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Voltage~drop is an aspect of performance uniquely significant in
minjature fuse design and specification. This paper endeavours to

explain the

reasons for this importance,

and to describe the

treatment of voltage-drop and the associated power dissipation in

minlature fuse Standards,.
discussed.

INTRODUCTION

In larger fuses, the voltage-drop is
usually only regarded as important in
that it is an indication of power
dissipation, and therefore of circuit
loss, and of excess heat generation.

While these factors are also important
in a miniature fuse, voltage-drop is

of fundamental concern for other
reasons.
When the voltage-drop at the minimum

fusing current approaches the systenm
voltage, there ig danger that the fuse
will fail to operate correctly. This
is particularly important where
circuits operate on a supply of 5V or
less, and where normal currents may be

of tens of milliamps.

Balanced telecommunications line
applications require not only that
fuse Impedance be limited, but also

that for a given type and rating the
range of voltage-drop values be
closely controlled.

International Standards have for many
years vrecognised vcoltage-~drop as an
important factor in specification.
More recently it has become of prime
importance in the requirements of
quality contrel as an indicator of
possible degradation of the fuse.
Specifications for power dissipation
and acceptance have had to be
introduced to enable safe co-
ordination of fuse-link and fuse-

holder.

Much can be done in design and
material selection to . influence
voltage~drop. However, there have

inevitably to be compromises in other
areas of fuse performance,
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It can be seen that the problem is at
its worst at very low values of I,.. It
is unfortunate that, with the emphasis
on low power consumption in all types
of equipment, this is an area of
immediate importance.

For reference, minimum and maximum
power supply voltage values and
indications of typical circuit
currents for a number of recognised
electronic circuit configurations are
given in Fig. 2.

Industrial Standards

9V battery operated consumer
equipment

i 12V military. typical RS232

| 15V industrial analogue equipment

24V DIN industrial standard

Semiconductor Families

| =1.2V I2L devices

| 2-6V 74HC logic

i 3-15V 4000 series CMOS

5V nominal TTL and LSI supply
12.5V .
EPROM programming. i

21V } E

25V :
Fig. 2 Typical power supply
specifications.

Power Dissipation Pg

The importance of corvect design of
terminations to enable adeguate and
controlled dissipation of generated
heat has long been recognised in power
fuses (Wright and Newbery® state that
up to 75% of the heat generated by a
fuse-link is dissipated through the
end connections, and Wilkins et al2
point out the importance of the heat-
generating contribution of fuse
endcaps and connecting cables in
modelling fuse performance). I2?R heat
and its dissipation are of equal
importance in miniature fuse design,
for two reasons:

1) As Fig. 3 shows, for fuselinks of
relatively high rated current, the
design of termination systems has a
significant effect on the low-overload
performance and volt-drop. The
comparison here is between fuse-links
mounted in a) the test-fixture
specified in IEC 127, and b) a
commercial chassis-mounting fuse-clip.

Fuse-link type: 20x5mm to UL198G
Rated current: 5A
Conditions: 1,35 I,, operation

a) Using IEC 127 test-clip:

Operating time = mean: 13.8s
g : 2.1s

b) Using commercial fuse-clip
(as used in testing by UL)

Operating time = mean: 9.2s
g : 0.9s
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2) If a fuse-link is mounted in a
fuse-holder of inadequate design,
possibly with poor electrical and
mechanical connections to the system,
then it is all too possible for the
total heat generated by the fuse and
its connections even at rated current
to cause damage to the fuse-link, the
fuse-holder and the terminations.
Typically, 1f the fuse-link to fuse-
holder terminal contact is maintained
by a compression spring, this may
anneal and thus cause a decrease in
contact pressure, The contacts and
terminations inside and outside the
fuse- holder may become oxidised, and
the fuse~link itself, after a
prolonged period of operation at,
effectively, an abnormally high
ambient temperature, may suffer
deterioration causing a high inherent
resistance, and possibly a potential
fajlure to operate normally. The
result is a thermal runaway situation,
and unless the fuse eventually
operates, the outcome will be a fire
in combustible parts of the fuse-
holder or its connections. The author
knows of such a case systematically
occurring in consumer equipment, which
in the short term caused a number of
fires in public buildings, and in the
lorig term a large claim for damages
and compensation!

Matching and tolerance of voltage-drop
values.

In telecoms line applications, fuses
are often required to be placed
between outside 1line equipment and
sensitive amplifying and switching
circuits inside the telephone
exchange. Here, in conjunction with
parallel-connected over-voltage
protectors they protect the exchange
circuits against the effects of
accidental mains connection to the
telephone lines.

In this position, the fuse necessarily
forms a part of the termination
network of the balanced line.
Therefore its impedance must be
closely controlled. In circuits in
current use, only the resistive
component of the impedance is
significant; in future systems, the

-inductance may also be important.

A typical interface circuit is shown

in Fig. 4., and a typical
specification for a matched pair of
line fuses in Fig. 5. In this

particular case the fuse is also
required to have a nominal resistance
of 1.150; this is rather higher than
the minimum achievable value for the
fuse characteristic. The requirement
that, in order to maintain line
balance, the resistance of the two
fuse elements must be matched to
+7.5%, after one of the elements has
been subjected to 10 x 1.85kV pulses of
10/700ps waveform, is very difficult
to meet on a mass-production device.
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Fig. 5. Specification for telecoms line
fuses: balanced pair.

INTERNATIONAL STANDARDS REQUIREMENTS

1., IEC Standards have until recently
not specified (or even defined) power
dissipation for fuse-links, Since
1880, IEC 257+ has required
manufacturers to provide in thelir
catalogues the accepted power (P.) of
their fuse~holders; this figure is
verified by a temperature rise test
using a 50 power resistor in place of
the fuse-link, at a current of,
typically, 00mA. In fact, the
requirement to publish P, has been
rarely been obevyed.

Furthermore there has been no
definition or test for the power
dissipation of fuse-links in IEC 127%;
nor has a temperature-rise test been
specified. The only relevant parameter
specified has been the maximum allowed
voltage-drop.
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More recently, the Working Groups of
IEC Technlcal Sub~committee SC 32C
have prepared specifications for the
power acceptance of fuse-holders and
for the maximum sustained dissipation
of fuse-links (tabulated against 1.},
together with test requirements.
These parameters are both arranged in
preferred values of 1.6, 2.5 and 4
watts to enable users easily to
specify safe combinations of fuse-
linke and ~holders. These reguirements
will be incorporated in the
forthcoming complete revision of IEC
127, which will become a multi-part
document- covering a comprehensive
range of miniature fuse-links types.

Also included will be a warning note
on the subject of minimum operating
voltage: this 1is to be published
first as an Amendment to the existing
docunent. It will probably be
necessary to include tabulated limits
of minimum operating voltage for some
sub~-miniature fuses in the new
Standard.

2. The UL Standard on miniature fuses,
UL198G®, contains no requirements on
voltage-drop. There 1is, however, a
limit of temperature rise, tested at
1.1 I, (or for some types 1 I,).

UL® reguire a fuse-holder to be tested
for temperature-rise at its rated
current {(ie the maximum rated current
of a fuse-link with which it Iis
intended to be used), using a copper
slug of negligible resistance in place
of the fuse-link; this test can only
determine the current-carrying
capacity of the fuse-holder and fuse-
link contact systen, and not the
susceptibility of the fuse-holder to
heat input from the fuse-link.

IEC*, on the other hand, have since
1880 required egquivalent tests to be
carried out using a power resistor of
similar dissipation to a typical fuse-~
link, but at a small fraction of the
rated current, thus testing the heat
withstand of the fuse-holder but not
the current-carrying capacity of the
contacts. This clearly gives rise to a
potential situation of dangerous
misapplication; this 1is one of the
areas of conflict between the two
standards systems which the IEC
Committees have been trying for many
yvears to resclve {but so far, without
success) .

MATERIALS AND DESIGN

Choice of materials

In many cases element materials of the
lowest possible resistivity may be
used {i.e. silver or copper), and in
the shortest practicable length (i.e.,
essentially the length between the
terminations. Two constraints may
cause the designer to choose another
material:



1. The practical requirements of
handling make it impossible to use
these materials in sizes smaller than,
e.d. 40 micron diameter unless
physically supported. Such materials
as nichrome can be handled unsupported
down to about 6 micron; by special
techniques, for example platinum is
used in sub-micron sizes.

2. Long experience, and recent
analytical work, show that the time-
delay characteristic of a simple fuse
element is strongly dependent upon its
length and the resistivity of its
material, Increasing the length of a
miniature fuse element by forming the
conductor as a helix is common
practice, as is the use of metals or
alloys of relatively high resistance
such as silver/copper, brass, zinc or
tin/zinc. Unfortunately such designs
tend to increase the voltage-drop and
dissipation of the fuse, Also, when a
filler is wused to increase breaking
capacity 1t may be necessary to use
another material to compensate for the
change in characteristic caused by the
cooling effect of the filler.

Design considerations

The following are among the technigues
in design which have yielded
inprovements in voltage~drop:

1. Reducing element length.

This also gives a faster-operating
fuse, which may be undesirable, and
will adversely affect breaking-
capacity. It has been achieved by, for
example:

~Using =a helical element”, which is
then dipped in solder to leave a
short, central, operating area.

-Using a fine wire element supported
on a paper former, whi¢h is then
coated with conducting material®,
leaving a central operating section,

-Using a design of fuse for printed
wiring board mounting, with parallel
connecting pins. The element length is
defined by the pitch of these pins,
and provided the spacing is sufficient
for the working voltage when the
p.w.b., 1is assembled, the user can
choose a fuse with the combined
benefits of minimum size and minimum
voltage~drop.

-Using a compound element of the
spring and blob type. To achleve a
reduction in voltage-drop it is
necessary to shunt the spring with a
flexible conductor: this may not be
possible at low values of I,, where the
heat genervated in the spring is
important to ensure operation at low
overloads.

2. Use of ‘Metcalfe Effect'.

This is wusually considered as a
technigue for lowering the nminimum
fusing current, and thereby giving a
time-delay characteristic, However, it
has also been used as an expedient
allowing a significant increase in
element wire diameter, and thereby
reducing voltage-drop and dissipation.
In ohe particular case it . was found
possible to meet a UL temperature-rise
specification for a non-=time-delay
fuse only by this method; rather than
the 'M~blob", a continuous tin coating
was used, glving ‘a further slight
reduction in voltage-drop.

3. Use of insulating filler.

In a paper presented at this
Conference, R. Brown® describes the
use of microporous insulation to
decrease the radial heat loss from the
fuse element, decreasing the minimum
fusing current and thereby increasing
the delay of the fuse. This also has
the advantage of enabling a larger
elenent cross-section to be used for a
given rated current, thus reducing the
voltage~drop and dissipation.

CONCLUSIONS

Although voltage-drop, maiching and
dissipation have always been lmportant
parameters in specifications agreed

between suppliers and users of
miniature fuses, it is only recently
that this importance has been

reflected in the drafting and co-
ordination of International Standards.

There are useful techniques available
for the minimisation or control
of voltage-drop, although these
invariably have effects on other
aspects of performance. There remains
much to be done in exploring the
1imits of performance of miniature
fuses, and voltage-drop will be an
important prime parameter in this
development. '
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