracking. Relevant test$ are
specffied in 9.11.2.1 and 9.11.2.1.

8.13| Resistance to abnormal heat and fire

All components of the fuse shall be sufficiently resistant to abnormal heat and fire. The test is
specified in 9.11.2.2.

8.14 | Electromagnetic compatibility

Fusep within the scope of .this" document are not sensitive to normal electromagnetic
distufbances, and therefore morimmunity tests are required.

SignIicant electromagnetic disturbance generated by a fuse is limited to the instant of its
operation. Provided that the maximum arc voltages during operation in the type tests cgmply
with the requirements’of 8.5, the requirements for electromagnetic compatibility are deemgd to
be sqtisfied.

9 Tests

9.1 Overview
9.1.1 General

Tests shall be made according to the IEC rules.

9.1.2 Kind of tests

The tests specified in this clause are type tests and are performed under the responsibility of
the manufacturer.

If, during one of these tests, a failure occurs and the manufacturer can furnish evidence that
this failure is not typical of the fuse-type but due to an individual fault of the tested sample, the
relevant test shall be repeated. This does not apply to the breaking capacity test.
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If acceptance tests are agreed upon between user and manufacturer, the test shall be selected
from the type tests.

Type tests are performed in order to verify that a particular type of fuse or a range of fuses
forming a homogeneous series (see 9.1.6.3) corresponds to the specified characteristics, and
operates satisfactorily under normal conditions of service or under particular specified
conditions.

Compliance with the type test is deemed to prove that all fuses of identical construction meet
the requirements of this document.

If any part of the fuse is modified in a manner liable to adversely affect the result of a tpre test
alrealdy performed, that type test shall be repeated.

9.1.3 Ambient air temperature (T,)

The lambient air temperature shall be measured by measuring devices\protected against
draug@hts and heat radiation, placed at the height of the centre of the fuse)and at a distance of
appr}ximately 1 m. At the beginning of each test, the fuse shall be approximately at the ampbient
air temperature.

9.1.4 Condition of the fuse

Testg shall be made on fuses in a clean and dry condition.

9.1.5/ Arrangement of the fuse and dimensions

Except for the degree of protection test (see_9.8), the fuse shall be mounted in free gir in
drauﬂ/\t-free surroundings in the normal operdtion position, for example, vertical, and, upless
othenwise specified, on insulating material of sufficient rigidity to withstand the forces
encojntered without applying external lead to the fuse under test.

The fuse-link shall be mounted either as in normal use, or in the fuse-holder for which it is
intended, or in a test rig in accordance with the indications given in the relevant subclause in a
subsgquent part.

Before the tests are started, the specified external dimensions shall be measured and the
results compared with.the dimensions specified in the relevant data sheets of the manufadturer
or splecified in subsequent parts.

9.1.6 Testing of fuse-links

9.1.6.1 General

9.1.6.2 Complete tests

Before the tests are commenced, the internal resistance R of all samples shall be measured at
an ambient-air temperature of (20 + 5) °C with a measuring current of not more than 0,1 /,,. The

value R shall be recorded in the test report.

A survey of the complete tests is given in Table 12.

9.1.6.3 Testing of fuse-links of a homogeneous series

Fuse-links of different rated currents are considered to form a homogeneous series provided
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they have enclosures identical in form and construction, and with the exception of fuse-
elements, in dimension. This condition is also met when only the fuse-link contacts differ, in
which case tests are performed with the fuse-link having the fuse-link contacts most likely
to produce the least favourable test results;

they have the same arc-extinguishing medium and the same completeness of filling;

their fuse-elements consist of identical materials. They shall have the same length and form;

NOTE For example, they-may can be formed with identical tools from material of different thickness.

their cross-section, which may vary along the length of fuse-elements, as well as the number
of fuse-elements, shall not exceed the cross-section and the number of fuse-elements,

r csnactivaly _af thasa fuca linke havina tha hicdhact ratad currant:
@SpPeGtHY-ery— ot SEuSE—cST e R gt e HgRe S+t a—6u et

the minimum distances between adjacent fuse-elements and between the fuse-elements
ahd the inner surface of the cartridge is not less than those in the fuse-link<having the
h|lghest rated current;

they are suitable to be used with a given fuse-holder, or are intended to be_used withput a
fyse-holder, but in an arrangement identical for all rated currents of. thé homogeneous
series.

With respect to the temperature-rise test, the product R/,32 dogs not exceed the cqrres-

bnding value for the fuse-link which has the largest rated cutrent of the homogeneous
bries. The resistance R shall be measured with the fuse-link as indicated in 9.1.6.2.

at of the fuse-link having the largest current within the*thomogeneous series. Otherpwise,
e fuse-link of the largest rated current among these having the greater rated bregking

p

S

With respect to the breaking-capacity test, the rated breakinhg capacity is not greater|than
th

th

capacity shall be subjected to tests no. 1 and no2.

the fuse-link having the largest rated current shall be tested completely according to
Thble 12;

the fuse-link having the smallest rated current shall be tested only according to Table |13;

the fuse-links between the largest and the smallest rated current shall be tested according
tq Table 14.
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Table 12 — Survey of complete tests on fuse-links and number of fuse-links to be tested

Test according to subclause Number of samples
g ugn
fuse-links fuse-links
TPt |13(3(1]141(3(3
9.1.5 Dimensions X [X [X X (X [X
9.1.6.2 Resistance XX XXX XXX XX XXX XXX XXX XXX (XXX
9.3 Temperature rise, power X X
dissipation
9.4.3.1a) Conventional non-fusing current X
9.4.3.1 b) Conventional fusing current X
9.43p Rated current X
943 Time-current characteristics, gates
Gates, "g" fuse-links
a)l,, (10s) X
b) 1.y (58) X
C) I (0,1'8) X
d) /.y (0,1'8) X
Gates, "a" fuse-links X
9434 Overload X X
9.4.3p Conventional cable overload X
protection
9.4.3p Indicating device © XX XX [X XXX [X [X
Striker © X (X XXX (X XXX X [X|X
9.5n¢. 5 Breaking capacity 2 X X
9.5 ng¢. 4 Breaking capacity @ X X
9.5 n¢. 3 Breaking capacity 2 X X
9.5n9¢. 2 Breaking capacity ?) X X
9.5n¢. 1 Breaking capacity ?) X X
9.6 Cut-off current characteristic™®
9.7 I?t characteristic 9
9.8 Degree of protection ¢
9.9 Resistance t¢ heat 9)
9.10 Non-deterioration of contacts 9
9.11. Mechanical strength 9
9.11.2.1 Efeedom from season cracking 9 ©)
9.11.2.2¢ ,Resistance to abnormal heat and X X
fire 9)
9.11.2.3 Resistance to rusting 9
9.12 Marking X X

a) Valid also for time-current characteristic, if ambient air temperature is between 15 °C and 25 °C (see 9.4.3.3)
For fuse-links tested in test-rigs, tests in accordance with 3a), 4a) and 5a) of 9.4.3.3 may be used.

b)  Valid also for cut-off current and /2 characteristics (see 9.6 and 9.7).

¢ For fuse-links with indicating device or striker only.

Tests according to 9.6 to 9.11 relating to fuse systems which are mentioned in subsequent parts may be
possible. Number of samples to be tested depends on system and material.

) For fuse-links with current-carrying parts made of rolled copper alloy with less than 83 % copper.
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Table 13 — Survey of tests on fuse-links of smallest rated current
of homogeneous series and number of fuse-links to be tested

Test according to subclause Number of samples

"g" wan
fuse-links fuse-links

tjfrtppppRppRPpPppEpppp(3|r|3|4

9.1.5 Dimensions

9.1.6.2 Resistance XXX XXX XXX XX XXX XXX (XXX

9.4.3.1 a) Conventional non-fusing current

9.4.3.1 b) Conventional fusing current

9.4.3p Rated current X

9.4.38 Time-current characteristics

no. 3a 9 X X

no. 4a 9 X X

no. 5a 9 X X

9.4.3.8.2 Gates, "g" fuse-links
a)l_. (10s) X

min

byl _ (5s) X

max

c)I . (0,1s) X

min

d)Z__ (0,1s) X

max

Gates, "a" fuse-links X

9.4.3.

=

Overload X K

9.4.3.

[$)]

Conventional cable overload protection X

9.4.3.

[2]

Indicating device ©

Striker © X |X X |X

9.5n9. 1 Breaking capacity 2

9.6 Cut-off current characteristic °)
9.7 2t characteristic )

9.8 Degree of protection )

9.9 Resistancé\to heat °)

9.10 Non-detefioration of contacts )
9.11. Mechanical strength )

9.11.2.2{/ Resistance to abnormal heat and fire

9.11.2.3  Resistance to rusting ?)

a)  Valid also for cut-off current and /¢ characteristics (see 9.6 and 9.7).

Tests according to 9.6 and 9.11 relating to fuse systems which are mentioned in subsequent parts may be
possible. Number of samples to be tested depends on system and material.

©  For fuse-links with indicating device or striker only.

With the exception of "gD", "gG" and "gM", as adequate tests are carried out in connection with verification of
the gates (see 8.4.3.3.2).
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Table 14 — Survey of tests on fuse-links of rated currents between the largest and the
smallest rated current of a homogeneous series and number of fuse-links to be tested

Test according to subclause

Number of samples

the gates (see 9.4.3.3.2).

"g" fuse-links "a" fuse-links
1 1 1 1 1 1 1 1 2 2
9.1.5 Dimensions X
9.1.6.1 Resistance X X X X X X X X X
9.4.3.1 a) Conventional non-fusing current
9.4.3[Z Rated current S
9.4.313.1 Time-current characteristics
no. 4a 2 X X
9.4.3]3.2 Gates, "g" fuse-links
a)l, (10s) X
b) I,y (58) X
C) Iin (0,18)
d) /., (0,18) X
Gates, "a" fuse-links X X
9.4.315 Conventional cable overload protection X
test
a)  With the exception of "gD" "gG" and "gM", as adequate tests afe’ carried out in connection with verificatjon of

NOTH-The tests according to Table 14 may be performed at\reduced voltages.

9.1.7

The fuse-holders shall be subjected tothe tests according to Table 15.

Testing of fuse-holders

Table 15 — Survey of complete tests on fuse-holders

and-number of fuse-holders to be tested

Test according\to subclause Number of samples
1 1 3 3

9.1.4 Dimensians X X by
9.2 Insulating'properties and suitability for X

isolation
9.3 Jemperature rise and acceptable power X

dissipation
9.5 Peak withstand current X
9.8 Degree of protection X
9.9 Resistance to heat X
9.10 Non-deterioration of contacts X
9.11.1 Mechanical strength X X X X
9.11.2.1 Freedom from season cracking 2 X
9.11.2.2 Resistance to abnormal heat and fire X
9.11.2.3 Resistance to rusting X

a)  For fuse-holders with current-carrying parts made of rolled copper alloy with less than 83 % copper.

NOTE—Additional tests relating to special fuse systems which are mentioned in subsequent parts may be
necessary. The number of samples depends on the system and the material.
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9.2 Verification of the insulating properties and of the suitability for isolation
9.2.1 Arrangement of the fuse-holder

In addition to the conditions of 9.1.4, the fuse-holder shall be fitted with fuse-links of the largest
dimensions envisaged for the type of fuse-holder concerned.

When the fuse-base itself is depended upon for insulation, metal parts shall be placed at their
fixing points in accordance with the conditions of installation of the fuse indicated by the
manufacturer, and these parts shall be considered as part of the frame of the apparatus. Unless
otherwise specified by the manufacturer, the fuse-base shall be fixed to a metal plate.

If thg fuse-link is intended to be replaceable while live, the surfaces of the fuse-link;~df the
devide for replacing it or of the fuse-carrier, if any, which may be touched in the ¢oufsg of a
correlct replacement, are considered as forming part of the fuse. Thus, these surfaces)| if of
insulating material, shall be provided with metal coverings connected duringcthe tests tp the
fram¢ of the apparatus; if of metal, they shall be connected direct to the frame,

If addlitional insulating means, for example, partition walls, are provided-by the manufacturer,
thesg insulating means shall be in position during the tests.

For the verification of the suitability of the fuse for isolation,,\it/shall be in its normal jopen
positlon, the fuse-link remaining inside the fuse-carrier, or the fase-link, and, when applicable,
the flise-carrier shall be removed.

9.2.2 Verification of the insulating properties
9.2.21 Points of application of the test voltage

The fest voltage for the verification of the ingutating properties shall be applied

a) bpetween live parts and the frame with the fuse-link and the device for replacing it gr the
fyse-carrier, if any, in position;

b) bgtween the terminals when the fuse is in normal open position, the fuse-link remgining
inside the fuse-carrier, or.when the fuse-link and the device for replacing it or the fuse-
carrier, if any, are removed;

c) between live parts ofidifferent polarity in the case of a multipole fuse-holder with fuseilinks
of the maximum dimensions intended for that fuse-holder inserted and the device($) for

—

eplacing the fuse-link(s) or the fuse-carrier(s), if any, in position;

d) bgtween livewparts which, in the case of a multipole fuse-holder, can reach different
btentials_after the fuse-link has operated, with the fuse-carrier(s) or the device(g) for
g¢placing\the fuse-link(s) alone (without fuse-links) in position.

e

9.2.2(2 Value of test voltage

The values of test voltage are shown in Table 16 as a function of the rated voltage of the fuse-
holder.
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Table 16 — Test voltage

Rated voltage U, AC test voltage DC test voltage
of the fuse-holder (RMS)
\ \Y \
AC and DC Up to and including 60 1000 1415
61 to 300 1 500 2120
301 to 690 1890 2 670
691 to 800 2 000 2 830
DC only 1001 to 1 500 3 820

9.2.2(

9.2.2
in Ta

NOTE]
corrg

9.2.2

The
humi

3 Test method

.3.1 The test voltage shall be applied progressively and maintained at'its full value
ble 16 for 1 min.

sponding to the test voltage on open circuit.
.3.2 The fuse-holder shall be subjected to humid atmospheric conditions.

numidity treatment shall be performed in a humidity cabinet containing air with a re
dity maintained between 91 % and 95 %.

The femperature of the air, at the place wheréthe sample is located, shall be maintained

2Ko

Befo
diffen

The s

Imme
cond
9.2.2

9.2.3

9.2.3]

f any convenient value T between 20:°C and 30 °C.

e being placed in the humidity cabinet, the sample shall be brought to a temper
ing from the above-mentioned\wvalue T by not more than +2 K.

ample shall be kept in the cabinet for 48 h.

diately after this~treatment, and after wiping off any drops of water that result
bnsation, the insulation resistance shall be measured between the points prescrib
.1 by applying.a DC voltage of approximately 500 V.

Verification of the suitability for isolation

1 General

jiven

L The test voltage source should have a short-circuit current.of.at least 0,1 A at the segtting

ative

vithin

ature

from
ed in

Clearances and creepage distances shall be verified by dimensional measurement and by
voltage test.

9.2.3

.2 Points of application of the test voltage

The test voltage for the verification of the suitability for isolation shall be applied between the
terminals when the fuse-link and the device for replacing it or the fuse-carrier, if any, are
removed, or the equipment is in its normal open position with the fuse-link remaining inside the

fuse-

9.2.3

carrier.

3 Value of test voltage

The test voltage for the verification of the rated impulse withstand voltage is given in Table 17.
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Table 17 — Test voltage across the poles for the verification
of the suitability for isolation

Rated impulse withstand Test voltages and corresponding altitudes
voltage U, 250
Uimp
kV
kV
Sea level 200 m 500 m 1000 m 2000 m

0,8 1,8 1,7 1,7 1,6 1,5
1,5 2,3 2,3 2,2 2,2 2
25 35 35 34 32 3
4,0 6,2 6,0 5,8 5,6 5
6,0 9,8 9,6 9,3 9,0 8
8,0 12,3 12,1 11,7 11,1 10
12,0 18,5 18,1 17,5 16,7 15

9.2.31.4 Test method

The 1,2/50 ys impulse voltage according to Table 17 shall be applied five times for each polarity
at infervals of 1 s minimum.

9.2. Acceptability of test results

9.2.41 Throughout the application of the test voltage according to Table 16, there shall be no
breakdown of insulation or flashover. Glow discharges unaccompanied by a drop in voltagg can
be ngglected.

Therg shall be no disruptive discharge during the test with the impulse voltage.
9.2.4.2 The insulation resistance measured according to 9.2.2.3.2 shall be not less than 1| MQ.

9.3 | Verification of temperature rise and power dissipation
9.3.1 Arrangement of the fuse

One fuse shall be used for the test unless otherwise stated by the manufacturer.

The {use shall be-mounted in free air as specified in 9.1.4 in order to make sure that the test
results are notyinfluenced by particular conditions of installation.

The llest shall be performed at an ambient air temperature of (20 + 5) °C.

The connections on either side of each single fuse shall be not less than 1 m in length. In cases
where it might be necessary or desirable to arrange more than one fuse in a combined test, the
fuses may be connected in series. This would result in a total length of about 2 m between two
fuse terminals in series. The cable should be as straight as possible.

Unless specified in subsequent parts, the cross-sectional area shall be selected in accordance
with Table 18. For rated currents up to 400 A, single-core copper-conductor cables insulated
with black polyvinyl chloride (PVC) shall be used as connections. For rated currents of 500 A
to 800 A, either single-core copper conductors insulated with black PVC or bare copper bars
may can be used. For higher rated currents, matt black painted copper bars only are used.
Torques for the screws connecting the cables to the terminals are given in subsequent parts.
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9.3.2 Measurement of the temperature rise

The values of the temperature rise given in Table 6 for the contacts and terminals of the

fuse

shall be determined by means of measuring devices that appear most suitable, provided that
the measuring device cannot appreciably influence the temperature of the fuse part. The method

used shall be indicated in the test report.

9.3.3 Measurement of the power dissipation of the fuse-link

The fuse-link shall be mounted in the fuse-holder or test rig as specified in subsequent parts.

The test arrangement shall be as specified in 9.3.1.

The power dissipation shall be measured in watts, the points between which the measure
is taken being chosen on the fuse-link so as to give the maximum value. Poigts”fo
meagurement are given in subsequent parts.

9.3. Test method
9.3.4.1 General

The fests (see 9.3.4.2 and 9.3.4.3) shall be continued until it;becomes evident tha
tempgrature rise would not exceed the specified limits if the tests"were continued until a s
tempgrature were reached. A steady temperature shall be degmed to have been reached

ment
r the

the
eady
when

the variation does not exceed 1 K per hour. The measurement shall be made during the last

quarfer hour of the test. It is permissible to make the test at’reduced voltage.

9.3.4.2 Temperature rise of the fuse-holder

The {est for temperature rise shall be made with©AC by using a fuse-link which, at the
currgnt of the fuse-holder, attains a power dissipation equivalent to the rated acceptable p
dissipation of the fuse-holder or with a dummy fuse-link where specified in subsequent
The ¢urrent applied shall be the rated cufrent of the fuse-holder.

9.3.4.3 Power dissipation of afuse-link

The {est shall be made with AC.at the rated current of the fuse-link.

rated
ower
arts.
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corresponding to Subclauses 9.3 and 9.4

Rated current Cross-sectional area
A mm? or mm x mm
2 1
4 1
6 1
8 1,5
T0 T.5
12 1,5
13 1,5
16 2,5
20 2,5
25 4
32 6
35 6
40 10
50 10
63 16
80 25
100 35
125 50
160 70
200 95
224 95
250 120
318 185
355 185
400 240
425 240
500 2 x150-0r 2% (30x5)
2 x 185 0r 2 x (40 x 5) @
630 2 x1850r2x(40x5)
2 x 240 or 2 x (50 x 5) @)
800 2 x240-0r 2 < (50 5)
2 x (60 x 5) 2
1 000 2% {60-%x5)2 x (80 x 5) 2
1250 25 {605)2 x (80 x 5) @
1600 2 x (100 x 5) @

a) Recommended cross-sectional areas for fuses designed to be connected to
copper bars. The type and arrangement of the connections used shall be stated
in the test report. For matt black painted bars, the distance between the two
parallel bars of the same polarity should be approximately 5 mm.

NOTE—The values given in Table 18, as well as the temperature-rise limits fixed in Table 6,
should be considered as a convention which is valid for the temperature-rise test specified in
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9.3.4. A fuse used or tested according to conditions which correspond to a given installation
may have connections of a type, nature and disposition which are different from these test
conditions. In consequence, another temperature-rise limit may result, be required or accepted.

9.3.5 Acceptability of test results

The temperature rises shall not exceed the values specified in Table 6.

The power dissipation of the fuse-link shall not exceed its rated power dissipation or the value
specified in subsequent parts. The acceptable power dissipation of the fuse-holder shall be not
less than the rated power dissipation of the fuse-links intended to be used in that fuse-holder,
or the¢ values specified in subsequent parts.

After|the test, the fuse shall be in a satisfactory condition. In particular, the insulating pafts of
the flise-holders shall withstand the test voltage according to 9.2 after having cooeled doyn to
ambient temperature (see Table 16); in addition, they shall not have suffered,any deformjation
that yould impair their correct operation.

9.4 | Verification of operation
9.4.1 Arrangement of the fuse

The fest arrangement is that specified in 9.1.4.

Length and cross-sectional area of conductors connecfed shall correspond to those spetified
in 9.3.1 and shall be selected according to the rated/current of the fuse-link. See Table 18.

9.4.2 Ambient air temperature

The ambient air temperature during these té&sts shall be (20 = 5) °C.

9.4.3 Test method and acceptability of test results
9.4.3(1 Verification of conventional non-fusing and fusing current
It is permissible to make the(following tests at a reduced voltage.

a) The fuse-link is subjected to its conventional non-fusing current ({;;) for a time equal tp the

bnventional time ‘specified in Table 3. It shall not operate during this time.
b)
bnventionalfusing current (). It shall operate within the conventional time as specified in

T
c

The fuse-link,“after having cooled down to ambient temperature, is subjected t¢ the
c

Thble 3.

9.4.3(2 Verification of rated current of "g" fuse-links

For the verification of the rated current of a fuse-link the following tests are performed, the fuse
being mounted as specified in 9.4.1. It is permissible to make these tests at a reduced voltage.

One fuse-link is submitted to a pulse test for 100 h, in which the fuse-link will be cyclically
loaded. Each cycle with an on-period of the conventional time and an off-period of 0,1 of the
conventional time, the test current being equal to 1,05 of the rated current of the fuse-link. After
the test the fuse-link shall not have changed its characteristics. Verification shall be carried out
by the test as described in item a) of 9.4.3.1.
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9.4.3.3 Verification of time-current characteristics and gates
9.4.3.3.1 Time-current characteristics

The time-current characteristics may be verified on the basis of the results obtained from the
oscillographic records taken during the performance of the test according to 9.5.

The following periods are determined:

1) from the instant of closing the circuit until the instant when the voltage measurement shows
the beginning of the arc;

2) friom the nstant of closing the circuit until the Instant when the circuit Is detinitely broken.

The [values of pre-arcing and operating times so determined, referred to the)rabstissa
corrgsponding to the value of prospective current, shall be within the time-current [zone
indicated by the manufacturer, or specified in subsequent parts.

When for the fuse-links of a homogeneous series (see 9.1.6.3) the complete test accordipg to
9.5 i$ only made on that fuse-link having the largest rated current, it shall be sufficient fqr the
smaller current ratings to verify only the pre-arcing time. In this case, the supplementary |tests
shalllbe made at an ambient air temperature of (20 = 5) °C and~at the following valugs of
prospective current only:

— fqr "g" fuse-links, with the exception of "gD", "gG" and "gM", as adequate tests are cgrried
opt in connection with verification of the gates (see 9.4'3.3.2):

tgst 3a) between 10 and 20 times;

tgst 4a) between 5 and 8 times;

tgst 5a) between 2,5 and 4 times the rated current of the fuse-link;
— fqr "a" fuse-links:

tgst 3a)  between 5 k, and 8 k, times;

tgst 3b)  between 2 k, and 3 k, times;

tgst 5a) between k, and 155-k, times the rated current of the fuse-link (see Figure 2).

~

Thesg supplementary tests may be performed at a reduced voltage. In this case, where thg pre-
arcing time exceeds 0,02 ‘s, the value of the current measured during the test shdll be
consl|dered to be the value of the prospective current.

9.4.3(3.2 Verification of gates

The rllowing tests may be made at a reduced voltage. Additional to the above-mentioned {ests,
the following shall be verified for "gG" and "gM" fuse-links.

a) fuse-link is subjected to the current of Table 4, column 2 for 10 s. It shall not operate.

b) A fuse-link is subjected to the current of Table 4, column 3. It shall operate within 5 s.
c) A fuse-link is subjected to the current of Table 4, column 4 for 0,1 s. It shall not operate.

d) A fuse-link is subjected to the current of Table 4, column 5. It shall operate within 0,1 s.

Additional to the tests of 9.4.3.3.1, "aM" fuse-links shall comply the following tests which can
be made at a reduced voltage.

e) A fuse-link is subjected to the current of Table 5, column 2, for 60 s. It shall not operate.

f) A fuse-link is subjected to the current of Table 5, column 3. It shall operate within 60 s.

g) A fuse-link is subjected to the current of Table 5, column 5, for 0,2 s. It shall not operate.
h) A fuse-link is subjected to the current of Table 5, column 7. It shall operate within 0,10 s.
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NoTE Tests f) and g) may be verified with the breaking capacity tests Nos. 4 and 5, respectively.

These tests for "aM" fuses shall be conducted with the conductor cross-section areas defined
in Table 19.

Table 19 — Cross-section areas of the copper conductors for the test of "aM" fuses

Rated current Cross-section area

A mm? or mm x mm

2 1,5

4 1,5

6 1,5

8 2,5

10 2,5

12 2,5

16 4

20 6

25 10,

32 16

35 16

40 25

50 25

63 35

80 50

100 70

125 95

160 120

200 185

250 240

315 2 x 150 or 2 x (30 x 5)
400 2 x 185 or 2 x (40 x 5)
500 2 x 240 or 2 x (50 x 5)
630 2 x (60 x 5)

800 2 x (80 x 5)
1000 2 x (100 x 5)
1250 2 x (100 x 5)

9.4.3.4 Overload

The test arrangement is the same as that for the temperature-rise test (see 9.3.1). Three fuse-
links shall be submitted to 50 pulses having the same duration and the same test current.

For "g" fuse-links, the test current shall be 0,8 times the current determined from the
manufacturer's minimum pre-arcing time-current characteristics for a pre-arcing time of 5 s. The
duration of each pulse shall be 5 s and the time interval between pulses shall be 20 % of the
conventional time specified in Table 2.
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For "a" fuse-links, the test current shall be equal to k4/, £ 2 %. The pulse duration shall
correspond to that indicated on the overload curve for k41, as stated by the manufacturer. The

intervals between pulses shall be 30 times the pulse duration.

This test may be carried out at a reduced voltage.

NOTE With the manufacturer's consent, the interval between pulses may be reduced.

After having been allowed to cool down to ambient air temperature, the fuse-links shall be
subjected to a current equal to that used during the overload test. The pre-arcing time, when

pass

ng this current, shall be shown to lie within the manufacturer's time-current zone

9.4.3(

In or
link i
fuse-
of a

shall
time.

The
fuse-

NOTE|

This

5

der to verify that fuse-links are capable of protecting cables against overload, one
5 submitted to the following conventional test. The fuse-link is mounted-in_its approq
holder or test rig as specified in 9.4.1, but provided with PVC insulated.copper condu
cross-sectional area as specified in Table 20. The fuse and the conductor connecteq
be preheated with the rated current of the fuse-link for a time eqoal to the convent

est current is then increased to a value of 1,45 I, (I, beihg specified in Table 20)
link shall operate in a time less than the conventional fime.

It is not necessary to perform this test if the product 1,45 €, is*greater than the conventional fusing cu

fest may be carried out at a reduced voltage:

Conventional cable overload protection test (for "gG" fuse-links only)

Table 20 — Table fordest in Subclause 9.4.3.5

Nominal cross-sectional

fuse-
riate
ctors
to it
ional

The

rrent.

I,, of fuse-link area of copper 2
conductors

A mm?2 A
12 1 15

16 8 1,5 19,5
20.8 ahd 25 2,5 27
32 and 35 4 36
40P 6 46
50 © and 63 10 63
80 16 85
T 5 12
125 b 35 138
160 50 168
200 70 213
250 P 120 299
315 b 185 392
400 ® 240 461

Current-carrying capacity 7, for two loaded conductors (see Table A52-2 of
IEC 60364-5-52:2001).

For this current rating it is not necessary to perform this test as the product 1,45 I,

is greater than the conventional fusing current /.
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9.4.3

.6 Operation of indicating devices and striker, if any

The correct operation of indicating devices is verified in combination with the verification of
breaking capacity (see 9.5.5).

For verifying the operation of strikers, if any, an additional test sample shall be tested at a
current:

— 1, (see Table 21 and Table 22) in the case of "g" fuse-links;

- 2

k11, N the case of "a" fuse-IiNks (see Figure 2);

and at a recovery voltage of:

- 2
- 0

The

The s

— a

If dun

D V for rated voltages not exceeding 500 V;
04 U, for rated voltages exceeding 500 V.

alues of the recovery voltage may be exceeded by 10 %.
triker shall operate during all tests made at a recovery voltage’of

least 20 V.

ing one of these tests, the indicating device or strikér fails, the test shall not be consig

as nggative on this account, if the manufacturer canfurnish evidence that such failure i

typic
9.5
9.5.1

bl of the fuse type, but it is due to a fault of the individual tested sample.

Verification of the breaking capacity

Arrangement of the fuse

The fest arrangement is that specified~in 9.1.5.

Suitable conductors shall be arranged for a length of approximately 0,2 m on either side g

com
betw
point
met

9.5.2

ben the terminals of the fuse. At this distance, they shall be rigidly supported. Beyon
they shall be bent.atright angles towards the back. This arrangement is considered
vhen using test rigs as specified in subsequent parts.

Characteristics of the test circuit

The fest circuit'is shown by way of example in Figure 5.

ered
5 not

f the

lete fuse in the plane of the connecting device and in the direction of the connecting line

i this
to be

The festCircuit shall be of the single-pole type, i.e. one fuse shall be tested at a voltage b

ased

on its rated voltage.

NOTE The single-phase test is deemed to give sufficient information also for application in three-phase circuits.

The source of energy supplying the test circuit shall be of sufficient power to enable the
specified characteristics to be proved.

The source of energy shall be protected by a circuit-breaker or other suitable apparatus D; an
adjustable resistor R in series with an adjustable inductor L shall allow the characteristics of
the test circuit to be adjusted. The circuit shall be closed by means of a suitable apparatus C.
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The values to be considered are indicated in Table 21 and Table 22.

9.5.3 Measuring instruments

For AC:

When the rated frequency of the fuse is 50 Hz or 60 Hz or is not indicated (see 5.4), the test
shall be made at a supply frequency between 45 Hz and 62 Hz. If other frequencies are
indicated, the tests shall be performed at these frequencies with a tolerance of +20 %.

The inductor L shall be an air-cored inductor for tests nos. 1 and 2.

The peak value of the power-frequency recovery voltage within the first full half-cycle after
clearing and for the next five successive peaks shall correspond to the peak value relating
to the RMS value specified in Table 21.

Fpr DC:

reaking capacity tests shall be made with DC on an inductive circuit with seriesmesisfance
r the adjustment of the prospective current. The inductance can be made up by serieg and
brallel connection of suitable inductance coils. They may have iron cores{ provided|they
b not saturate during the test.

he time constant shall lie between the limits indicated in Table 22.

he mean value of DC recovery voltage during 100 ms after final ar¢éxtinction shall be not
ss than the value specified in Table 22.

o1 4 o 3w

The purrent trace shall be recorded by one of the measufing circuits O of an oscillograph
connpcted to the terminals of an appropriate measuring.device. Another measuring circyit O,

of the¢ oscillograph shall be connected by means of/nesistors or a voltage transformer, as the
case|may be, to the terminals of the source of energy during the calibration test, and tp the

termipnals of the fuse during the test of the latters

The prc voltages occurring during tests nos. 1 and 2 shall be measured by means|of a
meaguring circuit (i.e. transducer, transmission and recording device) which has adequate
sensjtivity and frequency response. An-oscillograph may be used provided it meets these

requirements.

9.5.4 Calibration of test cireuit

The {est circuit shall be calibrated with a provisional connection A of a negligible impedance

compared with that of the‘test circuit (see Figure 5) in place of the fuse to be tested.

The fesistors R and-the inductors L shall be so adjusted as to obtain at the desired instant the

desired value aficurrent, and,

r thecase of AC, the desired power factor at a power-frequency recovery voltage 105 *8 %

of_the rated vnltagp for a 690 V fuse and 110+g % of the rated vnltagp far all other flises.

The power factor shall be determined by one of the methods specified in Annex A or by
other methods giving improved accuracy;

in the case of DC, the desired time constant at a mean value of recovery voltage 115 iS %
of the rated voltage of the fuse to be tested.
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Table 21 — Values for breaking-capacity tests on AC fuses

Test according to 9.5.5.1

No. 1

No. 2

No. 3

No. 4 No.

5

Power-frequency recovery
voltage

105 +(5) % of the rated voltage for the rated voltage of 690 V 2)

110 +g % of the rated voltage for other rated voltages 2

Prospective For "g" I;=3,2 1, =2,0 I I; =125 I
test current fuse-links . .
nn ‘1 ‘2
]fuzre_ﬂnks I,=25ky | 1,=1,6kyl L=l
Tolerpnce on current +10 4, 4 Not +20 % +20n,
0 % applicable Qv
0,2 to 0,3 for (0,2 to 0,3 for
prospective prospective
current up to current up to
and including | and including
Powdr factor 20 kA 20 KA 0,3-0,5b)
0,1to 0,2 for |(0,1to 0,2 for
prospective prospective
current above | current above
20 kA 20 kA
Making angle after voltage Not applicable +20, Not specified
zero 00
Initiation of arcing after For one test: Not applicable Not applicable

volta

he zero ©)

40°-65°; for
two more
tests:
65°-90°

a)

b)

This tolerance may be exceeded with the manufacturer's consent.

voltage zero, a test shall be performed with a making angle after voltage zero of 0

Power factors lower than 0,3 may be permitted with the manufacturer's consent.

Where difficulty is experienced in_meeting the requirement for initiation of arcing between 40° and 65°

+10 ,
0 .

f, on this test, arcing is initiated at an angle of more than 65° after voltage zero, then the test shall be acc
n lieu of that meeting the 40° to 65° requirements for start of arcing. Should, however, arcing be initiafed at
pn angle of less than 40° after voltage zero, then the three tests specified in the table shall be achieved.

after

bpted

7, current which is used in the designation of the rated breaking capacity (see 6.7).

7, éurrent which shall be chosen in such a manner that the test is made under conditions Which
approximate those giving maximum arc energy.
NOTE This condition may be deemed to be satisfied if the instantaneous value of the currg¢nt at
the beginning of arcing has reached a value between 0,60 \/5 and 0,75 JE times the prospgctive
current (RMS value of the AC component).
As guide for practical application, the value of current I, may be found between three and four
times the current (symmetrical RMS value) which corresponds to a pre-arcing time of one half-
cycle.

I3, 1, Iy:  the tests made with these test currents are deemed to verify that the fuse is able to operate
satisfactorily in the range of small overcurrents.

I conventional fusing current (see 9.4.3.1) for the conventional time indicated in Table 2.

ky: see Figure 2 and Figure 3.
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Table 22 — Values for breaking-capacity tests on DC fuses

Test according to 9.5.5.1

No. 1 No. 2 No. 3 No. 4 No. 5
Mean value of recovery +5
voltage 2 115 _9 % of the rated voltage ®)
Prospective test current 1 I, I;=3,2 1, =2,0 I I; =125 I
Tolerance on current +10 , 1) Not +20 % +20

0% applicable 0 %

Time[constant ¥/

IT the prospective current Is higher than 20 KAT TS5 ms 10 ZU ms

If the prospective current is equal to or less than 20 kA: 0,5 (/)%3sms With a

+20
tolerance of 0% b) (value Iin A).

b)

7,

a)  [This tolerance includes ripple.

With the manufacturer's consent this value may be exceeded.

current which is used in the designation of the rated breaking capadity(see 5.7).

current which shall be chosen in such a manner that the test-is_made under conditions \hich
approximate those giving maximum arc energy.

NOTE This condition may be deemed to be satisfied .if\the current at the beginning of drcing
has reached a value between 0,5 and 0,8 times the prospective current.

the tests made with these test currents are deemed-to verify that the fuse is able to operate
satisfactorily in the range of small overcurrents?

conventional fusing current (see 9.4.3.1) for the conventional time indicated in Table 2.

The value of the time constant is deemed to.bé given by the abscissa OA (see Figure 7a) ¢f the
point|of the current trace corresponding t00,632 1.

Whete iron core inductors are used, the above method may give misleading results due to

test gurrent via a series resistor’and the inductor short-circuited via the test-circuit to me
the tjme taken for the currént to fall to 0,368 I. The supply circuit shall be disconn

immgdiately after the inductor is short-circuited.

residual magnetism of the core. In‘such cases, the inductor may be energized at the reqfired

sure
cted

The test circuit may be-ealibrated at reduced voltage, provided that the ratio between the voltage
and the current inthe test circuit is ensured.

The ¢ircuit shall be prepared by closing the apparatus D, the time lag of which is so adjlisted

The value of current shall be computed from the oscillogram in Annex A. Annex A is given as

an example.

9.5.5
9.5.5.1

Test method

In order to verify that the fuse-link satisfies the conditions of 8.5, tests nos. 1 to 5 as

described below shall be made with the values stated in Table 21 for AC and in Table 22 for
DC (see 9.5.2), if not otherwise specified in subsequent parts.
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Tests nos. 1 and 2:
For each of these tests, the required samples shall be tested in succession.

For AC, if during test no. 1 the requirements of test no. 2 are met during one or more tests, then
these tests need not be repeated as part of test no. 2.

For DC, if during test no. 1 arcing commences at a current equal to or greater than 0,5 7, test
no. 2 need not be performed.

For AC, If the prospective current necessary to comply with the requirements of test no| 2 is
greafer than the rated breaking capacity, tests nos. 1 and 2 shall be replaced by a test*iade
with the current I, on six samples at six making angles which differ approximately 30*between

each|test.

To verify the peak withstand current of a fuse-holder, test no. 1 shall be made on a compplete
assembly of fuse-base and fuse-link (see 9.1.6) without or with fuse-carrier, where applicable.
For these tests, the initiation of arcing-sheuld shall be between 65° apd’90° after voltage-gero.

Test$ no. 3 to 5:

For each of the tests, when performed with AC, the closing of the circuit in relation tp the
passfage of the voltage through zero may be at any instant.

If theltesting arrangement does not permit the currentito be maintained at the full voltage during
all off the time required, the fuse may be pre-heated at reduced voltage by applying a cyrrent
apprpximately equal to the value of the test current. In this case, switching over to thg test
circult according to 9.5.2 shall take place bgfore the arc is initiated, and the switching time ¢,

(intefval without current) shall not exceed«0,2 s. The time interval between reapplication ¢f the
currgnt and beginning of arcing shall belniot less than three times ¢,.

9.5.5(2 For one of the three tests no. 2 and test no. 4, the recovery voltage shall be maintained
at a yalue of

— 1p0*19 % for fuse rated 690 V and 100 *'§ % for all other fuses,

— 1Pp0*20 % of thé rated voltage for DC,

for a{ least:

— 3P s after operation of fuse-links not containing organic materials in their body or filler;

— 5|min“after operation of the fuse-links in all other cases, switching over to another sgurce
of supply being permitted after 15 s it the switching time (interval without voltage) does not
exceed 0,1 s.

For all other tests, the recovery voltage shall be maintained at the same value for 15 s after
operation of the fuse.

In a lapse of time of at least 6 min and maximum 10 min after the operation (with the
manufacturer's consent shorter times are possible, if the fuse-link does not contain organic
materials in its body or filler) the resistance between the contacts of the fuse-link shall be
measured (see 9.5.8) and noted.
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9.5.6 Ambient air temperature

If the test results are also to be used for the verification of the time-current characteristics (see
9.4.3.3), the breaking-capacity tests shall be made at ar ambient air temperature of (20 £ 5) °C.

If these limits cannot be adhered to, it is permissible to make the breaking-capacity tests at an
ambient air temperature between -5 °C and +40 °C. In this case, however, tests nos. 4 and 5
of Table 21 and Table 22 shall be repeated at an ambient-air temperature of (20 £ 5) °C with
reduced voltage in order to verify the pre-arcing time-current characteristics.

9.5.7 Interpretation of oscillograms

Figune 6 and Figure 7 give, by way of example, the method of interpreting the oscillograilns in
the djfferent cases.

The necovery voltage shall be determined from the oscillogram corresponding to the fuse tested,
and ghall be evaluated as shown in Figure 6b) and Figure 6c) for AC and/Figure 7b) and
Figure 7c) for DC.

The value of the AC recovery voltage shall be measured between the,peak of the second|non-
influgnced half-wave and the straight line drawn between the.peaks of the preceding and
following half-waves.

The yalue of the DC recovery voltage shall be measured as the mean value during the pgriod
of 100 ms after final arc extinction.

In orfler to determine the value of prospective current, the current trace obtained during the
calibfation of the circuit (Figure 6a for AC and Figure 7a for DC) shall be compared with that
obtaihed in the breaking test (Figure 6b and.Figure 6c¢ for AC, Figure 7b and Figure 7¢ for|DC).

For AC the value of prospective currentlis the RMS value of the alternating component qf the
calibfation curve corresponding to the-instant of initiation of the arc.

If the[time between the instant when the circuit is closed and the instant when the arc is initjated
is shprter than one-half cycle, the value of prospective current shall be measured after aftime
lapsg equal to a half-cycle.

For OC, where cut-off\does not occur, the value of prospective current shall be measured|from
the chlibration oscillogram at the instant corresponding to the initiation of the arc. Where 1fipple
is prgsent, the .RMS curve shall be drawn and the value of this curve corresponding tp the
instant of initiation of the arc is considered as the prospective current.

Whele cut-off occurs, the value of prospective current is the maximum steady value obtained
from [the-Calibration oscillograms. Where ripple is present, the RMS curve shall be drawnT and
the maximum value of this curve is considered as the prospective current.

9.5.8 Acceptability of test results

The arc voltage occurring during operation of the fuse-link in tests nos. 1 and 2 shall not exceed
the values stated in Table 7.

The fuse-link shall operate without external effects or damage to the components of the
complete fuse beyond those specified below.

There shall be no permanent arcing, flashover or any ejection of flames which may be
dangerous to the surroundings.
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After operation, the components of the fuse, with the exception of those intended to be replaced
after each operation, shall not have suffered damage capable of hindering their further use.

Fuse-links shall not be so damaged that their replacement might be difficult or dangerous for the
operator. The fuse-links or their parts may have changed their colour or may show cracks,
provided that the fuse-link remains in one piece before its removal from the fuse-carrier or test

rig.

The resistance between fuse-link contacts measured after each test (see 8.5.5.2) with a DC
voltage of approximately 500 V shall be equal to at least:

— 5D 000 Q when the rated voltage of the fuse-link does not exceed 250 V;
— 1p0 000 Q in all other cases.

9.6 | Verification of the cut-off current characteristics
9.6.1 Test method

If the manufacturer has stated the cut-off current characteristic, this‘éharacteristic shgll be
verifipd for the prospective current in connection with test no. 1 (see-9.%), and the corresponding
valug shall be computed from the oscillograms.

9.6.2 Acceptability of test results

The yalues measured shall not exceed those indicated-by the manufacturer (see 6.8.2).

9.7 | Verification of I2¢ characteristics and overcurrent selectivity
9.7.1 Test method

The |2t characteristics indicated by the manufacturer shall be verified from the results df the
breaking-capacity test, or can be given'by a calculation based on measured values taking into
accolnt service conditions (see Annex B).

9.7.2 Acceptability of test.results

The ¢perating 72/ valuestmeasured shall not exceed the values indicated by the manufadturer
or splecified in subsequent parts. The pre-arcing /2¢ values shall be not less than the minimum
pre-drcing values dgiven by the manufacturer, or they shall lie within the limits indicatged in
Tabl¢ 8 (see 6.8.3vand Annex B).

The pperating-72t values given by the breaking capacity tests can be used to calculate values
for ofher (voltages using the formula in Clause B.3.

9.7.3 Verification of compliance for fuse-links at 0,01 s

Compliance with Table 8 is determined from the pre-arcing 72t values obtained from the test
during /, and the pre-arcing 12t values at 0,1 s as shown in Clause B.1.

The pre-arcing /2t values for test duty I, for the smaller current ratings of a homogeneous series
can be calculated from the formula given in Clause B.2.
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9.7.4 Verification of overcurrent selectivity

The selectivity of the fuse-links is verified by means of the time-current characteristics and the
pre-arcing and operating /2 values.

NOTE In most cases selectivity between "gG" and/or "gM" fuses occurs on prospective currents giving pre-arcing
times greater than 0,01 s. Compliance with the values of pre-arcing /%s given in Table 8 is deemed to ensure a
selectivity with ratio 1,6 to 1 between rated currents for these times.

9.8 \Verification of the degree of protection of enclosures
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undef the conditions stated in IEC 60529.

9.9 | Verification of resistance to heat

If nof otherwise specified in subsequent parts, the resistance to heat is judged| by the resullts of
all ogerating tests, in particular with respect to 9.3, 9.4, 9.5 and 9.10.

9.10| Verification of non-deterioration of contacts

9.101 General

By ntans of a test representing severe service conditions, it shall be verified that contacts do
not deteriorate when left undisturbed in service for a long period.

9.102 Arrangement of the fuse

This fest shall be performed on three samples. The test samples are arranged in the test dircuit
in sugch a way that they cannot influence each-other. The test arrangement and the dummy fuse-
links |shall be the same as used for verification of temperature rise and power dissipation|(see
9.1.5, 9.3.1 and 9.3.4.2).

The pamples are provided with standardized dummy fuse-links of the highest current nating
intended to be used in the fuse-hblder (see subsequent parts).

9.10.3 Test method

A tegt cycle consists ©fya load period and a no-load period referred to the conventional ftime.
The fest current forithe load period and the no-load period are specified in subsequent parts.

The {est samples are submitted to a first test of 250 cycles. If the test results are satisfactory
after [this, the\test is stopped. If the test results exceed the specified limits, the test is continued
up to[ 75Q cycles.

Before the beginning of the cycling tesi, the temperature rise and/or the voltage drop of the
contacts as specified in subsequent parts shall be measured at rated current when steady-state
conditions have been obtained. The test shall be repeated after 250 cycles and, if necessary,
after 750 cycles.

If the fuses are so small that reliable measurements on the contacts could not be expected, the
measurement at the terminals may be used as the criteria for the test.

9.10.4 Acceptability of test results

After 250 cycles, and if necessary, after 750 cycles, the measured values shall not exceed the
limits given in subsequent parts.
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9.11 Mechanical and miscellaneous tests
9.11.1 Mechanical strength

If not otherwise specified in the subsequent parts, the mechanical characteristics of a fuse and
its parts are judged in the context of normal handling and mounting as well as with the results
shown after the breaking-capacity test (see 9.6).

9.11.2 Miscellaneous tests

9.11.2.1 Verification of freedom from season cracking

In orfer to verify that current-carrying parts made of rolled copper alloy with less than B3 %
coppgr content are free from season cracking, the following test is performed.

All gilease is removed from three samples by immersing them for 10 min in a sditable soldition.
Fusetlinks are tested individually, while fuse-holders are only tested with therfgomplete fuse.

The $amples shall be placed for 4 h in a test cabinet having a temperature of (30 £ 10) °Q.

After|this, samples are placed for 8 h in a test cabinet, on the bottom of which is an ammanium
chlorjde solution having a pH value of 10 to 11.

For 4 1 | ammonium chloride solution the proper pH value may be achieved as follows.

—_

D7 g ammonium chloride (NH,CI p.a.) is mixed sith 0,75 | of distilled water and made up

g 11 by adding 30 % sodium hydroxide (preparedfrom NaOH AR grade and distilled water).
The pH value does not vary. The measurements of the pH value shall be made with a glass
electrode.

—

The fatio of the volume of the test cabinet.fo that of the solution shall be 20:1.

The samples shall show no cracks visible to the unaided eye when any bluish film is removed
by means of a dry cloth. Contact caps of fuse-links shall not be removable by hand.

9.11.2.2 Verification of resistance to abnormal heat and fire
9.11J2.2.1 General

If not otherwise specified in subsequent parts, the following applies. Parts of insulating
matefials, excepteeramic, not necessary to retain current-carrying parts in position even thpough
they pre in contact with them are tested according to item a) of 9.11.2.2.6.

NoTEl-Enclosures which are a part of a fuse should be tested in the same manner as the [fuse.
In othericases, the enclosure should be tested in accordance with IEC 60529.

Parts of insulating materials, except ceramic, necessary to retain current-carrying parts and
parts of the earthing circuit, if any, in position are tested according to item b) of 9.11.2.2.7.

9.11.2.2.2 General description of the test

The test is applied to ensure that

— a specified loop of resistance wire, which is electrically heated to the temperature specified
for the relevant equipment, does not cause ignition of parts of insulating material;

— a part of insulating material, which might be ignited by the electrically heated test wire under
defined conditions, has a limited duration of burning, without spreading fire by flames or
burning droplets or glowing particles falling from the specimen.
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The test is made on the specimen. In the case of doubt with regard to the results of the test,
the test is repeated on two further specimens.

9.11.2.2.3 Description of test apparatus

The glow-wire consists of a specified loop of a nickel/chromium (80/20) wire; when forming the
loop, care needs to be taken to avoid fine cracking at the tip.

A sheathed fine-wire thermocouple, having an overall diameter of 0,5 mm and wires of chromel
and alumel with the welding point located inside the sheath, is used for measuring the
temperature of the glow-wire.

The glow-wire, with the thermocouple, is shown in Figure 8.

The gsheath consists of a metal resistant to a temperature of at least 960 °C. Thé thermocouple
is arnfanged in a pocket hole, 0,6 mm in diameter, drilled in the tip of the glowswire, as shown in
detail Z of Figure 8 of IEC 60584-1. The thermo-voltages shall comply with {EC 60584-1; the
chargcteristics given in IEC 60584-1 are practically linear. The cold connection shall be ke¢pt in
melting ice unless a reliable reference temperature is obtained by other means, for example,
by a compensation box. The instrument for measuring the glectromotive force of the
thermocouple should be of class 0,5.

The glow-wire is electrically heated; the current necessary for*heating the tip to a temperpture
of 960 °C is between 120 A and 150 A.

The flest apparatus shall be so designed that the glowswire is kept in a horizontal plane and that
it applies a force of 1 N to the specimen, the force being maintained at this value whep the
glowiwire and the specimen are moved horizontally towards each other over a distance|of at
least|7 mm.

A pielce of white pinewood board, approximately 10 mm thick and covered with a single layer of
tissug paper, is positioned at a distance of 200 mm below the place where the glow-wijre is
applipd to the specimen.

Tissye paper is specified in"6:86 of 1ISO 4046 as thin, soft, relatively tough paper gengrally
intended for packing delicate articles, its substance being between 12 g/m2 and 30 g/m?2.

An example of the test-apparatus is shown in Figure 9.

9.112.2.4 Pre-conditioning

The $pecimen is stored for 24 h in an atmosphere having a temperature between 15 °Q and
35 °Q and-a relative humidity between 35 % and 75 % before starting the test.

9.11.2.2.5 Test procedure

The test apparatus is placed in a substantially draught-free dark room so that flames occurring
during the test are visible.

Before starting the test, the thermocouple is calibrated at a temperature of 960 °C, which is
carried out by placing a foil of silver, 99,8 % pure, 2 mm square and 0,06 mm thick, on the
upper face of the tip of the glow-wire.

The glow-wire is heated and a temperature of 960 °C is reached when the silver foil melts. After
some time calibration has to be repeated to compensate for alterations in the thermocouple and
in the connections. Care should be taken to ensure that the thermocouple can follow the
movement of the tip of the glow-wire caused by thermal elongation.


https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

IEC 60269-1:2024 RLV © IEC 2024 - 63 -

For the test, the specimen is arranged so that the face in contact with the tip of the glow-wire
is vertical. The tip of the glow-wire is applied to that part of the surface of the specimen which
is likely to be subjected to thermal stresses occurring in normal use.

The tip of the glow-wire is applied at places where the section is thinnest, but not more than
15 mm from the upper edge of the specimen. This applies to cases where the areas subject to
thermal stress during normal use of the equipment are not specified in detail.

If possible, the tip of the glow-wire is applied to flat surfaces and not to grooves, knock-outs,
narrow recesses or sharp edges.

The glow-wire is electrically heated to the temperature specified which is measured by _means
of the calibrated thermocouple. Care must be taken to ensure that, before starting the\test, this
tempgrature and the heating current are constant for a period of at least 60 s and that|heat
radiation does not influence the specimen during this period or during the calibration; for
exanjple, by providing an adequate distance or by using an appropriate scree.

The lip of the glow-wire is then brought into contact with the specimen and is appligd as
speclfied. The heating current is maintained during this period. After this period, the glowj-wire
is slqwly separated from the specimen, avoiding any further heating_of the specimen and any
movgment of air which might affect the result of the test.

The movement of the tip of the glow-wire into the specimen when pressed to it shgll be
mechanically limited to 7 mm.

After| each test, it is necessary to clean the tip of the glow-wire of any residue of insulating
material, for example by means of a brush.

9.11.2.2.6 Severities

a) The temperature of the tip of the glow<wire and the duration of its application to the spedimen
shall be (650 = 10) °C and (30 +_1)s.

b) The temperature of the tip of the glow-wire and the duration of its application to the spedimen
shall be (960 = 10) °C and(30 + 1) s.

Othef test temperatures are’specified in subsequent parts.
NOTEl-The values should be chosen from the severities table of IEC 60695-2-10 to 13.

9.11.2.2.7 Observations and measurements

Durinlg application of the glow-wire and during a further period of 30 s, the specimen, the parts
surrduinding the specimen, and the layer of tissue paper placed below it shall be observed.

The time at which the specimen ignites and the time when flames extinguish during or after the
period of application are noted.

The maximum height of any flame is measured and noted, the start of the ignition, which might
produce a high flame for a period of approximately 1 s, being disregarded.

The height of flame denotes the vertical distance measured between the upper edge of a glow-
wire, when applied to the specimen, and the visible tip of the flame.

The specimen is considered to have withstood the glow-wire test:

— if there is no visible flame and no sustained glowing;
— if flames or glowing of the specimen extinguish within 30 s after removal of the glow-wire.
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There shall be no burning of the tissue paper or scorching of the pinewood board.

9.11.2.3 Verification of resistance to rusting

All grease is removed from the parts to be tested by immersion in a suitable degreasing agent
for 10 min. The parts are then immersed for 10 min in a 10 % solution of ammonium chloride in
water, at a temperature of (20 + 5) °C.

Without drying, but after shaking off any drops, the parts are placed for 10 min in a box
containing air saturated with moisture at a temperature of (20 + 5) °C.

After
their

Traces of rust on sharp edges and any yellowish film removable by rubbing arefighored.

For small springs and for inaccessible parts exposed to abrasion, a layer of grease may pr

suffid

the parts have been dried for 10 min in a heating cabinet at a temperature of (100.£\
surface shall show no signs of rust.

ient protection against rusting. Such parts are subjected to the testionly if there is ¢

abou
of th

9.12

The marking is rubbed by hand for 5 s with a piece of clgth*soaked with water and again fq

with

It is
0,1v
appr
0,68

grease.

Test of durability of markings

h piece of cloth soaked with aliphatic solvent hexane.

recommended to use aliphatic solvent hexarie with an aromatic content of maxj
plume percentage, a kauributanol value of*approximately 29, an initial boiling po
bximately 65 °C, a dry point of apprpokimately 69 °C and a density of approxim

g/cms3.

) °C,

bvide

oubt

the effectiveness of the grease film, and the test is then made‘without previous removal

r5s

mum
nt of
ately
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Figure 1 — Diagram illustrating the means of verification of the time-current
characteristic,(using the results of the tests at the "gate"” currents (example)
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Time

Operating time-current characteristic of
associated overcurrent switching device

Overload curve

A E%E ,;’ ? x ﬁr\nr:ﬂing characteristic

Pre-arcing characteristic

-
|

ko Ky ky Current given in terms of k times /,
IEC

The oyerload curve between k, x I and k, x [ corresponds to a constant Pt value.

Figure 2 — Overload curve and time-current characteristic
for "a" fuse:links
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Figure 3 — Time-current zone for aM fuses
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Maximum value of current (kA peak) (log)

-

|

Prospective current (r.m.s-kA)/(log)

rated currents of fuse-links
maximum value of cut-off current

factor depending on the value of the power factor

Figure 4 — General presentation of the cut-off characteristics

for a series of AC fuse-links

IEC
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Key

A removable link used for the calibration test

C gpparatus for closing the circuit

D ircuit-breaker or other apparatus for protection of the soufce
F fuse on test

L gdjustable inductor

O, reasuring circuit for recording the current

O, rmeasuring circuit for recording the voltage during the test
O’, easuring circuit for recording the voltage during calibration

3djustable resistor

S gource of power

m

igure 5 — Typical diagram of the circuit used for breaking capacity test (see 9.5
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Applied voltage for the calibration = B,

4, By

Currént 7, = —_x
RMS 2\/5 Boo

IEC

B,
Recqvery voltage U,

RMS ~ ﬁ

Applled test voltage = B,

Figure 6b) — Oscillogram corresponding to a breaking operation where the arc is initiated
later than 180 electrical degrees after making

A B, 180°
Current Iy = i N > e
2\/5 BOO | |
B

Recqvery voltage U,

IEC

I
| ]
’Ms = 72 Current | / !
242 !

Applled test voltage = B,

Rigure 6c) — Oscillogram corresponding to a breaking operation where the arc is initiated
earlier than 180 electrical degrees after making

Figure 6 — Interpretation of oscillograms taken
during the AC breaking-capacity tests (see 9.5.7)

IEC
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Calibrption of the circuit
Wherdg ripples exist, the corresponding values of 0,632 I, 4, and 4, of the RMS curve shall be measured.
Figure 7a)
@
A
FC

Oscillpgram corresponding to a breaking operation where the.arc is initiated after the current has passed its maximum
value.

Current 7 = 4, at voltage U = B,.

Wherg no steady value of voltage exists, the méan value during the period of 100 ms after final arc extinctiop shall
be mejasured.

Figure 7b)

Current '

o 43 YYYRYE=
Voltage ﬂﬁ ‘ﬁ\‘"
N

IEC

Oscillogram corresponding to a breaking operation where the arc is initiated before the current has reached its
maximum value.

Current I = 4, at voltage U = B,.

Where no steady value of voltage exists, the mean value during the period of 100 ms after final arc extinction shall
be measured.

Figure 7c)

Figure 7 — Interpretation of oscillograms taken during the DC
breaking-capacity tests (see 9.5.7)
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Dimensions in millimetres
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Detail Z
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Key
1 glgw-wire soldered at 3
2 th¢rmocouple

3 styd

Figure 8 — Glow-wire and position of the thermocouple
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Figure 9 — Test apparatus (example)

IEC

adjustable stop

scale for measurement flame
scale for penetration measurement
glow-wire (Figure 8)

break-through in base plate for particles f3
from the specimen

lling



https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

- 74 - IEC 60269-1:2024 RLV © IEC 2024

Annex A
(informative)

Measurement of short-circuit power factor

There is no method by which the short-circuit power factor can be determined with preci
but, for the purposes of this document, the determination of the power factor in the test c

sion,
ircuit

may be made with sufficient accuracy by whichever of the three following methods is the more

appropriate.

Methpd I: Calculation from circuit constants

The power factor may be calculated as the cosine of an angle ¢ where ¢ = arc tan X/R, X ¢
being respectively the reactance and resistance of the test-circuit during the period’in whic
shorf circuit exists.

Owinlg to the transitory nature of the phenomenon, no accurate method can be give
detefmining X and R, but, for compliance with-this-standard the IEC60269 series, the v
may pe determined by the following method.

R ig measured in the test circuit with direct current; if the circuit includes a transforme
resistance R, of the primary circuit and the resistance“R; of the secondary circui
nleasured separately and the required value R is then given by the formula:

R=Ry+ Ry1?
i which r is the ratio of transformation of the transformer

X i then obtained from the formula

VRZ+ X2 =§

Fjgure A.1.

Methpd Il: Determination.from DC component

The gngle ¢ may be determined from the curve of the DC component of the asymmetrical cy
wave between thetincidence of short circuit and the beginning of arcing as follows.

1) The formula*for the DC component is

id = [dO e_Rl/L

nd R
h the

n for
hlues

, the
t are

E
the ratio 7 (circuit-impedance) being obtained from the oscillogram as indicat¢d in

rrent

where

iq is the value of the DC component at any instant;
I4, s the initial value of the DC component;

L/R is the time-constant of the circuit in seconds;

t is the time-interval, in seconds, between iy and /;
e base of Napierian logarithms.

The time-constant L/R can be ascertained from the above formula as follows:

a) measure the value of Iy, at the instant of short-circuit and the value of iy at any
time ¢, before the beginning of the arcing;

b) determine the value of e=R#L by dividing iy by I4,;

other
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c) from a table of values of e™%, determine the value of —x corresponding to the ratio i4/14,;

d) the value x then represents Rt#/L, from which R/L can be determined by dividing x by ¢,
and so L/R is obtained.

2) Determine the angle ¢ from:
¢ =arctan o L/R

where o is 2 = times the actual frequency.
This method should not be used when the currents are measured by current transformers.

Methpd Ill: Determination with pilot generator

When a pilot generator is used on the same shaft as the test generator, the voltage of the pilot
genefator on the oscillogram may be compared in phase first with the voltage of thg test
genefrator and then with the current of the test generator.

The difference in the phase angles between the pilot generator voltageand the main gengrator
voltape, on the one hand, and the pilot generator voltage and the test generator current, on the
otherl hand, gives the phase angle between the voltage and the current of the test generator,
from [which the power factor can be determined.
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Short circuit  Beginning Final arc
applied of arcing extinction

Recovery voltage

where|

C is

ex
F is
G is

IEC

B
he circuit e.m.f. at the beginning of arcing = —=, expressed in volts;
2V2

D

he breaking current = —=, expressed in amperes;
2\2

wice the peak value of the applied voltage; expressed in volts;

wice the peak value of the symmetrical component of the current wave at the beginning of the short-
bressed in amperes;

he duration in seconds of one half-cycle of the applied voltage wave;

he duration in seconds of one half-cycle of the current wave at the beginning of arcing.

Figure A.1 — Determination of circuit-impedance for calculation of power factor

in accordance with method |

ircuit,
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Annex B
(informative)

Calculation of pre-arcing I?¢ values for "gG", "gM";“gb” and-“gN~ "gU"
fuse-links and calculation of operating 72 values at reduced voltage

B.1

Evaluation of the pre-arcing I?¢ value at 0,01 s

The approximate evaluation of the pre-arcing /2¢ values at 0,01 s as a function of the value of

pre-grcing /4t at 0,1 s and measured values at test no. 2 is possible by means of the follg

form

F=0
E=4
=

The factor F corrects the curvature in the time-current characteristic in this region of time

B.2
For

spec
poss

wher

(%),
(%)

la:

12f(0,01 5) = Fx \/Izt(m 5) % Izt(test no. 2)

.7 for "gG", "gK" and "gM" fuse-links;

smaller ratings of a homogeneous seties where no direct tests are provided ir
fication, the evaluation of the value of pre-arcing 72s under the conditions of test ng
ble by means of the formula:

(), =), ~ (2]

[

is the pre-arcing 72¢ under the conditions of test no. 2 for the smaller rating;

is the(pre-arcing 72¢ under the conditions of test no. 2 for the largest rating measur

the breaking-capacity tests;

wing

Calculation of the value of pre-arcing 72t under the conditions of test njp. 2

the
. 2 is

ed in

Ay

iS the minimum cross-sectional area of the element of smaller rating;

A4

is the minimum cross-sectional area of the element of the largest rating;

The calculated value can be used for the evaluation of the 2 value at 0, 01 s (see Clause B.1).
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B.3 Calculation of the value of operating 72r at reduced voltage

The operating /2¢ values can be estimated at lower voltages than those measured during tests 1
and 2 of Table 21 using the following formula.

'
Operating 1%t at test voltage Vt} Vi . 2
x prearcing 1t

Operating | 2 at reduced voltage V, = 5
prearcing 1°t
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Annex C
(informative)

Calculation of cut-off current-time characteristic

C.1 Overview

Subclause 8.6 of this document prescribes the cut-off characteristic as a function of the
prospective current.

The following method constitutes a means by which the cut-off current characteristic'mgy be
calcllated as a function of the actual pre-arcing time.

The fesult will be different for every fuse-link, and thus, for full interchangeability; calculgtions
shou|d be based upon the maximum 72t values permitted in this document: It should algo be
noted that the following method gives the peak current during the pre-arcing period, whereas
for many fuses (especially the types for protection of semiconductors), the current continlefs to
rise dquring the arcing period, and hence the following method will give~alsomewhat low estifate,
dependent upon circuit conditions.

Howgver, it is included as a good approximation which will 'emable a user to calculate fhese
curvgs when necessary (for example, for studies of contactwelding).

C.2 | Preliminary note

The ¢ut-off current characteristic as a functiom,of prospective current is defined in 3.3.7; the
characteristic is the subject of 6.8.2 and of Kigure 4; the tests are described in 9.6.

The $upply of this characteristic is not\mandatory.

Moreover, the information that it-gives is generally imprecise, especially in the zone gt the
beginning of the limitation (prezarcing time of about 5 ms for symmetrical operation or pp to
10 mps for asymmetrical operation).

Users who have to preotect components (for example, contactors) which withstand with difflculty
currents of short duration and large amplitude (for example, those which the fuses let through
before clearance.of the short circuit) need to know with accuracy the maximum instantaneous
valug reached/by the current during the breaking operation in order to make the |most
econpmical<fuse-component" association.

A characteristic which accurately gives the cut-off current as a function of the actual pre-afcing
t|meb pIUV;dUb LLLLYAB+] uacfui illfUlllldtiUll fUI t:lib pUlrpusc.

C.3 Definition

Cut-off current characteristic as a function of actual pre-arcing time: a curve giving cut-off
currents as a function of actual pre-arcing time for a symmetrical operation.

C.4 Characteristic

If the cut-off current characteristic is indicated as a function of actual pre-arcing time, it shall
be evaluated for symmetrical making current and shall be given according to the example shown
in Figure C.1 in a double logarithmic presentation with current as abscissa, and time as
ordinate.
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C.5 Test condition

The cut-off current corresponding to a given pre-arcing time depends also on the degree of
asymmetry of the short-circuit, and since there are as many characteristics as making
conditions an infinite number of tests would be required.

For a given fuse-link, in a given region of operating time, and for each value of cut-off current,
the value /2t is approximately independent of the degree of asymmetry of the short-circuit
current.

Th' " 1 blo fall H ol |
IS FTUPCTly TIHHAaRT o LT TUTTUWITTY PTruLTUUlrc pusoSIvIT.

1) Measurement of the cut-off current characteristic for symmetrical operation as afunction of
the actual pre-arcing time for a symmetrical operation.

2) Galculation of the cut-off current characteristic corresponding to any degree\of asymmetry.

C.6 | Calculation from the measured values
The ¢xperimental characteristic gives cut-off current as a function'cf pre-arcing time.

The ghort circuit being symmetrical, it is easy to calculate from\the above values the prospqctive
shorf-circuit current of the Joule integral

of
w pulsation;
Iy prospective short-circuit current;
Ips: With symmetrical conditions;
Inqt With asymmetrical conditions;
I, cut-off current;
1/ phase of the current with respect to the voltage;
v making angle, with respect to the natural zero of the voltage;
R, L:| resistance and inductance symmetrical conditions;

pre-arcingitime with symmetrical conditions;

pre-areing time with asymmetrical conditions.

With [symmetrical conditions:

—
(1) Tg =TsvZsinw 7

2 2 (s 2
(2) jlcdt = ZIPSIO sin“ wt dt
by definition: y =0

The calculation is independent of the values of R, L, ¢.


https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

IEC 60269-1:2024 RLV © IEC 2024 - 81—

With asymmetrical conditions:

_Ria
(3) I =IaN2[sin(wt, +y—p)] —e L sin(y—g)

R ?
(4) jlzdt:ZIsa (;a sin(wt+y—g¢)—e L sin(y-gp)| dt

Assuming that the cut-off current and the Joule integral are the same for both conditions:

0

it is possible to calculate any two values if the seven others, ate’known.

In particular, from the value of cut-off current and Joule{integral, obtained by experience
by calculation, it is possible to calculate the pre-arging time and the prospective short-G

currgnt corresponding to imposed asymmetrical conditions.

This pssumption is approximately true for pre-arcing times of the order of 1 ms to 5 ms.

For pre-arcing times inferior to 1 ms, the characteristic giving cut-off current as a functi

prospective short-circuit current gives-precise information.

Riy

[ps\/i sinwtg zlpax/i Sin(a)ta +1,y—go)—e_T Sin(w—(p)

R

2

Zlgsjéasinzwt dr ~ 215a ‘a sin(wt+y —p)—e L sin(yp)| di

and
ircuit

bn of
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D.1

D.1.1

Annex D
(informative)

Effect of change of ambient temperature and surroundings
on the performance of fuse-links

Effect of increase of ambient temperature

On current rating

For flljse-links that operate at full load for long periods in an average ambient temperaturelgbove

the v
shou
circu

D.1.2

An in
rise.

D.1.3

An ir

and non-fusing current (/; and I,).

D.1.4

It is
fuse-

D.2

A de
curre

non-fusing current and pre-arcing times for smaller over-currents. The magnitude of the rel

incre
this ¢

D.3

Diffe

alue given in 4.1, a reduction of the current rating may be required. The de-rating

mstances.

On temperature rise

On conventional fusing and non-fusing current (Igand I,;)

crease in average ambient temperature causes a/decrease, usually small, in the fy

For motor starting conditions

link caused by the starting of a motor.

Effect of decrease of ambient air temperature

nt rating but it may also cause an increase in the conventional fusing current, conven%

pses will be dependent upon the actual temperature and on the design of the fuse-li
ase the manufacturer should always be consulted.

Effect of installation conditions

ent installation conditions, such as:

a) enclosure in a box or mounting in the open;

b) the nature of the mounting surface;

c) the number of fuses mounted in a box;

d) the cross-section and insulation of connections;

can affect the operating conditions and should be taken into account.

ctor

d be as agreed by the manufacturer and the user after taking into aceount all the

crease in average ambient temperature causes a relatively smalljincrease in temperature

sing

not necessary to de-rate fuse-links forlincreases in average ambient temperature qf the

Crease in ambient air temperature below the value given in 4.1 may permit an increase in

onal
vant
k. In
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Annex E
(normative)

Particular requirements for fuse-bases with screwless-type
terminals for external copper conductors

E.1—Scope General

This annex applies to fuse-bases that fall within the scope of Clause 1, feature screwless-type
termimatssupportimga TaximunT CUTTent of 63 A, and are primarity fmtended for the purpose of
connkcting unprepared copper conductors (see E.3.6) with a cross-section of up to_16'mm?2.
For the purpose of this annex, screwless-type terminals shall be referred to as terminalg and
coppgr conductors as conductors.

E.3 | Terms and definitions

In addition to Clause 3, the following terms and definitions apply:

E.3.1
clamjping unit
part(s) of the terminal necessary for mechanical clamping.and electrical connection of the
condpctors including the part(s) which are necessary toensure correct contact pressure

E.3.2

screwless-type terminal
terminal for the connecting and subsequent disconnection of one conductor per clamping unit
obtaiphed directly or indirectly by means of springs, wedges or the like

Note 1 to entry: Examples are given in Figure E2.

E.3.3
universal terminal
terminal for the connection and:disconnection of all types of conductors (rigid and flexible|

E.3.4
non-pniversal terminal
terminal for the connection and disconnection of a certain kind of conductor only (e.g. figid-
solid|conductors®only or rigid-(solid and stranded) conductors only)

E.3.

push-wire terminal
non-yiniversal terminal in which the connection is made by pushing-in rigid (solid or stranded)
conductors

E.3.6

unprepared conductor

conductor which has been cut and the insulation of which has been removed over a certain
length for insertion into a terminal

Note 1 to entry: A conductor the shape of which is arranged for introduction into a terminal or of which the strands
may be twisted to consolidate the end, is considered to be an unprepared conductor.

Note 2 to entry: The term "unprepared conductor" means conductor not prepared by soldering of the wire, use of
cable lugs, formation of eyelets, etc., but includes its reshaping before introduction into the terminal or, in the case
of flexible conductor, by twisting it to consolidate the end.
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E.7

In ad

Marking

dition to Clause 7, the following requirements apply:

e universal terminals:

no marking.

e non-universal terminals:

terminals declared for rigid-solid conductors shall be marked by the letters "s" or "sol";

terminals declared for rigid (solid and stranded) conductors shall be marked by the letter

The

terminals declared for flexible conductors shall be marked by the letter "f".

markings should appear on the fuse-base or on the smallest package or in the tech

information.

An a
cond
provi
clam

E.8
Clau

E.8.1

Term
acco
made

|
~ 0o T

or fo

|
o

(0]

ppropriate marking indicating the length of insulation to be removed before insertion g
Lictor into the terminal shall be shown on the fuse-base . The_fmanufacturer shall
de information, in his literature, on the maximum number of csonductors which m3
bed.

Standard conditions for construction
e 8 applies, with the following modifications.

Fixed connections including terminals

inals shall resist the mechanical loads that occur when the equipment is usé

ben it and to assist the insertion or the withdrawal of the conductors (e.g. for univ
rminals)

rigid conductors

y simple insertion=—For disconnection of the conductors an operation other than a pul
N the conductor.shall be necessary.

Universal terminals shall accept rigid (solid or stranded) and flexible unprepared conductc

Non-

Liniversal terminals shall accept the types of conductors declared by the manufacturar.

nical

f the
also
y be

ed in

dance with its intended purpose. Theisconnection or disconnection of conductors shall be

y the use of a general purpose‘tool or by a convenient device integral with the terminal to

ersal

only

=

S.

—

Compliance is checked by inspection and by the tests of E.9.1 and E.9.2.

E.8.2

Dimensions of connectable conductors

The dimensions of connectable conductors are given in Table E.1.

The ability to connect these conductors shall be checked by inspection and by the tests of E.9.1
and E.9.2.
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Table E.1 — Connectable conductors

Connectable conductors and their theoretical diameter

Metric
Rigid Flexible
Solid Stranded

mm? @ mm @ mm mm? @ mm

1,5 1,5 1,7 1,5 1,8

2,5 1,9 2,2 2,5 2,3

4,0 2,4 2,7 4,0 2,9
6,0 3,9
10 51
16 6,3

NOTE Diameters of the largest rigid and flexible conductors are based on Table 1 of
IEC 60228-(2004):2023.

E.8.3 Connectable cross-sectional areas

The pominal cross-sections to be clamped are defined in Table E.2.

Table E.2 — Cross-sections of copper conductors
connectable to terminals

Rated current Nominal cross-sections to be clamped
A mm?
Up to and including 16 1,5, up to and including 4
Above 16, up to and including 35 4, up to and including 10
Above 35, up to and including.63 6, up to and including 16

Compliance is checked by inspection and by the tests of E.9.1 and E.9.2.

E.8.4 Insertion and disconnecting of conductors

The [insertion&and disconnecting of conductors shall be made in accordance with the
manufacturer's’instructions.

Compliance is checked by inspection.

E.8.5 Design and construction of terminals
Terminals shall be designed and constructed so that

— each conductor is clamped individually;

— during operation of connection or disconnection the conductors can be connected or
disconnected either at the same time or separately;

— inadequate insertion of the conductor is avoided.

It shall be possible to clamp securely any number of conductors up to the maximum provided
for.

Compliance is checked by inspection and by the tests of E.9.1 and E.9.2.
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E.8.6

The t

Resistance to ageing

erminals shall be resistant to ageing.

Compliance is checked by inspection and by the tests of E.9.3.

E.9

E.9.1
E.9.1

The
the c
with

The
diam

New
the f
stran
to co

For gach insertion, the conductors are either pushed,as far as possible into the terminal or

be in

After
secti

After

E.9.1

Thre
crosg

The 1

Befo
shall

It sh

Tests

Test of reliability of terminals

t—Retiabitity of screwlesssystem

est is carried out on three terminals of poles of new samples, with copper conductg
oss sectional area according to Table E.2. The types of conductors shall be in_accord
E.8.1.

connection and subsequent disconnection shall be made five times\with the sm
bter conductor and successively five times with the largest diameter:conductor.

conductors shall be used each time, except for the fifth time, when the conductor use
purth insertion is clamped at the same place. Before inseftion into the terminal, wir|
ded rigid conductors shall be re-shaped and wires of flexible conductors shall be tw
hsolidate the ends.

-sectional area according to Table E.2.
ypes of conduc¢tors shall be in accordance with E.8.1.

e insertion, into the terminal, wires of stranded rigid conductors and flexible condu
be reshaped and wires of flexible conductors shall be twisted to consolidate the end

rs of
ance

bllest

d for
es of
isted

shall

serted so that adequate connection is obvious.

each insertion, the conductor is rotated by, 90° around its axis at the level of the clamped
bn and subsequently disconnected.

these tests, the terminal shall not\be damaged in such a way as to impair its further |use.
.2 Test of reliability of\eonnection

b terminals of poles of new samples are fitted with new copper conductors of the typg and

ctors

-

D.

5e of

hilbe possible to fit the conductor into the terminal without undue force in the ca

universal terminals and with the force necessary by hand in the case of push-wire terminals.

The conductor is either pushed as far as possible into the terminal or shall be inserted so that

adeq
After

E.9.2

uate connection is obvious.

the test, no wire of the conductor shall have escaped outside the terminal.

Tests of reliability of terminals for external conductors: mechanical strength

For the pull-out test three terminals of poles of new samples are fitted with new conductors of
the type and of the minimum and maximum cross-sectional area according to Table E.2.

Before insertion into the terminal, wires of stranded rigid conductors and flexible conductors
shall be reshaped and wires of flexible conductors shall be twisted to consolidate the ends.
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Each conductor is then subjected to pull force of the value shown in Table E.3. The pull is
applied without jerks for 1 min in the direction of the axis of the conductor.

Durir

E.9.3

The {est is made with new copper conductors having a cross.Section according to Table 1

The
defin

A co
use t

The s
termi

The
initia

Table E.3 — Pull forces

(4

n
u

O Z

n

upiversal terminals for rigid (solid and stranded) and flexible conductors: 3 samples

Cross-sectional area Pull force

mm? N

1,5 40
2,5 50
40 80
6,0 80
10 90
16 100

g the test the conductor shall not slip out of the terminal.

Cycling test

est is carried out on new samples (a sample is one/pole), the required number of wh
d below, according to the type of terminals:

samples in total);
bn-universal terminals for solid conductors only: 3 samples;
hiversal terminals for rigid (solid and-stranded) conductors: 3 samples each (6 samp

DTE In the case of rigid conductors, solid conductors should be used (if solid conductors are not avail
given country, stranded conductors may be used).

bn-universal terminals for.flexible conductors only: 3 samples.

nductor having the cross section defined in Table 18 is connected in series as in nq
p each of the threessamples as defined in Figure E.1.

ample is provided with a hole (or equivalent) in order to measure the voltage drop o
nal.

vhole'test arrangement, including the conductors, is placed in a heating cabinet wh
lyckept at a temperature of (20 + 2) °C.

chis

each

ble in

rmal

n the

ch is

To avoid any movement of the test arrangement until all the following voltage drop tests have
been completed it is recommended that the poles are fixed on a common support.

Except during the cooling period test, a test current corresponding to the rated current of the
fuse-base is applied to the circuit.

The samples shall be then subjected to 192 temperature cycles, each cycle having a duration
of approximately 1 h, as follows:

The air temperature in the cabinet is raised to 40 °C in approximately 20 min. It is maintained
to within £ 5 °C of this value for approximately 10 min.
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The samples are then allowed to cool down in approximately 20 min to a temperature of
approximately 30 °C; forced cooling being allowed. They are kept at this temperature for
approximately 10 min and, if necessary for measuring the voltage drop, allowed to cool down
further, to a temperature of (20 + 2) °C.

The maximum voltage drop, measured at each terminal, at the end of the 192nd cycle, with the
nominal current shall not exceed the smaller of the two following values:

— either 22,5 mV,
— or 1,5 times the value measured after the 24th cycle.

The measurement shall be made as near as possible to the area of contact on the terminal.

If thg measuring points cannot be positioned closely to the point of contact, then the voltage
drop [within the part of the conductor between the ideal and the actual measuring”points|shall
be deducted from the voltage drop measured.

The femperature in the heating cabinet must be measured at a distance ©f/at least 50 mm|from
the samples.

After|this test an inspection with the naked eye, by normal or corrected vision, without addifional
magnification, shall show no changes evidently impairing/further use, such as cracks,
defomations or the like.

IEC

Figure E.1 — Connecting samples
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— 90 -

Terminal with indirect pressure

Terminal with direct'pressure

Terminal with actuating element

Figure E.2 — Examples of terminals
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE FUSES -
Part 1: General requirements

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. {[o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Intérhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\us€ and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible forsthe<“way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

IEC draws attention( to the possibility that the implementation of this document may involve the use
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thereof~As-of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not rep
th¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shpll not-be held responsible for identifying any or all such patent rights.
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IEC 60269-1 has been prepared by subcommittee 32B: Low-voltage fuses, of IEC tech
committee 32: Fuses. It Is an International Standard.

nical

This fifth edition cancels and replaces the fourth edition published in 2006, Amendment 1:2009
and Amendment 2:2014. This edition constitutes a technical revision.

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

a)
b)

c)

New numbering, editorial corrections and normative references updated;

Term "discrimination" replaced by "selectivity" and "utilization category" by "utiliz
class";

Term "fuses for authorized and unskilled persons" updated;

Replacement of fuse-link added;

ation
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e) Standard values for AC and DC voltages updated;
f) Rated currents 425A, 355A, and 1 600A added;
g) Marking: requirements and tests separated to the relevant subclauses;

h) Requirements for temperature rise limited to terminal temperature rise only;

i) Graphic symbol for fuse-base updated,

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

Full i
the 4

The |
This
acco

at w
desc

IEC ¢

Part
Part

Part

Part

Part
Part

Part

For r

The

Draft Report on voting

2024

anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives,~Part 2, and develop
dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives{IEC Supplement, avalilable
vw.iec.ch/members_experts/refdocs. The main document. types developed by IEC are
ibed in greater detail at www.iec.ch/publications.

0269 consists of the following parts, under the gefeéral title Low-voltage fuses:

:
D :

OT

O)

7

32B/748/FDIS 32B/756/RVD

General requirements

Supplementary requirements for fuses for use by authorized persons (fuses m
for industrial application) — Examplés of standardized systems of fuses A to |

Supplementary requirements fonfuses for use by unskilled persons (fuses main
household or similar application) — Examples of standardized systems of fuses
F

Supplementary requireménts for fuse-links for the protection of semicond
devices

Guidance for the application of low-voltage fuses

Supplementaryrequirements for fuse-links for the protection of solar photov
energy systems

BatterysFuses

hformation on the voting for its approval can be found in the report on voting.indicated in
bove table.

ed in

ainly

ly for
A to

uctor

bltaic

basons ef.convenience, when a part of this publication has come from other publicafions,
a renpark to_this effect has been inserted in the text.

ommittee has decided that the contents of this document will remain unchanged unfjl the

stabi

specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

ity date indicated on the IEC website under webstore.iec.ch in the data related to the
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LOW-VOLTAGE FUSES -

Part 1: General requirements

1 Scope
This part of IEC 60269 is applicable to fuses incorporating enclosed current-limiting fuse-links
with rated breaking capacities of not less than 6 kA, intended for protecting power-freqyency

AC cjrcuits of nominal voltages not exceeding 1 000 V or DC circuits of nominal voltagep not

excegding 1 500 V.

Subsequent parts of this standard, referred to herein, cover supplementary~requiremen
such|fuses intended for specific conditions of use or applications.

Fuse

As fgr as not stated in subsequent parts for fuse-links, details’ of performance (see 3.2.
DC c¢jrcuits should be stated in the manufacturer's literatures

s for

Hlinks intended to be included in fuse-switch combinations accerding to IEC 60947-3
should also comply with the following requirements.

1) on

NOTE| 1 Modifications of, and supplements to, this document €equired for certain types of fuses for parficular
applicptions — for example, certain fuses for rolling stock, or fuses”for high-frequency circuits — will be covered, if

necespary, by separate standards.

NOTE|2 This document does not apply to miniature fuses, these being covered by IEC 60127.

The pbject of this standard series is to establish the characteristics of fuses or parts of fuses

(fusetbase, fuse-carrier, fuse-link) in such a way that they can be replaced by other fus

eS or

parts| of fuses having the same characteristics provided that they are interchangeable as far as

their [dimensions are concerned. Fof_this purpose, this standard series refers in particular

2

the following characteristies'of fuses:

¢| rated values;

¢| insulation;

o| temperature rise in normal service;

o| power dissipation and acceptable power dissipation;
¢| timelcurrent characteristics;

o| breaking capacity;

ol clt-off current characteristics and their I2¢ characteristics

to

type test for verification of the characteristics of fuses;
the marking of fuses.

Normative references

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

IEC 60269-2, Low-voltage fuses — Part 2: Supplementary requirements for fuses for use by
authorized persons (fuses mainly for industrial application) — Examples of standardized systems
of fuses A to K
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IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60584-1:2013, Thermocouples — Part 1: EMF specifications and tolerances

IEC 60617, Graphical symbols for diagrams

IEC 60664-1:2002, Insulation coordination for equipment within low-voltage supply systems —

Part

For t

ISO
addr

B

[«

(v

[ ]
NOTE|
3.1

3.1.1
fuse
devid
open
for a

[sou

3.1.2
fuse
comh

Note
if no d

[sou

3.1.2,

fuse
fixed

1: Principles, requirements and tests

[erms and definitions

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

nd IEC maintain terminological databases for use in standardization @t ithe follg
sses:

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

5O Online browsing platform: available at http://www.iso.org/obp
For general definitions concerning fuses, see also IEC 60050-441.

Fuses and their component parts

5 the circuit in which it is inserted by breakifng)the current when this exceeds a given
sufficient time. The fuse comprises all thezparts that form the complete device

RCE: IEC 60050-441:1984, 441-18:01]

holder
ination of the fuse-base.with its fuse-carrier

earer distinction is necessary.

RCE: IEC 60050-441:1984, 441-18-14]

1
base“(fuse-mount)
partof a fuse provided with contacts and terminals

Note 1

to entry: Where applicable, covers are considered as part of the fuse-base.

[SOURCE: IEC 60050-441:1984, 441-18-02]

3.1.2

.2

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

[SOURCE: IEC 60050-441:1984, 441-18-13]

wing

e that by the fusing of one or more of its specially designed and proportioned compomnents

alue

to entry: Where, in thissdocument, the term "fuse-holder" is used, it covers fuse-bases and/or fuse-carriers,
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3.1.3
fuse-link
part of a fuse including the fuse-element(s), intended to be replaced after the fuse has operated

[SOURCE: IEC 60050-441:1984, 441-18-09]

3.1.4

fuse-contact

two or more conductive parts designed to ensure circuit continuity between a fuse-link and the
corresponding fuse-holder

3.1.5
fusetelement
part ¢of the fuse-link designed to melt under the action of current exceeding some definite yalue
for a|definite period of time

Note 1 to entry: The fuse-link may comprise several fuse-elements in parallel.

[SOYRCE: IEC 60050-441:1984, 441-18-08]

3.1.6
indidating device (indicator)
part of a fuse provided to indicate whether the fuse has operatéed

[SOURCE: IEC 60050-441:1984, 441-18-17]

3.1.7
strikpr
mechanical device forming part of a fuse-link”which, when the fuse operates, releases the
energ@y required to cause operation of other apparatus or indicators or to provide interlocKing

[SOYRCE: IEC 60050-441:1984, 441-18-18]

3.1.8
termjnal
condpctive part of a fuse_ provided for electric connection to external circuits

Note 1 to entry: Terminals-may be distinguished according to the kind of circuits for which they are intendgd (for
example, main terminal,“earth terminal, etc.) and also according to their design (for example, screw termina|, plug
terminjal, etc.).

3.1.9
dummy fuse-link
test frjse-link with defined power dissipation and dimensions

3.1.10
test rig
defined test fuse-base

3.1.11
gauge-piece
additional part of a fuse-base intended to achieve a degree of non-interchangeability

3.1.12

linked fuse-carrier

fuse-carrier which is mechanically linked to the fuse-base and gives a defined insertion and
withdrawal movement to the fuse-link
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3.2 General terms

3.21

enclosed fuse-link

fuse-link in which the fuse-element(s) is (are) totally enclosed, so that during operation within
its rating it cannot produce any harmful external effects, for example, due to development of an
arc, the release of gas or the ejection of flame or metallic particles

[SOURCE: IEC 60050-441:1984, 441-18-12]

3.2.2

curréent-limiting fuse-link
fuse-link that during and by its operation in a specified current range, limits the cucrenf to a
substantially lower value than the peak value of the prospective current

[SOYRCE: IEC 60050-441:1984, 441-18-10]

3.2.3
"g" fuse-link

<fullrange breaking-capacity fuse-link, formerly general purpose fuse-link>
currgnt-limiting fuse-link capable of breaking under specified ,conditions all currents, which
causg melting of the fuse-element up to its rated breaking capacity

3.2.

"a" fuse-link

<parfial-range breaking-capacity fuse-link, formerly Hack-up fuse-link>
currgnt-limiting fuse-link capable of breaking under. specified conditions all currents betieen
the Ipwest current indicated on its operating time-current characteristic (k,/,, in Figure 2) and

its rated breaking capacity

Note 1 to entry: "a" fuse-links are generally used to provide short-circuit protection. Where protection is reguired
againgt over-currents less than &,/ in Figure 2} they are used in conjunction with another suitable switching glevice

desigrjed to interrupt such small overcurrepts)

3.2.5
temperatures

3.2.5/1
ambient air temperature
T

a
tempgrature of the air surrounding the fuse (at a distance of about 1 m from the fuse pr its
enclgsure, if any)

3.2.52

fuseicomponent temperature
T
<fuse-component (contact, terminal, etc.)>
temperature of the relevant part

3.2.6

overcurrent selectivity

coordination of the relevant characteristics of two or more overcurrent protective devices such
that, on the occurrence of overcurrents within stated limits, the device intended to operate within
these limits does so, while the other(s) do(es) not

[SOURCE: IEC 60050-441:1984, 441-17-15, modified — "discrimination" replaced by
"selectivity" in term, "operating" replaced by "relevant" and "incidence" replaced by
"occurrence" in definition]
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3.2.7
fuse

system

family of fuses following the same physical design principles with respect to the shape of the

fuse-

3.2.8
size

links, type of contact, etc.

specified set of dimensions of fuses within a fuse system

Note 1 to entry:

the fuses remain unchanged.

Each individual size covers a given range of rated currents for which the specified dimensions of

3.2.9
hom
serie
that f
may

Note
which
Table

[SOU

3.21
utiliz
coml

bgeneous series of fuse-links
5 of fuse-links, within a given size, deviating from each other only in such character

be taken as representative for all the fuse-links of the homogeneous series

to entry: The characteristics by which the fuse-links of a homogeneous series 'may deviate and dets
of the fuse-links shall be tested are specified in association with the testsgseoncerned (see Table 1

13).

RCE: IEC 60050-441:1984, 441-18-34, modified — Note 1, {o )entry replaced]
0

ation class (of a fuse-link)

ination of specified requirements related to the-conditions in which the fuse-link fulf

purpose, selected to represent a characteristic group-of practical applications (see 6.7.1)

3.21
fuse
fuse

persd

Note
neces

Autho
826-1

Natior

Instru
which

Skille
may ¢
opera

1
5 for use by authorized and unskilled persons

systems divided into systems for use by authorized persons and for use by uns
ns

to entry: For safe replacement of“fuses-links of systems used by authorized persons special ski
sary.

ized person is understood to~have the meaning defined for categories BA 4 "instructed" (IEC 60050-826
B-02) and BA 5 "skilled" (lEC 60050-826:2022, 826-18-01).

al regulations might'supersede these definitions.

ted persons are\persons adequately advised or supervised by skilled persons to enable them to avoid d3
electricity may.create (operating and maintenance staff).

personsyhiave technical knowledge or sufficient experience to enable them to avoid dangers which ele
eate((engineers and technicians). For example, dangers for persons may come from touching live parts
ionand from replacing fuse-links under load.

stics

or a given test, the testing of one or a reduced number of particular fuse-links of that series

ils on
2 and

Is its

Killed

Is are

2022,

ngers

tricity
Huring

Unskilled persons do not have technical knowledge or sufficient experience. To avoid dangers, which electricity may
create, the relevant part of the fuse standard shall provide requirements for maximum safety in service. IEC 60269-3

provid

3.2.1

es four systems for use by unskilled persons.

2

replacement of a fuse link
exchange of a fuse-link

3.2.1

3

non-interchangeability
limitations on shape and/on dimensions with the object of avoiding in a specific fuse-base the
inadvertent use of fuse-links having electrical properties other than those ensuring the desired
degree of protection

[SOURCE: IEC 60050-441:1984, 441-18-33]
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3.3 Characteristic quantities

3.31

rating

general term employed to designate the characteristic values that together define the working
conditions upon which the tests are based and for which the equipment is designed

[SOURCE: IEC 60050-441:1984, 441-18-36]

Note 1 to entry: Rated values usually stated for low-voltage fuses are: voltage, current, breaking capacity, power
dissipation and acceptable power dissipation, and frequency, where applicable. In the case of AC, rated voltage and
rated purent-are-stated-as—rr-s—symmetricalvalues—inthe-case-of DC—whenripple-is—present; the rated voltage is
stated| as a mean value, the rated current as an RMS value. The above applles to any value of voltage and'clirrent,
if not indicated otherwise.

3.3.2
prospective current (of a circuit and with respect to a fuse)
currgnt that would flow in the circuit if the fuse-link(s) is(are) replaced Bby,a conductor of
neglipible impedance

Note 1 to entry: For AC, the prospective current is expressed by the RMS value of-thee AC component.

Note 4 to entry: The prospective current is the quantity to which the breaking capacity and characteristics [of the
fuse afe normally referred, e.g. /2t and cut-off current characteristics (see 9/5.7).

[SOURCE: IEC 60050-441:1984, 441-17-01, modified — ?each pole of the switching device
were| replaced by "the fuse-link(s) is", Note to entry replaced]

3.3.3
gates
limitihg values within which the characteristics; for example time-current characteristicy, are
obtaiped.

3.3.4
breaking capacity of a fuse
valug of prospective current that a fuse is capable of breaking at a stated voltage Under
presg¢ribed conditions of use and,behaviour

[SOURCE: IEC 60050-441:1984, 441-17-08, modified — "switching device" removed from|term
and definition, Note to~entry removed]

3.3.5
breaking range
rang¢ of prospective currents within which the breaking capacity of a fuse-link is assured

3.3.
cut-offcurrent
maximum instantaneous value reached by the current during the breaking operation of a fuse-
link when it operates in such a manner as to prevent the current from reaching the otherwise
attainable maximum

3.3.7

cut-off current characteristic; let-through current characteristic

curve giving the cut-off current as a function of the prospective current under stated conditions
of operation

Note 1 to entry: In the case of AC, the values of the cut-off currents are the maximum values which can be reached
whatever the degree of asymmetry. In the case of DC, the values of the cut-off currents are the maximum values
reached related to the time constants as specified.

[SOURCE: IEC 60050-441:1984, 441-17-14]
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3.3.8
peak withstand current (of a fuse-holder)
value of cut-off current that the fuse-holder can withstand

Note 1 to entry: The peak withstand current is not less than the highest cut-off current of any fuse-link with which
the fuseholder is intended to be associated.

3.3.9

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

[SOYRCE: IEC 60050-441:1984, 441-18-21]

3.3.10
arcirlg time of a fuse-link
interyal of time between the instant of the initiation of the arc in a fuse and the instant of| final
arc extinction in the same fuse-link

[SOURCE: IEC 60050-441:1984, 441-17-37 modified — "pole" removed from term and definfition]

3.3.111
operpting time; total clearing time
sum pf the pre-arcing time and the arcing time

[SOYRCE: IEC 60050-441:1984, 441-18-22]

3.3.12
I2t; Joule integral
integral of the square of the current over a\given time interval:

t
1%t = j1 i2dt
o

Note 1 to entry: The pre-arcing /37 is*the /% integral extended over the pre-arcing time of the fuse.

Note 4 to entry: The operatingVJ?: is the /% integral extended over the operating time of the fuse.

Note 3 to entry: The energy, in joules, released in 1 Q of resistance in a circuit protected by a fuse is equal|to the
value pf the operatingt/?{éxpressed in A%s.

[SOYRCE: IEE60050-441:1984, 441-18-23]

3.3.18
It characteristic
curve giving 12t values (pre-arcing 12t and/or operating /2¢) as a function of prospective current
under stated conditions of operation

3.3.14

I?t zone

range contained by the minimum pre-arcing /2¢ characteristic and the maximum operating /¢
characteristic, under specified conditions.

3.3.15

rated current of a fuse-link

In

value of current that the fuse-link can carry continuously without deterioration under specified
conditions
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3.3.16

time-current characteristic

curve giving the time, e.g. pre-arcing time or operating time as a function of the prospective
current under stated conditions of operation

Note 1 to entry: For times longer than 0,1 s, for practical purposes the difference between pre-arcing and operating
time is negligible.

[SOURCE: IEC 60050-441:1984, 441-17-13]

3.3.17

timereurrentzone

rangi contained by the minimum pre-arcing time-current characteristics and the mameum
operating time-current characteristic, under specified conditions

3.3.18

conventional non-fusing current

Inf

valug of current specified as that which the fuse-link is capable of carryitig for a specified| time
(conyentional time) without melting

[SOURCE: IEC 60050-441:1984, 441-18-27]

3.3.19
convVentional fusing current
Is
valug of current specified as that which causes operation of the fuse-link within a specified time
(conyentional time)

[SOURCE: IEC 60050-441:1984, 441-18-28]

3.3.20
over|load curve of an "a" fuse-link
curve showing the time for which-an "a" fuse-link is able to carry the current without deterioration

SEE]{9.4.3.4 and Figure 2

3.3.211
power dissipation (of a fuse-link)
powdr releasedsinta fuse-link carrying a stated value of electric current under prescfibed
condj|tions of us€~and behaviour

Note 1 to,éntfy: The prescribed conditions of use and behaviour generally include a constant RMS value [of the
electric cufrent after steady-state temperature conditions are reached.

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-38]

3.3.22

acceptable power acceptance (of a fuse-base or a fuse-holder)

stated value of power dissipation of a fuse-link which a fuse-base or a fuse-holder can accept
under prescribed conditions of use and behavior

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-39]
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3.3.2

3

recovery voltage
voltage which appears across the terminals of a pole of 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 tra
voltage exists (see 2.3.23.1) followed by a second one during which only the power frequency or DC recovery voltage

(see 2

.3.23.2) exists.

[SOURCE: IEC 60050-441:1984, 441-17-25, modified — "switching device" removed

defin

ition, Note 1 to entry modified]

3.3.231

nsient

from

traniient recovery voltage
abbrpviation TRV

reco

Note 1
depen|
circuit]

Note 2

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

to entry: The transient recovery voltage may be oscillatory or non-oscillatory or a combination of
ding on the characteristics of the circuit and the fuse. It includes the voltage shift of the ‘neutral of a poly]

to entry: The transient recovery voltage in three-phase circuits is, unless)otherwise stated, that

appeafs across the first pole to clear, because this voltage is generally higher than\that which appears acros

of the

[SOU

3.3.2

other two poles.

RCE: IEC 60050-441:1984, 441-17-26]

3.2

power-frequency or DC recovery voltage

reco

Note 1

voltagp.

[SOU
adde

3.3.2
arc v
insta
arcin

[SOU

ery voltage after the transient voltage phenomena have subsided

to entry: The power frequency or DC recovery_yoltage may be referred to as a percentage of the

&1

RCE: IEC 60050-441:1984, 441-17-27, modified — "or DC" added to term, Note 1 to
d)]

4
oltage of a fuse

htaneous value of the \voltage which appears across the terminals of a fuse durin
g time

RCE: IEC 60050-441:1984, 441-18-30]

3.3.2
isol
shor

ing distance (for a fuse)
st distance between the fuse-base contacts or any conductive parts connected th

meagured-on a fuse with the fuse-link or the fuse-carrier removed

these,
phase

which
each

rated

entry

j the

ereto

[SOURCE: IEC 60050-441:1984, 441-18-06]

4 Conditions for operation in service

4.1

General

Where the following conditions apply, fuses complying with this document are deemed capable
of operating satisfactorily without further qualification. These conditions also apply for tests
except those otherwise specified in Clause 9.
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Ambient air temperature (T,)

2024

The ambient air temperature T, (see 3.2.5.1) does not exceed 40 °C, its mean value measured

over a period of 24 h does not exceed 35 °C, and its mean value measured over a period of
one year is lower.

The minimum value of the ambient air temperature is -5 °C.

In cases where the temperature conditions vary significantly from these values, this should be
taken into consideration from the points of view of operation, temperature rise, etc. See

AnnexD-

NOTE| The time-current characteristics given are related to a reference ambient air temperature of 20°°C. [These
time-current characteristics also approximately apply to a temperature of 30 °C.

4.3 | Altitude

The altitude of the site of installation of the fuses does not exceed 2 000.m above sea-level.
4.4 | Atmospheric conditions

The air is clean and its relative humidity does not exceed 50 % at the maximum temperatyre of
40 °Q.

Higher relative humidity is permitted at lower temperatures, for example, 90 % at 20 °C.

Undgr these conditions, moderate condensation:may occasionally occur due to variatipn in
tempgrature.

Whefe fuses are to be used under conditions*different from those mentioned in 4.1, 4.2 and 4.3,
inp

litera

indugtrial origin may occur.

4.5 | Voltage

The gystem voltage has aimaximum value not exceeding 110 % of the rated voltage of the
For DC when obtained by rectifying AC, the ripple shall not cause a variation of more thar
above or 9 % below(the"mean value of 110 % of the rated voltage.

For fuses rated690 V the maximum system voltage shall not exceed 105 % of the rated vo
of the¢ fuse.

NOTE| .Attention is drawn to the fact that the indicating device or striker of a fuse may not operate if the fu

ure. This applies also in cases\'where deposits of sea salt or abnormal depos

operalestat a \/nlfngp which is r‘nnqidpmhly lower than its rated \/nlfqu (see 94 3 6)

4.6

rticular outdoors without protection; the information shall be given in the manufacttrrer's
t

s of

fuse.
5%

Itage

e-link

Current

The currents to be carried and to be broken are within the range specified in 8.4 and 8.5.

4.7

4.71

Frequency, power factor and time constant

Frequency

For AC the frequency is the rated frequency of the fuse-link.
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4.7.2

Power factor

For AC the power factor is not lower than that shown in Table 20, appropriate to the value of
prospective current.

4.7.3

Time constant (7)

For DC the time constant corresponds to that shown in Table 21.

Some service duties may be found which exceed the limits shown in Table 21 as regards time
constant. For such an application, a fuse-link which has been tested to verify that it meets the

requi

4.8

The fuse is installed in accordance with the manufacturer's instructions.

If the
shou

4.9

Utiliz

4.10

Limit

For

are diven in subsequent parts. Values for other breaking ranges and utilization categorie

show

Fuse

6 (

6.1
6.1.1

The

red time constant and 1s marked accordingly shall be used.

Conditions of installation

fuse is likely to be exposed in service to abnormal vibrations or sheeks, the manufad
d be consulted.

Utilization class

ation classes (for example, "gG") are specified according.to 6.7.1.

Selectivity of fuse-links

5 of selectivity for times greater than 0,1 s are\given in Table 2 and Table 3.

gG" and "gM" fuse-links pre-arcing 72¢ valiiés are given in Table 7 and operating 7%t v
n in subsequent parts.

Llassification

5 are classified according to Clause 6 and the subsequent parts.

Characteristics of fuses

Summary-of characteristics

General

turer

hlues
5 are

b are

characteristics of a fuse shall be stated in the following terms, where such term

applicable.

6.1.2

Fuse-holders

a) Rated voltage (see 6.2)
b) Rated current (see 6.3.2)

c) K

ind of current and rated frequency if applicable (see 6.4)

d) Rated acceptable power dissipation (see 6.5)

e) D
fy N
g) P

imensions or size
umber of poles, if more than one
eak withstand current
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6.1.3 Fuse-links

a) Rated voltage (see 6.2)

b) Rated current (see 6.3.1)

c) Kind of current and rated frequency, if applicable (see 6.4)
d) Rated power dissipation (see 6.5)

e) Time-current characteristics (see 6.6)

f) Breaking range (see 6.7.1)

g) Rated breaking capacity (see 6.7.2)

h) Cut-off current characteristics (see 6.8.1)
i) I4r characteristics (see 6.8.2)
k) Dlimensions or size

6.1.4 Complete fuses

Degrge of protection according to IEC 60529.

6.2 | Rated voltage

For AC the standard values of rated voltages are given in Table 1.

Table 1 — Standard values of AC rated voltages for fuses

Series | Series Il
\% \Y

120

208
230 240

277
400 415
500 480
690 600
1 000 347

For DC the standard values of rated voltages are given in Table 2.

Table 2 — Preferred values of DC rated voltages for fuses

Series | Series Il
\% \%

110
220

250
400
440 460
500

600
750
1000

1200
1500



https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

IEC 60269-1:2024 © |EC 2024 -21-

For specific applications, rated voltage of different values to Table 1 and Table 2 shall be given
in the manufacturer’s instructions.

NOTE The rated voltage of the fuse is the lowest value of the rated voltages of its parts (fuse-holder, fuse-link).
6.3 Rated current

6.3.1 Rated current of the fuse-link

The preferred rated currents for the fuse-links are the following values expressed in A:

2-4-6-8-10-12-13-16-20-25-32-35-40-50-63 -80—- 100 — 125 4 160 —
200 1+ 224 — 250 — 315 — 355 - 400 — 425 - 500 — 630 — 800 — 1 000 — 1 250 — 1 600

If it i$ necessary to choose lower values or intermediate values or higher values) these values
should be selected from the series R10 of ISO 3, and in exceptional cases, fromR20 or RA0 of
ISO

6.3.2 Rated current of the fuse-holder

The :Iated current of the fuse-holder, expressed in amperes, should‘be selected from the sgries
of rafed currents of fuse-links if not otherwise specified in subseguent parts. For "gG" and|"aM"
fuseq, the rated current of the fuse-holder represents the highest rated current of the fuse¢-link
with which it is intended to be used.

6.4 | Rated frequency (see 7.1 and 7.2)

The absence of any marking regarding rated frequency shall imply that the fuse meet$ the
cond(tions laid down in this document for frequencies between 45 Hz and 62 Hz only.

6.5 | Rated power dissipation of a fuse-link and rated acceptable power dissipation of
a fuse-holder.

The fated power dissipation of @ ‘fuse-link is stated by the manufacturer if not othefwise
specified in subsequent parts..That value shall not be exceeded under specified test condifions.

The rated acceptable power dissipation of a fuse-holder is stated by the manufacturer (f not
othenwise specified inthe 'subsequent parts. It is intended to be the maximum power dissipjation
the fuse-holder can“tolerate under specified test conditions without exceeding the spegified
tempegrature rise.

6.6 Limits.of time-current characteristics

6.6.1 General

The limits are based on a reference ambient air temperature T, of +20 °C.

6.6.2 Time-current characteristics, time-current zones

They depend on the design of the fuse-link, and, for a given fuse-link, on the ambient air
temperature and the cooling conditions.

NOTE For ambient air temperatures deviating from the temperature range according to 4.1, consultation with the
manufacturer is necessary.

For fuse-links not complying with the standardized time-current zones as specified in the
subsequent parts, the manufacturer should keep available (with their tolerances):

— the pre-arcing and operating time-current characteristics;
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NOTE For pre-arcing times smaller than 0,1 s, the manufacturer should keep available 72/ characteristics with their

tolerances (see 6.8.3).

When the time-current characteristics are presented for pre-arcing times exceeding 0,1 s,
should be given with current as abscissa and time as ordinate. Logarithmic scales shall be
on both coordinate axes.

The hasis of the logarithmic scales (the dimensions of one decade) shall be in the ratio 2/

they
used

with

the Ignger dimensions on the abscissa. However, because of long-established practice.in
counfries (for example UL fuse systems), a ratio of 1/1 is recognized as an ditern
presé¢ntation.

6.6.3 Conventional times and currents

The ¢onventional times and currents for "gG" and "gM" fuse-links are given in Table 3.

Table 3 — Conventional time and current for "gG"”, and."gM" fuse-links

bther
ative

Rated current I for "gG" Conventional time Conventional current
Characteristic current I, for "gM"P h I I
A
I,< 16 1 a a
16< I, < 63 1
63 < 1,160 2 1,251, 1,61,
160 < I <400 3
400 < I 4
a8  Vplues for fuse-links with rated currentdess than 16 A are given in subsequent parts.
b Fpr "gM" fuse-links, see 6.7.1.

6.6.4 Gates

For "gG" and "gM*.fuse-links, the gates given in Table 4 apply.
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Table 4 — Gates for specified pre-arcing times of "gG" and "gM" fuse-links?

1 2 3 4 5
1, for "gG" I, (10s)¢ I, (558) I, (0,18) I (0,18)
I, for "gMm"
A A A A A
13 24 65 65 130
16 33 65 85 150
20 42 85 110 200
25 52 110 150 260
32 75 150 200 350
35 83 175 225 445
40 95 190 260 450
50 125 250 350 610
63 160 320 450 820
80 215 425 610 1100
100 290 580 820 1450
125 355 715 1100 1910
160 460 950 1450 2590
200 610 1250 1910 3420
224 600 1600 2 009 4 300
250 750 1650 2 590 4 500
315 1050 2200 3 420 6 000
355 1100 2750 3500 7 700
400 1420 2 840 4 500 8 060
425 1350 3300 4 500 9 500
450 1600 3300 5250 9 300
500 1780 3 800 6 000 10 600
630 2200 5100 8 060 14 140
800 3 060 7(000 10 600 19 000
1000 4 000 9 500 14 140 24 000
1250 5 000 13 000 19 000 35000
1600 7 500 16 000 24 000 43 000
a8 Malues for fuses with rated current less than 13A are given in subsequent parts.
b Hor "gM" fuse-links, see 6.7.1.
¢ I}, (10 s) is the minimum value)of current for which the pre-arcing time is not less than 10 s.
For "aM" fuses the standard gates for time- current characteristics based on reference ampient
air tgmperature of 20 °C are given in Table 5 and Figure 3. The standardized k-factor$ are
ko =[1.5; k4 = 4 and- k, = 6,3.
Table 5 — Gates for "aM ' fuse-links (all rated currents)
41, 6,31, 81, 107, 12,51, 19171,
toperaﬁng - 60 s - - 0,5s 0,10 s
t pre-arcing 60 s - 0,5s 0,2s - -
6.7 Breaking range and breaking capacity
6.7.1 Breaking range and utilization category

The first letter shall indicate the breaking range:

— "g" fuse-links (full-range breaking-capacity fuse-link);

"a" fuse-links (partial-range breaking-capacity fuse-link).
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The second letter shall indicate the utilization category; this letter defines with accuracy the

time-

6.7.2

current characteristics, conventional times and currents, gates.

Rated breaking capacity

The rated breaking capacity of a fuse-link is given by the manufacturer corresponding to the

rated

6.8
6.8.1

voltage. Values of minimum rated breaking capacity are given in subsequent parts.

Cut-off current and I%¢ characteristics

General

The
and
value

6.8.2

The ¢
likely

Whe
they
doub|

6.8.3

The

corre
repre
curre

The
mant
to be

alue for cut-off and 72 characteristics shall take into account manufacturing toleérg
shall refer to the service conditions as specified in subsequent parts, for example
s of voltage, frequency and power factor.

Cut-off current characteristics

ut-off current characteristics shall represent the maximum instantaneous values of cu
to be experienced in service (see 9.6.1 and Annex C).

e the cut-off current characteristics are required, and unless.specified in subsequent g
should be given by the manufacturer according to the‘example shown in Figure 4
e logarithmic presentation with the prospective currentyas abscissa.

I?¢t characteristics

pre-arcing /2: characteristics for pre-arcihg’times of less than 0,1s down to a
sponding to the rated breaking capacity(@hall be given by the manufacturer. They
sent the lowest values likely to be experienced in service as a function of the prospsd
nt.

bperating /2: characteristics with specified voltages as parameters shall be given b
facturer for pre-arcing timestless than 0,1 s. They shall represent the highest values
experienced in service as.a function of the prospective current.

When presented graphically, the /2¢ characteristics shall be given with prospective curre

absc
(For

ssa and /2 valués )as ordinate. Logarithmic scales shall be used on both coordinate
he use of the logarithmic scales, see 6.6.2.)

7 Markings

7.1

General

nces
, the

rrent

arts,
in a

time
shall
ctive

y the
ikely

nt as
AXEesS.

The marking shall be durable and easily legible. Compliance is checked by test 9.12.

NOTE

NOTE

1 The marking for rated current and rated voltage may, for instance, be as follows:
10

10 A 500 V or 10/500 or ——
500

2 For all parts of fuses relevant symbols from IEC 60417 can be used.
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7.2

Markings of fuse-holders

The following information shall be marked on all fuse-holders:

name of the manufacturer or a trade mark by which he may be readily identified;

manufacturer's identification reference enabling all the characteristics listed in 6.1.2 to be
found;

rated voltage;

rated current;

kind of current and rated frequency, when applicable.

A fuge-holder marked with AC ratings may also be used for DC If a fuse-holder conta
remoyvable fuse-base and a removable fuse-carrier. Both should be separately marked fq

purp

7.3

The

imp

Fus
DC.

For

fuse-

sha

8

8.1
8.1.

r

n

n
fq

p

q

—

r
b
k
e

g
g

rd .Y

1

se of identification.

Markings of fuse-links

llowing information shall be marked on all fuse-links except smallfuse-links where t
cticable:
Ame of the manufacturer or a trade mark by which he may be, readily identified;

anufacturer's identification reference, enabling all the characteristics listed in 6.1.3
und;

ted voltage;
ted current;

reaking range and utilization category (letter.code), where applicable (see 6.7.1);

{nd of current and, if applicable, rated frequency (see 6.4).

Hlinks should be marked separatelyfor AC and DC if the fuse-link is provided for AQ

mall fuse-links, where it is\impracticable to include all the specified information o
ink, the trade mark, list refetrence of the manufacturer, rated voltage and the rated cu
be marked.

btandard conditions for construction

Mechanical design

Replacement of fuse-links

ns a
r the

nis is

o be

and

h the
rrent

A fuqe-link shall have adequate mechanical strength and its contacts shall be securely fix

8.1.

2

Connections, including terminals

The fixed connections shall be such that the necessary contact force is maintained under the
conditions of service and operation.

No contact force on connections shall be transmitted through insulating material other than
ceramic or other material with characteristics not less suitable, unless there is sufficient
resilience in the metallic parts to compensate for any possible shrinkage or other deformation
of the insulating material. Tests are specified in subsequent parts, where necessary.

Terminals shall be such that they cannot turn or be displaced when the connecting screws are
tightened, and such that the conductors cannot be displaced. The parts gripping the conductors
shall be of metal and shall have such a shape that they cannot unduly damage conductors.
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Terminals shall be so arranged that they are readily accessible (after removal of covers, if any)

unde

NOTE

8.1.3

r the intended conditions of installation.

Requirements of screwless-type terminals are given in Annex E.

Fuse-contacts

Fuse-contacts shall be such that the necessary contact force is maintained under the conditions

of se

Cont
cond

rvice and operation, in particular under the conditions corresponding to 8.5.

ct shall be such that the electromagnetic forces occurring during operation

nder

tions in accordance with 8.5 shall not impair the electrical connections between

a) the fuse-base and the fuse-carrier;

b) the fuse-carrier and the fuse-link;

c) the fuse-link and the fuse-base, or, if applicable, any other support.

In addition, fuse contacts shall be so constructed and of such material‘that, when the fu
properly installed and service conditions are normal, adequate contact is maintained

a) a
b) a

Fuse

Thes
subs

ter repeated engagement and disengagement;

ter being left undisturbed in service for a long period (se€,9.10).

-contacts of copper alloy shall be free from season/cracking.

e requirements are verified by the tests according to 9.10, 9.11.2.1 and in Claussd
pquent parts of IEC 60269.

8.1.4  Construction of a gauge-piece

A ga
use.

8.1.5 Mechanical strength of‘the fuse-link

A fuge-link shall have adequate mechanical strength and its contacts shall be securely fix

8.2

Insulating properties and suitability for isolation

The fuses shall beisuch that they do not lose their insulating properties at the voltages to v

they

are subjected in normal service. The fuse shall be suitable for isolation when it is

normial open\position, the fuse-link remaining inside the fuse-carrier, or when the fuse-link,
when applicable, the fuse-carrier is removed. The applicable overvoltage category is spe

in su

bsequent parts.

se is

8 of

ige-piece, if any, shall be so desigfied that it withstands normal stresses occurring during

vhich
in its
and,
cified

The fuse shall be deemed to satisfy these conditions if it passes the tests for verification of
insulating properties and suitability for isolation in accordance with 9.2.

The minimum creepage distances, clearances and distances through insulating material or

seali

ng compound shall comply with the values specified in subsequent parts.
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8.3

Temperature rise, power dissipation of the fuse-link and acceptable power
dissipation of a fuse-holder

The fuse-holder shall be so designed and proportioned as to carry continuously, under standard
conditions of service, the rated current of the fuse-link with which it is provided without
exceeding

the temperature-rise limits specified in Table 6 at the rated acceptable power dissipati

on of

the fuse-holder as indicated by the manufacturer or otherwise specified in subsequent parts.

The fuse-link shall be so designed and proportioned as to carry continuously, under standard
conditions of service, its rated current without exceeding

— the rated power dissipation of the fuse-link as indicated by the manufacturer or othefwise
specified in the subsequent parts.
In pafrticular, the temperature-rise limits specified in Table 6 shall not be exceeded
— when the rated current of the fuse-link is equal to the rated current of the fuse-hplder
iftended to accommodate this fuse-link;
— when the power dissipation of the fuse-link is equal to the-rated acceptable power
d|ssipation of the fuse-holder.
Thesk requirements are verified by the tests according to 9.3
Table 6 — Temperature rise limits AT =(T - T,) for terminals
Contacts Temperature rise AT in K
Terminals Bare Copper 60
Bare Brass or tin-plated 65
Silver-plated or nickel-plated 702)

a) Tlhe limit of temperature rise is governed\by the use of PVC insulated conductors or for other conneftion
nmethods or conductors the manufacturérjhas to give maximum values of temperature rise in his documentption
gnd the conductor rating must be observed. Temperature limits of the fuse and the conductor must be aligned.

8.4 | Operation

The fuse-link shall be_so designed and proportioned that, when tested in its appropriatg test
arrarjgement at rated_frequency and an ambient air temperature of (20 + 5) °C,

— it]is able to‘earry continuously any current not exceeding its rated current;

— it]is able-to"withstand overload conditions as they may occur in normal service (see 9.4/3.4).

For g4 “g! fuse-link within the conventional time,

the fuse-link does not operate, when it carries any current not exceeding the conventional

non-fusing current (/,);

it operates when it carries any current equal to or exceeding the conventional fusing cu

(Z5)-

NOTE Time-current zones, if any, are to be considered.

For an "a" fuse-link,

rrent

the fuse-link does not operate when it carries a current not exceeding k/, for the

corresponding time indicated in the overload curve (see Figure 2);
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— when carrying a current between kI, and k,I,,, the fuse-element may melt, provided that

the pre-arcing time is greater than the value indicated in the pre-arcing time-current
characteristic;

— it operates when it carries a current exceeding k,/, within its time-current zone, including
the arcing time.

The time-current values measured in 9.4.3.3 shall fall within the time-current zone provided by
the manufacturer.

A fuse-link is deemed to satisfy these conditions if it passes the tests prescribed in 9.4.

8.5 | Breaking capacity

The {use shall be capable of breaking, at rated frequency, and at a voltage not exceeding the
recovery voltage specified in 9.5, any circuit having a prospective current between,

— fqr "g" fuse-links, the current I;
— fqr "a" fuse-links, the current k,/,,; and

— in the case of AC, the rated breaking capacity at power factorsgnet lower than those shown
il Table 21 appropriate to the value of the prospective curreft;

— inthe case of DC, the rated breaking capacity at time constants not greater than those [imits
shown in Table 22 appropriate to the value of the prospective current.

Durirl]g operation of the fuse-link in a test circuit as déscribed in 9.5, the arc voltage shall not
exceed the values given in Table 7.

NOTE| Where fuse-links are used in circuits with system voltages belonging to a range lower than that correspgnding
to the|rated voltage of the fuse-links, consideration should be given to the arc voltage, which should not excepd the
value |n Table 7 corresponding to the system voltage.

Table 7. <“Maximum arc voltage

Rated voltage U, Maximum arc voltage,
of the fuse-link peak value
\Y, \Y
AC apd DC currents Up to and including 60 1 000
61 to 300 2 000
301 to 690 2 500
691 to 800 3 000
801 to 1 000 3 500
DC ohly. 1001 to 1200 3 500
1201 to 1500 5 000
NOTE For fuse-links having rated current less than 16 A, the maximum arc voltage is not specified in this
document but is under consideration.

A fuse shall be deemed to satisfy these conditions if it passes the tests prescribed in 9.5.

8.6 Cut-off current characteristic

If not otherwise specified in subsequent parts, the values of cut-off current measured as
specified in 9.6 shall be less than, or equal to, the values corresponding to the cut-off current
characteristics assigned by the manufacturer (see 6.8.2).

NOTE For the cut-off current characteristics as function of the actual pre-arcing time, see Annex C.
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8.7 I?t characteristics

The pre-arcing /%t values verified according to 9.7 shall not be less than the characteristics
stated by the manufacturer in accordance with 6.8.3, and lie within the limits given in Table 8
for "gG" and "gM" fuse-links. For pre-arcing times smaller than 0,01 s, limits are given in
subsequent parts, if required. Values for "gD" and "gN" fuse-links are given in IEC 60269-2,

fuse system H.

The operating 72¢ values verified according to 9.7 shall be less than, or equal to, the
characteristics stated by the manufacturer in accordance with 6.8.3 or specified in subsequent

parts.

Table 8 — Pre-arcing 12 values at 0,01 s for "gG" and "gM" fuse-links
I, for "gG" Iztmin Iztmax
1, for "gM"

A 103 x (AZ%s) 103 x (A?g)
16 0,3 1,0

20 0,5 1,8

25 1,0 3,0

32 1,8 5,0

35 2,2 8,0

40 3,0 9,0

50 5,0 16,0
63 2:0 27,0
80 16,0 46,0
100 27,0 86,0
125 46,0 140,0
160 86,0 250,0
200 140,0 400,0
224 200,0 520,0
250 250,0 760,0
315 400,0 1 300,0
400 760,0 2250,0
500 1300,0 3.800,0
630 2 250,0 7 500,0
800 3.800,0 13 600,0
1000 7 840,0 25 000,0
1250 13 700,0 47 000,0

8.8 Overcurrent selectivity of fuse-links

Requirements concerning overcurrent selectivity are dependant upon the fuse system, the rated
voltage and the application of the fuse; relevant requirements may be given in subsequent parts.
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8.9 Protection against electric shock
8.9.1 General

For the protection of persons against electric shock, three states of the fuse shall be taken into
consideration:

— when the complete fuse is properly mounted, installed and wired with fuse-base, fuse-link
and, where applicable, gauge-piece, fuse-carrier and enclosure forming part of the fuse
(normal service condition);

— during the replacement of the fuse-link;

- v]hen the fuse-link, and where applicable, the fuse-carrier is removed.
e

The fated impulse withstand voltage is given in Table 9 appropriate to the rated voltage“and the
overyoltage category of the fuse, which are specified in subsequent parts.

The fequirements are specified in subsequent parts. See also 9.8.

Table 9 — Rated impulse withstand voltage

Rpted voltage of the fuse Rated impulse withstand voltage Uimp (1,2/50 ps)
up to and including
\Y kV
Overvoltage category
I\ 11 1 |
230 4 2,5 1,5 0,8
400 6 4 2,5 1,5
690 8 6 4 2,5
1000 12 8 6 4

8.9.2 Clearances and creepage-distances

The glearances shall be net less than the values given in Table 10 to reduce the rigk of
disruptive discharge due to overvoltage.

Table 10 — Minimum clearances in air

Minimum clearances
mm
Rat¢d impulse-withstand voltage Inhomogeneous field conditions

Uimp
kv

0,8 0,8

1,5 0,8

2,5 1,5

4,0 3,0

6,0 5,5

8,0 8,0

12,0 14,0

NOTE The values of minimum clearances in air are based on 1,2/50 ys impulse voltage, for barometric pressure
of 80 kPa, equivalent to normal atmospheric pressure at 2 000 m above sea-level.
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Creepage distances shall also correspond to the material group, as defined in 2.7.1.3 of
IEC 60664-1:2002, corresponding with the rated voltage given in Table 11.

Table 11 — Minimum creepage distances

mm

Creepage distances for equipment subject to long-term stress

Rated voltage of the fuse
up to and including

Material group

Material group

Material group

\ | 1 1l
230 3.2 3.6 4
400 5 5,6 6,3
690 8 9 10
1000 12,5 14 16

8.9.3

For flises suitable for isolation and having a rated voltage greater thany50 V, the leakage cU

Leakage currents of fuses suitable for isolation

shalllbe measured through each pole with the contacts in the open‘position.

The
not exceed

e 0|5 mA per pole for fuses in a new condition;

alue of the leakage current, with a test voltage equal to 1,1 times the rated voltage,

e 2|mA per pole for fuses having been submitted to tests according to 9.5.

8.9.4

Additional constructional requirements for fuse holders for linked fuse-
carriers, suitable for isolation

The fuse-holder shall be marked with the symbol IEC 60617-S00369.

NOTE|1

Symbol IEC 60617. New definition with double opening to be used (2021-04-29).

SC 3§UB Fuse-disconnector. double opening C "Fuse base"

When the fuse'is in open position, with the fuse-link remaining inside the fuse-carrier

———

_|

|_

rrent

shall

, the

isolafing distance between the fuse contacts in accordance with the isolating function shall be

provided.~Indication of this position shall be provided by the position of the fuse-carrier.

This requirement is verified in accordance with 9.2.

When there exists a locking means specified by the manufacturer in order to lock the fuses in
the isolated position, locking shall be possible only in this position. Fuses shall be designed so
that the fuse-carrier remains attached to the fuse-base giving a correct indication of the open
position, and of locking, if any.

NOTE 2 Locking in the close position is permitted for particular applications.

For fuses incorporating electronic circuits connected to the main poles, the disconnection of the
electronic circuit(s) is permitted during dielectric tests.
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8.10 Resistance to heat

All components shall be sufficiently resistant to heat which may occur in normal use.

If not otherwise specified in subsequent parts, this requirement is considered as being met
when satisfactory results are obtained in tests according to 9.9 and 9.10.

8.11 Mechanical strength

All components of the fuse shall be sufficiently resistant to mechanical stresses which may
occur in normal use.

If nof otherwise specified in the subsequent parts, this requirement is considered as_being met
when satisfactory results are obtained on tests according to 9.3 to 9.5 and 9.11.1.

8.12| Resistance to corrosion
8.121 General

All mietallic components of the fuse shall be resistant to corrosive influences which may ¢ccur
in nofmal use.

8.122 Resistance to rusting

Ferrqus components shall be so protected that they meet the relevant tests.

If nof otherwise specified in subsequent parts, this requirement is considered as beind met
wher| satisfactory results are obtained on tests according to 9.11.2.3 and 9.11.2.3.

8.123 Resistance to season cracking

Currgnt-carrying parts shall be sufficiently resistant to season cracking. Relevant testg are
specified in 9.11.2.1 and 9.11.2.1.

8.13| Resistance to abnormal-heat and fire

All components of the fuse shall be sufficiently resistant to abnormal heat and fire. The test is
specified in 9.11.2.2.

8.14| Electromagnetic compatibility

Fuses within the scope of this document are not sensitive to normal electromagnetic
disturbances; and therefore no immunity tests are required.

] g listurba g ated by a fuse is limited to the instant of its
operation. Provided that the maximum arc voltages during operation in the type tests comply
with the requirements of 8.5, the requirements for electromagnetic compatibility are deemed to
be satisfied.

9 Tests

9.1 Overview
9.1.1 General

Tests shall be made according to the IEC rules.
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9.1.2 Kind of tests

The tests specified in this clause are type tests and are performed under the responsibility of
the manufacturer.

If, during one of these tests, a failure occurs and the manufacturer can furnish evidence that
this failure is not typical of the fuse-type but due to an individual fault of the tested sample, the
relevant test shall be repeated. This does not apply to the breaking capacity test.

If acceptance tests are agreed upon between user and manufacturer, the test shall be selected
from the type tests.

Type| tests are performed in order to verify that a particular type of fuse or a range.of fuses
forming a homogeneous series (see 9.1.6.3) corresponds to the specified characteristics| and
operates satisfactorily under normal conditions of service or under particular specified
condjtions.

Compliance with the type test is deemed to prove that all fuses of identical construction meet
the réquirements of this document.

If any part of the fuse is modified in a manner liable to adversely affect the result of a type test
alrealdy performed, that type test shall be repeated.

9.1.3( Ambient air temperature (7,)

The lambient air temperature shall be measured by measuring devices protected against
draU}hts and heat radiation, placed at the height of'the centre of the fuse and at a distance of

approximately 1 m. At the beginning of each test, the fuse shall be approximately at the ampient
air temperature.

9.1.4 Condition of the fuse

Testg shall be made on fuses in a ‘clean and dry condition.

9.1.5 Arrangement of the fuse and dimensions

Except for the degree «f\protection test (see 9.8), the fuse shall be mounted in free gir in
drauﬂ/\t-free surroundings in the normal operation position, for example, vertical, and, upless
othenwise specified, Jon insulating material of sufficient rigidity to withstand the forces
encopntered withaout applying external load to the fuse under test.

The fuse-link-shall be mounted either as in normal use, or in the fuse-holder for which it is
intended{ or'in a test rig in accordance with the indications given in the relevant subclause in a
subsgquent part.

Before the tests are started, the specified external dimensions shall be measured and the
results compared with the dimensions specified in the relevant data sheets of the manufacturer
or specified in subsequent parts.

9.1.6 Testing of fuse-links
9.1.6.1 General

Fuse-links shall be tested with the kind(s) of current and, for AC, frequency for which they are
rated, unless otherwise specified in subsequent parts.


https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

- 34 - IEC 60269-1:2024 © |IEC

9.1.6.2 Complete tests

2024

Before the tests are commenced, the internal resistance R of all samples shall be measured at
an ambient-air temperature of (20 + 5) °C with a measuring current of not more than 0,1 /. The

value R shall be recorded in the test report.

A survey of the complete tests is given in Table 12.

9.1.6.3 Testing of fuse-links of a homogeneous series

Fuse-links of different rated currents are considered to form a homogeneous series provided

tH
e
W
tq

th
th

th

ey have enclosures identical in form and construction, and with the exception of
ements, in dimension. This condition is also met when only the fuse-link contaéts-diffl

hich case tests are performed with the fuse-link having the fuse-link contacts. most
produce the least favourable test results;

ey have the same arc-extinguishing medium and the same completeness’of filling;
eir fuse-elements consist of identical materials. They shall have the'same length and

DTE For example, they can be formed with identical tools from material of-diffefent thickness.

fuse-elements, shall not exceed the cross-section and’ the number of fuse-elem
spectively, of those fuse-links having the highest rated current;

e minimum distances between adjacent fuse-elements and between the fuse-elen
nd the inner surface of the cartridge is not lesS than those in the fuse-link havin
ghest rated current;

ey are suitable to be used with a given fusé-holder, or are intended to be used with

Bries.

ith respect to the temperature-risetest, the product R/,;32 does not exceed the cg

bnding value for the fuse-link which has the largest rated current of the homogen
bries. The resistance R shall be-measured with the fuse-link as indicated in 9.1.6.2.

ith respect to the breaking-capacity test, the rated breaking capacity is not greater
at of the fuse-link having'the largest current within the homogeneous series. Other
e fuse-link of the largest rated current among those having the greater rated bre
bpacity shall be subjected to tests no. 1 and no. 2.

ise-links of a_ hemogeneous series,

able 12,
e fuse-link having the smallest rated current shall be tested only according to Table

fuse-
er, in
ikely

form;

eir cross-section, which may vary along the length of fuse-etfements, as well as the number

ents,

hents
y the

put a

se-holder, but in an arrangement identical for all rated currents of the homogeneous

rres-
eous

than
wise,
bking

e fuse-link~having the largest rated current shall be tested completely according to

13;

e fuse-links hetween the Iargpef and the smallest rated current shall he tested acco

ding

to Table 14.
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Table 12 — Survey of complete tests on fuse-links and number of fuse-links to be tested

Test according to subclause Number of samples
g ugn
fuse-links fuse-links
TPt |13(3(1]141(3(3
9.1.5 Dimensions X [X [X X (X [X
9.1.6.2 Resistance XX XXX XXX XX XXX XXX XXX XXX (XXX
9.3 Temperature rise, power X X
dissipation
9.4.3.1a) Conventional non-fusing current X
9.4.3.1 b) Conventional fusing current X
9.43p Rated current X
943 Time-current characteristics, gates
Gates, "g" fuse-links
a)l,, (10s) X
b) 1.y (58) X
C) I (0,1'8) X
d) /.y (0,1'8) X
Gates, "a" fuse-links X
9434 Overload X X
9.4.3p Conventional cable overload X
protection
9.4.3p Indicating device © XX XX [X XXX [X [X
Striker © X (X XXX (X XXX X [X|X
9.5n¢. 5 Breaking capacity 2 X X
9.5 ng¢. 4 Breaking capacity @ X X
9.5 n¢. 3 Breaking capacity 2 X X
9.5n9¢. 2 Breaking capacity ?) X X
9.5n¢. 1 Breaking capacity ?) X X
9.6 Cut-off current characteristic™®
9.7 I?t characteristic 9
9.8 Degree of protection ¢
9.9 Resistance t¢ heat 9)
9.10 Non-deterioration of contacts 9
9.11. Mechanical strength 9
9.11.2.1 Efeedom from season cracking 9 ©)
9.11.2.2¢ ,Resistance to abnormal heat and X X
fire 9)
9.11.2.3 Resistance to rusting 9
9.12 Marking X X

a) Valid also for time-current characteristic, if ambient air temperature is between 15 °C and 25 °C (see 9.4.3.3)
For fuse-links tested in test-rigs, tests in accordance with 3a), 4a) and 5a) of 9.4.3.3 may be used.

b)  Valid also for cut-off current and /2 characteristics (see 9.6 and 9.7).

¢ For fuse-links with indicating device or striker only.

Tests according to 9.6 to 9.11 relating to fuse systems which are mentioned in subsequent parts may be
possible. Number of samples to be tested depends on system and material.

) For fuse-links with current-carrying parts made of rolled copper alloy with less than 83 % copper.
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Table 13 — Survey of tests on fuse-links of smallest rated current
of homogeneous series and number of fuse-links to be tested

Test according to subclause Number of samples

"g" wan
fuse-links fuse-links

tjfrtppppRppRPpPppEpppp(3|r|3|4

9.1.5 Dimensions

9.1.6.2 Resistance XXX XXX XXX XX XXX XXX (XXX

9.4.3.1 a) Conventional non-fusing current

9.4.3.1 b) Conventional fusing current

9.4.3p Rated current X

9.4.38 Time-current characteristics

no. 3a 9 X X

no. 4a 9 X X

no. 5a 9 X X

9.4.3.8.2 Gates, "g" fuse-links
a)l_. (10s) X

min

byl _ (5s) X

max

c)I . (0,1s) X

min

d)Z__ (0,1s) X

max

Gates, "a" fuse-links X

9.4.3.

=

Overload X K

9.4.3.

[$)]

Conventional cable overload protection X

9.4.3.

[2]

Indicating device ©

Striker © X |X X |X

9.5n9. 1 Breaking capacity 2

9.6 Cut-off current characteristic °)
9.7 2t characteristic )

9.8 Degree of protection )

9.9 Resistancé\to heat °)

9.10 Non-detefioration of contacts )
9.11. Mechanical strength )

9.11.2.2{/ Resistance to abnormal heat and fire

9.11.2.3  Resistance to rusting ?)

a)  Valid also for cut-off current and /¢ characteristics (see 9.6 and 9.7).

Tests according to 9.6 and 9.11 relating to fuse systems which are mentioned in subsequent parts may be
possible. Number of samples to be tested depends on system and material.

©  For fuse-links with indicating device or striker only.

With the exception of "gD", "gG" and "gM", as adequate tests are carried out in connection with verification of
the gates (see 8.4.3.3.2).
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Table 14 — Survey of tests on fuse-links of rated currents between the largest and the
smallest rated current of a homogeneous series and number of fuse-links to be tested

Test according to subclause

Number of samples

"g" fuse-links "a" fuse-links
1 1 1 1 1 1 1 2 2

9.1.5 Dimensions X
9.1.6.1 Resistance X X X X X X X X
9.4.3.1 a) Conventional non-fusing current
9.4.3[Z Rated current S
9.4.313.1 Time-current characteristics

no. 4a 2 X X
9.4.3]3.2 Gates, "g" fuse-links

a)l, (10s) X

b) I,y (58)

C) Iin (0,18)

d) /., (0,18) X

Gates, "a" fuse-links X X
9.4.315 tCor:ventionaI cable overload protection X

es

a)  With the exception of "gD" "gG" and "gM", as adequate tests afe’ carried out in connection with verificatjon of
the gates (see 9.4.3.3.2).

The tpsts according to Table 14 may be performed at reduced\woltages.

9.1.7

The fuse-holders shall be subjected tothe tests according to Table 15.

Testing of fuse-holders

Table 15 — Survey of complete tests on fuse-holders
and-number of fuse-holders to be tested

Test according\to subclause Number of samples
1 1 3 3

9.1.4 Dimensians X X by
9.2 Insulating'properties and suitability for X

isolation
9.3 Jemperature rise and acceptable power X

dissipation
9.5 Peak withstand current X
9.8 Degree of protection X
9.9 Resistance to heat X
9.10 Non-deterioration of contacts X
9.11.1 Mechanical strength X X X X
9.11.2.1 Freedom from season cracking 2 X
9.11.2.2 Resistance to abnormal heat and fire X
9.11.2.3 Resistance to rusting X

a)  For fuse-holders with current-carrying parts made of rolled copper alloy with less than 83 % copper.

Additional tests relating to special fuse systems which are mentioned in subsequent parts may be necessary. The
number of samples depends on the system and the material.
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9.2 Verification of the insulating properties and of the suitability for isolation
9.2.1 Arrangement of the fuse-holder

In addition to the conditions of 9.1.4, the fuse-holder shall be fitted with fuse-links of the largest
dimensions envisaged for the type of fuse-holder concerned.

When the fuse-base itself is depended upon for insulation, metal parts shall be placed at their
fixing points in accordance with the conditions of installation of the fuse indicated by the
manufacturer, and these parts shall be considered as part of the frame of the apparatus. Unless
otherwise specified by the manufacturer, the fuse-base shall be fixed to a metal plate.

If thg fuse-link is intended to be replaceable while live, the surfaces of the fuse-link;~df the
devide for replacing it or of the fuse-carrier, if any, which may be touched in the ¢oufsg of a
correlct replacement, are considered as forming part of the fuse. Thus, these surfaces)| if of
insulating material, shall be provided with metal coverings connected duringcthe tests tp the
fram¢ of the apparatus; if of metal, they shall be connected direct to the frame,

If addlitional insulating means, for example, partition walls, are provided-by the manufacturer,
thesg insulating means shall be in position during the tests.

For the verification of the suitability of the fuse for isolation,,\it/shall be in its normal jopen
positlon, the fuse-link remaining inside the fuse-carrier, or the fase-link, and, when applicable,
the flise-carrier shall be removed.

9.2.2 Verification of the insulating properties

9.2.21 Points of application of the test voltage

The fest voltage for the verification of the ingutating properties shall be applied
a) bptween live parts and the frame with the fuse-link and the device for replacing it gr the

fyse-carrier, if any, in position;

b) bgtween the terminals when the fuse is in normal open position, the fuse-link remgining
inside the fuse-carrier, or.when the fuse-link and the device for replacing it or the fuse-
carrier, if any, are removed;

c) between live parts ofidifferent polarity in the case of a multipole fuse-holder with fuseilinks
of the maximum dimensions intended for that fuse-holder inserted and the device($) for
reéplacing the fuseslink(s) or the fuse-carrier(s), if any, in position;

d) bgtween livewparts which, in the case of a multipole fuse-holder, can reach different
pptentials_after the fuse-link has operated, with the fuse-carrier(s) or the device(g) for
replacing‘\the fuse-link(s) alone (without fuse-links) in position.

9.2.2(2 Value of test voltage

The values of test voltage are shown in Table 16 as a function of the rated voltage of the fuse-
holder.
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Table 16 — Test voltage

Rated voltage U, AC test voltage DC test voltage
of the fuse-holder (RMS)
\ \Y \
AC and DC Up to and including 60 1000 1415
61 to 300 1 500 2120
301 to 690 1890 2 670
691 to 800 2 000 2 830
DC only 1001 to 1 500 3 820

9.2.2(

9.2.2
in Ta

The
corre

9.2.2

The
humi

The femperature of the air, at the place wheréthe sample is located, shall be maintained v

2Ka

Befo
diffen

The s

Imme
cond
9.2.2

9.2.3

9.2.3(

3 Test method

.3.1 The test voltage shall be applied progressively and maintained at'its full value
ble 16 for 1 min.

sponding to the test voltage on open circuit.
.3.2 The fuse-holder shall be subjected to humid atmospheric conditions.

numidity treatment shall be performed in a humidity cabinet containing air with a re
dity maintained between 91 % and 95 %.

f any convenient value T between 20.°C and 30 °C.

e being placed in the humidity cabinet, the sample shall be brought to a temper
ing from the above-mentioned\value T by not more than +2 K.

ample shall be kept in the cabinet for 48 h.

diately after this~treatment, and after wiping off any drops of water that result
ensation, the insulation resistance shall be measured between the points prescrib
.1 by applying.a DC voltage of approximately 500 V.

Verification of the suitability for isolation

1 General

jiven

est voltage source should have a short-circuit current of_atileast 0,1 A at the sgtting

ative

vithin

ature

from
ed in

Clearances and creepage distances shall be verified by dimensional measurement and by
voltage test.

9.2.3

.2 Points of application of the test voltage

The test voltage for the verification of the suitability for isolation shall be applied between the
terminals when the fuse-link and the device for replacing it or the fuse-carrier, if any, are
removed, or the equipment is in its normal open position with the fuse-link remaining inside the

fuse-

9.2.3

carrier.

3 Value of test voltage

The test voltage for the verification of the rated impulse withstand voltage is given in Table 17.
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Table 17 — Test voltage across the poles for the verification
of the suitability for isolation

Rated impulse withstand Test voltages and corresponding altitudes
voltage U, 250
Uimp
kV
kV
Sea level 200 m 500 m 1000 m 2000 m

0,8 1,8 1,7 1,7 1,6 1,5
1,5 2,3 2,3 2,2 2,2 2
25 35 35 34 32 3
4,0 6,2 6,0 5,8 5,6 5
6,0 9,8 9,6 9,3 9,0 8
8,0 12,3 12,1 11,7 11,1 10
12,0 18,5 18,1 17,5 16,7 15

9.2.31.4 Test method

The 1,2/50 ys impulse voltage according to Table 17 shall be applied five times for each polarity
at infervals of 1 s minimum.

9.2. Acceptability of test results

9.2.41 Throughout the application of the test voltage according to Table 16, there shall be no
breakdown of insulation or flashover. Glow discharges unaccompanied by a drop in voltagg can
be ngglected.

Therg shall be no disruptive discharge during the test with the impulse voltage.
9.2.4.2 The insulation resistance measured according to 9.2.2.3.2 shall be not less than 1| MQ.

9.3 | Verification of temperature rise and power dissipation
9.3.1 Arrangement of the fuse

One fuse shall be used for the test unless otherwise stated by the manufacturer.

The {use shall be-mounted in free air as specified in 9.1.4 in order to make sure that the test
results are notyinfluenced by particular conditions of installation.

The llest shall be performed at an ambient air temperature of (20 + 5) °C.

The connections on either side of each single fuse shall be not less than 1 m in length. In cases
where it might be necessary or desirable to arrange more than one fuse in a combined test, the
fuses may be connected in series. This would result in a total length of about 2 m between two
fuse terminals in series. The cable should be as straight as possible.

Unless specified in subsequent parts, the cross-sectional area shall be selected in accordance
with Table 18. For rated currents up to 400 A, single-core copper-conductor cables insulated
with black polyvinyl chloride (PVC) shall be used as connections. For rated currents of 500 A
to 800 A, either single-core copper conductors insulated with black PVC or bare copper bars
can be used. For higher rated currents, matt black painted copper bars only are used. Torques
for the screws connecting the cables to the terminals are given in subsequent parts.


https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

IEC 60269-1:2024 © |EC 2024 -41 -

9.3.2 Measurement of the temperature rise

The values of the temperature rise given in Table 6 for the contacts and terminals of the

fuse

shall be determined by means of measuring devices that appear most suitable, provided that
the measuring device cannot appreciably influence the temperature of the fuse part. The method

used shall be indicated in the test report.

9.3.3 Measurement of the power dissipation of the fuse-link

The fuse-link shall be mounted in the fuse-holder or test rig as specified in subsequent parts.

The test arrangement shall be as specified in 9.3.1.

The power dissipation shall be measured in watts, the points between which the measure
is taken being chosen on the fuse-link so as to give the maximum value. Poigts”fo
meagurement are given in subsequent parts.

9.3. Test method
9.3.4.1 General

The fests (see 9.3.4.2 and 9.3.4.3) shall be continued until it;becomes evident tha
tempgrature rise would not exceed the specified limits if the tests"were continued until a s
tempgrature were reached. A steady temperature shall be degmed to have been reached

ment
r the

the
eady
when

the variation does not exceed 1 K per hour. The measurement shall be made during the last

quarfer hour of the test. It is permissible to make the test at’reduced voltage.

9.3.4.2 Temperature rise of the fuse-holder

The {est for temperature rise shall be made with©AC by using a fuse-link which, at the
currgnt of the fuse-holder, attains a power dissipation equivalent to the rated acceptable p
dissipation of the fuse-holder or with a dummy fuse-link where specified in subsequent
The ¢urrent applied shall be the rated cufrent of the fuse-holder.

9.3.4.3 Power dissipation of afuse-link

The {est shall be made with AC.at the rated current of the fuse-link.

rated
ower
arts.
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corresponding to Subclauses 9.3 and 9.4

Rated current Cross-sectional area
A mm? or mm x mm
2 1
4 1
6 1
8 1,5
T0 T.5
12 1,5
13 1,5
16 2,5
20 2,5
25 4
32 6
35 6
40 10
50 10
63 16
80 25
100 35
125 50
160 70
200 95
224 95
250 120
318 185
355 185
400 240
425 240
500 2 x 185 or 2 x (40 x 5) @
630 2 x 240 or 2 x (50 x 5) @)
800 2 x (60 x 5) @
1 000 2 x (80 x 5) @
1250 2 x (80 x 5) @
1600 2 x (100 x 5) @)

a) Recommended cross-sectional areas for fuses designed to be connected to
copper bars. The type and arrangement of the connections used shall be stated
in the test report. For matt black painted bars, the distance between the two
parallel bars of the same polarity should be approximately 5 mm.

The values given in Table 18, as well as the temperature-rise limits fixed in Table 6, should be
considered as a convention which is valid for the temperature-rise test specified in 9.3.4. A fuse
used or tested according to conditions which correspond to a given installation may have
connections of a type, nature and disposition which are different from these test conditions. In
consequence, another temperature-rise limit may result, be required or accepted.
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9.3.5 Acceptability of test results

The temperature rises shall not exceed the values specified in Table 6.

The power dissipation of the fuse-link shall not exceed its rated power dissipation or the value
specified in subsequent parts. The acceptable power dissipation of the fuse-holder shall be not
less than the rated power dissipation of the fuse-links intended to be used in that fuse-holder,
or the values specified in subsequent parts.

After the test, the fuse shall be in a satisfactory condition. In particular, the insulating parts of
the fuse-holders shall withstand the test voltage according to 9.2 after having cooled down to
ambient temperature (see Table 16); in addition, they shall not have suffered any deformjation
that yould impair their correct operation.

9.4 | Verification of operation
9.4.1 Arrangement of the fuse

The fest arrangement is that specified in 9.1.4.

Length and cross-sectional area of conductors connected shall cofrespond to those spetified
in 9.3.1 and shall be selected according to the rated current of.the fuse-link. See Table 18.

9.4.2 Ambient air temperature

The ambient air temperature during these tests shall-be/(20 + 5) °C.

9.4.3 Test method and acceptability of test results
9.4.3(1 Verification of conventional non-fusing and fusing current
It is permissible to make the following tésts at a reduced voltage.

a) The fuse-link is subjected to itsceonventional non-fusing current ({;;) for a time equal tp the
conventional time specified in“Table 3. It shall not operate during this time.
b) The fuse-link, after hawving cooled down to ambient temperature, is subjected t¢ the
cpnventional fusing current (). It shall operate within the conventional time as specified in
Thble 3.

9.4.3(2 Verification of rated current of "g" fuse-links

For the verification of the rated current of a fuse-link the following tests are performed, the|fuse
being mounted as specified in 9.4.1. It is permissible to make these tests at a reduced volfage.

One fuse=tinkTs—submittedtoa putsetest for 106+, mwhich—thefuse=timk—wittbe—yctically
loaded. Each cycle with an on-period of the conventional time and an off-period of 0,1 of the
conventional time, the test current being equal to 1,05 of the rated current of the fuse-link. After
the test the fuse-link shall not have changed its characteristics. Verification shall be carried out
by the test as described in item a) of 9.4.3.1.

9.4.3.3 Verification of time-current characteristics and gates
9.4.3.3.1 Time-current characteristics

The time-current characteristics may be verified on the basis of the results obtained from the
oscillographic records taken during the performance of the test according to 9.5.
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The following periods are determined:

1) from the instant of closing the circuit until the instant when the voltage measurement shows
the beginning of the arc;

2) from the instant of closing the circuit until the instant when the circuit is definitely broken.

The values of pre-arcing and operating times so determined, referred to the abscissa
corresponding to the value of prospective current, shall be within the time-current zone
indicated by the manufacturer, or specified in subsequent parts.

When for the fuse-links of a homogeneous series (see 9.1.6.3) the complete test according to
9.5 i$ only made on that fuse-link having the largest rated current, it shall be sufficientfqr the
smaller current ratings to verify only the pre-arcing time. In this case, the supplementary [tests
shall[be made at an ambient air temperature of (20 + 5) °C and at the following/valugs of
prospective current only:

— fqr "g" fuse-links, with the exception of "gD", "gG" and "gM", as adequatg¢ |te€sts are cqrried
ot in connection with verification of the gates (see 9.4.3.3.2):

tgst 3a) between 10 and 20 times;

tgst 4a) between 5 and 8 times;

tgst 5a) between 2,5 and 4 times the rated current of the(fuse-link;
— fqr "a" fuse-links:

tgst 3a)  between 5 &k, and 8 k, times;

tgst 3b)  between 2 k, and 3 k, times;

tgst 5a) between k, and 1,5 k, times the rated current of the fuse-link (see Figure 2).

Thesg supplementary tests may be performed at a reduced voltage. In this case, where thg pre-
arcing time exceeds 0,02 s, the value .of the current measured during the test shall be
cons|dered to be the value of the prospgctive current.

9.4.3(3.2 Verification of gates

The Iallowing tests may be made at a reduced voltage. Additional to the above-mentioned fests,
the fpllowing shall be verified-for "gG" and "gM" fuse-links.

a) Alfuse-link is subjected to the current of Table 4, column 2 for 10 s. It shall not operat

[

b) Al|fuse-link is subjected to the current of Table 4, column 3. It shall operate within 5 s.

c) Alfuse-link4s.subjected to the current of Table 4, column 4 for 0,1 s. It shall not operaie.

(2]

d) Alfuse-link-is subjected to the current of Table 4, column 5. It shall operate within 0,1

Additional to the tests of 9.4.3.3.1, "aM" fuse-links shall comply the following tests which can
be made at a reduced voltage.

e) A fuse-link is subjected to the current of Table 5, column 2, for 60 s. It shall not operate.
f) A fuse-link is subjected to the current of Table 5, column 3. It shall operate within 60 s.

g) A fuse-link is subjected to the current of Table 5, column 5, for 0,2 s. It shall not operate.
h) A fuse-link is subjected to the current of Table 5, column 7. It shall operate within 0,10 s.

Tests f) and g) may be verified with the breaking capacity tests Nos. 4 and 5, respectively.

These tests for "aM" fuses shall be conducted with the conductor cross-section areas defined
in Table 19.
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Table 19 — Cross-section areas of the copper conductors for the test of "aM" fuses

Rated current Cross-section area
A mm?2 or mm x mm
2 1,5
4 1,5
6 1,5
8 2,5
10 2,5
12 2,5
16 4
20 6
25 10
32 16
35 16
40 25
50 25
63 35
80 50
100 70
125 95
160 120
200 185
250 240
315 2 x 150 or 2 x (30 x 5)
400 2 x 185 or 2 x (40 x 5)
500 2 x 240 or 2 x (50 x 5)
630 2 x (60 x 5)
800 2 x (80 x 5)
1000 2 x (100 x 5)
1250 2 x (100 x 5)
9.4.314 Overload
The fest.arrangement is the same as that for the temperature-rise test (see 9.3.1). Three fuse-
links shattbe submitted to 50 pUlSes nNaving the same auration and the same (e arrer

For "g" fuse-links, the test current shall be 0,8 times the current determined from the
manufacturer's minimum pre-arcing time-current characteristics for a pre-arcing time of 5 s. The
duration of each pulse shall be 5 s and the time interval between pulses shall be 20 % of the
conventional time specified in Table 2.

For "a" fuse-links, the test current shall be equal to k4/, +2 %. The pulse duration shall
correspond to that indicated on the overload curve for k41, as stated by the manufacturer. The
intervals between pulses shall be 30 times the pulse duration.

This test may be carried out at a reduced voltage.

NOTE With the manufacturer's consent, the interval between pulses may be reduced.
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After having been allowed to cool down to ambient air temperature, the fuse-links shall be
subjected to a current equal to that used during the overload test. The pre-arcing time, when
passing this current, shall be shown to lie within the manufacturer's time-current zone.

9.4.3.5 Conventional cable overload protection test (for "gG" fuse-links only)

In order to verify that fuse-links are capable of protecting cables against overload, one fuse-
link is submitted to the following conventional test. The fuse-link is mounted in its appropriate
fuse-holder or test rig as specified in 9.4.1, but provided with PVC insulated copper conductors
of a cross-sectional area as specified in Table 20. The fuse and the conductor connected to it
shall be preheated with the rated current of the fuse-link for a time equal to the conventional

time.
The fest current is then increased to a value of 1,45 I, (I, being specified in Table-20)] The
fuseink shall operate in a time less than the conventional time.
NOTE| It is not necessary to perform this test if the product 1,45 I, is greater than the conventional fusing cufrent.
This test may be carried out at a reduced voltage.
Table 20 — Table for test in Subclause/9.4:3.5
Nominal cross-sectional
1, of fuse-link area of copper r?
conductors
A mm?2 A
12 1 15
16 P 1,5 19,5
20 P and 25 2,5 27
32°and 35 4 36
40 ° 6 46
50 ° and 63 10 63
80 16 85
100¢® 25 112
125° 35 138
160 50 168
200 70 213
250 b 120 299
315°b 185 392
4662 246 464
@ Current-carrying capacity /, for two loaded conductors (see Table A52-2 of
IEC 60364-5-52:2001).
b For this current rating it is not necessary to perform this test as the product 1,45 I,
is greater than the conventional fusing current /.

9.4.3.6 Operation of indicating devices and striker, if any

The correct operation of indicating devices is verified in combination with the verification of
breaking capacity (see 9.5.5).
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For verifying the operation of strikers, if any, an additional test sample shall be tested at a

curre

nt:

— 1, (see Table 21 and Table 22) in the case of "g" fuse-links;

- 2

k41, in the case of "a" fuse-links (see Figure 2);

and at a recovery voltage of:

— 20V for rated voltages not exceeding 500 V;

— 0,04 U, for rated voltages exceeding 500 V.

The

The s
— a

If dun

alues of the recovery voltage may be exceeded by 10 %.

triker shall operate during all tests made at a recovery voltage of
least 20 V.

ing one of these tests, the indicating device or striker fails, the test shall not be consig

as nggative on this account, if the manufacturer can furnish evidencge\that such failure i

typic
9.5
9.5.1

bl of the fuse type, but it is due to a fault of the individual tested sample.

Verification of the breaking capacity

Arrangement of the fuse

The fest arrangement is that specified in 9.1.5.

Suitgble conductors shall be arranged for a length/of approximately 0,2 m on either side g

comy
betw
point
met \

9.5.2

ben the terminals of the fuse. At this distance, they shall be rigidly supported. Beyon
they shall be bent at right angles towards the back. This arrangement is considered
vhen using test rigs as specified innsubsequent parts.

Characteristics of the‘test circuit

The fest circuit is shown by way of example in Figure 5.

The {fest circuit shall bevof the single-pole type, i.e. one fuse shall be tested at a voltage b

on its

NOTE|

The
spec

rated voltage!

The singlézphase test is deemed to give sufficient information also for application in three-phase circy

fied‘\characteristics to be proved.

ered
5 not

f the

lete fuse in the plane of the connecting.dévice and in the direction of the connecting line

i this
to be

ased

its.

source-of energy supplying the test circuit shall be of sufficient power to enabl¢ the

The source of energy shall be protected by a circuit-breaker or other suitable apparatus D; an
adjustable resistor R in series with an adjustable inductor L shall allow the characteristics of
the test circuit to be adjusted. The circuit shall be closed by means of a suitable apparatus C.
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The values to be considered are indicated in Table 21 and Table 22.

9.5.3 Measuring instruments

For AC:

When the rated frequency of the fuse is 50 Hz or 60 Hz or is not indicated (see 5.4), the test
shall be made at a supply frequency between 45 Hz and 62 Hz. If other frequencies are
indicated, the tests shall be performed at these frequencies with a tolerance of +20 %.

The inductor L shall be an air-cored inductor for tests nos. 1 and 2.

The peak value of the power-frequency recovery voltage within the first full half-cycle after
clearing and for the next five successive peaks shall correspond to the peak value relating
to the RMS value specified in Table 21.

Fpr DC:

reaking capacity tests shall be made with DC on an inductive circuit with seriesmesisfance
r the adjustment of the prospective current. The inductance can be made up by serieg and
brallel connection of suitable inductance coils. They may have iron cores{ provided|they
b not saturate during the test.

he time constant shall lie between the limits indicated in Table 22.

he mean value of DC recovery voltage during 100 ms after final ar¢éxtinction shall be not
ss than the value specified in Table 22.

o1 4 o 3w

The purrent trace shall be recorded by one of the measuring circuits O of an oscillograph
connpcted to the terminals of an appropriate measuring.device. Another measuring circyit O,

of the¢ oscillograph shall be connected by means of/nesistors or a voltage transformer, as the
case|may be, to the terminals of the source of energy during the calibration test, and tp the

termipnals of the fuse during the test of the latters

The prc voltages occurring during tests nos. 1 and 2 shall be measured by means|of a
meaguring circuit (i.e. transducer, transmission and recording device) which has adequate
sensjtivity and frequency response. An-oscillograph may be used provided it meets these

requirements.

9.5.4 Calibration of test cireuit

The {est circuit shall be calibrated with a provisional connection A of a negligible impedance

compared with that of the‘test circuit (see Figure 5) in place of the fuse to be tested.

The fesistors R and-the inductors L shall be so adjusted as to obtain at the desired instant the

desired value aficurrent, and,

r thecase of AC, the desired power factor at a power-frequency recovery voltage 105 *8 %

ot-the rated \/nlfagn for 2 690 \/ fuse and 1 1ﬂ+g % of the rated \/nlfagn for all other fuses.

The power factor shall be determined by one of the methods specified in Annex A or by
other methods giving improved accuracy;

: . . 5
in the case of DC, the desired time constant at a mean value of recovery voltage 115 fg %
of the rated voltage of the fuse to be tested.
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Table 21 — Values for breaking-capacity tests on AC fuses

Test according to 9.5.5.1

No. 1

No. 2

No. 3

No. 4

No. 5

Power-frequency recovery
voltage

5
105 +0 % of the rated voltage for the rated voltage of 690 V 2)

110 +(5) % of the rated voltage for other rated voltages 2

Prospective For "g" I;=3,2 1, =2,0 I I; =125 I
test current fuse-links R .
11 12
For "a" _ _ _
fuzre_ﬁnks I3=25ky, | I,=16k)l, I =k,
Tolerpnce on current +10 o, ) Not +20 % +20n,
0% applicable Qe
0,2 to 0,3 for 0,2 to 0,3 for
prospective prospective
current up to current up to
and including [ and including
Powdr factor 20 kA 20 kA 0,3-0,59
0,1 to 0,2 for 0,1 to 0,2 for
prospective prospective
current above | current above
20 kA 20 kA
Making angle after voltage Not applicable +20, Not specified
zero 00
Initiation of arcing after For one test: Not applicable Not applicable

volta

he zero ©)

40°-65°; for
two more
tests:
65°-90°

a)

b)

This tolerance may be exceeded with the manufacturer's consent.

voltage zero, a test shall be performed with a making angle after voltage zero of 0

Power factors lower than 0,3 may be permitted with the manufacturer's consent.

+10,
0 .

Where difficulty is experienced in_meeting the requirement for initiation of arcing between 40° and 65°| after

f, on this test, arcing is initiated at an angle of more than 65° after voltage zero, then the test shall be accg¢pted
n lieu of that meeting the 40° to 65° requirements for start of arcing. Should, however, arcing be initiafed at
pn angle of less than 40° after voltage zero, then the three tests specified in the table shall be achieved.

7, current which is used in the designation of the rated breaking capacity (see 6.7).

7, éurrent which shall be chosen in such a manner that the test is made under conditions Which
approximate those giving maximum arc energy.
NOTE This condition may be deemed to be satisfied if the instantaneous value of the currg¢nt at
the beginning of arcing has reached a value between 0,60 \/5 and 0,75 \/5 times the prospective
current (RMSvatue of the AC component).
As guide for practical application, the value of current I, may be found between three and four
times the current (symmetrical RMS value) which corresponds to a pre-arcing time of one half-
cycle.

I3, 1, Iy:  the tests made with these test currents are deemed to verify that the fuse is able to operate
satisfactorily in the range of small overcurrents.

I conventional fusing current (see 9.4.3.1) for the conventional time indicated in Table 2.

ky: see Figure 2 and Figure 3.
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Table 22 — Values for breaking-capacity tests on DC fuses

Test according to 9.5.5.1
No. 1 No. 2 No. 3 No. 4 No. 5
Mean value of recovery +5
voltage @) 115 _9 % of the rated voltage
Prospective test current 1 I, I;=3,2 1, =2,0 I I; =125 I
Tolerance on current +10 % b) Not +20 % +20 ,
0 7 applicable o 7
Time[constant ?/ Tf the prospective current 1s higher than 20 KA. 15 ms to 20 ms
If the prospective current is equal to or less than 20 kA: 0,5 (/)®3sms With a
tolerance of +28% b) (value / in A).

a) |This tolerance includes ripple.
b)  |with the manufacturer's consent this value may be exceeded.

I2¥ current which is used in the designation of the rated breaking capagity (see 5.7).

/5! current which shall be chosen in such a manner that the test.is_.made under conditions yhich
approximate those giving maximum arc energy.

NOTE This condition may be deemed to be satisfied if\the current at the beginning of drcing
has reached a value between 0,5 and 0,8 times the prespective current.

3, 1y, Is5: the tests made with these test currents are deemed to verify that the fuse is able to operate
satisfactorily in the range of small overcurrents

/;: conventional fusing current (see 9.4.3.1) for the conventional time indicated in Table 2.

The yalue of the time constant is deemed to.be given by the abscissa OA (see Figure 7a) ¢f the
point{of the current trace corresponding 00,632 1.

Whefe iron core inductors are used, the above method may give misleading results due to
residual magnetism of the core. In'such cases, the inductor may be energized at the required
test qurrent via a series resistor and the inductor short-circuited via the test-circuit to mefsure
the tjme taken for the current to fall to 0,368 I. The supply circuit shall be disconng¢cted
immediately after the inductor is short-circuited.

The test circuit may be-ealibrated at reduced voltage, provided that the ratio between the voltage
and the current intthe test circuit is ensured.

The gircuit shall be prepared by closing the apparatus D, the time lag of which is so adjlisted
allow'an approximately steady value of current to be reached before it opens; apparatus
hlldthen be closed and the current trace recorded by measuring circuit O4, and the voJtage

tracel beforethe closing of apparatus C and after the openingof apparatus D recorded by

measuring circuit O,.

The value of current shall be computed from the oscillogram in Annex A. Annex A is given as
an example.

9.5.5 Test method

9.5.5.1 In order to verify that the fuse-link satisfies the conditions of 8.5, tests nos. 1 to 5 as
described below shall be made with the values stated in Table 21 for AC and in Table 22 for
DC (see 9.5.2), if not otherwise specified in subsequent parts.
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Tests nos. 1 and 2:
For each of these tests, the required samples shall be tested in succession.

For AC, if during test no. 1 the requirements of test no. 2 are met during one or more tests, then
these tests need not be repeated as part of test no. 2.

For DC, if during test no. 1 arcing commences at a current equal to or greater than 0,5 7, test
no. 2 need not be performed.

For AC, If the prospective current necessary to comply with the requirements of test no| 2 is
greafer than the rated breaking capacity, tests nos. 1 and 2 shall be replaced by a test*iade
with the current I, on six samples at six making angles which differ approximately 30*between

each|test.

To verify the peak withstand current of a fuse-holder, test no. 1 shall be made on a compplete
assembly of fuse-base and fuse-link (see 9.1.6) without or with fuse-carrier, where applicable.
For these tests, the initiation of arcing shall be between 65° and 90° after voltage-zero.

Test$ no. 3 to 5:

For @ach of the tests, when performed with AC, the closing of the circuit in relation tp the
passfage of the voltage through zero may be at any instant.

If theltesting arrangement does not permit the currentito be maintained at the full voltage during
all off the time required, the fuse may be pre-heated at reduced voltage by applying a cyrrent
apprpximately equal to the value of the test current. In this case, switching over to thg test
circult according to 9.5.2 shall take place bgfore the arc is initiated, and the switching time ¢,

(intefval without current) shall not exceed«0,2 s. The time interval between reapplication ¢f the
currgnt and beginning of arcing shall belniot less than three times ¢,.

9.5.5(2 For one of the three tests no. 2 and test no. 4, the recovery voltage shall be maintained
at a yalue of

— 1p0*19 % for fuse rated 690 V and 100 *'§ % for all other fuses,

— 1p0*2 % of the rated voltage for DC,

for af least:

— 3P s after operation of fuse-links not containing organic materials in their body or filler

— 5|min’after operation of the fuse-links in all other cases, switching over to another squrce
of supply being permiited aiter 15 s It the swiiching time (interval without voltage) does not
exceed 0,1 s.

For all other tests, the recovery voltage shall be maintained at the same value for 15 s after
operation of the fuse.

In a lapse of time of at least 6 min and maximum 10 min after the operation (with the
manufacturer's consent shorter times are possible, if the fuse-link does not contain organic
materials in its body or filler) the resistance between the contacts of the fuse-link shall be
measured (see 9.5.8) and noted.
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9.5.6 Ambient air temperature

If the test results are also to be used for the verification of the time-current characteristics (see
9.4.3.3), the breaking-capacity tests shall be made at ar ambient air temperature of (20 £ 5) °C.

If these limits cannot be adhered to, it is permissible to make the breaking-capacity tests at an
ambient air temperature between -5 °C and +40 °C. In this case, however, tests nos. 4 and 5
of Table 21 and Table 22 shall be repeated at an ambient-air temperature of (20 £ 5) °C with
reduced voltage in order to verify the pre-arcing time-current characteristics.

9.5.7 Interpretation of oscillograms

Figune 6 and Figure 7 give, by way of example, the method of interpreting the oscillograilns in
the djfferent cases.

The necovery voltage shall be determined from the oscillogram corresponding to the fuse tested,
and ghall be evaluated as shown in Figure 6b) and Figure 6c) for AC and/Figure 7b) and
Figure 7c) for DC.

The value of the AC recovery voltage shall be measured between the,peak of the second|non-
influgnced half-wave and the straight line drawn between the.peaks of the preceding and
following half-waves.

The yalue of the DC recovery voltage shall be measured as the mean value during the pgriod
of 100 ms after final arc extinction.

In orfler to determine the value of prospective current, the current trace obtained during the
calibfation of the circuit (Figure 6a for AC and Figure 7a for DC) shall be compared with that
obtaihed in the breaking test (Figure 6b and.Figure 6c¢ for AC, Figure 7b and Figure 7¢ for|DC).

For AC the value of prospective currentlis the RMS value of the alternating component qf the
calibfation curve corresponding to the-instant of initiation of the arc.

If the[time between the instant when the circuit is closed and the instant when the arc is initjated
is shprter than one-half cycle, the value of prospective current shall be measured after aftime
lapsg equal to a half-cycle.

For OC, where cut-off\does not occur, the value of prospective current shall be measured|from
the chlibration oscillogram at the instant corresponding to the initiation of the arc. Where 1fipple
is prgsent, the .RMS curve shall be drawn and the value of this curve corresponding tp the
instant of initiation of the arc is considered as the prospective current.

Whele cut-off occurs, the value of prospective current is the maximum steady value obtained
from [the-Calibration oscillograms. Where ripple is present, the RMS curve shall be drawnT and
the maximum value of this curve is considered as the prospective current.

9.5.8 Acceptability of test results

The arc voltage occurring during operation of the fuse-link in tests nos. 1 and 2 shall not exceed
the values stated in Table 7.

The fuse-link shall operate without external effects or damage to the components of the
complete fuse beyond those specified below.

There shall be no permanent arcing, flashover or any ejection of flames which may be
dangerous to the surroundings.
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After operation, the components of the fuse, with the exception of those intended to be replaced
after each operation, shall not have suffered damage capable of hindering their further use.

Fuse-links shall not be so damaged that their replacement might be difficult or dangerous for the
operator. The fuse-links or their parts may have changed their colour or may show cracks,
provided that the fuse-link remains in one piece before its removal from the fuse-carrier or test

rig.

The resistance between fuse-link contacts measured after each test (see 8.5.5.2) with a DC
voltage of approximately 500 V shall be equal to at least:

— 5D 000 Q when the rated voltage of the fuse-link does not exceed 250 V;
— 1p0 000 Q in all other cases.

9.6 | Verification of the cut-off current characteristics
9.6.1 Test method

If the manufacturer has stated the cut-off current characteristic, this‘characteristic shgll be
verifipd for the prospective current in connection with test no. 1 (see-9.%), and the corresponding
valug shall be computed from the oscillograms.

9.6.2 Acceptability of test results

The yalues measured shall not exceed those indicated-by the manufacturer (see 6.8.2).

9.7 | Verification of I2¢ characteristics and overcurrent selectivity

9.71 Test method

The |2t characteristics indicated by the manufacturer shall be verified from the results df the
breaking-capacity test, or can be given'by a calculation based on measured values taking into
accolnt service conditions (see Annex B).

9.7.2 Acceptability of test.results

The ¢perating 72/ valuestmeasured shall not exceed the values indicated by the manufadturer
or splecified in subsequent parts. The pre-arcing /2¢ values shall be not less than the minimum
pre-drcing values dgiven by the manufacturer, or they shall lie within the limits indicatged in
Tabl¢ 8 (see 6.8.3vand Annex B).

The pperating-72t values given by the breaking capacity tests can be used to calculate values
for ofher (voltages using the formula in Clause B.3.

9.7.3 Verification of compliance for fuse-links at 0,01 s

Compliance with Table 8 is determined from the pre-arcing 72t values obtained from the test
during /, and the pre-arcing 12t values at 0,1 s as shown in Clause B.1.

The pre-arcing /2t values for test duty I, for the smaller current ratings of a homogeneous series
can be calculated from the formula given in Clause B.2.
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9.7.4 Verification of overcurrent selectivity

The selectivity of the fuse-links is verified by means of the time-current characteristics and the
pre-arcing and operating /2 values.

NOTE In most cases selectivity between "gG" and/or "gM" fuses occurs on prospective currents giving pre-arcing
times greater than 0,01 s. Compliance with the values of pre-arcing /%s given in Table 8 is deemed to ensure a
selectivity with ratio 1,6 to 1 between rated currents for these times.

9.8 \Verification of the degree of protection of enclosures
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undef the conditions stated in IEC 60529.

9.9 | Verification of resistance to heat

If nof otherwise specified in subsequent parts, the resistance to heat is judged| by the resullts of
all ogerating tests, in particular with respect to 9.3, 9.4, 9.5 and 9.10.

9.10| Verification of non-deterioration of contacts

9.101 General

By ntans of a test representing severe service conditions, it shall be verified that contacts do
not deteriorate when left undisturbed in service for a long period.

9.102 Arrangement of the fuse

This fest shall be performed on three samples. The test samples are arranged in the test dircuit
in sugch a way that they cannot influence each-other. The test arrangement and the dummy fuse-
links |shall be the same as used for verification of temperature rise and power dissipation|(see
9.1.5, 9.3.1 and 9.3.4.2).

The pamples are provided with standardized dummy fuse-links of the highest current nating
intended to be used in the fuse-hblder (see subsequent parts).

9.10.3 Test method

A tegt cycle consists ©fya load period and a no-load period referred to the conventional ftime.
The fest current forithe load period and the no-load period are specified in subsequent parts.

The {est samples are submitted to a first test of 250 cycles. If the test results are satisfactory
after [this, the\test is stopped. If the test results exceed the specified limits, the test is continued
up to] 750 cycles.

Before the beginning of the cycling tesi, the temperature rise and/or the voltage drop of the
contacts as specified in subsequent parts shall be measured at rated current when steady-state
conditions have been obtained. The test shall be repeated after 250 cycles and, if necessary,
after 750 cycles.

If the fuses are so small that reliable measurements on the contacts could not be expected, the
measurement at the terminals may be used as the criteria for the test.

9.10.4 Acceptability of test results

After 250 cycles, and if necessary, after 750 cycles, the measured values shall not exceed the
limits given in subsequent parts.
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9.11 Mechanical and miscellaneous tests
9.11.1 Mechanical strength

If not otherwise specified in the subsequent parts, the mechanical characteristics of a fuse and
its parts are judged in the context of normal handling and mounting as well as with the results
shown after the breaking-capacity test (see 9.6).

9.11.2 Miscellaneous tests

9.11.2.1 Verification of freedom from season cracking

In orfer to verify that current-carrying parts made of rolled copper alloy with less than B3 %
coppgr content are free from season cracking, the following test is performed.

All gilease is removed from three samples by immersing them for 10 min in a sditable soldition.
Fusetlinks are tested individually, while fuse-holders are only tested with therfgomplete fuse.

The $amples shall be placed for 4 h in a test cabinet having a temperature of (30 £ 10) °Q.

After|this, samples are placed for 8 h in a test cabinet, on the bottom of which is an ammanium
chlorjde solution having a pH value of 10 to 11.

For 4 1 | ammonium chloride solution the proper pH value may be achieved as follows.

—_

D7 g ammonium chloride (NH,CI p.a.) is mixed sith 0,75 | of distilled water and made up
g 11 by adding 30 % sodium hydroxide (preparedfrom NaOH AR grade and distilled water).
The pH value does not vary. The measurements of the pH value shall be made with a glass
electrode.

—

The fatio of the volume of the test cabinet.fo that of the solution shall be 20:1.

The samples shall show no cracks visible to the unaided eye when any bluish film is removed
by means of a dry cloth. Contact caps of fuse-links shall not be removable by hand.

9.11.2.2 Verification of resistance to abnormal heat and fire
9.11.2.2.1 General

If not otherwise specified in subsequent parts, the following applies. Parts of insulating
matefials, excepteeramic, not necessary to retain current-carrying parts in position even thpough
they pre in contact with them are tested according to item a) of 9.11.2.2.6.

Enclosuresiwhich are a part of a fuse should be tested in the same manner as the fuse. In pther
casepnthe enclosure should be tested in accordance with IEC 60529.

Parts of insulating materials, except ceramic, necessary to retain current-carrying parts and
parts of the earthing circuit, if any, in position are tested according to item b) of 9.11.2.2.7.

9.11.2.2.2 General description of the test
The test is applied to ensure that
— a specified loop of resistance wire, which is electrically heated to the temperature specified

for the relevant equipment, does not cause ignition of parts of insulating material;

— apart of insulating material, which might be ignited by the electrically heated test wire under
defined conditions, has a limited duration of burning, without spreading fire by flames or
burning droplets or glowing particles falling from the specimen.
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The test is made on the specimen. In the case of doubt with regard to the results of the test,
the test is repeated on two further specimens.

9.11.2.2.3 Description of test apparatus

The glow-wire consists of a specified loop of a nickel/chromium (80/20) wire; when forming the
loop, care needs to be taken to avoid fine cracking at the tip.

A sheathed fine-wire thermocouple, having an overall diameter of 0,5 mm and wires of chromel
and alumel with the welding point located inside the sheath, is used for measuring the
temperature of the glow-wire.

The glow-wire, with the thermocouple, is shown in Figure 8.

The gheath consists of a metal resistant to a temperature of at least 960 °C. Thé thermocouple
is arfanged in a pocket hole, 0,6 mm in diameter, drilled in the tip of the glowswire, as shown in
detai] Z of Figure 8 of IEC 60584-1. The thermo-voltages shall comply with {EC 60584-1; the
chargcteristics given in IEC 60584-1 are practically linear. The cold connection shall be kgpt in
melting ice unless a reliable reference temperature is obtained by other means, for example,
by a compensation box. The instrument for measuring the glectromotive force of the
thermocouple should be of class 0,5.

The glow-wire is electrically heated; the current necessary for*heating the tip to a temperpture
of 960 °C is between 120 A and 150 A.

The flest apparatus shall be so designed that the glowswire is kept in a horizontal plane and that
it applies a force of 1 N to the specimen, the force being maintained at this value whep the
glowiwire and the specimen are moved horizontally towards each other over a distance|of at
least|7 mm.

A pieice of white pinewood board, approximately 10 mm thick and covered with a single layer of
tissug paper, is positioned at a distance of 200 mm below the place where the glow-wjre is
applipd to the specimen.

Tissye paper is specified in"6:86 of 1ISO 4046 as thin, soft, relatively tough paper gengrally
intended for packing delicate articles, its substance being between 12 g/m2 and 30 g/m2.

An example of the test-apparatus is shown in Figure 9.

9.112.2.4 Pre-conditioning

The $pecimen is stored for 24 h in an atmosphere having a temperature between 15 °Q and
35 °Q and-a relative humidity between 35 % and 75 % before starting the test.

9.11.2.2.5 Test procedure

The test apparatus is placed in a substantially draught-free dark room so that flames occurring
during the test are visible.

Before starting the test, the thermocouple is calibrated at a temperature of 960 °C, which is
carried out by placing a foil of silver, 99,8 % pure, 2 mm square and 0,06 mm thick, on the
upper face of the tip of the glow-wire.

The glow-wire is heated and a temperature of 960 °C is reached when the silver foil melts. After
some time calibration has to be repeated to compensate for alterations in the thermocouple and
in the connections. Care should be taken to ensure that the thermocouple can follow the
movement of the tip of the glow-wire caused by thermal elongation.
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For the test, the specimen is arranged so that the face in contact with the tip of the glow-wire
is vertical. The tip of the glow-wire is applied to that part of the surface of the specimen which
is likely to be subjected to thermal stresses occurring in normal use.

The tip of the glow-wire is applied at places where the section is thinnest, but not more than
15 mm from the upper edge of the specimen. This applies to cases where the areas subject to
thermal stress during normal use of the equipment are not specified in detail.

If possible, the tip of the glow-wire is applied to flat surfaces and not to grooves, knock-outs,
narrow recesses or sharp edges.

The glow-wire is electrically heated to the temperature specified which is measured by _means
of th¢ calibrated thermocouple. Care must be taken to ensure that, before starting the\test, this
tempgrature and the heating current are constant for a period of at least 60 s and that|heat
radiation does not influence the specimen during this period or during the €alibration; for
exanjple, by providing an adequate distance or by using an appropriate screen.

The lip of the glow-wire is then brought into contact with the specimen and is appligd as
specffied. The heating current is maintained during this period. After ¢his period, the glowrwire
is slqwly separated from the specimen, avoiding any further heating_of the specimen and any
movgment of air which might affect the result of the test.

The movement of the tip of the glow-wire into the specimen when pressed to it shgll be
mechanically limited to 7 mm.

After| each test, it is necessary to clean the tip of the glow-wire of any residue of insulating
material, for example by means of a brush.

9.11.2.2.6 Severities

a) The temperature of the tip of the glow<wire and the duration of its application to the spedimen
shall be (650 = 10) °C and (30 +_1)s.

b) The temperature of the tip of the glow-wire and the duration of its application to the spedimen
shall be (960 = 10) °C and(30 + 1) s.

Othef test temperatures are’specified in subsequent parts.
The yalues should be)chosen from the severities table of IEC 60695-2-10 to 13.

9.11.2.2.7 Observations and measurements

Durirlg application of the glow-wire and during a further period of 30 s, the specimen, the parts
surrdunding the specimen, and the layer of tissue paper placed below it shall be observed.

The time at which the specimen ignites and the time when flames extinguish during or after the
period of application are noted.

The maximum height of any flame is measured and noted, the start of the ignition, which might
produce a high flame for a period of approximately 1 s, being disregarded.

The height of flame denotes the vertical distance measured between the upper edge of a glow-
wire, when applied to the specimen, and the visible tip of the flame.

The specimen is considered to have withstood the glow-wire test:

— if there is no visible flame and no sustained glowing;

— if flames or glowing of the specimen extinguish within 30 s after removal of the glow-wire.
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There shall be no burning of the tissue paper or scorching of the pinewood board.

9.11.2.3 Verification of resistance to rusting

All grease is removed from the parts to be tested by immersion in a suitable degreasing agent
for 10 min. The parts are then immersed for 10 min in a 10 % solution of ammonium chloride in
water, at a temperature of (20 + 5) °C.

Without drying, but after shaking off any drops, the parts are placed for 10 min in a box
containing air saturated with moisture at a temperature of (20 + 5) °C.

After|the parts have been dried for 10 min in a heating cabinet at a temperature of (100.£\3) °C,
their |surface shall show no signs of rust.

Tracgs of rust on sharp edges and any yellowish film removable by rubbing arefighored.

For small springs and for inaccessible parts exposed to abrasion, a layer of grease may provide
suffigient protection against rusting. Such parts are subjected to the test/only if there is doubt
abouf the effectiveness of the grease film, and the test is then made‘without previous removal
of thg grease.

9.12| Test of durability of markings

The marking is rubbed by hand for 5 s with a piece of cloth'soaked with water and again fgr 5 s
with & piece of cloth soaked with aliphatic solvent hexanhe.

It is recommended to use aliphatic solvent hexane with an aromatic content of maxijmum
0,1 vplume percentage, a kauributanol value_ of*approximately 29, an initial boiling point of
apprpximately 65 °C, a dry point of approximately 69 °C and a density of approximately

0,68 jg/cm3.
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Figure 1 — Diagram illustrating the means of verification of the time-current
characteristic,(using the results of the tests at the "gate"” currents (example)
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Figure 2 — Overload curve and time-current characteristic
for "a" fuse:links
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Figure 4 — General presentation of the cut-off characteristics
for a series of AC fuse-links
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A removable link used for the calibration test

C gpparatus for closing the circuit

D ¢ircuit-breaker or other apparatus for protection of the source
F fuse on test

L gdjustable inductor

O, reasuring circuit for recording the current

O, rmeasuring circuit for recording the voltage duringthe test
O’, measuring circuit for recording the voltage during calibration

R gdjustable resistor

S gource of power

Higure 5 — Typical diagramJof the circuit used for breaking capacity test (see 9.5)
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Figure 6b) — Oscillogram corresponding to a breaking operation where the arc is initiated
later than 180 electrical degrees after making

A B 180°
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I
B, Current il
Recqvery voltage U, = | / i;
RMS =, /5 ‘

Applled test voltage = B,
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Rigure 6c) — Oscillogram corresponding to a breaking operation where the arc is initiated
earlier than 180 electrical degrees after making

Figure 6 — Interpretation of oscillograms taken
during the AC breaking-capacity tests (see 9.5.7)
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Oscillpgram corresponding to a breaking operation where the.arc is initiated after the current has passed its maximum
value.

Current 7 = 4, at voltage U = B,.

Wherg no steady value of voltage exists, the méan value during the period of 100 ms after final arc extinctiop shall
be mejasured.

Figure 7b)
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Oscillogram corresponding to a breaking operation where the arc is initiated before the current has reached its
maximum value.

Current I = 4, at voltage U = B,.

Where no steady value of voltage exists, the mean value during the period of 100 ms after final arc extinction shall
be measured.

Figure 7c)

Figure 7 — Interpretation of oscillograms taken during the DC
breaking-capacity tests (see 9.5.7)
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Figure 8 — Glow-wire and position of the thermocouple
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Figure 9 — Test apparatus (example)
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Annex A
(informative)

Measurement of short-circuit power factor

There is no method by which the short-circuit power factor can be determined with precision,
but, for the purposes of this document, the determination of the power factor in the test circuit
may be made with sufficient accuracy by whichever of the three following methods is the more
appropriate.

Methpd I: Calculation from circuit constants

The power factor may be calculated as the cosine of an angle ¢ where ¢ = arc tan X/R, X gnd R
being respectively the reactance and resistance of the test-circuit during the period’in which the
shorf circuit exists.

Owing to the transitory nature of the phenomenon, no accurate methed can be given for
detefqmining X and R, but, for compliance with the IEC 60269 series, the values mgy be
detenqmined by the following method.

R i measured in the test circuit with direct current; if the circuit includes a transformef, the
rgsistance R, of the primary circuit and the resistance“R; of the secondary circuit are
nleasured separately and the required value R is then given by the formula:

R=Ry+ Ry1?
i which r is the ratio of transformation of the transformer

X i then obtained from the formula

E
R+ x2 ==

—
o

E
e ratio 7 (circuit-impedance) being obtained from the oscillogram as indicated in
Fjgure A.1.

Methpd Il: Determination.from DC component

The gngle ¢ may be determined from the curve of the DC component of the asymmetrical cyrrent
wave between thelincidence of short circuit and the beginning of arcing as follows.

1) The formulafor the DC component is

iq =14, € RYL

where

iq is the value of the DC component at any instant;
I4, s the initial value of the DC component;

L/R is the time-constant of the circuit in seconds;

t is the time-interval, in seconds, between iy and /;
e base of Napierian logarithms.

The time-constant L/R can be ascertained from the above formula as follows:

a) measure the value of /4, at the instant of short-circuit and the value of iy at any other
time ¢, before the beginning of the arcing;

b) determine the value of e~R7L by dividing ig by Iyo;
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c) from a table of values of e™*, determine the value of —x corresponding to the ratio i4/1,;

d) the value x then represents Rt#/L, from which R/L can be determined by dividing x by ¢,
and so L/R is obtained.

2) Determine the angle ¢ from:
¢ =arctan o L/R

where o is 2 = times the actual frequency.
This method should not be used when the currents are measured by current transformers.

Methpd Ill: Determination with pilot generator

When a pilot generator is used on the same shaft as the test generator, the voltage of the pilot
genefator on the oscillogram may be compared in phase first with the voltage of thg test
genefrator and then with the current of the test generator.

The difference in the phase angles between the pilot generator voltageand the main gengrator
voltape, on the one hand, and the pilot generator voltage and the test generator current, on the
otherl hand, gives the phase angle between the voltage and the current of the test generator,
from [which the power factor can be determined.
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Short circuit  Beginning Final arc
applied of arcing extinction

Recovery voltage

where|

Envelope of short circuit current wave

E
1

IEC

Circuitimpedance =

[SHEN
X%
Y| =

B
D

B

he circuit e.m.f. at the beginning of arcing = ——, expressed in volts;
2V2

D

he breaking current = —~, expressed in amperes;
22

wice the peak value of the applied voltage, expressed in volts;

wice the peak value of the symmetrical component of the current wave at the beginning of the short-
bressed in amperes;

he duration in seconds of orie half-cycle of the applied voltage wave;

he duration in seconds ef one half-cycle of the current wave at the beginning of arcing.

Figure A.1 — Determination of circuit-impedance for calculation of power factor

in accordance with method |

ircuit,
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Annex B
(informative)

Calculation of pre-arcing I?¢ values for "gG", "gM" and "gU" fuse-links and

B.1

calculation of operating 7?¢ values at reduced voltage

Evaluation of the pre-arcing I?¢ value at 0,01 s

The approximate evaluation of the pre-arcing /2¢ values at 0,01 s as a function of the value of

form

pre-grcing /4t at 0,1 s and measured values at test no. 2 is possible by means of the follg
la:
]21‘(0‘01 5) = F x \/Izt(o‘»]s) X 12t(test no. 2)
,7 for "gG", "gK" and "gM" fuse-links.

F=0

The factor F corrects the curvature in the time-current characteristic.in this region of time

B.2

For
spec
poss

wher

The ¢

smaller ratings of a homogeneous series where,"no direct tests are provided ir
fication, the evaluation of the value of pre-arcing 72s under the conditions of test ng
ble by means of the formula:

g (), < (2]

[

is the pre-arcing 12t yAder the conditions of test no. 2 for the smaller rating;

is the pre-arcing/?r under the conditions of test no. 2 for the largest rating measur

the breaking-capacity tests;
is the miftimum cross-sectional area of the element of smaller rating;

is the.minimum cross-sectional area of the element of the largest rating;

afeulated value can be used for the evaluation of the /2¢ value at 0, 01 s (see Clause

wing

Calculation of the value of pre-arcing 12t underthe conditions of test njp. 2

the
. 2 is

ed in

B.1).

B.3

Calculation of the value of operating 72¢ at reduced voltage

The operating /2¢ values can be estimated at lower voltages than those measured during tests 1
and 2 of Table 21 using the following formula.

V}/
. 2 v,
Operating [t at test voltage V, t
£ il } x prearcing 1%t

Operating 1 2t at reduced voltage V, = >
prearcing 17t
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Annex C
(informative)

Calculation of cut-off current-time characteristic

C.1  Overview

Subclause 8.6 of this document prescribes the cut-off characteristic as a function of the
prospective current.

The following method constitutes a means by which the cut-off current characteristic'mgy be
calcllated as a function of the actual pre-arcing time.

The fesult will be different for every fuse-link, and thus, for full interchangeability; calculgtions
shou|d be based upon the maximum 72t values permitted in this document: It should algo be
noted that the following method gives the peak current during the pre-arcing period, whereas
for many fuses (especially the types for protection of semiconductors), the current continlefs to
rise dquring the arcing period, and hence the following method will give~alsomewhat low estifate,
dependent upon circuit conditions.

Howgver, it is included as a good approximation which will 'emable a user to calculate fhese
curvgs when necessary (for example, for studies of contactwelding).

C.2 | Preliminary note

The ¢ut-off current characteristic as a functiom,of prospective current is defined in 3.3.7; the
characteristic is the subject of 6.8.2 and of Kigure 4; the tests are described in 9.6.

The $upply of this characteristic is not\mandatory.

Moreover, the information that it-gives is generally imprecise, especially in the zone gt the
beginning of the limitation (prezarcing time of about 5 ms for symmetrical operation or pp to
10 mps for asymmetrical operation).

Users who have to preotect components (for example, contactors) which withstand with difflculty
currents of short duration and large amplitude (for example, those which the fuses let through
before clearance.of the short circuit) need to know with accuracy the maximum instantaneous
valug reached/by the current during the breaking operation in order to make the |most
econpmical<fuse-component" association.

A characteristic which accurately gives the cut-off current as a function of the actual pre-afcing
t|meb pIUV;dUb LLLLYAB+] uacfui illfUlllldtiUll fUI t:lib pUlrpusc.

C.3 Definition

Cut-off current characteristic as a function of actual pre-arcing time: a curve giving cut-off
currents as a function of actual pre-arcing time for a symmetrical operation.

C.4 Characteristic

If the cut-off current characteristic is indicated as a function of actual pre-arcing time, it shall
be evaluated for symmetrical making current and shall be given according to the example shown
in Figure C.1 in a double logarithmic presentation with current as abscissa, and time as
ordinate.
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C.5 Test condition

The cut-off current corresponding to a given pre-arcing time depends also on the degree of
asymmetry of the short-circuit, and since there are as many characteristics as making
conditions an infinite number of tests would be required.

For a given fuse-link, in a given region of operating time, and for each value of cut-off current,
the value /2t is approximately independent of the degree of asymmetry of the short-circuit
current.

Th' " 1 blo fall H ol |
IS FTUPCTly TIHHAaRT o LT TUTTUWITTY PTruLTUUlrc pusoSIvIT.

1) Measurement of the cut-off current characteristic for symmetrical operation as afunction of
the actual pre-arcing time for a symmetrical operation.

2) Galculation of the cut-off current characteristic corresponding to any degree\of asymmetry.

C.6 | Calculation from the measured values
The ¢xperimental characteristic gives cut-off current as a function'cf pre-arcing time.

The ghort circuit being symmetrical, it is easy to calculate from\the above values the prospqctive
shorf-circuit current of the Joule integral

of
w pulsation;
Iy prospective short-circuit current;
Ips: With symmetrical conditions;
Inqt With asymmetrical conditions;
I, cut-off current;
1/ phase of the current with respect to the voltage;
v making angle, with respect to the natural zero of the voltage;
R, L:| resistance and inductance symmetrical conditions;

pre-arcingitime with symmetrical conditions;

pre-areing time with asymmetrical conditions.

With [symmetrical conditions:

—
(1) T =IpsvZsNo I

2 2 [ty 2
() [lgdr = 215 [ Csinwr dr
by definition: y =0

The calculation is independent of the values of R, L, ¢.
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With asymmetrical conditions:

(3)

(4)

_Rig
I, =1pa\/§[sin(wta+z//—(p)} —-e L sin(y—9p)

R’ 2

Ilzdt:21,§a (;a Sin(a)t+l//—(p)—e Tsin(t//—go) dr

Assuming that the cut-off current and the Joule integral are the same for both conditions:

itis g

In particular, from the value of cut-off current and Joulelintegral, obtained by experience

by c4d
curre

This

For g

prospective short-circuit current gives-precise information.

_Rig
IpS\/E Sinwtszlpa\/i sin(wiy +y—p)—e L sin(y—p)

R 2

2135 .|'(t)asin2 wtdt = 215a (l)a sin(wt+y —p)—e L sin(y%) | di

ossible to calculate any two values if the seven others, aré/known.

Iculation, it is possible to calculate the pre-arging time and the prospective short-G
nt corresponding to imposed asymmetrical conditions.

passumption is approximately true for pre-arcing times of the order of 1 ms to 5 ms.

re-arcing times inferior to 1 ms, the“characteristic giving cut-off current as a functi

and
ircuit

bn of
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Annex D
(informative)

Effect of change of ambient temperature and surroundings
on the performance of fuse-links

Effect of increase of ambient temperature

On current rating

For flljse-links that operate at full load for long periods in an average ambient temperaturelgbove

the v
shou
circu

D.1.2

An in
rise.

D.1.3

An ir

and non-fusing current (/; and I,).

D.1.4

It is
fuse-

D.2

A de
curre

non-fusing current and pre-arcing times for smaller over-currents. The magnitude of the rel

incre
this ¢

D.3

Diffe

alue given in 4.1, a reduction of the current rating may be required. The de-rating

mstances.

On temperature rise

On conventional fusing and non-fusing current (Igand I,;)

crease in average ambient temperature causes a/decrease, usually small, in the fy

For motor starting conditions

link caused by the starting of a motor.

Effect of decrease of ambient air temperature

nt rating but it may also cause an increase in the conventional fusing current, conven%

pses will be dependent upon the actual temperature and on the design of the fuse-li
ase the manufacturer should always be consulted.

Effect of installation conditions

ent installation conditions, such as:

a) enclosure in a box or mounting in the open;

b) the nature of the mounting surface;

c) the number of fuses mounted in a box;

d) the cross-section and insulation of connections;

can affect the operating conditions and should be taken into account.

ctor

d be as agreed by the manufacturer and the user after taking into aceount all the

crease in average ambient temperature causes a relatively smalljincrease in temperature

sing

not necessary to de-rate fuse-links forlincreases in average ambient temperature qf the

Crease in ambient air temperature below the value given in 4.1 may permit an increase in

onal
vant
k. In
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EA

Annex E
(normative)

Particular requirements for fuse-bases with screwless-type
terminals for external copper conductors

General

This annex applies to fuse-bases that fall within the scope of Clause 1, feature screwless-type

termi
conn
For t

copp

E.3

In ad

afs supportimga maximun current of 63 A, and are primarity imtendedfor the purpg
ecting unprepared copper conductors (see E.3.6) with a cross-section of up to_16
he purpose of this annex, screwless-type terminals shall be referred to as terminals
br conductors as conductors.

Terms and definitions

dition to Clause 3, the following terms and definitions apply:

E.3.1
clam

ping unit

e of
mm?2.
and

part(s) of the terminal necessary for mechanical clamping.and electrical connection of the

cond

E.3.2
scre)

Lictors including the part(s) which are necessary todensure correct contact pressure

wless-type terminal

terminal for the connecting and subsequent disconnection of one conductor per clamping unit
obtaiphed directly or indirectly by means of springs, wedges or the like

Note 1 to entry: Examples are given in Figure E2.

E.3.3

universal terminal

terminal for the connection and:disconnection of all types of conductors (rigid and flexible|
E.3.4

non-pniversal terminal

terminal for the connection and disconnection of a certain kind of conductor only (e.g. figid-
solid[conductors®only or rigid-(solid and stranded) conductors only)

E.3.

push-wire terminal

non-yiniversal terminal in which the connection is made by pushing-in rigid (solid or stranded)
conductors

E.3.6

unprepared conductor
conductor which has been cut and the insulation of which has been removed over a certain
length for insertion into a terminal

Note 1

to entry: A conductor the shape of which is arranged for introduction into a terminal or of which the strands
may be twisted to consolidate the end, is considered to be an unprepared conductor.

Note 2 to entry: The term "unprepared conductor" means conductor not prepared by soldering of the wire, use of
cable lugs, formation of eyelets, etc., but includes its reshaping before introduction into the terminal or, in the case

of flex

ible conductor, by twisting it to consolidate the end.
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Marking

In addition to Clause 7, the following requirements apply:

e universal terminals:

no marking.

e non-universal terminals:

2024

terminals declared for rigid-solid conductors shall be marked by the letters "s" or "sol";

terminals declared for rigid (solid and stranded) conductors shall be marked by the letter

terminals declared for flexible conductors shall be marked by the letter "f".

nical

f the
also
y be

ed in

ersal

only

The markings should appear on the fuse-base or on the smallest package or in the tech
information.
An appropriate marking indicating the length of insulation to be removed before insertion ¢
condpctor into the terminal shall be shown on the fuse-base . The_fmanufacturer shall
provide information, in his literature, on the maximum number of cconductors which me
clamped.
E.8 | Standard conditions for construction
Clausge 8 applies, with the following modifications.
E.8.1 Fixed connections including terminals
Termlinals shall resist the mechanical loads that occur when the equipment is ussg
accofdance with its intended purpose. The\connection or disconnection of conductors shall be
madg
— by the use of a general purpose‘ool or by a convenient device integral with the terminal to
open it and to assist the ingsertion or the withdrawal of the conductors (e.g. for univ
tgrminals)
or for rigid conductors
— by simple insertion+—For disconnection of the conductors an operation other than a pul
oph the conductor.shall be necessary.

Universal terminals shall accept rigid (solid or stranded) and flexible unprepared conductc

Non-

Lniversal terminals shall accept the types of conductors declared by the manufacturs

—

Compliance is checked by inspection and by the tests of E.9.1 and E.9.2.

E.8.2

Dimensions of connectable conductors

The dimensions of connectable conductors are given in Table E.1.

The ability to connect these conductors shall be checked by inspection and by the tests of E.9.1
and E.9.2.
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Table E.1 — Connectable conductors

Connectable conductors and their theoretical diameter

Metric
Rigid Flexible
Solid Stranded

mm? @ mm @ mm mm? @ mm

1,5 1,5 1,7 1,5 1,8

2,5 1,9 2,2 2,5 2,3

4,0 2,4 2,7 4,0 2,9
6,0 3,9
10 51
16 6,3

NOTE Diameters of the largest rigid and flexible conductors are based on Table 1 of
IEC 60228:2023.

E.8.3 Connectable cross-sectional areas

The pominal cross-sections to be clamped are defined in Table E.2.

Table E.2 — Cross-sections of copper conductors
connectable to terminals

Rated current Nominal cross-sections to be clamped
A mm?
Up to and including 16 1,5, up to and including 4
Above 16, up to and including 35 4, up to and including 10
Above 35, up to and including.63 6, up to and including 16

Compliance is checked by inspection and by the tests of E.9.1 and E.9.2.

E.8.4 Insertion and disconnecting of conductors

The [insertion&and disconnecting of conductors shall be made in accordance with the
manufacturer's’instructions.

Compliance is checked by inspection.

E.8.5 Design and construction of terminals
Terminals shall be designed and constructed so that

— each conductor is clamped individually;

— during operation of connection or disconnection the conductors can be connected or
disconnected either at the same time or separately;

— inadequate insertion of the conductor is avoided.

It shall be possible to clamp securely any number of conductors up to the maximum provided
for.

Compliance is checked by inspection and by the tests of E.9.1 and E.9.2.
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Resistance to ageing

erminals shall be resistant to ageing.

Compliance is checked by inspection and by the tests of E.9.3.

E.9

E.9.1
E.9.1

The
the c
with

The
diam

New
the f
stran
to co

For gach insertion, the conductors are either pushed,as far as possible into the terminal or

be in

After
secti

After

E.9.1

Thre
crosg

The 1

Befo
shall

It sh

Tests

Test of reliability of terminals

2024

t—Retiabitity of screwlesssystem

est is carried out on three terminals of poles of new samples, with copper conductg
oss sectional area according to Table E.2. The types of conductors shall be in_accord
E.8.1.

connection and subsequent disconnection shall be made five times\with the sm
bter conductor and successively five times with the largest diameter:conductor.

conductors shall be used each time, except for the fifth time, when the conductor use
purth insertion is clamped at the same place. Before inseftion into the terminal, wir|
ded rigid conductors shall be re-shaped and wires of flexible conductors shall be tw
hsolidate the ends.

-sectional area according to Table E.2.
ypes of conduc¢tors shall be in accordance with E.8.1.

e insertion, into the terminal, wires of stranded rigid conductors and flexible condu
be reshaped and wires of flexible conductors shall be twisted to consolidate the end

rs of
ance

bllest

d for
es of
isted

shall

serted so that adequate connection is obvious.

each insertion, the conductor is rotated by, 90° around its axis at the level of the clamped
bn and subsequently disconnected.

these tests, the terminal shall not\be damaged in such a way as to impair its further |use.
.2 Test of reliability of\eonnection

b terminals of poles of new samples are fitted with new copper conductors of the typg and

ctors

-

D.

5e of

bl be possible to fit the conductor into the terminal without undue force in the ca

universal terminals and with the force necessary by hand in the case of push-wire terminals.

The conductor is either pushed as far as possible into the terminal or shall be inserted so that

adeq

After

E.9.2

uate connection is obvious.

the test, no wire of the conductor shall have escaped outside the terminal.

Tests of reliability of terminals for external conductors: mechanical strength

For the pull-out test three terminals of poles of new samples are fitted with new conductors of
the type and of the minimum and maximum cross-sectional area according to Table E.2.

Before insertion into the terminal, wires of stranded rigid conductors and flexible conductors
shall be reshaped and wires of flexible conductors shall be twisted to consolidate the ends.
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Each conductor is then subjected to pull force of the value shown in Table E.3. The pull is
applied without jerks for 1 min in the direction of the axis of the conductor.

Durir

E.9.3

The {est is made with new copper conductors having a cross.Section according to Table 1

The
defin

A co
use t

The s
termi

The
initia

Table E.3 — Pull forces

(4

n
u

O Z

n

upiversal terminals for rigid (solid and stranded) and flexible conductors: 3 samples

Cross-sectional area Pull force

mm? N

1,5 40
2,5 50
40 80
6,0 80
10 90
16 100

g the test the conductor shall not slip out of the terminal.

Cycling test

est is carried out on new samples (a sample is one/pole), the required number of wh
d below, according to the type of terminals:

samples in total);
bn-universal terminals for solid conductors only: 3 samples;
hiversal terminals for rigid (solid and-stranded) conductors: 3 samples each (6 samp

DTE In the case of rigid conductors, solid conductors should be used (if solid conductors are not avail
given country, stranded conductors may be used).

bn-universal terminals for.flexible conductors only: 3 samples.

nductor having the cross section defined in Table 18 is connected in series as in nq
p each of the threessamples as defined in Figure E.1.

ample is provided with a hole (or equivalent) in order to measure the voltage drop o
nal.

vhole'test arrangement, including the conductors, is placed in a heating cabinet wh
lyckept at a temperature of (20 + 2) °C.

chis

each

ble in

rmal

n the

ch is

To avoid any movement of the test arrangement until all the following voltage drop tests have
been completed it is recommended that the poles are fixed on a common support.

Except during the cooling period test, a test current corresponding to the rated current of the
fuse-base is applied to the circuit.

The samples shall be then subjected to 192 temperature cycles, each cycle having a duration
of approximately 1 h, as follows:

The air temperature in the cabinet is raised to 40 °C in approximately 20 min. It is maintained
to within £ 5 °C of this value for approximately 10 min.
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The samples are then allowed to cool down in approximately 20 min to a temperature of
approximately 30 °C; forced cooling being allowed. They are kept at this temperature for
approximately 10 min and, if necessary for measuring the voltage drop, allowed to cool down
further, to a temperature of (20 + 2) °C.

The maximum voltage drop, measured at each terminal, at the end of the 192nd cycle, with the
nominal current shall not exceed the smaller of the two following values:

— either 22,5 mV,
— or 1,5 times the value measured after the 24th cycle.

The measurement shall be made as near as possible to the area of contact on the terminal.

If thg measuring points cannot be positioned closely to the point of contact, then the voltage
drop [within the part of the conductor between the ideal and the actual measuring’points|shall
be deducted from the voltage drop measured.

The femperature in the heating cabinet must be measured at a distance ©f/at least 50 mm|from
the samples.

After|this test an inspection with the naked eye, by normal or corrected vision, without addifional
magnification, shall show no changes evidently impairing/further use, such as cracks,
defomations or the like.

IEC

Figure E.1 — Connecting samples
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Terminal with indirect pressure

Terminal with direct'pressure

Terminal with actuating element

Figure E.2 — Examples of terminals
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

FUSIBLES BASSE TENSION -
Partie 1: Exigences générales

AVANT-PROPOS

LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a paour eb
fayoriser la coopération internationale pour toutes les questions de normalisation dans les [domain
I'é|ectricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes,internatio
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des camités d'étude
aux desquels tout Comité national intéressé par le sujet traité peut participer|,Les organis|
rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égaleme
aux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selo]
ditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniquesireprésentent, dans la mes
popgsible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC inté
soht représentés dans chaque comité d'études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les efforts_faisonnables sont entrepris afin qud
s'dssure de I'exactitude du contenu technique de ses publications; YEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite'par un quelconque utilisateur final.

Dgns le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tg
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en.termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de\.conformité. Des organismes de certification indépe
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L'IEC n'est responsable d’aucun des services effectués par les organismes de certifi
indépendants.

Tolus les utilisateurs doivent s'assurer.gu'ils sont en possession de la derniere édition de cette publication|.

Adcune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts particuliers\et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en cas) de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe ouindirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publication‘ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
oulau crédit qui lui est@ccordé.

L'qttention est attirée_sur les références normatives citées dans cette publication. L'utilisation de public
réflérencées est obligatoire pour une application correcte de la présente publication.

L'IEC attire l'attention sur le fait que la mise en application du présent document peut entrainer I'utilisatio
ou|de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité d
drgit de brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'avait pa
notificatioh qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y|
d'gvertir les responsables de la mise en application du présent document que des informations plus ré
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L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.
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L'IEC 60269-1 a été établie par le sous-comité 32B: Coupe-circuits a fusibles a basse tension,
du comité d'études 32 de I'lEC: Coupe-circuits a fusibles. Il s'agit d'une Norme internationale.

Cette cinquieéme édition annule et remplace la quatrieme édition parue en 2006,
I'Amendement 1:2009 et I'Amendement 2:2014. Cette édition constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) nouvelle numérotation, corrections rédactionnelles et références normatives mises a jour;

b) le terme "discrimination" a été remplacé par "selectivity" en anglais (aucune incidence sur
le terme frangais "sélectivité") et le terme "catégorie d'emploi" a été remplacé par "classe

dl

emploi";

c) le terme "fusibles destinés a étre utilisés par des personnes habilitées et non qualifiées" a
été mis a jour;

d) le paragraphe "Remplacement des éléments de remplacement" a été ajouté;

g

)
~

ises a jour;
s valeurs de courant assigné 425A, 355A et 1 600A ont été ajoutées;

s exigences relatives a I'échauffement se limitent a I'échauffement des bq
higuement;

symbole graphique pour le socle a été mis a jour.

Le texte de cette Norme internationale est issu des documents suijvants:

Projet Rapport-de vote
32B/748/FDIS 32B/756/RVD

arquages: les exigences et les essais ont été séparés dans les paragraphes’appropf

s valeurs normalisées pour les tensions en courant alternatif et en courant continu ont été

és;

rnes

Le ripport de vote indiqué dans le tableau ci-dessts donne toute information sur le vote ayant

abou

i @ son approbation.

La lahgue employée pour I'élaboration descette Norme internationale est I'anglais.

La vd

Ced
Dired
wWww
I''EC

L'1EQ
suiva

Parti
Parti

rsion frangaise de cette norme-n'a pas été soumise au vote.

bcument a été rédigé selon’les Directives ISO/IEC, Partie 2, il a été développé selg
tives ISO/IEC, Partie 1_et les Directives ISO/IEC, Supplément IEC, disponibles
iec.ch/members_exgerts/refdocs. Les principaux types de documents développés
sont décrits plus-en‘détail sous www.iec.ch/standardsdev/publications.

ntes:

b 1: ~EXigences générales

n les
sous
par

60269, publiée sous le titre général Fusibles basse tension, est composée des parties

des

p. 27, Exigences supplémentaires pour les fusibles destinés a étre utilisés par
nt
U

P na. hakbilits (fuacikl PR TR P~ V- nhallanra mdoteiala) =
METOUINTITO TTIAVITIITT O (TUSTVITO PUUT UodytCo TooTITUITCITTIITTTI MUyuoutitio) LATT

de systémes de fusibles normalisés A a |

Partie 3: Exigences supplémentaires pour les fusibles destinés a étre utilisés par
personnes non qualifiées (fusibles pour usages essentiellement domestiques et

analogues) — Exemples de systémes de fusibles normalisés Aa F

Partie 4: Exigences supplémentaires concernant les éléments de remplacement utilisés

la protection des dispositifs a semiconducteurs

Partie 5: Lignes directrices pour I'application des fusibles basse tension

Partie 6: Exigences supplémentaires concernant les éléments de remplacement utilisés

la protection des systémes d'énergie solaire photovoltaique

Partie 7: Fusibles pour batteries

ples

des

pour

pour
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Pour des raisons de commodité, lorsqu'une partie de cette publication est issue d'autres
publications, une remarque a été insérée dans le texte.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document
recherché. A cette date, le document sera

e reconduit,

e supprime, ou

e révisé.
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FUSIBLES BASSE TENSION -

Partie 1: Exigences générales

1 Domaine d'application

La présente partie de I'lEC 60269 s'applique aux fusibles qui incorporent des éléments de

rempflacement limiteurs de courant a fusion enfermée dont le pouvoir de coupure assign
supéfieur ou égal a 6 kA, destinés a assurer la protection des circuits a courant altern
fréquence industrielle dont la tension nominale ne dépasse pas 1 000 V ou descecircu
courant continu dont la tension nominale ne dépasse pas 1 500 V.

Les qutres parties de la présente norme, citées dans le présent document,”établissen

exigs
appli

Il cor
fusib

Sauf
conv

courant continu dans la documentation technique dd fabricant.

NOTE
des af
— sont

NOTE|

Cettq
(socl
remp
sous
cette

|
oy

nces supplémentaires pour les fusibles destinés a des conditions-d'utilisation ou
Cations spécifiques.

vient que les éléments de remplacement destinés a étre utilises dans des combina
es/interrupteurs selon I'lEC 60947-3 respectent également'iés exigences suivantes.

indication contraire dans les autres parties relatives-aux éléments de remplacemsgq
ent d'indiquer les caractéristiques de fonctionpement (voir le 3.2.4) sur les circy

1 Les modifications et compléments au présent document, exigés pour certains types de fusibles destf
plications particuliéres — par exemple, fusibles destinés au matériel roulant ou aux circuits a haute fréq
traités dans des normes distinctes, si nécessaitre.

2 Le présent document ne s'applique pas‘aux fusibles miniatures, qui sont couverts par I'lEC 60127.

g est

atif a
its a

des
des

sons

nt, il
its a

inés a
uence

lacés par d'autres fusibles-ou parties de fusibles possédant les mémes caractéristi
réserve qu'ils soient interchangeables du point de vue de leurs dimensions. A cett
série de normes traite-en particulier des points suivants:
s caractéristiques-suivantes des fusibles:

valeurs assignées;

isolement;

échauffement en service normal;

série de normes a pour objet.d’établir les caractéristiques des fusibles ou de leurs pIrties

b, porte-élément de remplacément, élément de remplacement) de sorte qu'ils puissent étre

ues,
e fin,

puissance dissipée et puissance dissipée acceptable;

caractéristiques temps/courant;
pouvoir de coupure;

caractéristiques de courant coupé limité et caractéristiques /2

— un essai de type destiné a vérifier les caractéristiques des fusibles;

— le marquage des fusibles.


https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

IEC 60269-1:2024 © |EC 2024 - 95 -

2 Reéférences normatives

Les documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I'édition citée s'applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60269-2, Fusibles basse tension — Partie 2: Exigences supplémentaires pour les fusibles
destinés a étre utilisés par des personnes habilitées (fusibles pour usages essentiellement
industriels) — Exemples de systemes de fusibles normalisés A a K

IEC ¢

IEC ¢
matid

IEC 60617, Symboles graphiques pour schémas

IEC $60664-1:2002, Coordination de l'isolement des matériels ddns”les réseaux d’én

élect

3 1

Pour

L'1Sd
en ng

B

g
\

°
NOTE
3.1

3.1.1
fusik
coup

appa[eil dont la_fenction est d'ouvrir par la fusion d'un ou de plusieurs de ses éléments cg

et ca
dépa
qui c

0529, Degrés de protection procurés par les enveloppes (Code IP)

0584-1:2013, Couples thermoélectriques — Partie 1: Spécifications et tdlérance
re de FEM

rique a basse tension — Partie 1: Principes, exigences et essais

[ermes et définitions
les besoins du présent document, les termes etdéfinitions suivants s'appliquent.

et I''EC tiennent a jour des bases de données terminologiques destinées a étre util
rmalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adres$e http://www.electropedia.org/
O Online browsing platform: disponible a I'adresse http://www.iso.org/obp

Pour les définitions générales relatives aux fusibles, voir également I'lEC 60050-441.

Fusibles et leurs composants

le
e-circuit a fusibles

ibrés a ceteffet le circuit dans lequel il est inséré en coupant le courant lorsque ce

bnstituent I'appareil complet

ergie

sées

ngus
lui-ci

5se pendant un temps suffisant une valeur donnée. Le fusible comprend toutes les parties

[SOU

3.1.2
ense

RCETEC60050-44 171984, 44 1-18-0 I]

mble-porteur

combinaison d'un socle et de son porte-élément de remplacement

Note 1
et/ou |

a l'article: Lorsque, dans la présente norme, le terme "ensemble-porteur” est utilisé, il désigne les socles

es porte-éléments de remplacement, s'il n'est pas nécessaire de faire une distinction entre les deux.

[SOURCE: IEC 60050-441:1984, 441-18-14]
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3.1.21
socle
partie fixe d'un fusible munie de contacts et de bornes

Note 1 a I'article: Le cas échéant, les enveloppes sont considérées comme faisant partie du socle.

[SOURCE: IEC 60050-441:1984, 441-18-02]

3.1.2.2
porte-élément de remplacement
partie amovible d'un fusible destinée a recevoir un élément de remplacement

[SOYRCE: IEC 60050-441:1984, 441-18-13]

3.1.3
élément de remplacement
parti¢ d'un fusible comprenant le (les) élément(s) fusible(s) et destinée a étre.remplacée apres
fonctjonnement du fusible

[SOURCE: IEC 60050-441:1984, 441-18-09]

3.1.4
contact du fusible
deux| ou plusieurs parties conductrices destinées a assurer la continuité électrique entfe un
élément de remplacement et I'ensemble-porteur correspondant

3.1.5
élémient fusible
parti¢ de I'élément de remplacement destinée~a fondre sous I'action d'un courant dépasgsant
une valeur déterminée pendant une duréedéterminée

Note 1 a I'article: L'élément de remplacement-peut comporter plusieurs éléments fusibles montés en parallé

¢

[SOYRCE: IEC 60050-441:1984,/441-18-08]

3.1.6]
dispesitif indicateur
parti¢ d'un fusible destinée a indiquer si celui-ci a fonctionné

[SOYRCE: IEC.60050-441:1984, 441-18-17]

3.1.7
percuteur
dispgsitimécanique faisant partie d'un élément de remplacement qui, lors du fonctionngment
du fusible, Tibere T'énergie requise pour faire fonctionner d'aufres appareils, des dispositifs
indicateurs ou pour effectuer un verrouillage

[SOURCE: IEC 60050-441:1984, 441-18-18]

3.1.8
borne
partie conductrice d'un fusible prévue pour la connexion électrique avec des circuits extérieurs

Note 1 a l'article: Les bornes peuvent étre distinguées selon le type de circuit auquel elles sont destinées (borne
principale, borne de terre, etc.) et également selon leur conception (borne a vis, borne a fiche, etc.).

3.1.9
élément de remplacement conventionnel d'essai
élément de remplacement d'essai a puissance dissipée et de dimensions définies
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3.1.10
socle conventionnel d'essai
socle d'essai défini

3.1.11
élément de calibrage
partie supplémentaire d'un socle destinée a assurer un degré de non-interchangeabilité

3.1.12

porte-fusible solidaire
porte-élément de remplacement mécaniquement lié au socle et donnant un mouvement défini
d'insertion et de retrait de I'élément de remplacement

3.2 | Termes généraux

3.21
élémient de remplacement a fusion enfermée
élément de remplacement dont I'élément fusible ou les éléments fusibles sont totalgment
enfemés, de sorte qu'au cours du fonctionnement dans la limite de~ses caractéristiques
assignées, il ne peut provoquer aucun effet nuisible externe, qpar exemple effet dji au
développement d'un arc, a I'émission de gaz ou a la projection dé flammes ou de partigules
métalliques

[SOYRCE: IEC 60050-441:1984, 441-18-12]

3.2.2
élémient de remplacement limiteur de courant
élémpent de remplacement qui, pendant et par son fonctionnement dans une zone de coprant
spécffiée, limite le courant a une valeur nettément inférieure a la valeur de créte du coprant
présymeé

[SOURCE: IEC 60050-441:1984, 441-18-10]

3.2.3
élémeent de remplacement *g
<élément de remplacement*a pouvoir de coupure intégral, antérieurement appelé "a usage
général">
élément de remplacement limiteur de courant capable d'interrompre, dans les conditions
spécifiées, tous les courants et qui provoque une fusion de I'élément fusible jusqu'a son pouvoir
de cqupure assigné

3.2.

élémeent de‘remplacement "a"
<élément, de remplacement a pouvoir de coupure partiel, antérieurement a;l)pelé
"d'ackempagrement”

élément de remplacement limiteur de courant capable d'interrompre, dans les conditions
spécifiées, tous les courants compris entre le courant le plus faible indiqué sur sa
caractéristique temps-courant de fonctionnement (k,/,, sur la Figure 2) et son pouvoir de

coupure assigné

Note 1 a l'article: Les éléments de remplacement "a" sont généralement utilisés pour assurer la protection contre
les courts-circuits. Si une protection contre des surintensités inférieures a k,/ sur la Figure 2 est exigée, ils sont

utilisés avec un autre coupe-circuit approprié congu afin d'interrompre les surintensités de faible valeur.
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3.2.5
températures
3.2.51
température de l'air ambiant
Ta
température de l'air extérieur au fusible (&2 1 m environ de celui-ci ou de son enveloppe
éventuelle)
3.2.5.2
température de I'élément
T
<élément (contact, borne, etc.)>
tempgrature de I'élément considéré
3.2.
sélegtivité en cas de surintensité
coordination entre les caractéristiques considérées de deux ou de plusieurs dispositifs de
protgction a maximum de courant de telle sorte qu'a I'apparition de surinténsités dans les limites

fixéep, le dispositif prévu pour fonctionner entre ces limites fonctionne, tandis que le o
autrels ne fonctionnent pas

[SOURCE: IEC 60050-441:1984, 441-17-15, modifié — "disCrimination" a été remplace
"selectivity" dans le terme (aucune incidence sur le terme francais "sélectivité") e
fonctjonnement" a été remplacé par "considérées " dans’Ja-définition]

3.2.7

systéme de fusibles

famille de fusibles construits selon les mémes ‘principes de conception physique en ¢
concerne la forme des éléments de remplacement, le type de contact, etc.

3.2.8
taille

ensemble de dimensions spécifiées.pour les fusibles a I'intérieur d'un systéme de fusibles.

Note 1 a l'article: Chaque taille cduvre une plage donnée de courants assignés a I'intérieur desquels les dime
normdlisées des fusibles restent.identiques.

3.2.9
sérid homogéne d'élements de remplacement

série[d'éléments.de.remplacement d'une taille donnée dont chacun ne différe de l'autre qu
des ¢aractéristigues telles que, pour un essai donné, I'essai d'un seul ou d'un nombre 1
d'éléments de remplacement déterminés de la série peut étre considéré comme représe
de tous les'éléments de remplacement de la série

u les

b par
"de

b qui

hsions

e par
éduit
ntatif

Note a'article:  les n:\r:\r‘féricfin‘up: par In:qunlln: un élément de rnmplarnmnnf d'une série hnmngbn

E peut

différer des autres, ainsi que le choix de I'élément de remplacement a soumettre aux essais sont spécifiés en fo
des essais considérés (voir le Tableau 12 et le Tableau 13).

nction

[SOURCE: IEC 60050-441:1984, 441-18-34, modifié — La Note 1 a I'article a été remplacée]

3.2.10
classe d'emploi (d'un élément de remplacement)

ensemble d'exigences spécifiées relatives aux conditions dans lesquelles I'élément de

remplacement remplit sa fonction, choisies pour représenter un groupe caractéris
d'applications pratiques (voir le 6.7.1)

tique
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3.2.1

1

fusibles destinés a étre utilisés par des personnes habilitées et non qualifiées
systémes de fusibles divisés en systémes destinés a étre utilisés par des personnes habilitées

et pa

r des personnes non qualifiées

Note 1 a I'article: Pour un remplacement slr des éléments de remplacement utilisés par des personnes habi
des compétences particuliéres sont nécessaires.

litées,

Le terme "personne habilitée" désigne une personne qui reléve des catégories BA 4 "averties" (IEC 60050-826:2022,
826-18-02) et BA 5 "qualifiées" (IEC 60050-826:2022, 826-18-01).

Les ré

glementations nationales peuvent remplacer ces définitions.

Les p
pour ¢

Les p
dange]
peuve|
remp

Les p{
éviter
pour

perso

3.2.1

rechange d'un élément de remplacement

écha

3.21
non-
carag
meg4
autre

[SOU

3.3

3.3.1
cara

termg¢ général employé pour désigner chacune des valeurs caractéristiques qui défini

ense
pour

[sou

ersonnes averties sont des personnes suffisamment informées ou surveillées par des personnes.gqud
viter les dangers que peut présenter I'électricité (agents d'entretien ou d'exploitation).

ersonnes qualifiées disposent des connaissances techniques ou d'une expérience suffisante\pour évi
s que peut présenter I'électricité (ingénieurs et techniciens). Par exemple, les dangers pour les pers
ht provenir du contact avec des parties actives pendant le fonctionnement et le remplaecement d'éléme,
cement en charge.

rsonnes non qualifiées ne disposent pas des connaissances techniques ou d'ung expérience suffisante
es dangers que I'électricité peut présenter, la partie de la norme relative aux fusibles doit fournir des exig
ne sécurité maximale en service. L'IEC 60269-3 définit quatre systémes destinés a étre utilisés p
nes non qualifiées.

2

nge d'un élément de remplacement

3
nterchangeabilité
téristiques limitatives de forme ou de ,dimensions destinées a éviter ['utilisation
rde, sur un socle déterminé, d'éléments@e remplacement ayant des propriétés électr
s que celles assurant le degré voulu.de“protection

RCE: IEC 60050-441:1984, 441-18-33]

Grandeurs caractéristiques

Ctéristiques assignées

mble les conditions de fonctionnement d'aprés lesquelles les essais sont détermin
lesquelles le-matériel a été établi

RCE=IEC 60050-441:1984, 441-18-36]

Note

lifiees

er les
onnes
hts de

. Pour
ences
r des

par
ques

5sent
es et

aN'drticle: Les valeurs assignées généralement indiquées pour les fusibles basse tension sont les suiv|

Antes:

tension, courant, pouvoir de coupure, puissance dissipée et puissance dissipee acceptable, ef fréequence, s'il y a
lieu. En courant alternatif, la tension assignée et le courant assigné indiqués sont les valeurs efficaces symétriques.
En courant continu, s'il y a des ondulations, la tension assignée s'entend pour la valeur moyenne, le courant assigné
pour la valeur efficace. Sauf indication contraire, la définition ci-dessus s'applique a toute valeur de tension et de
courant.
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3.3.2

courant présumé (d'un circuit et relatif a un fusible)

courant qui circulerait dans le circuit si I'élément de remplacement ou les éléments de
remplacement étaient remplacés par un conducteur d'impédance négligeable

Note 1 a l'article: En courant alternatif, le courant présumé est exprimé par la valeur efficace de la composante
alternative.

Note 2 a I'article: Le courant présumé est la grandeur a laquelle se rapportent normalement le pouvoir de coupure
et les caractéristiques du fusible, par exemple les caractéristiques /% et les caractéristiques de courant coupé limité
(voir le 9.5.7).

[SO
ou le
der

984 , & onmexion
a été remplacé par "I'élément de remplacement ou les éléments
mplacement étaient remplacés”, et la Note a l'article a été remplacée]

3.3.3
balises
valedrs limites a l'intérieur desquelles se trouvent les caractéristiques,: par exempl¢ les
caragtéristiques temps-courant

3.3.4
pouvoir de coupure d'un fusible
valeyr du courant présumé qu'un fuse est capable d'interrompte a une tension fixée dang des
cond|tions prescrites d'emploi et de comportement

[SOURCE: IEC 60050-441:1984, 441-17-08, modifié,</ "d'un appareil de connexion ou|d'un
fusibje" a été remplacé par "d'un élément de remplacement” dans le terme, "qu'un apparxil de
connexion ou un fusible" a été remplacé par "qu'un’élément de remplacement” dans la défifition
et laNote a l'article a été supprimée]

3.3.5
zone de coupure
plage de courants présumés a l'intérieur desquels le pouvoir de coupure d'un élément de
remplacement est assuré

3.3.6
courpnt coupé limité
valeyr instantanée maximale du courant atteinte pendant le fonctionnement d'un élément de
rempflacement lorsqu'i“fonctionne de maniére a empécher le courant d'atteindre la vpleur
maximale qu'il atteindrait autrement

3.3.7
caragtéristique de courant coupé limité
courbhesdonnant, pour des conditions déterminées de fonctionnement, le courant coupé |imité
en fonction du courant présumé

Note 1 a l'article: En courant alternatif, les valeurs du courant coupé limité sont les valeurs maximales quel que
soit le degré d'asymétrie. En courant continu, ce sont les valeurs du courant coupé limité maximales atteintes compte
tenu de la constante de temps spécifiée.

[SOURCE: IEC 60050-441:1984, 441-17-14]
3.3.8

valeur de créte du courant admissible (d'un ensemble-porteur)
valeur du courant coupé limité que I'ensemble-porteur peut supporter

Note 1 a l'article: La valeur de créte du courant admissible n'est pas inférieure au courant coupé limité le plus éleve
de I'élément de remplacement avec lequel I'ensemble-porteur est destiné a étre utilisé.
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3.3.9

durée de préarc; durée de fusion

intervalle de temps qui s'écoule a partir du moment ou commence a circuler un courant suffisant
pour provoquer une coupure dans I'élément fusible ou les éléments fusibles jusqu'a I'instant ou
un arc commence a se former

[SOURCE: IEC 60050-441:1984, 441-18-21]

3.3.10

durée d'arc d'un élément de remplacement
intervalle de temps entre I'instant de début de I'arc sur un fusible et I'instant de I'extinction finale
de I'grc sur ce fusible

[SOURCE: IEC 60050-441:1984, 441-17-37, modifié — Le mot "pble" a été supprimé daps le
terme¢ et la définition]

3.3.111
durép de fonctionnement
somme de la durée de préarc et de la durée d'arc

[SOYRCE: IEC 60050-441:1984, 441-18-22]

3.3.12

I%¢; intégrale de Joule
intégrale du carré du courant pour un intervalle de temps donné:

£
PP = [9Pdr
0
Note 1 a I'article: L'I?s de préarc est I'intégrale /2 pour la durée de préarc du fusible.
Note 4 a I'article: L'/%¢ de fonctionnement est I'intégrale /2 pour la durée de fonctionnement du fusible.

Note 3 a I'article: L'énergie en joules libérée dans une portion ayant une résistance de 1 Q d'un circuit protégé par
un fusjble est égale a la valeur de /2hdé& fonctionnement exprimée en A%s.

[SOYRCE: IEC 60050-441:1984, 441-18-23]

3.3.13
caragtéristique 42
courthe qui doAne les valeurs /2¢ (12t de préarc et/ou I2¢ de fonctionnement) en fonction de la
valeyr du courant présumé et pour des conditions de fonctionnement déterminées

3.3.14
zone I4t

bande comprise entre la caractéristique /2 de préarc minimale et la caractéristique /2 de
fonctionnement maximale dans les conditions spécifiées

3.3.15

courant assigné d'un élément de remplacement

In

valeur du courant que I'élément de remplacement est capable de supporter de fagon continue
dans les conditions spécifiées, sans détérioration
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3.3.16

caractéristique temps-courant

courbe donnant la durée, par exemple durée de préarc ou durée de fonctionnement, en fonction
du courant présumé dans des conditions déterminées de fonctionnement

Note 1 a l'article: Pour des temps supérieurs a 0,1 s, il n'existe en pratique aucune différence entre la durée de
préarc et la durée de fonctionnement.

[SOURCE: IEC 60050-441:1984, 441-17-13]

bt la
Bes

courpnt conventionnel de non-fusion

Inf
valeyr spécifiée du courant que peut supporter sans fondre I'élément de;remplacement pendant
un intervalle de temps spécifié, dit temps conventionnel

[SOURCE: IEC 60050-441:1984, 441-18-27]

3.3.19
courpnt conventionnel de fusion
I
valeyr spécifiée qui provoque le fonctionnement del'élément de remplacement avant la finf d'un
interyalle de temps spécifié dit temps conventionneél

[SOURCE: IEC 60050-441:1984, 441-18-28]

3.3.2

courtFe de surcharge d'un élément‘de remplacement "a"
courlpe qui indique le temps pendant lequel un élément de remplacement "a" est capable de
suppprter le courant considéré, sans détérioration

VOIR: 9.4.3.4 et la Figure.2

3.3.21
puissance dissipée (d'un élément de remplacement)
puisdance dissipée dans un élément de remplacement traversé par un courant électrigye de
valedr donnée-dans des conditions prescrites d'emploi et de comportement

Note 1 @\'article: Les conditions prescrites d'emploi et de comportement comprennent généralement une yaleur

efficade—constante-du-courant électricue-apres-avoiratteint un réaime établi de température
<t g ) g T

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-38]

3.3.22

puissance dissipée acceptable (par un socle ou un ensemble-porteur)

valeur indiquée de la puissance dissipée dans un élément de remplacement qu'un socle ou un
ensemble-porteur peut admettre dans des conditions prescrites d'emploi et de comportement

[SOURCE: IEC 60050-441:1984/AMD1:2000, 441-18-39]
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3.3.2

3

tension de rétablissement
tension qui apparait aux bornes d'un fusible aprés l'interruption du courant

Note 1 a l'article:

Cette tension peut étre considérée pendant deux intervalles de temps consécutifs, I'un durant

lequel existe une tension transitoire (voir le 2.3.23.1), suivi d'un second intervalle durant lequel seule la tension de

rétabli

[SOURCE: IEC 60050-441:1984, 441-17-25, modifié —

ssement a la fréquence industrielle ou en courant continu existe (voir le 2.3.23.2).

supprimé dans la définition, et la Note 1 a l'article a été modifiée.]

"d'un appareil de connexion" a été

3.3.231

tensjon transitoire de rétablissement

TTR

tensipn de rétablissement pendant le temps ou elle présente un caractére “trans
appréciable

Note 1 a l'article: La tension transitoire de rétablissement peut étre oscillatoire ou non lescillatoire ou ét

combi
potent

Note 2
la ten
appar

[SOU
3.3.2

tens
tensi

haison de celles-ci selon les caractéristiques du circuit et du fusible. Elle tientregompte de la variat
iel du point neutre du circuit polyphasé.

a l'article: Sauf spécification contraire, la tension transitoire de rétablissement pour les circuits triphag

5ion aux bornes du premier pdle qui coupe, car cette tension est généralement plus élevée que ce
hit aux bornes de chacun des deux autres pbles.

RCE: IEC 60050-441:1984, 441-17-26]

3.2

on de rétablissement a fréquence industrielle ou en courant continu

bn de rétablissement aprés la dissipation desyphénomeénes transitoires de tension

toire

e une
on du

és est
le qui

rimée

té au

sont

ht de

Note 1 a l'article: La tension de rétablissement a fréquence industrielle ou en courant continu peut étre exy
en poyircentage de la tension assignée.

[SOURCE: IEC 60050-441:1984, 441-17<27, modifié — "ou en courant continu" a été ajou
terme¢, et la Note 1 a I'article a été ajoutée.]

3.3.24

tensijon d'arc d'un fusible

valedr instantanée de la tension qui apparait entre les bornes d'un fusible pendant la durg¢e de
l'arc

[SOYRCE: IEC 60050-441:1984, 441-18-30]

3.3.25

distgnce de-sectionnement (pour un fusible)

la plys courte distance entre les contacts du socle ou toutes parties conductrices qui leur
raccqrdées, mesurée sur un fusible dont I'élément de remplacement ou le porte-éléme
remplacement n'est plus en place

[SOURCE: IEC 60050-441:1984, 441-18-06]

4 Conditions de fonctionnement en service

4.1

Généralités

Lorsque les conditions ci-aprés s'appliquent, les fusibles conformes a la présente norme sont
considérés comme étant capables de fonctionner correctement sans qualific
supplémentaire. Ces conditions s'appliquent également aux essais, sauf spécification contraire
a I'Article 9.

ation


https://iecnorm.com/api/?name=b12e07884c7154cf8c98acc4d4ad244b

- 104 — IEC 60269-1:2024 © |EC 2024

4.2 Température de I'air ambiant (7,)
La température de l'air ambiant 7, (voir le 3.2.5.1) ne dépasse pas 40 °C, sa valeur moyenne

mesurée sur une période de 24 h étant inférieure a 35 °C et sa valeur moyenne mesurée
annuelle étant également inférieure.

La valeur minimale de la température de |'air ambiant est de -5 °C.

Lorsque les conditions de température s'écartent sensiblement de ces valeurs, il convient d'en
tenir compte du point de vue du fonctionnement, des échauffements, etc. Voir I'Annexe D.

NOTE| Les caractéristiques temps-courant données reposent sur une température de |'air ambiant de référence de
20 °CJ Ces caractéristiques temps-courant sont également valables pour une température de I'air ambjant_d'epviron
30 °C

4.3 | Altitude

L'altifude du lieu d'installation des fusibles ne dépasse pas 2 000 m au-dessus du niveau [de la
mer.

4.4 | Conditions atmosphériques

L'air fest propre, et son humidité relative ne dépasse pas 50.% a la température maximale de
40 °Q.

Une humidité relative supérieure est admise a des tempgeratures plus basses, par exemple PO %
a 20/[C.

Dang ces conditions, les variations de température peuvent parfois conduire a| une
condensation modérée.

Si defs fusibles doivent étre utilisés dans-des conditions différentes de celles indiquées en 4.1,
en 42 et en 4.3, en particulier lorsqu'ils sont utilisés a I'extérieur sans protection|, les
informations doivent étre fournies¥dans la documentation technique des fabricants. [Cela
s‘ap;ﬁique également aux cas(ou des dépdts de sel provenant de la mer ou des d¢pdts
anormaux d'origine industri€lle*peuvent se produire.

4.5 Tension

La valeur maximatle de la tension du réseau ne dépasse pas 110 % de la tension assignge du
fusible. Dans lgycas d'un courant continu obtenu par redressement d'un courant alternatif, les
ondujations né\doivent pas provoquer de variation supérieure a 5 % ou inférieure a 9 % aptour
de la|valeur-moyenne de 110 % de la tension assignée.

Pourllesfusibles de tension assignée égale a 690 V, la tension maximale du réseau ne doit pas
dépasser 105 % de la tension assignée du fusible.

NOTE L'attention est attirée sur le fait que le dispositif indicateur ou le percuteur d'un fusible peut ne pas
fonctionner si I'élément de remplacement fonctionne a une tension considérablement inférieure a sa tension assignée
(voir le 9.4.3.6).

4.6 Courant

Les courants a supporter et a couper se trouvent dans la plage spécifiée en 8.4 et en 8.5.

4.7 Fréquence, facteur de puissance et constante de temps
4.7.1 Fréquence

En courant alternatif, la fréquence est la fréquence assignée de I'élément de remplacement.
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4.7.2

Facteur de puissance

En courant alternatif, le facteur de puissance n'est pas inférieur a la valeur indiquée dans le
Tableau 20 pour la valeur correspondante du courant présumé.

4.7.3

Constante de temps (7)

En courant continu, la constante de temps correspond a la valeur indiquée dans le Tableau 21.

Il existe des conditions de service, ou la constante de temps peut dépasser les limites indiquées
dans le Tableau 21. Dans un tel cas, un élément de remplacement qui a été soumis a l'essai

pour
adéq

4.8

Le fu

Lorsq
cond

4.9

Les ¢

4.10

Les |
le T4

Pour
dans
Les

autre

6.1

veritier qu'll respecte la constante de temps exigee et qui comporte les marqu
uats doit étre utilisé.

Conditions d'installation

sible est installé conformément aux instructions du fabricant.

ue le fusible est susceptible d'étre exposé a des vibrations ou-des chocs anormat
tions de service, il convient de consulter le fabricant.

Classe d'emploi

atégories d'emploi ("gG", par exemple) sont spécifiéeSyconformément en 6.7.1.

Sélectivité des éléments de remplacement

mites de sélectivité pour des temps supériéurs a 0,1 s sont données dans le Tableal
bleau 3.

les éléments de remplacement "gG" et "gM" les valeurs de /2¢ de préarc sont don

aleurs pour les autres zones e coupure et catégories d'emploi sont fournies dan
s parties.

Classification

usibles sont classés conformément a I'Article 6 et aux autres parties.

aractéristiques des fusibles

Récapitulatif des caractéristiques

ages

X en

2 et

nées

le Tableau 7 et les valeurs de /2+4de fonctionnement sont données dans les autres pafties.

s les

6.1.1

Généralités

Les caractéristiques d'un fusible doivent étre indiquées dans les termes suivants, lorsque de
tels termes s'appliquent.

6.1.2

a) T
b) C
c) T
d) P

Ensembles-porteurs

ension assignée (voir le 6.2).

ourant assigné (voir le 6.3.2).

ype de courant et fréquence assignée, s'il y a lieu (voir le 6.4).
uissance dissipée acceptable assignée (voir le 6.5).

e) Dimensions ou taille.
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f) Nombre de pbles, s'il y en a plus d'un.
g) Valeur de créte du courant admissible.
6.1.3 Eléments de remplacement

a) Tension assignée (voir le 6.2).
b) Courant assigné (voir le 6.3.1).

- 106 — IEC 60269-1:2024 © |EC 2024

c) Type de courant et fréquence assignée, s'il y a lieu (voir le 6.4).

d) Puissance dissipée assignée (voir le 6.5).

e) Claractéristiques temps-courant (voir le 6.6).

f) Zpne de coupure (voir le 6.7.1).

g) Ppuvoir de coupure assigné (voir le 6.7.2).

h) Claractéristiques de courant coupé limité (voir le 6.8.1).

i) Caractéristiques I2¢ (voir le 6.8.2).
k) Dlimensions ou taille.

6.1.4 Fusibles complets

Degrg de protection selon I'lEC 60529.

6.2 | Tension assignée

En cpurant alternatif, les valeurs normalisées des:\tensions assignées sont données da

Tableau 1.

Tableau 1 — Valeurs normalisées des tensions assignées
en courant alternatif des fusibles

Série | Série Il
\Y \

120
208
230 240
277
400% 415
500 480
690 600
1000 347

hs le
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En courant continu, les valeurs normalisées des tensions assignées sont données dans le
Tableau 2.

Tableau 2 — Valeurs préférentielles des tensions assignées
en courant continu des fusibles

Série | Série ll
\Y \Y
110
220
250
400
440 460
500
600
750
1000
1200
1500

Pour|des applications spécifiques, les tensions assignées des différentes valeurs du Tablgau 1
et du[ Tableau 2 doivent étre fournies dans les instructions du fabricant.

NOTE| La tension assignée du fusible est la valeun’la plus basse des tensions assignées de ses parties
(ensemnble-porteur, élément de remplacement).

6.3 | Courant assigné
6.3.1 Courant assigné de I'élément de remplacement

Les qourants assignés préférentiels des éléments de remplacement sont les valeurs suivantes,
exprimées en A:

2-4-6-8-10-42~-13-16-20-25-32-35-40-50-63-80—-100-125- 160 —
200 + 224 — 250 - 345 — 355 - 400 — 425 - 500 — 630 — 800 — 1 000 — 1 250 — 1 600

S'il ept nécessaire de choisir des valeurs inférieures, intermédiaires ou supérieures, il convient
de choisir.ces valeurs a partir de la série R10 de la norme ISO 3 et, dans des cas exceptionnels,
a partir.de.la série R20 ou R40 de I'ISO 3.

6.3.2 Courant assigné de I'ensemble-porteur

Sauf spécification contraire dans les autres parties, il convient de choisir le courant assigné en
ampeéres de l'ensemble-porteur parmi la série de courants assignés des éléments de
remplacement. Pour les fusibles "gG" et "aM", le courant assigné de I'ensemble-porteur est le
courant assigné le plus élevé de I'élément de remplacement avec lequel il est destiné a étre
utilisé.

6.4 Fréquence assignée (voirle 7.1 et le 7.2)

L'absence de marquage de la fréquence assignée doit signifier que le fusible remplit les
conditions établies dans la présente norme uniquement pour des fréquences comprises entre
45 Hz et 62 Hz.
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6.5 Puissance dissipée assignée d'un élément de remplacement et puissance
dissipée acceptable assignée d'un ensemble-porteur

Sauf spécification contraire dans les autres parties, la puissance dissipée assignée d'un
élément de remplacement est fixée par le fabricant. Cette valeur ne doit pas étre dépassée
dans les conditions d'essai spécifiées.

Sauf spécification contraire dans les autres parties, la puissance dissipée acceptable assignée
pour un ensemble-porteur est fixée par le fabricant. Elle est considérée comme la puissance
dissipée maximale que lI'ensemble-porteur peut accepter dans les conditions d'essai spécifiées
sans dépassement des valeurs d'échauffement spécifiées.

6.6 | Limites des caractéristiques temps-courant
6.6.1 Généralités

Les I|mites reposent sur une température de I'air ambiant de référence 7, de+20 °C.

6.6.2 Caractéristiques temps-courant, zones temps-courant

Elles|dépendent de la conception de I'élément de remplacement ainsi' que, pour un élément de
remplacement donné, de la température de I'air ambiant et des conditions de refroidissement.

NOTE| Pour les températures de I'air ambiant qui ne sont pas comprises. dans la plage de températures indiquée
en 4.1|, il est nécessaire de consulter le fabricant.

Pour|les éléments de remplacement non conformé€s “aux zones temps-courant normallsées
spécifiées dans les autres parties, il convient que le fabricant puisse indiquer (avec |eurs
tolérances):

— |gs caractéristiques temps-courant de prearc et de fonctionnement

— 14 zone temps-courant.

NOTE| Pour des durées de préarc inférieures a 0,1 s, il convient que le fabricant fournisse les caractéristiqlies /3¢
avec lpurs tolérances (voir le 6.8.3).

Lorsqu'elles sont représentées, il convient d'indiquer les caractéristiques temps-courant|pour
les d’Lurées de préarc(supérieures a 0,1 s, en portant le courant en abscisse et le temps en
ordomnée. Des échellés logarithmiques doivent étre utilisées sur les deux coordonnées.

Les pases des. échelles logarithmiques (dimensions d'une décade) doivent étre danms le
rapport 2/1,.en’portant les plus grandes dimensions en abscisse. Cependant, pour tenir compte
d'ung pratigue en vigueur depuis longtemps dans d'autres pays (systéeme de fusibles UL, par
exenpl€); un rapport de 1/1 est admis en variante.

6.6.3 Courants et temps conventionnels

Les courants et temps conventionnels pour les éléments de remplacement "gG" et "gM" sont
spécifiés dans le Tableau 3.
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Tableau 3 — Courant et temps conventionnels
pour les éléments de remplacement "gG" et "gM"

Courant assigné I pour "gG" Temps conventionnel Courant conventionnel
Courant caractéristique I, pour "gM"P h I I
A
1,<16 1 a a
16< [ <63 1
63 < 1,=160 2 1,251, 1,61,
160 < [, =400 3
400 < I 4

2 Les valeurs pour les éléments de remplacement dont le courant assigné est inférieur a 16 A sont' données|dans
Ids autres parties.

b Ppur les éléments de remplacement "gM", voir le 6.7.1.

6.6.4 Balises

Pour|les éléments de remplacement "gG" et "gM", les balisés-indiquées dans le Table¢au 4
s'appliquent.
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Tableau 4 — Balises des durées de préarc
spécifiées pour les éléments de remplacement "gG" et "gM"2

1 2 3 4 5
I, pour "gG" I, (10s)¢ I, (58) I, (0,18) Iy (0,18)
I, pour "gM" P
A A A A A
13 24 65 65 130
16 33 65 85 150
20 42 85 110 200
25 52 110 150 260
32 75 150 200 350
35 83 175 225 445
40 95 190 260 450
50 125 250 350 610
63 160 320 450 820
80 215 425 610 1100
100 290 580 820 1450
125 355 715 1100 1910
160 460 950 1450 2 590
200 610 1250 1910 3420
224 600 1600 2 000 4 300
250 750 1650 2 590 4 500
315 1 050 2 200 3420 6 000
355 1100 2750 3 500 7 700
400 1420 2 840 4500 8 060
425 1350 3 300 4 500 9 500
450 1600 3 300 5 250 9 300
500 1780 3 800 6 000 10 600
630 2 200 5400 8 060 14 140
800 3 060 7 000 10 600 19 000
1000 4 000 9 500 14 140 24 000
1250 5000 13 000 19 000 35000
1600 7 500 16 000 24 000 43 000
8 Ues valeurs pour les fusibles dont(le courant assigné est inférieur a 13 A sont spécifiées dans les apitres
plarties.
b Hour les éléments de remplacement "gM", voir le 6.7.1.
¢ I}, (10 s) est la valeur minimale du courant pour laquelle la durée de préarc n'est pas inférieure a 10 s.
Pour|les fusibles™aM", les balises normalisées des caractéristiques temps-courant reppsent
sur yne tempeéerature de l'air ambiant de référence de 20 °C. Elles sont indiquées daps le
Tablg¢au 5.5et représentées la Figure 3. Les facteurs normalisés k [sont
ko = [1,5;'k{ = 4 et k, = 6,3.

de remplacement "aM" (tous les courants assignés)

Tableau 5 — Balises pour les éléments

41,

6,31,

81,

101,

12,51,

191,

t

fonctionnement

60 s

0,5s

0,10 s

t

préarc

60 s

0,5s

0,2s
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6.7

6.7.1

Zone de coupure et pouvoir de coupure

Zone de coupure et catégorie d'emploi

La premiére lettre doit indiquer la zone de coupure:

— éléments de remplacement "g" (éléments de remplacement a pouvoir de coupure intégral);

— éléments de remplacement "a" (éléments de remplacement a pouvoir de coupure partiel).

La seconde lettre doit indiquer la catégorie d'emploi; cette lettre définit avec exactitude les
caractéristiques temps-courant, les temps et courants conventionnels, les balises.

6.7.2

Pouvoir de coupure assigné

Le pouvoir de coupure assigné d'un élément de remplacement est indiqué par le.fabrica

fonct
indiq

6.8

6.8.1

Les
tenir
dans
fréqu

6.8.2

Les
maxi

Si le
les a
de la
absc

6.8.3

Les
corre
doive
fonct

Les g

on de la tension assignée. Des valeurs du pouvoir de coupure assigné|minimal
Liées dans les autres parties.

Caractéristiques de courant coupé limité et caractéristiques de 1%¢
Généralités

aleurs des caractéristiques de courant coupé limité et dé€s caractéristiques de /2¢ do
compte des tolérances de fabrication et se rapporter aux‘conditions de service spéc
les autres parties en ce qui concerne, par exemple) les valeurs de la tension,
ence et du facteur de puissance.

Caractéristiques de courant coupé limité

nt en
sont

ivent
fiees
He la

Caractéristiques de courant coupé limitéodoivent représenter les valeurs instantanées
males du courant susceptibles de se preduire en service (voir le 9.6.1 et I'Annexe C)|

dans

5 caractéristiques de courant coupé limité sont exigées, sauf spécification contraire

Figure 4, sur du papier a double échelle logarithmique, en portant le courant présu
sse.

Caractéristiques 1?7

aractéristiques./?s de préarc pour des durées de préarc comprises entre 0,1 s et la g
spondant au.pouvoir de coupure assigné doivent étre indiquées par le fabricant.
nt représenter les valeurs les plus basses susceptibles de se produire en servig
on du cedrant présumé.

itres parties, il convient qu'elles)soient fournies par le fabricant conformément a I'estmpIe

é en

urée
Elles
e en

aractéristiques /2¢ de fonctionnement avec des tensions spécifiées doivent étre indiquées

par le Tabricant pour des durees de prearc inierieures a U,1 s. Elles doivent representer les
valeurs les plus élevées susceptibles de se produire en service en fonction du courant présumé.

Lorsqu'elles sont représentées sous forme graphique, les caractéristiques /2 doivent étre
indiquées en portant le courant présumé en abscisse et /2: en ordonnée. Des échelles
logarithmiques doivent étre utilisées sur les deux coordonnées. (Pour ['utilisation d'échelles

logar

ithmiques, voir le 6.6.2.)
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7.1 Généralités
Le marquage doit étre résistant et facilement lisible. La conformité est vérifiée par I'essai
du 9.12.
NOTE 1 Les marquages du courant assigné et de la tension assignée peuvent, par exemple, se présenter comme
suit:
10
10A 500V  ou10/500 ou
566
NOTE|2 Pour toutes les parties des fusibles, les symboles applicables de I'lEC 60417 peuvent étre utilisés.
7.2 | Marquages des ensembles-porteurs
Les informations suivantes doivent étre marquées sur tous les ensembles-porteurs:

=]

-

€

7.3
Les

remp
il n'e

rg

—

N

bm du fabricant ou marque commerciale permettant de I'identifier facilement;

férence d'identification du fabricant de
bractéristiques indiquées en 6.1.2;

permettant retrouver l'ensemble

nsion assignée;
burant assigné;
pe de courant et fréquence assignée, s'il y a lieu,

nsemble-porteur portant un marquage des caractéristiques assignées en courant alte

cle amovible et un porte-élément de remplacement amovible. Il convient de les ma
rément pour permettre leur identification.

Marquages des éléments de remplacement

informations suivantes doivent étre marquées sur l'ensemble des élément
lacement, a I'exception des€léments de remplacement de petites dimensions, sur les
5t pas possible d'inscrire 'ensemble de ces informations:

bm du fabricant ou.marque commerciale permettant de l'identifier facilement;

férence d'identification du fabricant de
bractéristiques indiquées en 6.1.3;

permettant retrouver I'ensemble

nsion assignee;

burant.assigné;

bne, de coupure et catégorie d'emploi (symboles), s'il y a lieu (voir le 6.7.1);

P |
T
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a
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rnatif

Egalement étre utilisé pour les systémes a eourant continu si un ensemble-porteur contient

rquer

5 de
quels

des

t\

4\
)

na
PT

convient de marquer séparément les caractéristiques en courant alternatif et en courant

continu sur I'élément de remplacement si celui-ci est destiné a étre utilisé avec des réseaux a
courant alternatif et & courant continu.

Dans le cas des éléments de remplacement de petites dimensions, sur lesquels il n'est pas
possible d'inscrire I'ensemble des informations spécifiées, le marquage doit comporter la
marque commerciale, la référence de catalogue du fabricant, la tension assignée et le courant

assig

né.
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8 Conditions normales de construction

8.1

8.1.1

Conception mécanique

Remplacement des éléments de remplacement

Un élément de remplacement doit présenter une résistance mécanique appropriée, et ses
contacts doivent étre solidement fixés.

8.1.2

Connexions, y compris les bornes

Les
néce

La fd
maté
sont
comg
éven

Les
lors

parti
ne p

Les h
des ¢

NOTE

8.1.3

Les
néce
cond

Le cd
dans
élect

CONNEXIONS 1IXES doIvent eire realisees de maniere a mainienir la force de co
5saire dans les conditions de service et de fonctionnement.

rce de contact exercée sur les connexions ne doit pas étre transmise~a’travers

pas équivalentes, sauf si les parties métalliques sont suffisammentiélastiques
enser un éventuel retrait ou toute autre déformation du matériau isolant. Les e
uellement nécessaires sont indiqués dans les autres parties.

ornes doivent étre congues de telle sorte qu'elles ne puissent'pas tourner ni se dép
lu serrage des vis et que la position des conducteurs ne'‘\puisse pas étre modifiée
s serrant les conducteurs doivent étre en métal et doivent avoir une forme telle qu
issent pas endommager les conducteurs de maniére excessive.

ornes doivent étre disposées de maniére a étre/facilement accessibles (aprés enléve
ouvercles, s'il en existe) dans les conditions-d'installation prévues.

Les exigences relatives aux bornes sans vis sont.données a I'Annexe E.

Contacts du fusible

contacts du fusible doivent éfre réalisés de maniére a maintenir la force de co
5saire dans les conditions.(de service et de fonctionnement, en particulier dan
tions du 8.5.

ntact doit étre tel que les forces électromagnétiques qui se produisent en fonctionne
les conditions indiquées en 8.5 ne provoquent aucune détérioration de la conn
fique entre:

socle et {e-porte-élément de remplacement;

porte-élément de remplacement et I'élément de remplacement;

blément de remplacement et le socle, ou, le cas échéant, tout autre support.

ntact

des

Fiaux isolants autres que la céramique ou d'autres matériaux dont les cafactéristiques ne

pour
5sais

lacer
Les
elles

ment

ntact
5 les

ment
BXion

De p

US, en raison de leur construction et du materiau utilisSe, 1es contacts du fusible doivent

étre tels que, lorsque le fusible est correctement installé et que les conditions de service sont

norm

ales, le maintien d'un contact adéquat est assuré:

a) aprés des opérations de retrait et d'insertion répétées;

b) aprés un maintien en service sans perturbations pendant une durée prolongée (voir le 9.10).

Les contacts du fusible en alliage de cuivre ne doivent pas présenter de tensions internes.

Ces exigences sont vérifiées par les essais conformément au 9.10, au 9.11.2.1 et a I'Article 8
des autres parties de I'lEC 60269.
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8.1.4 Construction de I'élément de calibrage

L'élément de calibrage, si nécessaire, doit étre congu de fagon a résister aux contraintes
normales susceptibles de se produire pendant |'utilisation.

8.1.5 Résistance mécanique de I'élément de remplacement

Un élément de remplacement doit présenter une résistance mécanique appropriée, et ses
contacts doivent étre solidement fixés.

8.2 Qualités isolantes et aptitude au sectionnement

Les fusibles doivent étre tels qu'ils ne perdent pas leurs qualités isolantes aux_tehgions
auxqpelles ils sont soumis en service normal. Le fusible doit étre apte au sectionnemgénilornsque
celuiici est dans sa position normale d'ouverture, I'élément de remplacement restant dans le
portg-élément de remplacement, ou lorsque I'élément de remplacement et, le-Cas échéapt, le
porte-élément de remplacement sont retirés. La catégorie de surtension appli¢able est spégifiée
dans|les autres parties.

Le fusible doit étre considéré comme étant conforme a ces conditions,s'il satisfait aux epsais
de vérification des qualités isolantes et de I'aptitude au sectionnement conformément au p.2.

Les Jaleurs minimales des lignes de fuite, des distances d'isolément dans I'air et des distgnces
a trayers le matériau isolant ou de remplissage doivent satisfaire aux valeurs spécifiées [dans
les altres parties.

8.3 | Echauffement, puissance dissipée de I'élément de remplacement et puissance
dissipée acceptable de I'ensemble-porteur

L'endemble-porteur doit étre congu et dimensionné de maniére a supporter d'une :Lag:on
continue, dans des conditions normaliséés de service, le courant assigné de I'élément de
remplacement dont il est équipé, sans:dépasser:

— lgs limites d'échauffement spécifiées dans le Tableau 6 a la puissance dissipée acceptable
apsignée de I'ensemble-porteur indiquée par le fabricant ou spécifiée dans les aputres
parties.

L'élément de remplacement-doit étre congu et dimensionné de maniére a supporter d'une fagon
contihue, dans des conditions normalisées de service, son courant assigné sans dépasser:

— |q puissance dissipée assignée de I'élément de remplacement indiquée par le fabricapt ou
spécifiée dans:les autres parties.

En pprticulier;”les limites d'échauffement spécifiées dans le Tableau 6 ne doivent pas| étre
dépaksées;

| ] 4 + & ol PALA ol 1 4 A ] % H A d
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I'ensemble-porteur destiné a recevoir cet élément de remplacement;

— lorsque la puissance dissipée de I'élément de remplacement est égale a la puissance
dissipée acceptable assignée de I'ensemble-porteur.

Ces exigences sont vérifiées par les essais effectués conformément au 9.3.
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Tableau 6 — Limites d'échauffement AT = (T - T,) des bornes

Contacts Echauffement AT en K
Bornes Cuivre nu 60
Laiton nu ou étamé 65
Plaqué argent ou nickel 702

a)

La limite d'échauffement dépend de I'utilisation de conducteurs isolés au PVC ou, pour les autres méthodes
de couplage ou conducteurs, le fabricant doit fournir les valeurs maximales d'échauffement dans sa

documentation et les caractéristiques assignées des conducteurs doivent étre respectées. Les limites de
température du fusible et du conducteur doivent étre cohérentes.

8.4 | Fonctionnement

L'élément de remplacement doit étre congu et dimensionné de telle sorte que, lorsqu'jl est

sounjis a l'essai dans le montage d'essai approprié a la fréquence assignée et a| une

tempgrature de I'air ambiant de (20 + 5) °C,

— iljsoit capable de supporter d'une fagon continue tout courant inférieur ou égal a son coprant
apsigné;

— il|soit capable de supporter les conditions de surcharge pouvant se produire en service
nprmal (voir le 9.4.3.4).

Pourfun élément de remplacement "g", cela signifie,

— qpe I'élément de remplacement ne fonctionne{pas dans un temps inférieur au teémps
cpnventionnel lorsqu'il est parcouru par un, courant inférieur ou égal au coprant
cpnventionnel de non-fusion (I);

— qgp'il fonctionne dans un délai inférieur autemps conventionnel lorsqu'il est parcouru ppr un
cpurant supérieur ou égal au courant de fusion conventionnel ().

NOTE| Les zones temps-courant, s'il y en a, doivent étre prises en compte.

Pour|un élément de remplacement "a", cela signifie,

— qpe I'élément de remplacement ne fonctionne pas lorsqu'il est parcouru par un copurant
ifférieur ou égal a kI, pendant le temps correspondant indiqué sur la courbe de surcharge
(Voir la Figure 2);

— qle lorsqu'il est\parcouru par un courant compris entre k4, et k,/,, I'élément fusible|peut
fqndre, sous réserve que la durée de préarc soit supérieure a la valeur indiquée par la
caractéristique temps-courant de préarc;

— ql'il fonctionne a l'intérieur de la zone temps-courant, y compris la durée d'arc, lorsqulil est
p

Areouru par un courant supérieur a kolf,,.

Les valeurs temps-courant mesurées selon le 9.4.3.3 doivent se trouver a l'intérieur de la zone
temps-courant indiquée par le fabricant.

Ces conditions sont considérées comme remplies si I'élément de remplacement satisfait aux
essais prescrits en 9.4.
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8.5 Pouvoir de coupure

Le fusible doit étre capable de couper, a la fréquence assignée et a une tension inférieure ou
égale a la tension de rétablissement indiquée en 9.5, tout circuit dont le courant présumé est
compris entre,

— pour les eléments de remplacement "g": le courant /;
— pour les éléments de remplacement "a": le courant k,/; et

— en courant alternatif, le pouvoir de coupure assigné avec des facteurs de puissance
supérieurs ou égaux a ceux indiqués dans le Tableau 21 pour la valeur du courant présumé
cerrespondante:

eh courant continu, le pouvoir de coupure assigné avec des constantes de temps inférielsures

apx limites indiquées dans le Tableau 22 pour la valeur du courant/~présumé

cprrespondante.

Lors [du fonctionnement de I'élément de remplacement dans un circuit d'essai comme cela est
décrit en 9.5, la tension d'arc ne doit pas dépasser les valeurs indiquées dans le Tableau|7.

NOTE| Lorsque les éléments de remplacement sont utilisés dans des circuits dont| Jes tensions du réseay sont
inférigures a la tension assignée des éléments de remplacement, il convient de“s'assurer que la tension d'arc ne
dépaspe pas la valeur indiquée dans le Tableau 7 pour la tension du réseau cprrespondante.

Tableau 7 — Tension d'arc maximale

Tension assignée U, Tension d'arc maximale,
de I'élément de remplacement valeur de créte
\Y \Y
Courants alternatif et continu Jusqu'a 60 inclus 1000
61 a 300 2 000
301 a 690 2 500
691 a 800 3 000
801 a 1000 3500
Courgnt continu seulement 1001 a1200 3500
1201 a1500 5 000

NOTE Pour des élémentsedesremplacement de courant assigné inférieur a 16 A, les valeurs de tension |d'arc
maximale ne sont pas spécifiées dans la présente norme, mais sont a I'étude.

Ces [conditions¢doivent étre considérées comme remplies si le fusible satisfait aux epsais
presgrits en\9.5.

8.6 | -Caractéristique de courant coupé limité

Sauf spécification contraire dans les autres parties, les valeurs du courant coupé limité,
mesurées comme cela est spécifié en 9.6, doivent étre inférieures ou égales aux valeurs issues
des caractéristiques de courant coupé limité fixées par le fabricant (voir le 6.8.2).

NOTE Pour les caractéristiques de courant coupé limité en fonction de la durée réelle de préarc, voir I'Annexe C.
8.7 Caractéristiques I2¢

Les valeurs /2t de préarc, vérifiées selon le 9.7, ne doivent pas étre inférieures aux
caractéristiques indiquées par le fabricant conformément au 6.8.3 et doivent étre comprises
entre les limites indiquées dans le Tableau 8 pour les éléments de remplacement "gG" et "gM".
Pour des durées de préarc inférieures a 0,01 s, les limites éventuellement exigées sont
indiquées dans les autres parties. Les valeurs des éléments de remplacement "gD" et "gN" sont
données dans I'lEC 60269-2 pour le systéme de fusibles H.
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Les valeurs /2 de fonctionnement, vérifiées conformément au 9.7, doivent étre inférieures ou
égales aux caractéristiques indiquées par le fabricant conformément au 6.8.3 ou spécifiées

dans les autres parties.

Tableau 8 — Valeurs I?¢ de préarc a 0,01 s
pour les éléments de remplacement "gG" et "gM"

8.8

Les pxigénces relatives a la sélectivité lors d'une surintensité dépendent du systém

I, pour "gG" P 2

I, pour "gM"
A 103 x (A2s) 103 x (A2s)
16 0,3 1,0
20 0,5 1,8
25 1,0 3,0
32 1,8 5,0
35 2,2 8,0
40 3,0 9,0
50 5,0 16,0
63 9,0 27,0
80 16,0 46,0
100 27,0 86,0
125 46,0 140,0
160 86,0 250,0
200 140,0 400,0
224 200,0 520,0
250 250,0 760,0
315 400,0 1.300,0
400 760,0 2 250,0
500 1300,0 3 800,0
630 2 250,0 7 500,0
800 3 800,0 13 600,0
1.000 7 840,0 25 000,0
1250 13 700,0 47 000,0

Séléctivité en cas de surintensité des éléments de remplacement

e de

fusib

fournies dans les autres parties.

8.9
8.9.1

es, de la tension assignée et de I'emploi du fusible. Les exigences associées peuvent étre

Protection contre les chocs électriques

Généralités

Pour la protection des personnes contre les chocs électriques, trois états du fusible doivent
étre pris en considération:

lorsque le fusible est complet, installé et raccordé, c'est-a-dire équipé du socle, de I'élément

de remplacement et, le cas échéant, du porte-élément de remplacement, de I'élément de
calibrage et de I'enveloppe du fusible (condition de service normale);

— pendant le remplacement de I'élément de remplacement;
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— lorsque I'élément de remplacement et, le cas échéant, le porte-élément de remplacement
sont enlevés.

La tension assignée de tenue aux chocs est donnée dans le Tableau 9 en fonction de la tension
assignée et de la catégorie de surtension du fusible, qui sont spécifiées dans les autres parties.

Les exigences associées sont spécifiées dans les autres parties. Voir aussi le 9.8.

Tableau 9 — Tension assignée de tenue aux chocs

Tension assignée du fusible Tension assignée de tenue aux chocs U, - (1,2/50 ps)
inferieure ou egale a
\Y kv
Catégorie de surtension
I\ 1 1 |
230 4 2,5 1,5 0,8
400 6 4 2,5 1,5
690 8 6 4 2,5
1000 12 8 6 4

8.9.2 Lignes de fuite et distances d'isolement

Les fistances d'isolement ne doivent pas étre inférieures aux valeurs données danms le
Tablg¢au 10 afin de réduire le risque de décharges disruptives dues aux surtensions.

Tableau 10 — Distances d'isolement minimales

Distances d'isolement minimales
mm
Tension assignée Conditions de champ non homogéne
de tenue aux chocs
Uimp
kV
0,8 0,8
1,5 0,8
2,5 1,5
4.0 3,0
6,0 5,5
8,0 8,0
12,0 14,0
NOTE Les valeurs des distances d'isolement minimales dans I'air reposent sur des tensions de choc de 1,2/50 us
a une pression barométrique de 80 kPa, équivalente a la pression atmosphérique normale a 2 000 m au-dessus
du niveau de la mer.

Les lignes de fuite doivent aussi correspondre au groupe de matériau, comme cela est défini
en 2.7.1.3 de I'lEC 60664-1:2002, par rapport a la tension assignée indiquée dans le
Tableau 11.
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Tableau 11 — Lignes de fuite minimales

Lignes de fuite pour les matériels sujets a des contraintes de longue durée
mm
Tension assignée du fusible Groupe de matériau Groupe de matériau Groupe de matériau
inférieure ou égale a
\Y, 1 1l 11
230 3,2 3,6 4
400 5 5,6 6,3
690 8 9 10
1000 12,5 14 16

8.9.3 Courants de fuite des fusibles aptes au sectionnement

Pour|les fusibles aptes au sectionnement et dont la tension assignée est supérieure a 50
courant de fuite doit étre mesuré aux bornes de chaque pble, les contacts étant en po
d'ouyerture.

La vgleur du courant de fuite mesurée a une tension d'essai égale a'1,1 fois la tension assi
ne dgit pas dépasser:

8.9.4 Exigences de construction supplémentaires pour les ensembles-porteurs

L'engemble-porteur doit étre marqué avec le'symbole IEC 60617-S00369.

NOTE[1 Symbole IEC 60617. Nouvelle définition a double ouverture a utiliser (2021-04-29).

Fusible-sectionneur a double ouverture du SC 34B C "Socle"

Lorsque le fusibleest’en position d'ouverture, I'élément de remplacement restant dans le g
élément de remplacement, la distance de sectionnement entre les contacts du fy
confgrmémentia la fonction de sectionnement doit étre donnée. L'indication de cette po
doit étre fournie par la position du porte-élément de remplacement.

Cettd exigence est vérifiée conformément au 9.2.

0[5 mA par péle pour les fusibles a I'état neuf;

N

mA par pole pour les fusibles qui ont été soumissaux essais selon le 9.5.

destinés aux fusibles solidaires aptes au sectionnement

——
— —

V, le
sition

gnée

orte-
sible
sition

Lorsqu'il existe un dispositif de verrouillage spécifié par le fabricant afin de bloquer les fusibles
en position sectionnée, le verrouillage ne doit étre possible que dans cette position. Les fusibles
doivent étre congus de telle sorte que le porte-élément de remplacement reste solidaire du
socle, ce qui donne une bonne indication de la position d'ouverture et, le cas échéant, du
verrouillage.

NOTE 2 Le verrouillage en position fermée est admis pour des applications particuliéres.

Pour les fusibles incorporant des circuits électroniques connectés aux pdles principaux, le
sectionnement du ou des circuits électroniques est admis pendant les essais diélectriques.
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8.10 Résistance a la chaleur

Tous les composants doivent présenter une résistance suffisante a la chaleur qui peut se
produire en usage normal.

Sauf spécification contraire dans les autres parties, cette exigence est considérée comme
respectée lorsque des résultats satisfaisants sont obtenus lors des essais selon le 9.9 et
le 9.10.

8.11 Résistance mécanique

Tous[Tes composanis du fusible doivent presenter une resistance suifisante aux conirdintes
mécgniques qui peuvent se produire en usage normal.

Sauf|spécification contraire dans les autres parties, cette exigence est considérée cogmme
respgctée lorsque des résultats satisfaisants sont obtenus lors des essais selon’les 9.3 @ 9.5
et sejon le 9.11.1.

8.12| Résistance a la corrosion
8.121 Généralités

Tous| les composants métalliques du fusible doivent étre résistants aux influences corropives
qui ppuvent se produire en usage normal.

8.12)2 Résistance a la rouille

Les ¢omposants en métal ferreux doivent étre protégés de maniére a satisfaire aux epsais
corrgspondants.

Sauf|spécification contraire dans les autfes parties, cette exigence est considérée cogmme
respgctée lorsque des résultats satisfaisants sont obtenus lors des essais selon le 9.11.2.3 et
le 9.11.2.3.

8.12.3 Résistance aux tensions internes

Les marties transportant le courant doivent présenter une résistance suffisante aux tensions
intermes. Les essais correspondants sont spécifiés en 9.11.2.1 eten 9.11.2.1.

8.13| Résistance.a’la chaleur anormale et au feu

Tous| les composants du fusible doivent présenter une résistance suffisante a la chpleur
anormale et'au feu. L'essai est spécifié en 9.11.2.2.

8.14 [ Compatibilité électromagnétique

Les fusibles relevant du domaine d'application de la présente norme ne sont pas sensibles aux
perturbations électromagnétiques normales, et par conséquent aucun essai d'immunité n'est
exigeé.

Les perturbations électromagnétiques importantes générées par un fusible sont limitées au
moment de son fonctionnement. Les exigences pour la compatibilité électromagnétique sont
considérées comme étant respectées, sous réserve que les tensions d'arc maximales en
fonctionnement lors des essais de type respectent les exigences du 8.5.
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9 Essais

9.1 Vue d'ensemble
9.1.1 Généralités

Les essais doivent étre effectués conformément aux régles de I'lEC.

9.1.2 Types d'essais

Les essais spécifiés dans le présent paragraphe sont des essais de type; ils sont effectués
sous[la responsabiliie du fabricant.

Si unle défaillance se produit au cours de I'un de ces essais et que le fabricant peutdémqntrer
que ¢ette défaillance n'est pas inhérente au type de fusible, mais qu'elle est due’a un dgfaut
propfe a I'échantillon en essai, I'essai correspondant doit étre répété. Cela nes'applique pas a
I'essd@i du pouvoir de coupure.

Si dgs essais de réception sont fixés par accord entre l'utilisateur et l@ fabricant, I'essaj doit
étre ¢hoisi parmi les essais de type.

Les gssais de type sont effectués afin de vérifier qu'un type pattictlier de fusible ou un nombre
de fysibles composant une série homogéne (voir le 9.1.6.3) respecte les caractéristiques
spécifiées et qu'il fonctionne de fagon satisfaisante dans,le€s)conditions normales de servi¢e ou
dans|les conditions particuliéres spécifiées.

Si um fusible satisfait a I'essai de type, tous les fusibles de construction identique|sont
cons|dérés comme étant conformes aux exigences du présent document.

Si unle partie du fusible est modifiée de maniere a compromettre les résultats d'un essai dg type
déja pffectué, cet essai de type doit étrerepété.

9.1.3 Température de I'air ambiant (T,)

La tgmpérature de I'air ambiant'doit é&tre mesurée au moyen de dispositifs de mesure profégés
contre les courants d'air et-tout rayonnement de chaleur, placés a mi-hauteur du fusible @ une
distahce d'environ 1 m.de celui-ci. Au début de chaque essai, le fusible doit se trquver
approximativement a latempérature de I'air ambiant.

9.1.4 Etat dufusible

Les gssais doivent étre effectués sur des fusibles propres et secs.

9.1.5 Montage du fusible et dimensions

A I'exception de I'essai du degré de protection (voir le 9.8), le fusible doit étre disposé a l'air
libre et a l'abri des courants d'air en position de service normale, par exemple en position
verticale, et, sauf spécification contraire, sur un support en matériau isolant de rigidité
suffisante pour supporter les forces qui se produisent en I'absence de toute force extérieure
exercée sur le fusible en essai.

L'élément de remplacement doit étre monté soit comme en usage normal, soit dans
I'ensemble-porteur pour lequel il est prévu, soit dans un socle d'essai conformément aux
indications données dans le paragraphe correspondant d'une autre partie.

Avant de commencer les essais, les dimensions extérieures spécifiées doivent étre mesurées
et les résultats comparés aux dimensions spécifiees dans les feuilles particuliéres
correspondantes du fabricant ou spécifiées dans les autres parties.
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9.1.6 Essais des éléments de remplacement
9.1.6.1 Généralités

Sauf spécification contraire dans les autres parties, les éléments de remplacement doivent étre
soumis a l'essai avec le ou les types de courants et, pour les réseaux a courant alternatif, a la
fréquence assignée.

9.1.6.2 Essais complets

Avant de commencer les essais, la résistance interne R de tous les échantillons doit étre
Y- 3 'ai mbiant de 0 ° = n-co nt-de-me e-inférieur

La ligte des essais complets est donnée dans le Tableau 12.

9.1.6[.3 Essais des éléments de remplacement d'une série homogéne

Des |éléments de remplacement de courants assignés différents sofnt considérés cgmme
composant une série homogene si les conditions suivantes sont remplies:

— ldurs enveloppes sont de forme, de construction et, a I'exgéption de celles des éléments
fysibles, de dimensions identiques. Cette condition est également remplie lorsque seuls les
cpntacts de I'élément de remplacement sont différents."Dans ce cas, les essais|sont
effectués sur I'élément de remplacement dont les contacts sont les plus susceptiblgs de
dpnner les résultats d'essai les plus défavorables;

— ldur matiére d'extinction d'arc et leur degré de remplissage sont identiques;

— Idurs éléments fusibles sont réalisés dans ‘des matériaux identiques. lls doivent étre de
Igngueur et de forme identiques;

NPTE Par exemple, ils peuvent étre découpés a l'aide d'outils identiques dans des matériaux d'épaigseurs
différentes.

— lqur section, qui peut varier sur.la longueur des éléments fusibles, ainsi que le nombre
dléléments fusibles ne doivent pas étre supérieurs a ceux des éléments de remplacement
qli présentent le courant assigné le plus élevé;

— lgs distances minimales entre éléments fusibles voisins ainsi que chaque élément fusible et
d surface intérieurende l'enveloppe ne sont pas inférieures a celles de I'élément de
remplacement quiprésente le courant assigné le plus élevé;

— il$ conviennent_)a une utilisation avec un ensemble-porteur donné ou |[sans
ehsemble-porteur, mais dans un montage identique pour tous les courants assignés de la
s¢rie homogene.
d

e pluss-en ce qui concerne I'essai d'échauffement, le produit R1,32 n'est pas supérigur a
d valeudr correspondante de I'élément de remplacement qui présente le courant assigné le
us.élevé dans la série homogéne. La résistance R doit étre mesurée lorsque I'élément de
remplacement se trouve dans les conditions indiquées en 9.1.6.2;

©

— de plus, en ce qui concerne I'essai du pouvoir de coupure, le pouvoir de coupure assigné
n'est pas supérieur a celui de I'élément de remplacement dont le courant assigné est le plus
élevé dans la série homogene. Si ce n'est pas le cas, I'élément de remplacement dont le
courant assigné est le plus élevé parmi ceux dont le pouvoir de coupure assigné est le plus
élevé doit étre soumis aux essais n° 1 et n° 2.

Pour les éléments de remplacement d'une série homogéne,

— 1'élément de remplacement qui présente le courant assigné le plus élevé doit étre soumis a
I'ensemble des essais indiqués dans le Tableau 12;

— I'élément de remplacement qui présente le courant assigné le plus faible ne doit étre soumis
qu'aux essais indiqués dans le Tableau 13;
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