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Foreword

This standard makes reference to the following British Standards:
, Oil circuit-breakers for alternating current systems.

B 8, Insulating oil (low viscosity type) for transformers and switchgear.

, Impulse-voltage testing.
BS 2789, Methods of testing plastics.

This British Standard has been prepared to meet the need for a standard for fuses
for a.c. circuits above 1 000 volts, which is the upper limit of voltage for fuses
covered by . It is expected that additions to the standard will become
necessary as knowledge increases and, in particular, it is hoped to standardize
dimensions to some extent when adequate experience has been gained with fuses
in accordance with this standard. Some time must necessarily elapse before every
such fuse can be supplied and certified to comply with the standard in all
respects; in the meantime therefore its application should be subject to
agreement between the contracting parties.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 to iv,
pages 1 to 48, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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Section 1. General

1 Scope

This British Standard relates to fuses for use indoors or outdoors on alternating current systems having
line-to-line voltages above 1 000 volts at a frequency of 50 cycles per second, and with breaking-capacities
corresponding to three-phase values from 25 MVA to 750 MVA for power fuses and from 50 MVA

to 2 500 MVA for voltage-transformer fuses (or equivalent values for other systems).

In general, these fuses are suitable for short-circuit protection only, leaving other devices for protection
against over-currents.

The requirements of this standard apply to fuses for use in air and to fuses for use immersed in oil.
This standard relates only to expulsion fuses. |

Where fuses depend for their correct operation as fuses on the movement of some component to provide an
insulating gap, this feature is considered as part of the fuse operation and comes within the scope of this
standard.

On the other hand, there are fuse-links that contain tripping devices for initiating the opening of a switch.
These fuse-links are required to comply with this standard, but the satisfactory operation of the equipment
operated by the tripping devices is outside the scope of the standard.

The range of breaking-capacity ratings of 25 MVA to 750 MVA covers the usual applications of
high-voltage fuses for power-system and voltage-transformer protection. It is recognized, however, that
voltage-transformer fuses may also be required for use on systems having short-circuit capacities in excess
of 750 MVA. Where such fuses are designed to operate in series with current-limiting impedances, the
values of which are more than 100 times the impedance of the system, their performance is practically
unaffected by the short-circuit current of the system, hence they may be safely used, with the appropriate
impedance, on circuits having greater short-circuit capacities than 750 MVA. Voltage-transformer fuses
without current-limiting impedances for use on systems with short-circuit currents greater than those
corresponding to 750 MVA may be deemed to comply with this standard provided that all the requirements
other than the tests set out in Clauses 27 and 28 are met; in such cases tests for breaking-capacity should
be the subject of agreement between purchaser and manufacturer.

2 Basis of specification

a) General. This standard is based on single-phase and polyphase service conditions. Fuses complying
with it are suitable for operating under a variety of conditions where the recovery-voltage across any fuse
may be any voltage not exceeding its voltage-rating. Conditions 1) and i1) below are examples in which a
three-phase group of fuses can break two phases of the circuit and leave the third intact, and so may
1mpose a recovery-voltage equal to the voltage-rating of the fuse across each of the two fuses that have
operated.

1) The operation of fuses on a three-phase fault where the neutral of the source of supply is not
connected to the fault.

i1) The operation of fuses on a single-phase line-to-line fault on a three-phase system, if the load is not
connected to the supply neutral, since under these conditions the fuse in the healthy line is connected
to the fault via the load.

In view of the above conditions, breaking-capacity tests made on a three-phase basis should have a
recovery-voltage across each phase not less than the line-to-line voltage [see Sub-clause 27 1) and
Figure 1(a)]. The use of a three-phase 3-wire test circuit with one fuse of a three-phase group of fuses
replaced by a link of negligible impedance enables this condition to be achieved. The same circuit may
be used to test fuses intended for single-phase duty, two at a time. The test circuit severity on one of the
fuses shall comply with the circuit conditions prescribed in Sub-clause 27 g) and for current-limiting
fuses also with Figure 2.

Single-phase tests of one fuse of a three-phase group of fuses, or of fuses for single-phase systems shall
also comply with the requirements of Sub-clause 27 g). Fuses complying with this standard are suitable
for service on single-phase or two-phase systems where the line-to-line voltage is the same as that of a
three-phase system for which they have been tested (see Clause 10).
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b) Breaking-capacity rating. For the purpose of this standard the breaking-capacity rating of a fuse is
expressed as a prospective current at its voltage-rating. When recording the results obtained during
breaking-capacity type-tests the prospective current and the recovery-voltage shall be stated. When a
fuse exhibits current-limiting characteristics the current broken will be less than the peak current
associated with the prospective current. In this case, when assessing the performance of the fuse, it will
be deemed to have broken the prospective current.

¢) MVA rating. For the practical convenience of specifying MVA breaking-capacity ratings for fuses and
for comparing a given rating with the MVA value for a short-circuit at a given point in a supply network,
the breaking-capacity rating in kilo-amperes assigned to a fuse is converted into an MVA rating by
multiplying the former by its voltage-rating in kilovolts and by the phase-factor.

Thus the value of single-phase MVA is the product of single-phase r.m.s. kilo-amperes and the
voltage-rating in kilovolts, and the value of three-phase MVA is obtained by multiplying the
single-phase r.m.s. kilo-amperes by the voltage-rating in kilovolts and by /3 (not by 3).

d) Severity of duty. The specification standardizes criteria of severity of duty under which type-tests are
made and ratings are assigned. It is recognized that the severity of duty imposed on a fuse may also
depend on the form of restriking-voltage, but, since present knowledge is insufficient to enable
restriking-voltage characteristics to be standardized, only those factors which control the amplitude of
the restriking-voltage have been included. It is generally agreed that the restriking-voltage
characteristics obtainable in testing stations are more onerous than those obtained under normal service
conditions. The permissible peak value of the transient voltage which may be produced by the fuse is
specified [see Sub-clause 28 a) ix)].

3 Definitions

For the purposes of this British Standard the following definitions shall apply:—
3.1
fuse

a device for protecting a circuit against damage from an excessive current flowing in it, by opening the
circuit on the melting of a fuse-element by such excessive current. The fuse consists of all the parts that
form the complete device, including any current-limiting impedance association therewith

3.2
fuse-element

the part of a fuse which is designed to melt and thus open a circuit
in some designs the fuse-element includes other attachments which are renewed when the fuse is re-wired

3.3
cartridge

a “totally-enclosing” fuse-element container, consisting of insulating material; generally tubular, with its
ends enclosed by caps of metal or other material. The term “totally-enclosing” is deemed not to exclude the
use of devices in connection with indicating or pressure-release

34
cartridge-fuse

a fuse in which the fuse-element is enclosed in a cartridge

3.5
oil-tight cartridge-fuse

a cartridge-fuse which excludes oil from the interior of the cartridge when totally immersed in oil, and in
which the oil plays no part in arc extinction

3.6
powder-filled cartridge-fuse

a cartridge-fuse in which the fuse-element is enclosed in a cartridge containing an arc-quenching powder
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3.7

liquid-fuse

a fuse in which the fuse-element is enclosed in an insulating container filled to an appropriate level with
an arc-quenching liquid

3.8

oil-tank fuse

a fuse in which the fuse-link is totally immersed in an oil tank, the oil acting as the arc-extinguishing
medium

3.9
expulsion-fuse

a fuse in which the length of break is increased by expulsion of part or all of the fuse-element and/or in
which arc-quenching is assisted by the movement of vapour from the container. The vapour may be
generated wholly by the volatilization of the fuse-element or partly by the effect of heat on a solid substance
carried either by the fuse-link or by the inner wall of the container

3.10
current-limiting fuse

a fuse which by its mode of operation at the initiation of arcing limits the current by cut-off
(see Definition 3.23, Appendix A and Figure 5)

3.11

tripping-fuse

a fuse that contains an auxiliary device for the purpose of tripping other apparatus such as a switch
3.12

voltage-transformer fuse

a fuse for use in the primary circuit of a voltage-transformer

NOTE A current-limiting impedance (usually resistance) may be used in series with a voltage-transformer fuse. In certain types of
voltage-transformer fuse the current-limiting impedance is inherent in the high resistance of the fuse-element. Alternatively, or in
addition, the fuse may be of the current-limiting type.

3.13
fuse-link

that part of a fuse which comprises a fuse-element and a cartridge or other container, if any, and is either
capable of being attached to fuse-contacts or is fitted with fuse-contacts as an integral part

3.14
fuse-contact

a contact suitable for engaging with a fixed contact, and capable of having a fuse-link attached to it or of
forming an integral part of a fuse-link

3.15
fuse-carrier

a removable holder serving to carry a fuse-link and fitted with fuse-contacts, if necessary, for this purpose.
A cartridge or other container of a fuse-element, if suitable, may form a fuse-carrier or part of a fuse-carrier
3.16

fixed contact

a contact suitable for engaging with a fuse-contact, and connected to a terminal to which the circuit
conductor 1s connected

3.17
fuse-mount

an assembly comprising a base, insulators and fixed contacts

3.18
fusing-current

the r.m.s. current which will melt the fuse-element in any specified time from the commencement of current
flow
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3.19
minimum fusing-current

the minimum r.m.s. current at which a fuse-element in a fuse will melt

3.20
current-rating

the r.m.s. current stated by the manufacturer to be the current that the fuse will carry continuously
without deterioration, in accordance with the relevant clauses of this standard

3.21

voltage-rating

the voltage stated by the manufacturer to be the highest declared r.m.s. voltage allowable between the
conductors of a circuit in which the fuse or the group of fuses may be used

3.22
prospective current

the r.m.s. value of the alternating component of the current that flows in the circuit due to the applied
voltage when the fuse including its series current-limiting impedance (if any) is replaced by a link of
negligible impedance, but without any other circuit change

3.23
cut-off

if the melting of a fuse-element prevents the current through the fuse from reaching the otherwise
attainable maximum (the peak of the first major loop), the fuse is said to “cut off”, and the instantaneous
maximum current attained is called the cut-off current

NOTE 1 In an a.c. circuit the numerical value of the cut-off current may be greater than the numerical value of the prospective
current. (See Definition 3.22 and Appendix D.)

NOTE 2 A fuse only exhibits cut-off at prospective currents greater than a particular value; this value varies with different fuses
and may be at a prospective current greater than the breaking-capacity rating.

3.24

breaking-capacity rating

the prospective current that can be broken by a fuse at its voltage-rating under prescribed conditions. For
practical convenience it may be stated in rated MVA

3.25
recovery-voltage

the normal-frequency r.m.s. voltage that appears across the terminals of a fuse after final arc-extinction

3.26
restriking-voltage

the high-frequency transient voltage that exists across the fuse terminals at, or in close proximity to, each
zero current pause during the arcing-time; the important characteristics are its amplitude and its
rate-of-rise (expressed in volts per micro-second) at the time of final arc-extinction

3.27

arc-voltage

the voltage that exists across the fuse terminals during the arcing-time

NOTE The maximum value of the arc-voltage may exceed the peak value of the recovery-voltage.
3.28

loop

that part of an alternating wave which extends from one zero to the next

NOTE 1 Successive loops may have different durations and amplitudes in the period immediately following the initiation of current.
NOTE 2 For the purpose of indicating the number of current zeros during the arcing-time, arcing-times may be referred to as
including a stated number of loops.

3.29
pre-arcing-time

the time between the commencement of a fusing-current and the instant when a break occurs in the
fuse-element
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3.30
arcing-time

the time between the end of the pre-arcing-time and the instant when the circuit is broken and the current
becomes permanently zero

3.31

total operating-time

the sum of the pre-arcing-time and the arcing-time (See Definitions 3.29 and 3.30.)
3.32

virtual time of a period of operation of a fuse

the time for which a steady current equal to the prospective current would have to flow in a fuse to produce
the same quantity of energy as would be produced if the actual current during the period of operation
considered flowed in the fuse for the actual period (see Clause 12)

this time is calculated from the formula:
f s dt
v — ____’, -
IP
in which
i 1is the instantaneous value of current,
I, 1s the prospective current, and

P
t, 1is the virtual time of the period of operation under consideration.

3.33
operation

the process in a fuse between the beginning of the pre-arcing-time and the end of the arcing-time

3.34

type-test

a test of one article intended to show that all articles of the same kind and made to the same specification
would pass an identical test

3.35
routine test

a test of every article made to the same specification

3.36
insulation co-ordination

the process of correlating the insulation strengths of electrical equipment with anticipated over-voltages
and with the characteristics of protective devices (see Appendix H). It consists of the steps taken to prevent
damage to electrical equipment due to over-voltages, and to localize flashovers (as far as economically
practicable) to points where they will not cause damage

3.37
insulation level of apparatus

the level that determines the dielectric strength of apparatus, and which is expressed for impulse-tested
apparatus by a peak impulse value (impulse withstand voltage with full 1/50 microsec wave) and for
non-impulse-tested apparatus by a power-frequency r.m.s. voltage value (power-frequency withstand
voltage) which the apparatus should withstand under specified test conditions

3.38
electrically exposed installation

an installation in which the apparatus is subject to over-voltages of atmospheric origin

NOTE 1 Such installations are usually connected to overhead transmission lines, either directly or through a short length of cable.
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NOTE 2 Apparatus may be required for installations which are partly exposed to over-voltages of atmospheric origin, that is,
exposed to voltages of magnitude less than for an exposed installation. Such installations are usually connected to overhead
transmission lines through two-winding transformers, or a longer length of cable, which reduce the amplitude of incoming
over-voltages. These cases require special consideration. The apparatus will be chosen from the appropriate exposed or non-exposed
insulation class, as a special class of insulation is not proposed for this case.

3.39

electrically non-exposed installation

an installation in which the apparatus is not subject to over-voltages of atmospheric origin

NOTE Such installations are usually connected to cable networks.

3.40

effectively earthed system

one in which during a line-to-earth fault the maximum voltage to earth of the other two lines expressed as
a percentage of the line-to-line voltage does not exceed 80 per cent

NOTE 1 A value not exceeding 80 per cent is obtained when for all switching conditions and unlimited supply the ratio of the
zero-sequence reactance to the positive-sequence reactance is less than three, and the ratio of the zero-sequence resistance to the
positive-sequence reactance is less than unity.

NOTE 2 A system in which all the transformers have star connected windings with all neutrals solidly (directly) earthed

(i.e. the multiple earthed system) is regarded as effectively earthed. If only a limited number of transformers are so earthed, the
system will not necessarily be effectively earthed.

3.41
non-effectively earthed system

one in which, during a line-to-earth fault, the maximum voltage to earth of the sound lines exceeds 80 per
cent of the line-to-line voltage

Section 2. Rating
4 Voltage-rating

The following are the standard voltage-ratings for fuses:

3.3kV 33 kV
6.6 kV 66 kV
11 kV
Non-preferred voltage-ratings for fuses are as follows:
2.2 kV 110 kV
22 kV 132 kV
88 kV

5 Current-rating

Fuses shall have one of the values of current-rating given in Table 1 or Table 2. Some fuses of the higher

current-ratings may not be available in all types or in all the breaking-capacity ratings in Table 3 or
Table 4.
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Table 1 — Current-ratings for fuses other than
voltage-transformer fuses

Amperes

5
10
15

20
25
30

40
50
60

75
100
150

200

NOTE It is recognize that fuses with current-ratings other than those specified in Table 1 and Table 2 are in present use, and that
some time may elapse before all fuses can be made and supplied to the above ratings.

Table 2 — Current-ratings for fuses primarily used for
the protection of voltage-transformers

Amperes

WO

NOTE 1 It is recognized that fuses with current-ratings other than those specified in Table 1 and Table 2 are in present use, and
that some time may elapse before all fuses can be made and supplied to the above ratings.

NOTE 2 It is recognized that the current-ratings of the fuse and of the current-limiting impedance may not be the same. Where a
fuse is used in series with a current-limiting impedance, the current-rating of the combination is that of the component with the
smaller current-rating.

6 Breaking-capacity ratings
Fuses shall have one of the breaking-capacity ratings specified in Table 3 or Table 4.
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Table 3 — Standard 3-phase breaking-capacity ratings
for fuses other than voltage-transformer fuses

1 2 3
Standard Stand.ard 3-pha'se ls)iizﬂ?ig-g;ﬁ};:ii
voltage-rating breaklrr;%;(r:lagpamty corresponding
to MVA in Col. 2
kV MVA kA
252 6.572
502 13.12
2.28 752 19.72
1002 26.32
25 4.38
50 8.76
3.3 75 13.1
100 17.5
150 26.3
50 4.38
75 6.57
6.6 100 8.76
150 13.1
250 21.9
50 2.63
75 3.94
11 100 5.25
150 7.88
250 13.1
752 1.972
1002 2.632
220 1507 3.947
2502 6.572
3502 9.22
5002 13.12
752 1.312
1002 1.75%
33 150° 2.632
250 4.38
350 6.13
500 8.76
2502 2.192
66 3502 3.062
500 4.38
750 6.57
NOTE It is recognized that fuses are made for voltages up to 132 kV, but
this standard does not contain any recommendations regarding the
breaking-capacity of fuses for voltages above 66 kV.
8These are non-preferred ratings.
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Table 4 — Standard 3-phase breaking-capacity ratings
for voltage-transformer fuses

1 2 3
Standara | Standarddphase | I O
voltage-rating rating corresppndmg to
MVA in Col. 2
kV MVA kA
752 19.72
2.22 1002 26.3?2
1502 39.42
50 8.76
75 13.1
3.3 150 26.3
2502 43.8?2
150 13.1
6.6 250 21.9
5002 43.8*
150 7.88
250 13.1
11 500 26.3
7502 39.42
2502 6.572
22?2 5002 13.12
7502 19.72
15002 39.42
500 8.76
33 750 13.1
1500 26.3
7502 6.572
66 1500 13.1
2500 21.9
NOTE It is recognized that fuses are made for voltages up to 132 kV, but
this standard does not contain any recommendations regarding the
breaking-capacity of fuses for voltages above 66 kV.
2 The are non-preferred ratings.

Section 3. Marking

7 Fuse-links

All fuse-links shall be indelibly marked with:
a) Current-rating (see Clause 5).

Where unwired fuses are sent out by the manufacturer, the maximum permissible current-rating of the
fuse-element shall be clearly stated by the manufacturer, and a blank space shall be left on the fuse for
filling in the current-rating of fuse-element used. Fuse-elements for re-wireable fuses shall be marked
with their current-rating.

b) Voltage-rating (see Clause 4).

The fuse-link may be marked with any combination of the voltages for which it is suitable as proved by
test.

¢) Manufacturer’s identification code.
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If the construction of the fuse provides sufficient space, it is desirable to include:
d) Breaking-capacity at voltage-rating . .. KkA. r.m.s.
e) Value of current-limiting impedance (if any) in ohms — see Note to Definition 3.12.

f) The number of this British Standard (BS 2699).

8 Current-limiting impedances

All current-limiting impedances separate from the fuse shall be indelibly marked with:
a) The impedance in ohms.
b) An indication of the fuse with which the impedance is to be used.
¢) Manufacturer’s identification code.

Section 4. Service conditions

9 Service conditions

High-voltage fuses complying with this standard are suitable within the limits of their rating for
installation where the conditions are those specified below.

a) Voltage. A voltage available across a fuse after operation not greater than the voltage-rating of the
fuse.

b) Current. The carrying of currents from zero current to rated current and the breaking of
fusing-currents up to the breaking-capacity rating (see Appendix A).

c) Ambient temperature. Ambient temperature not exceeding 25 °C.
(For other ambient temperatures see Clause 14.)

d) Altitude. An altitude not exceeding 3 300 feet (1 000 metres) above sea-level. When a fuse intended
for service at high altitudes is tested near sea-level the limits of temperature-rise given in Clause 14
shall be reduced one per cent for each 1 000 feet above sea-level at which the fuse is intended to work in
service. The correction shall not be applied to altitudes below 3 300 feet (1 000 metres).

e) Atmosphere. An atmosphere not subject to excessive pollution by smoke, chemical fumes, salt-laden
spray, etc. Such pollution occurs in some industrial areas and in some coastal districts.

NOTE For installation of fuses which emit flame see Sub-clauses 17 a) and 28 a) v).
Section 5. Operation in service

10 General requirements

a) A fuse shall be capable of satisfactorily opening the circuit or circuits protected by it under conditions
that produce any value of fusing-current not exceeding its breaking-capacity rating at voltages not
exceeding its voltage-rating. The behaviour of the fuse shall be satisfactory irrespective of the degree of
current asymmetry.

b) When performing operation a) above, a fuse shall not show undue distress as defined below. Any
emission shall not cause breakdown or significant electrical leakage to earth or between poles nor shall
it cause damage to associated apparatus and it shall neither in quantity nor direction be a source of
danger to an operator.

¢) Operation of an oil-tank fuse shall not cause emission of flame from the containing tank and provision
shall be made to ensure that any gas or oil emitted from the tank is conducted harmlessly away. The
construction shall be such that gases cannot collect at any point where ignition can be caused during or
after operation of the fuse or by normal operation of the associated apparatus. Carbonization of the oil
during the operation shall not be such as to cause breakdown or significant electrical leakage.

d) Operation of a powder-filled cartridge-fuse shall not cause emission of flame or powder.

e) Fuses for use in the tank of a voltage-transformer shall not cause flame, oil or gas emission from the
tank during their operation. The construction of the tank shall be such that gases cannot collect at any
point where ignition can be caused during or after operation of the fuse or by normal operation of the
associated apparatus. Carbonization of the oil during operation shall not be such as to cause breakdown
or significant electrical leakage.
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f) After the operation described in Sub-clause a) above, a fuse, and current-limiting impedance, if any,
shall, without reconditioning, be capable of withstanding its rated voltage without dielectric breakdown,
and the fuse-contacts, fuse-carrier and fuse-mount, when fitted with a new fuse-element or fuse-link,
shall be capable of carrying rated current at rated voltage without a temperature-rise in excess of that
allowable under Clause 14. All parts of the fuse shall be essentially in the same condition as before the
operation, except that the fuse-element will require renewal and parts which assist in extinguishing the
arc may require renewal [see Sub-clause 28 b)]. After such renewals the fuse shall comply with this
standard in all respects.

11 Liquids

When fuses are immersed in, or filled with, liquid and are installed in localities subject to low
temperatures, an appropriate liquid of low freezing-point should be used. When so required the maker shall
give the lower limit of temperature for which the fuse may be used.

12 Time/current characteristics!

The manufacturer shall, on request, submit characteristic curves of the fuses showing the relation between
pre-arcing-time and prospective current. The performance of fuses with respect to current at any particular
value of time shall be within + 20 per cent.

The measurements for determining the curve shall be made with the fuses initially at a temperature
between the limits of 15 °C and 25 °C.

Information shall be given for arcing-time. The manufacturer shall give information on virtual time on
request (see Definition 3.32).

If required, additional curves may be given based on measurements with the fuses initially at the steady
temperature which is attained with rated current flowing.

NOTE See Appendix K.

13 Cut-off current characteristic? (For current-limiting fuses only)

The manufacturer shall, on request, submit characteristic curves of the fuses showing the relation between
prospective current and maximum cut-off current. The performance of fuses with respect to cut-off current
at any particular value of prospective current shall be within + 20 per cent.

The curve shall be plotted as follows:
abscissae: prospective current
ordinates: maximum cut-off current.

14 Temperature-rise limits at rated current

a) All parts of fuses shall be so designed and proportioned that when they are carrying their rated
currents continously in accordance with the requirements of Clause 21 the temperature-rise of the
fuse-contacts and of the terminals, or sweating sockets where used, shall not exceed the following values:
Centigrade degrees
Fuse-contacts 55

Terminals, or sweating sockets where used, to
which the circuit conductor is connected 45

b) All parts of current-limiting impedances for use with fuses shall be so designed and proportioned that
when they are carrying their rated currents continuously in accordance with the requirements of
Clause 21 the temperature-rise of any part shall not exceed 45 Centigrade degrees.

D Standardized methods of presenting the information are under consideration and it is hoped to publish bt%i)ls in due course,
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