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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE FUSES -

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

FOREWORD

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

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

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

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

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

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

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

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

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 60269-4 has been prepared by subcommittee 32B: Low-voltage fuses, of IEC technical
committee 32: Fuses. It is an International Standard.

This sixth edition cancels and replaces the fifth edition published in 2009, Amendment 1:2012
and Amendment 2:2016. This edition constitutes a technical revision.

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

a) the introduction of voltage source inverter fuse-links, including test requirements.

b) coverage of the tests on operating characteristics for AC. by the breaking capacity tests.
c) the updating of examples of standardised fuse-links for the protection of semiconductor

devices. Documents
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The text of this International Standard is based on the following documents:

Draft Report on voting

32B/746/FDIS 32B/753/RVD

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

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

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

This part is to be used in conjunction with |IEC 60269-1:2024, Low-voltage fuses — Part 1:
General requirements.

This Part 4 supplements or modifies the corresponding clauses or subclauses of Part 1.

Where no change is necessary, this Part 4 indicates that the relevant clause or subclause
applies.

Tables and figures which are additional to those in Part 1 are numbered starting from 101.
Additional annexes are lettered AA, BB, etc.

A list of all parts of the IEC 60269 series, under the general title: Low-voltage fuses, can be
found on the IEC website.

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

e reconfirmed,
e withdrawn, or

e revised.
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LOW-VOLTAGE FUSES -

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

1 Scope
IEC 60269-1 applies with the following supplementary requirements.

Fuse-links for the protection of semiconductor devices shall comply with all requirements of
IEC 60269-1, if not otherwise indicated hereinafter, and shall also comply with the
supplementary requirements laid down below.

These supplementary requirements apply to fuse-links for application in equipment containing
semiconductor devices for circuits of nominal voltages up to 1 000 V AC or 1 500 V DC. For
some fuse-links higher rated voltages can be used.

NOTE Such fuse-links are commonly referred to as "semiconductor fuse-links".

The object of these supplementary requirements is to establish the characteristics of
semiconductor fuse-links in such a way that they can be replaced by other fuse-links having the
same characteristics, provided that their dimensions are identical. For this purpose, this
standard refers in particular to
a) the following characteristics of fuses:

1) their rated values

2) their temperature rises in normal service

3) their power dissipation

4) their time-current characteristics

5) their breaking capacity

6) their cut-off current characteristics and their /2¢ characteristics

7) their arc voltage characteristics
b) type tests for verification of the characteristics of fuses
c) the markings on fuses
d) availability and presentation of technical data (see Annex BB).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60269-1:2024, Low-voltage fuses — Part 1: General requirements

IEC 60269-2:2013, 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

IEC 60269-2:2013/AMD1:2016

IE 269-2:2013/AMD2:2024
C 60269 013/ 0 Documents
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IEC TR 60269-5:2014, Low-voltage fuses — Part 5: Guidance for the application of low-voltage
fuses
IEC TR 60269-5:2014/AMD1:2020

IEC 60417, Graphical symbols for use on equipment

ISO 3, Preferred numbers — Series of preferred numbers

3 Terms and definitions
IEC 60269-1 applies with the following supplementary definitions.

3.2 General terms

3.2.101

semiconductor device

device whose essential characteristics are due to the flow of charge carriers within a
semiconductor.

[SOURCE: IEC 60050-521:2002, 521-04-01]

3.2.102

semiconductor fuse-link

current-limiting fuse-link capable of breaking, under specific conditions, any current value within
the breaking range (see 8.4)

3.2.103
signalling device
device forming part of the fuse and signalling the fuse operation to a remote place

Note 1 to entry: A signalling device consists of a striker and an auxiliary switch. Electronic devices may also be
used.

3.2.104

voltage source inverter
VSl

a voltage stiff inverter

Note 1 to entry: Also referred to as a voltage stiff inverter i.e. an inverter that supplies current without any practical
change in its output voltage.

[SOURCE: IEC 60050-551:1998, 551-12-11]

3.2.105
voltage source inverter fuse-link
VSI fuse-link

current-limiting fuse-link capable of breaking, under specified conditions, the short circuit
current supplied by the discharge of a DC-link capacitor in a voltage source inverter

Note 1 to entry: The abbreviation "VSI fuse-link" is used in this document.

Note 2 to entry: A VSI fuse-link usually operates under a short circuit current supplied by the discharge of a DC-
link capacitor through a very low inductance, in order to allow high frequency in normal operation. This short circuit
condition leads to a very high rate of rise of current equivalent to a very low value of time constant, typically 3 ms or
less. The supply voltage is DC, even though the applied voltage decreases as the current increases during the short
circuit.

Note 3 to entry: In some multiple AC drive applications, individual output inverters may be remote from the main

input rectifier. In these cases, the associated fault circuit impedances may influence the operation of the fuse-links.

— the associated time constant and the size of the capacitors need to be considered when choosing t i

short circuit protection. B%ﬁfﬁ ents
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4 Conditions for operation in service
IEC 60269-1 applies with the following supplementary requirements.
Fuses must be only used according to their rated values.

4.5 \Voltage
4.5.1 Rated voltage

For AC, the rated voltage of a fuse-link is related to the applied voltage; it is based on the RMS
value of a sinusoidal AC voltage. It is further assumed that the applied voltage retains the same
value throughout the operation of the fuse-link. All tests to verify the ratings are based on this
assumption.

For DC and VSI fuse-links, the rated voltage of a fuse-link is related to the applied voltage. It is
based on the mean value. When DC is obtained by rectifying AC, the ripple is assumed not to
cause a variation of more than 5 % above or 9 % below the mean value.

4.5.2 Applied voltage in service

Under service conditions, the applied voltage is that voltage which, in the fault circuit, causes
the current to increase to such proportions that the fuse-link will operate.

For AC, consequently, the value of the applied voltage in a single-phase AC circuit is usually
identical to the power-frequency recovery voltage. For all cases other than the sinusoidal AC
voltage, it is necessary to know the applied voltage as a function of time.

For a unidirectional voltage and for VSI fuse-links, the important values are:

— the average value over the entire period of the operation of the fuse-link;

— the instantaneous value near the end of the arcing period.
4.6 Current

The rated current of a semiconductor fuse-link is based on the RMS value of a sinusoidal AC
current at rated frequency.

For DC, the RMS value of current is assumed not to exceed the RMS value based on a
sinusoidal AC current at rated frequency.

NOTE The thermal response time of the fuse-element may be so short that it cannot be assumed that operation
under conditions which deviate much from sinusoidal current can be estimated on the basis of the RMS current alone.
This is so, in particular at lower frequency values and when the current presents salient peaks separated by
appreciable intervals of insignificant current; for example, in the case of frequency converters and traction
applications.

4.7 Frequency, power factor and time constant
4.71 Frequency

The rated frequency refers to the frequency of the sinusoidal current and voltage that form the
basis of the type tests.

4.7.3 Time constant (7)

For DC, the time constants expected in practice are considered to correspond to those in
Table 105.

Documents
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For VSI fuse-links, equivalent time constants expected in practice are considered to correspond
to those in Table 106.

NOTE 2 The high rate of rise of short circuit current is due to the low inductance, which is considered to be
equivalent to a low time constant.

NOTE 3

di/dt = E/L.

E = voltage value of the DC power source,

L = total inductance of the capacitor discharge circuit.

5

Classification

IEC 60269-1 applies.

6

IEC 60269-1 applies with the following supplementary requirements.

6.1

Characteristics of fuses

Summary of characteristics

6.1.3 Fuse-links

a)
b)
c)
d)
e)
f)
9)
h)
i)
)
k)
1)

6.2

Rated voltage (see 6.2)

Rated current (see 6.3 of IEC 60269-1:2024)

Kind of current and frequency (see 6.4 of IEC 60269-1:2024)
Rated power dissipation (see 6.5 of IEC 60269-1:2024)
Time-current characteristics (see 6.6)

Breaking range (see 6.7.1 of IEC 60269-1:2024)

Rated breaking capacity (see 6.7.2 of IEC 60269-1:2024)
Cut-off current characteristics (see 6.8.2)

12t characteristics (see 6.8.3)

Dimensions or size (if applicable)

Arc voltage characteristics (see 6.9)

Instead of time constant di/dt can be used in case of short circuit condition.

Fuse-links may only be used with the fuse-base and/or fuse-holder assigned by the

manufacturer and defined in the manufacturer’s instructions

Rated voltage

For rated AC voltages up to 690 V and DC voltages up to 750 V, IEC 60269-1 applies; for higher
voltages, the values shall be selected from the R 5 series or, where not possible, from the R 10
series of ISO 3.

A fuse-link shall have an AC voltage rating or a DC voltage rating or a VSI voltage rating. It may
have one or more of these voltage ratings.

6.4

The rated frequency is that frequency to which the performance data are related.

Rated frequency

Full document details: IEC 60269-4-2024
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6.5 Rated power dissipation of the fuse-link and rated acceptable power dissipation of
a fuse-holder

In addition to the requirements of IEC 60269-1, the manufacturer shall indicate the power
dissipation as a function of current for the range 50 % to 100 % of the rated current.

In cases where the resistance of the fuse-link is of interest, this resistance should be determined
from the functional relation between the power dissipation and the associated value of current.

6.6 Limits of time-current characteristics
6.6.2 Time-current characteristics, time-current zones
6.6.2.1 General requirements

The time-current characteristics depend on the design of the fuse-link, and, for a given fuse-
link, on the ambient air temperature and the cooling conditions.

The manufacturer shall provide time-current characteristics based on an ambient temperature
of 20 °C to 25 °C in accordance with the conditions specified in 9.3. The time-current
characteristics of interest are the pre-arcing characteristic and operating characteristics.

For AC, the time-current characteristics are stated at rated frequency and for pre-arcing or
operating times longer than 0,1 s.

For DC, they are stated for time constants according to Table 105 and for pre-arcing or
operating times longer than 157.

For the higher values of prospective current (shorter times), the same information shall be
presented in the form of /2¢ characteristics (see 6.8.2).

6.6.2.2 Pre-arcing time-current characteristics

For AC, the pre-arcing time-current characteristic shall be based on a symmetrical AC current
of a stated value of frequency (rated frequency).

For DC, the pre-arcing time-current characteristic is of particular significance for times
exceeding 157 for the relevant circuit, and is identical to the AC pre-arcing time-current
characteristic in this zone.

NOTE 1 Because of the wide range of circuit time constants likely to be experienced in service, the information for
times shorter than 15z is conveniently expressed as a pre-arcing /¢ characteristic.

NOTE 2 The value of 157 has been chosen to avoid the effects which different rates of rise of current have on the
pre-arcing time-current characteristic at shorter times.

6.6.2.3 Operating time-current characteristics

For AC with times longer than 0,1 s and for DC with times longer than 157, the arcing period is
negligible compared to the pre-arcing time. The operating time is then equivalent to the pre-

arcing time.
6.6.3 Conventional times and currents
6.6.3.1 Conventional times and currents for "aR" fuse-links

See 8.4. and Table 101
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6.6.3.2 Conventional times and currents for "gR" and "gS" fuse-links

- 11 -

The conventional times and currents are given in Table 101.

Table 101 — Conventional time and current for "gR" and "gS" fuse-links

Conventional current
Rated current Conventional time
Type "gR" Type "gS"
A h
Inf If Inf If

I, =4 1 1,11, 211, 1,51, 2,11

4<1 <16 1 1,11, 1,91, 1,51, 1,91
16</ <63 1
63 <1/ <160 2

1,11, 1,61, 1,251, 1,61
160 </, <400 3
400 < /| 4

NOTE The conventional times also apply for "aR" — fuses

6.6.4 Gates

Not applicable.

6.7 Breaking range and breaking capacity

6.7.1 Breaking range and utilization class

The first letter shall indicate the breaking range:

— "a" fuse-links (partial-range breaking capacity, see 8.4);

"g" fuse-links (full-range breaking capacity).

The second letter "R" and "S" shall indicate the utilization class for fuse-links complying with
this standard for the protection of semiconductor devices.

The type "R" is typically faster acting than type "S" and gives lower 72¢ values.

The type "S" generally has lower power dissipation and gives enhanced utilization of cables

compared to type "R".

For example:

— aR indicates fuse-links with partial

semiconductor devices;

range breaking capacity for the protection of

— gR indicates fuse-links with full-range breaking capacity for general application and
semiconductor protection, optimised to low /2¢ values;

— ¢S indicates fuse-links with full range breaking capacity for general application and

semiconductor protection, optimised to low power dissipation.

Some aR fuse-links are used to protect voltage source inverters. Even though they are common
aR fuses on AC, they must be tested differently under VSI DC short-circuit conditions. For these
reasons, their designation is still "aR" but their DC characteristics must be clearly stated "for
VSI protection" in the manufacturer’s data sheets.

Full document details: IEC 60269-4-2024
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6.7.2 Rated breaking capacity
A breaking capacity of at least 50 kA for AC and 20 kA for DC is required.

For AC, the rated breaking capacity is based on type tests performed in a circuit containing only
linear impedance and with a constant sinusoidal applied voltage of rated frequency.

For DC, the rated breaking capacity is based on type tests performed in a circuit containing
only linear inductance and resistance with mean applied voltage.

For VSI, the rated breaking capacity is based on type tests performed in a circuit with low time
constant. The time constant for tests is defined in Table 106. The required rated maximum
breaking capacity of VSI fuses is at least 20 kA.

NOTE The addition in practical applications of non-linear impedances and unidirectional voltage components may
significantly influence the breaking severity either in a favourable or unfavourable direction.

6.8 Cut-off current and 72t characteristics
6.8.2 Cut-off current characteristics

The manufacturer shall provide the cut-off current characteristics which shall be given,
according to the example shown in Figure 4 of IEC 60269-1:2024, in a double logarithmic
presentation with the prospective current as abscissa and, if necessary, with applied voltage
and/or frequency as a parameter.

For AC, the cut-off current characteristics shall represent the highest values of current likely to
be experienced in service. They shall refer to the conditions corresponding to the test conditions
of this standard, for example, given voltage, frequency and power-factor values. The cut-off
current characteristics may be defined by the tests specified in 9.6.

For DC, the cut-off current characteristics shall represent the highest values of current likely to
be experienced in service in circuits having a time constant specified in Table 105 for aR, gS
and gR fuse-links, or in Table 106 for aR fuse-links in VSI applications. For aR, gS and gR
fuse-links, these values will be exceeded in circuits of smaller time constants than those of
Table 105. The manufacturer shall provide the relevant information to enable the determination
of these higher cut-off current characteristics.

NOTE The cut-off current characteristic varies with the circuit time constant. The manufacturer should provide the
relevant information to enable these variations to be determined at least for time constants of 5 ms and 10 ms.

6.8.3 12t characteristics
6.8.3.1 Pre-arcing /2t characteristic

For AC, the manufacturer shall provide the pre-arcing 72 characteristic based on a symmetrical
AC current at a stated frequency value (rated frequency).

For DC, the manufacturer shall provide the pre-arcing /2: characteristic based on RMS DC
current at a time constant specified in Table 105 for aR, gS and gR fuse-links or in Table 106
for aR fuse-links in VSI applications.

For DC, the prearcing /%t value represents the lowest value likely to be experienced in service.
It shall be based on RMS DC current as defined in the test requirements of test No.1 of the
breaking capacity.
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6.8.3.2 Operating 72t characteristics

For AC, the manufacturer shall provide the operating 72¢ characteristics given with applied
voltage as a parameter and for a stated power-factor value. In principle, they shall be based on
the moment of current initiation that leads to the highest operating /2¢ value (see 9.7). The
voltage parameters shall include at least 100 %, and 50 % of rated voltage.

For DC, the manufacturer shall provide the operating /2¢ characteristics given with the applied
voltage as a parameter and for a time constant specified in the Table 105 for aR, gS and gR
fuse-links, or Table 106 for aR fuse-links in VSI applications. The voltage parameters shall
include at least 100 % and 50 % of rated voltage. It is permitted to determine the operating 72t
characteristics at lower voltages from tests in accordance with Table 105 or Table 106
according to their DC. application or VSI application.

The 2t at reduced voltages may be calculated using the method described in IEC 60269-1:2024,
Clause B.3.

6.9 Arc voltage characteristics

Arc voltage characteristics provided by the manufacturer shall give the highest (peak) value of
arc voltage as a function of the applied voltage of the circuit in which the fuse-link is inserted
and, in the case of AC, for power factors as stated in Table 104 and, in the case of DC at time
constants specified in Table 105 or in Table 106 according to their DC application or VSI
application.

7 Markings
IEC 60269-1 applies with the following supplementary requirements.

7.3 Marking of fuse-link
Subclause 7.3 of IEC 60269-1:2024 applies with the following addition:

— manufacturer's identification reference and/or symbols enabling all the characteristics listed
in 6.1.3 of IEC 60269-1:2024 to be found;

— utilization class, "aR" or "gR" or "gS";

— a combination of symbols of IEC 60417 of a fuse (5016) and a rectifier (5186) as shown
below:

= BF

Symbol IEC 60417-5016 (2002-10) Symbol IEC 60417-5186 (2002-10)

For VSI rated fuse-links an additional mark, e.g. "1 200V DC VSI" with the voltage rating value
must be stated on the product.
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8 Standard conditions for construction
IEC 60269-1 applies with the following supplementary requirements.

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

Fuse-links shall be so designed and proportioned as to carry, when tested in accordance with
9.3, the rated current without exceeding,

— the temperature rise limit of the hottest upper metal part of the fuse-link indicated by the
manufacturer instructions (see Figure 101 and Figure 102).

— the power dissipation at the rated current indicated by the manufacturer instructions.
8.4 Operation

The fuse-link shall be so designed and proportioned as to carry continuously any value of
current up to its rated current.

"aR" fuse-links shall operate and break the circuit for any current value not exceeding the rated
breaking capacity and not less than the current I,, (see Table 104 and Table 105).

For "gR" and "gS" fuse-links within the conventional time and at currents defined in Table 101:

— it shall not operate, when it carries any current not exceeding the conventional non-fusing
current (I¢);

— it shall operate when it carries any current equal to, or exceeding, the conventional fusing
current (/) and equal to or lower than the rated breaking capacity.

8.5 Breaking capacity

A fuse-link shall be capable of breaking, at a voltage not exceeding its rated voltage, any circuit
having a prospective current between a current according to 8.4 and the rated breaking
capacity:

— for AC, test parameters are given in Table 104;
— for DC, test parameters are given in Table 105;
— for VSI applications, test parameters are given in Table 106.

8.7 I?t characteristics

The values of operating /2t determined as described in 9.7 shall not exceed those stated by the
manufacturer. The values of pre-arcing /2t determined as described in 9.7 shall be not less than
the values stated (see 6.8.2.1 and 6.8.2.2).

8.15 Arc voltage characteristics

The arc voltage values measured as described in 9.7.5 shall not exceed those stated by the
manufacturer (see 6.9).

9 Tests

IEC 60269-1 applies with the following supplementary requirements.
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9.1.5 Arrangement of the fuse and dimensions
The fuse-link shall be mounted open in free air in draught-free surroundings free from draughts
and, unless otherwise specified, in a vertical position (see 9.3.1). Examples of test

arrangements are given in Figure 101 and Figure 102. Test arrangements for other kinds of fuse-
links are given in IEC 60269-2 and IEC 60269-3.

9.1.6 Testing of fuse-links
9.1.6.2 Complete tests

The complete tests on fuse-links are listed in Table 102. The internal resistance of all fuse-links
shall be determined and recorded in the test report(s).

A fuse-link shall have an AC breaking capacity or a DC breaking capacity or a VSI breaking
capacity. It may have one or more of these breaking capacities.

Table 102 — List of complete tests

Test according to subclause Number of
fuse-links to
be tested

9.3 Temperature rise and power dissipation 1
9.4.3.1 a) Conventional non-fusing current 1
9.4.3.1 b) Conventional fusing current 1
9.4.3.2 Verification of rated current 1
9.4.3.5 Conventional cable overload test (for "gR" and "gS" fuse-links only) 1

For AC:
9.5 No 5 "gR" and "gS" breaking capacity and operating characteristics 1

No. 2a "aR" breaking capacity and operating characteristics 1

No. 2 Breaking capacity and operating characteristics 2 3

No. 1 Breaking capacity and operating characteristics 2 3

For DC:
9.5 No. 13 "gR" and "gS" breaking capacity and operating characteristics 1

No.12a "aR" breaking capacity and operating characteristics 1

No.12 Breaking capacity and operating characteristics 3

No.11 Breaking capacity and operating characteristics 3

For VSI fuse-links:
9.5 No. 21 Breaking capacity and operating characteristics 3
@ Valid for pre-arcing /2 characteristics, if ambient air temperature is between 10 °C and 30 °C.

9.1.6.3 Testing of fuse-links of a homogeneous series

Fuse-links having intermediate values of rated current of a homogeneous series are exempted
from type tests if the fuse-link of the largest rated current has been tested to the requirements
of 9.1.6.2 and if the fuse-link of the smallest rated current has been submitted to the tests
indicated in Table 103.
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Table 103 — Survey of tests on fuse-links of the smallest rated current
of a homogeneous series

Number of fuse-links

Test according to subclause to be tested

8.3 Temperature rise and power dissipation 1

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

Only one fuse-link shall be used for the test. The fuse-link shall be mounted vertically in the
conventional test arrangement. Examples are given in Figure 101 and Figure 102.

The current density of the copper conductors forming part of the conventional test arrangement
shall be not less than 1 A/mm?2 and not more than 1,6 A/mm2, these values being based on the
rated current of the fuse-link. The ratio of width to thickness of these conductors shall not
exceed

— 10 for current ratings less than 200 A;

— 5 for current ratings 200 A and above.

The ambient air temperature during this test shall be between 10 °C and 30 °C.

When conducting the temperature-rise tests, the cross-sectional areas of the conductors
connecting the conventional test arrangement to the supply are important. The cross-sectional
area shall be selected in accordance with Table 18 of IEC 60269-1:2024, excluding the note,
and the conductors on either side of the fuse-link shall be at least 1 m long.

For fuse-links intended to be used in separate fuse-bases, the test may be performed in these
fuse-bases with conductors according to Table 18 of IEC 60269-1:2024; in other cases, the test
shall be performed in the manner described in these requirements.

For special fuse-links or special applications that cannot be accommodated in the conventional
test arrangement, or for which this test arrangement is not applicable, special tests shall be
performed according to the manufacturer’s instructions and all pertinent data shall be recorded
in the test report.

9.3.3 Measurement of power dissipation of the fuse-link
In addition to 9.3.3 of IEC 60269-1:2024, the following applies: the power dissipation test shall

be made successively at least at 50 % and at 100 % of rated current. This test may be performed
with either AC or DC.

9.3.4 Test method

The cross-sectional area of copper conductors for high current ratings tests corresponding to
Subclauses 9.3 and 9.4 is defined in Table 107.
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Table 107 — Cross-sectional area of copper conductors for high current ratings tests

Rated current (1) Cross-sectional area

A (mm x mm)

1600 2x100 x5

2 000 3x100 x5

2 500 4 x100 x5

3150 3 x 100 x 10

>4 000 Iyx mm? /A2

a8 For currents > 4 000 A the cross-sectional area is defined with a current density
=1 A/mm?.

9.3.5 Acceptability of test results

The temperature rise and the power dissipation of the fuse-link shall be given in the
manufacturer’s documentation.

9.4 Verification of operation
9.4.1 Arrangement of the fuse

The arrangement of the fuse-link for the verification of operation shall be as described in 9.1.5
and 9.3.1.

9.4.3 Test method and acceptability of test results

The following tests may be performed by AC or DC source.

9.4.3.1 Verification of conventional non-fusing and fusing current

"aR" fuse-links:

Not applicable.

gR" and "gS" fuse-links:

The following test must be made but can be performed with reduced voltage.

a) the fuse-link is subjected to its conventional non-fusing current (Z,¢) for a time equal to the
conventional time specified in Table 101. It shall not operate during this time;

b) the fuse-link, after having cooled down to ambient temperature, is subjected to the
conventional fusing current (). It shall operate within the conventional time as specified in

Table 101. The fuse-link shall operate without external effects or damage.
9.4.3.2 Verification of rated current

The fuse-link is tested under the same test conditions as indicated in 9.3.1.

It is subjected to 100 test cycles, each consisting of an "on" period of 0,1 times the conventional
time as specified in Table 101 at rated current and an "off" period of the same duration. After
test, the fuse-link must not have changed its resistance by more than 10 %.

NOTE Conventional time for "gR" in Table 101 also applies for "aR".
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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 tests according to 9.5.

The pre-arcing period is determined from the instant of closing the circuit until the instant when
the voltage measurement shows the beginning of the arc.

The value of pre-arcing time so determined, referred to the abscissa corresponding to the value
of the prospective current, shall be within the time-current zone indicated by the manufacturer.

For AC prospective currents heading to actual pre-arcing time values of less than 10 cycles of
rated frequency and up to current values where the melting is adiabatic, the currents shall be
initiated in such a manner that the prospective current will be symmetrical.

For DC, the time-current characteristics determined for AC are applicable for times longer than
15 rfor the relevant circuit.

When, for the fuse-links of a homogeneous series (see 9.1.6.3), the complete test according to
9.5 is made only on the fuse-link having the largest rated current, it shall be sufficient to verify
only the pre-arcing time for the fuse-link having the smallest rated current.

Pre-arcing time-current characteristics can be determined at any convenient voltage value and
on any linear circuit. Tests to determine operating time-current characteristics require the
proper voltage values and circuit characteristics.

9.4.3.5 Conventional cable overload protection test (for "gR" and "gS" fuse-links
only)

"gR" and "gS" fuse-links: IEC 60269-1 applies.

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:
— atacurrent of I,, (see Table 104 and Table 105);
— at arecovery voltage of 20 V.

The value of the recovery voltage may be exceeded by 10 %.
The striker shall operate during all tests.

However, if, during one of these tests, the indicating device or striker fails, the test shall not be
considered negative on this account, if the manufacturer can furnish evidence that such failure
is not typical of the fuse type but is due to a fault on the individual tested sample. If such a
failure occurs, then twice the number of samples shall be tested for the particular test duty,
without further failure.

The characteristics and the verification of the characteristics of indicating devices or strikers
are subject to an agreement between the manufacturer and user.
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9.5 Verification of the breaking capacity
9.5.1 Arrangement of the fuse

In addition to the conditions of 9.1.4 and 9.3.1, the following applies.

For breaking-capacity tests, the fuse-link shall be mounted in a manner resembling its practical
use, in particular with respect to the location of the conductors. In cases where the fuse-link
can be used rigidly supported at one end only, it shall be so mounted for the test. Fuse-links
intended to be always rigidly supported at both ends shall be so tested.

9.5.5 Test method

9.5.5.1 In order to verify that the fuse-link satisfies the conditions of 8.5 for AC, test Nos. 1 to
2a for "aR" fuse-links and tests numbers 1, 2 and 5 for "gR" and "gS" fuse-links, as described
below, shall be made, with the values stated in Table 104 (see 9.5.5.2) for each of these tests.
For DC tests, numbers 11 to 12a for "aR fuse-links and numbers 11, 12 and 13 for "gR" and
"gS" fuse-links shall be made, unless otherwise specified, with the values stated in Table 105.
For VSI fuse-links, test no 21 shall be made with the values stated in Table 106. Test voltages
are given in Tables 104,105 and 106.

Test Nos. 1 and 2 for AC; or 11 and 12 for DC or 21 for VSI fuse-links: for each of these tests,
three fuse-links shall be tested in succession. If, during test No. 1, the requirements of test No.
2 are met on one or more tests, then these tests need not be repeated as part of test No. 2.
The same applies for tests numbers 11 and 12 for DC.

Test Nos. 2a and 5 for AC and 12a and 13 for DC: for AC, the values of test current are specified
in Table 104. For DC, the values of test current are specified in Table 105. For AC tests, the
closing of the circuit in relation to the passage of the applied voltage through zero may be
effected at any instant. If the testing arrangement does not permit the current to be maintained
at the full voltage during all of the time required, the fuse may be pre-heated at reduced voltage
by applying a current approximately equal to the value of the test current. In this case, switching
over to the test circuit according to 9.5.2 shall take place before the arc is initiated, and the
switching time T, (interval without current) shall not exceed 0,2 s. The time interval between re-

application of the current and beginning of arcing shall be not less than three times T.

The following text replaces the text of 9.5.5.2 of IEC 60269-1:2024 with the exception of the
resistance test:

9.5.5.2 For one of the tests of No. 2 and for test No. 2a or 5 for AC, and one of the tests of
No. 12 and for tests 12a or 13 for DC, and for one test of 21 for VSI, the recovery voltage shall
be maintained at a value of:

— for AC, 105% + 5 %/-0 % % of the rated voltage

— for DC, 105% + 10 %/-0 % of the rated voltage

— for VSI, 105% + 10 %/-0 % of the rated voltage

The tolerance +xx %/-xx % is to be used by testing bodies as tolerance in testing. The practical

use of the fuse should be only to 100 % of the rated voltage, unless the manufacturer gives his
consent to a higher value.

For at least:

— 30 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 source
of supply being permitted after 15 s if the switching time (interval without voltage) does not
exceed 0,1 s.
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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, the resistance
between the contacts of the fuse-link shall be measured (see 9.5.8) and noted. With the
manufacturer’s consent, shorter times are possible if the fuse-link does not contain organic
materials in its body or filler.

Table 104 — Values for breaking-capacity tests on AC fuses

Tests according to 9.5.5.1

No. 1 No. 2 No. 2a No. 5
Power-frequency recovery 105+5%/-0% of the rated voltage @
voltage®
Iy, Ig=1,251,
Prospective test current 1 1,
"gR" "gR" and "gS"
+10 o/ a . +20 o
Tolerance on current o % Not applicable 0 %

Power factor

0,2 to 0,3 for prospective current up
to and including 20 kA

0,3t00,5°
0,1 to 0,2 for prospective current °

above 20 kA
Making angle after voltage Not applicable 0 +20 Not specified
zero -0
Initiation of arcing after 65° to 90° Not apbplicable
voltage zero PP

is the current which is used in the designation of the rated breaking capacity (see 6.7.2).

is the current which shall be chosen in such a manner that the test is made under conditions which approximate

NOTE This condition may be deemed to be satisfied if the current at the beginning of arcing (instantaneous
value) has reached a value between 0,6+/2 (=0,85) and 0,75«5 (=1,06) times the prospective current (for AC,

Informative: The value of current 7, may be found between three and four times the current which corresponds
to a pre-arcing time of one half-cycle of rated frequency on the time-current characteristic.

is the minimum value of the breaking capacity of the fuse-link in the overcurrent range specified by the

1
I
those giving maximum arc energy.
the RMS value of the AC component).
I2a
manufacturer (see 8.4).
1,

is the test current deemed to verify that the fuse is able to operate satisfactorily in the range of small
overcurrents.

The positive tolerance may be exceeded with the manufacturer’s consent.
Power factors lower than 0,3 may be permitted with the manufacturer’s consent.

For single-phase circuits, the RMS value of the applied voltage is for all practical purposes equal to the RMS
value of the power-frequency recovery voltage.

Full document details: IEC 60269-4-2024
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Table 105 — Values for breaking-capacity tests on DC fuses

Tests according to 9.5.5.1

No. 11 No. 12 No. 12a No. 13
Mean value of recovery voltage? 105 %+10 %-0 % of the rated voltage °
1 I, Iy, I;=1,25 I
Prospective test current
"aR" "gR" and "gS"
Tolerance on current *18 % Not applicable +zg %

Where prospective test current is greater than 20 kA: 10 ms to 15 ms

Time constant® Where prospective test current I is equal to, or less than, 20 kA:
0,5 (1)°3 ms with a tolerance of +20 % P (value of /in A)

1, is the current which is used in the designation of the rated breaking capacity (see 6.7.2).

I, is the current 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 current, at the beginning of arcing, has reached a
value between 0,5 and 0,8 times the prospective current.

I,, is the minimum value of the breaking capacity of the fuse-link in the overcurrent range specified by the
manufacturer (see 8.4).

I; is the test current deemed to verify that the fuse is able to operate satisfactorily in the range of small

overcurrents.

a8 This tolerance includes ripple.
b The upper limit may be exceeded with the manufacturer’s consent.

¢ In some practical applications, time-constant values may be found which are shorter than those indicated in
the tests and which may result in a more favourable fuse performance. Time constants which are considerably
longer than those indicated will in most cases significantly affect the performance, in particular with respect to
the rated voltage. For such applications, further information may be available from the manufacturer.

Table 106 — Values for breaking-capacity tests on VSI fuse-links

Tests according to 9.5.5.1
No. 21
Mean value of recovery voltage 2 105 +10%/-0% of the rated voltage °
Prospective test current 1
Tolerance on current +10
%
0
Time constant Less than 3 ms ©

1, is the current which is used in the designation of the rated breaking capacity (see 6.7.2).

1

a8 This tolerance includes ripple.

b The upper limit may be exceeded with the manufacturer’s consent.

¢ The time constant can be higher with the manufacturers’ consent.

9.5.8 Acceptability of test results
Part 1 of IEC 60269 applies.

Documents

Document Sharing Hub

Full document details: IEC 60269-4-2024


http://www.avadocuments.com/doc/iec-60269-4-2024
http://www.avadocuments.com/doc/iec-60269-4-2024

- 22 - IEC 60269-4:2024 © |EC 2024

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

For AC, tests shall be made as specified in Table 104.
For DC, tests shall be made as specified in Table 105.
For VSI fuse-links, tests shall be made as specified in Table 106.

Tests conducted in accordance with 9.5 shall be used for evaluation according to 9.6.2. The
tests may be used to prove the characteristics of all fuse-links of a homogeneous series.

9.6.2 Acceptability of test results

For AC, cut-off characteristics shall be verified from tests Nos. 1 and 2 in Table 104.
For DC, cut-off current characteristics shall be verified from tests Nos. 11 and 12 in Table 105.

For VSI fuse-links, cut-off characteristics shall be verified from test No. 21 in Table 106.

9.7 Verification of the I?¢ characteristics and overcurrent selectivity
9.7.1 Test method

The test method is that specified in 9.6.1.

9.7.2 Acceptability of test results

For AC, the /2t characteristics shall be verified from tests Nos. 1 and 2 according to Table 104.

For DC, the It characteristics shall be verified from tests Nos. 11 and 12 according to
Table 105.

For VSI fuse-links, the I2¢ characteristics shall be verified from tests No. 21 according to
Table 106.

The values of the pre-arcing /2¢ at each prospective current shall be not less than the values
stated by the manufacturer.

The values of operating I2¢ at each prospective current shall not exceed the values indicated
by the manufacturer for the stated applied voltage.

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

Not applicable.

9.7.4 Verification of overcurrent selectivity

Not applicable.

9.7.5 Verification of arc voltage characteristics and acceptability of test results

The highest values of arc voltage derived from each of the following tests shall not exceed
those indicated by the manufacturer.

For AC, the arc voltage characteristics shall be verified from tests Nos. 1 and 2 in Wmnents
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For DC, the arc voltage characteristics shall be verified from tests Nos. 11 and 12 in Table 105.

For VSI fuse-links, the arc voltage characteristics shall be verified from tests No. 21 in
Table 106.
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Dimensions in millimetres
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Key
1 fixing bolts
2 alternative points of measurement of voltage for determination of power dissipation
3 insulating blocks (for example, wood)
4 insulated base panel (for example, 16 mm plywood)
5 matt black finish
6 position of thermocouple fixed to hottest upper metal part of the fuse-link, indicated by the manufacturer or

otherwise specified

contact surface to be tin-plated

insulated clamps. Where necessary, the two upper clamps may be left loose.
9 the body of the fuse-link can be round or rectangular

©

Figure 101 — Example of a conventional test arrangement for bolted fusemuments
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Key
Points of measurement:
E temperature rise

S power dissipation

IEC

Figure 102 — Example of a conventional test arrangement for blade contact fuse-links
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Annex AA
(informative)

Guidance for the coordination of fuse-links
with semiconductor devices

NOTE The full content of this annex can be read in the user guide IEC TR 60269-5:2014+AMD1:2020 and therefore
is not copied here.
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Annex BB
(normative)

Survey on information to be supplied by the manufacturer
in his literature (catalogue) or on request for a fuse designed
for the protection of semiconductor devices

The following information should be given separately for AC and, where applicable, for DC.

a) Name of the manufacturer (trade mark)
b) Type or list reference of the manufacturer
c) Rated voltage (see 4.4.1)

d) Rated current (see 4.5)

e) Rated frequency or frequencies (see 6.4)

f) Rated breaking capacity (at rated voltage and at different applied voltages) (see 6.7.2 and
9.5)

g) Pre-arcing and operating time-current characteristics (diagrams) and application class
(symbol), where applicable (see 6.6.1 and 9.4.3.3.1)

h) Pre-arcing /2t characteristic (see 6.8.2.1 and 9.7.2)

i) Operating I?: characteristic in relation to the voltage with indication of the power factor or
time constant (see 6.8.2.2 and 9.7.2)

j) Arc voltage characteristic (see 6.9 and 9.7.5)
k) Cut-off current characteristic (see 6.8.1 and 9.6)

I) Temperature rise at rated current under conventional test conditions and indication of a
defined measuring point (see 7.3 and 9.3.5)

m) Power dissipation for at least 50 % and 100 % of the rated current, at fixed points or in the
form of a diagram for that range (additional parameters may be 63 % and 80 %) (see 8.3
and 9.3.3)

n) Required minimum operating voltage of the indicator (see 9.4.3.6)
0) Permissible current as a function of the ambient temperature (diagram) (see 9.4.3.2)
p) Instructions for mounting, where necessary, with respect to the dimensions (sketch)

q) Current carrying ability under special conditions of mounting (for example, cross-sectional
area of connected conductors, inadequate cooling, additional heat sources, etc.)

Documents

Document Sharing Hub

Full document details: IEC 60269-4-2024


http://www.avadocuments.com/doc/iec-60269-4-2024
http://www.avadocuments.com/doc/iec-60269-4-2024

