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SUMMARY

The electrical sensitivity to D.C. pulses of a range of service fuzeheads,

developed for operation of explosive motors, is illustrated by graphs and tables,

and some of the methods employed for acquisition of the data are discussed.
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I INTRODUCTION

1.1 The performance of a service range of wirebridge fuzeheads developed during
the period 1955-59, for operation of explosive motors, is substantially similar
to that of a well-known proprietary range; dimensions and constructional details
are also identical, except that the stem of the service fuzeheads consists of a
wafer of synthetic resin bonded paper (S.R.B.P.) compared with "pressboard" in
the proprietary range. The metallic foil to which, in both ranges, the bridge-
wire and external connections are soldered, is copper in the service fuzeheads,
and brass in the proprietary types. Only the change of stem material has any
significance in regard to performance, the S.R.B.P. conferring improved climatic
durability and storage life by virtually eliminating a tendencyIfor the stem to
absorb moisture when subjected to high humidity and temperature . The explosive
compositions are identical in the two ranges.

1.2 Specifications Air 1447 and Air 1453, relating to the S.R.B,Po and press-
board fuziheads respectively, contain information necessary for performance of
acceptance and firing proof tests; they do not disclose the sensitivity
parameters, which are essential for the design of efficient and reliable firing
circuits, and the study and alleviation of electro-magnetic hazards.

1.3 The foregoing remarks indicate that the information contained in this note
is of equal significance to both the service and the proprietary range, including

some fuze assemblies embodying items from the latter, e.g. fuze electric F.53,
F.73, etc.

2 METHODS FOR DETEIIMATION OF THE SENSITIVITY OF WIREBRIDGE FUZEHEDS

2.1 Ba ic theorZ

The ignition of an explosive primer surrounding an electrically heated
bridgewire depends upon a simple thermal process , involving conduction of
sufficient heat from the bridgewire to the composition, such that the temperature
of a localised region immediately surrounding the bridge is raised to the
ignition temperature of the particular composition.

If the electrical energy supplied to the bridge is insufficient to achieve
the ignition temperature within an extremely short interval of time, a further
increment of energy is necessary, and this must be applied at a greater rate than
the loss of heat occurring by thermal conduction from the bridgewire to its
surroundings, which include the explosive composition, and the relatively large
masses of solder used to secure the bridge to the metal foils. This condition
is satisfied by the passage of a current such that the heat generated in a given
time interval exceeds the heat lost by the system. Because of the excess of
energy supplied over energy lost, the temperature of the bridge increases, until
some of the explosive composition in contact with it is raised to the ignition
temperatu7re.

Consideration of this firing mechanism indicates that the total energy to
ensure ignition is comprised of two distinct increments, one, known as basic
energy, is the minimum value that will, under any circumstances, and however
rapidly it is applied, raise some part of the composition surrounding the
bridgewire to the ignition temperature. The second increment is required to
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provide extra energy to balance the losses arising from thermal conduction, i.e.
cooling of the bridgewire, and is, therefore, a function of the application
time. Hence, ignition will occur if the basic energy is supplied to the bridge-
wire so quickly that loss of heat is negligible during the time it is being
applied, but for longer application times the total energy necessary for
initiation is,

W = W + mt i)

where, W = the energy required to initiate the primer in time t

W = basic energy

m = rate of heat loss (in Joules/second = watts)

AW
If the rate of energy loss is denoted by , equation (1) becomes,

W =w +LWt (2)
0 6t

2.2 Constant current method

The information required for evaluation of this parameter is derived from
tests as follows:- A firing circuit is employed which contains a variable
resistor in series with the fuzehead under test, and a timing switch capable of
being adjusted to make contact for any selected time within the range of about
5.0 to 50.0 milliseconds. Batches of fuzeheads are tested with the same pulse
duration, the current being adjusted to a selected value for each batch, and a
value is found which just suffices to fire all specimens of a particular type of
fuzehead. Similarly, by reducing the current progressively for successive batches,
a value is found which just fails to fire any specimens. These values of current
are known as 1006 initiation, and o initiation, or "all-fire", and "no-fire",
values respectively, intermediate values of current naturally being associated
with percentage initiations lying between these limits. Obviously, the
information derived from such a test (known as the "run-down method") is
etolusive to a particular pulse duration, hence a complete investigation of the
relationship between initiating energy, and the time taken to apply it to the
bridgewire, requires a number of such test sequences, each performed with a
different pulse duration.

If II r tI and 12 r t2 represent the energy for i00c initiations with two

different pulse durations tI and t2 respectively, it is clear that the slope of

energy loss with time is given by,

2 2
AW 12 2 1 r 1  (
At t 2 - 1 (3)
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Hence, equation (2) becomes,

-2 rt 12rt

where, I and 12 = current values required to produce I0Oa initiations in
times tI and t2 respectively, and

t = any time interval for which the initiating energy is
required

Tests of this type are normally performed with about four or five different
pulse durations within the range 5.0 to 50.0 milliseconds, and the results
produce typical ogives related to the various time intervals, from which frequency
distributions of current and energy may be plotted.

It is important to note that information relating to the sensitivity of

fuzeheads cannot be derived with comparable accuracy from the simpler procedure

known as "time-to-fire" tests, i.e., in which the time interval between switching

on the current and "firing" is measured, because the end event used to operate

the time recorder necessarily occurs after initiation (by an interval known as

the "burning time"), and although this parameter is usually negligible when the

initiation time is greater than 10.0 milliseconds- it can be extended, for

instance, by climatic cycling, and may then completely invalidate estimates of

sensitivity derived from the results of such tests.

2.3 Capacitor discharge method

The basic initiation energy of fuzeheads can be determined by a more

direct method than the one described above, which, although simpler in principle,
involves considerably more instrumental difficulty. This is the capacitance

firing circuit, in which the fuzehead under test is connected directly across a

charged capacitor. The capacitance, and the voltage to which it is charged

initially, can be accurately measured without difficulty, and from the results

of experimental work directed to the determination of the effective resistance
of capacitors during discharge, it is possible to select a practically loss-free

component. Since general circuit losses may also be reduced to negligible

proportions by the use of heavy conductors, the only serious source of loss is

the switch.

This has been known for some considerable time, and several attempts have
been made to design loss-free switches for firing electro-explosives, the two

most recent being the lead block switch designed by an inspectorate working
party, and based upon a prototype produced by R.A.R.D.E., and the so-called

"translational" mercury switch evolved from the work of an instrumentation
working party sponsored by a number of R. and D. establishments. The present
position is that the lead block switch has become obsolete, consequent upon the

disclosure of various deficiencies, and the translational mercury switch is now

undergoing design evaluation tests. The results of these tests, to date, are

not entirely encouraging.

-5-
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However, although the capacitance firing circuit cannot yet be regarded as
a precision method for determination of the basic initiation energy of electro-
explosives, its errors can be evaluated from the results of tests with an
"erg-meter" and allowed for in practical trials, provided the losses are
consistent, i.e., similar for each "shot". Thus, if the switch resistance is
accurately known, and it is known also that othor losses in the apparatus arc
negligible, the energy received by the fuzehead under test is given by,

J I 5C V2 ( ) r I2 (r +r (5)

where, J = energy received by fuzehead under test

C = capacitance

V = voltage

r = resistance of fuzehead under test

r2 = loss resistance of switch

Assuming the loss resistance to be one ohm, the proportion of the energy in
the capacitor which fails to reach the fuzehead under test, varies according to
the bridgewire resistance as follows:-

T.ype of fuzehead Percentage of energy
lost in switch

Types E & K 50.0
Type F 12.5
Types H & J 7.2
Type G 8.3

As with constant current, or square pulse, tests, loss of heat occurs during
the time energy is being supplied from a capacitance firing circuit, and if it is
assumed that the rate of heat loss is the same as during the former type of test,
and that all the energy in the capacitor has been transferred to the bridgewire
when the voltage has fallen to 0.1 of its initial value, the time occupied by
this process is,

t = log V C r = 2.3 C r (6)
0 v

-6-
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where, C = capacitance

r = resistance of fuzehead

V = voltage to which capacitance was charged initially

v = 0.IV

hence,

M = 1 (.3 Cr) (7)

where, m = energy lost due to cooling during the capacitor discharge

At= slope of energy loss (as determined from constant cuirent tests)

For most practical purposes this loss of heat may be disregarded, and the

energy required to fire fuzeheads when a substantially loss-free capacitance

firing circuit is employed may be regarded as a very close approximation to the

real basic energy. However, if low voltages, and hence larger capacitance values,

are employed, the error may not be insignificant. For instance, if C = 10.0 micro-

farads, and r = 10.0 ohms, equation (6) shows that 99.0 per cent of the energy

will be transferred to the bridgewire in time 2.3 x 10
-5 x 10 = 0.00023 second.

If the slope of heat loss for the fuzehead is 0.16 Joules per second (a typical

value), the energy lost due to cooling will be,

0.16 x 0.00023 = 37 microjoules,

an error of considerable importance in relation to type G, in which the basic

energy to initiate is around 200 microjoules.

2.4 Effects of resistance variation

The increase of resistance of the bridgewire during the time of application

of the firing energy, introduces an error, which, in general results in under-

estimation of the initiation energy. The error can be eliminated, simultaneously

with another, which derives from the use of the mean resistance of a population

of fuzeheads, by the use of "constant energy" circuits, i.e., in which I r i3

approximately constant during any time interval, notwithstanding initial

deviations of resistance from a known or assumed mean value, and changes of

resistance during the interval occupied by application of the firing energy.

The effects of energy evaluation using mean resistance values are not fully

understood, since there appears to be no correlation between ignition energy and

resistance. An extended programme of research aimed a' elucidation of the funda-

mentals of wirebridge initiation is a necessary preliminary to decisions

concerning the relative merits of constant current and constant energy testing

- 7 -
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circuits. It is possible that no significant error arises from the use of mean
resistance values, but failure to allow for an increase of resistance whilst the
firing current is flowing results, as stated above, in under-estimation of the
energy required for initiation.

3 OBSERVATIONS ON THE RESULTS OF FIRING PROOF AND LABORATORY TESTS

3.1 During the period 1955-62, many thousands of fuzeheads have been fired by
the two methods described, i.e., constant current pulse, and capacitor discharge,
with the object of establishing sensitivity criteria of the range employed for
operation of explosive motors. The interests of weapon arming and fuzing
emphasise, (a) reliability, and (b) hazards due to electro-magnetic pick-up,hence
the work has been directed towards accurate determination of all-fire and no-fire
levels of current, and/or energy, corresponding to the upper and lower quartile
regions of the ogives derived from graphical representation of functioning
reliability, as related to these parameters. This neglect of mean values is
justified by the skew frequency distributions which are typical of these
distributions, and which tend to invalidate all-fire nd no-fire estimates based
upon normal distributions, e.g., the Bruceton method .

3.2 The accompanying results show the extremes that have been observed, and
are unique in being derived from many different manufacturing lots or batches
over a comparatively long period. It must be emphasised, however, that the
results do not give information about mean values, which are nearer to the no-
fire values than might be expected, especially in the longer application time
region.

3.3 Extrapolation of energy characteristics to zero application time generally
indicate values of basic energy lower than those found when using capacitor dis-
charge circuits; this discrepancy is partly accounted for by losses in the
capacitor firing gear, and partly by using ambient temperature bridge-.ire resist-
ance values. Notwithstanding these known errors, it seems likely that the
energy/time parameter does depart from linearity somewhere in the range between
a few microseconds and 2.0 milliseconds. Indeed, future experimental work may
discl?se that the qlope of heat loss is virtually zero up to application times
of 10 , or even 10', microseconds. Practical interest in this characteristic
is slight, because any change of slope between the value determined from longer
application time tests and zero would have an insignificant effect on the
determination of basic energy.

3.4 The design of reliable firing circuits for use in service equipment
repuires the energy available to be at least twice the values for 100/Z
initiations shown inFigs*5-8 (derived directly from Figs.1-4), that is,
W 4-times the firing current values shown in Figs.1-4, but when initiation is to
be achieved by very short pulses, i.e., less than 5.0 milliseconds, or by
capacitor discharge, a factor of three is more appropriate for the reasons
given in para.1.12.

-8-
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APFEZNDIX i

FUNDRiENTAL DATA

i Types E & K Types H & J

Parameter Units Al Blue Type F A13 Orange Type g
BI Brown B 13 Green All Magenta

(a) Diameter of bridgewire Inches 0,0016 0,0006 0.0004 0,00025

(b) Length of brldgewire Inches 0,06 006 0,06 0,02

PICslcal Cross sectional area Square .C7 -

character- of bridgewire Inches 20,0 x 10 2.83 x 10 -7 1.25 x 10-  0.49 x 10-
-- istics of. .. .sbridgewres Surface area of Square

d) bridgewire Inches 30,0 x 10-5 11,3 x 10-5 7,5 x 10-5  1.57 x 10- 5

(e) Volune of bridgewire Cubic 12.0 x 10- 8 1,7 x 10-8 0.75 x 108 0.098 x 10-8
Inches

Nominal resistance of
bridgewire Ohms 1,2 7.0 13.0 11.0

Electrical ........

character- Resistivity of wire Ohms(t) Istics of used per inch 19.8 117 216

bridgewires Resistance limits of O1ns 0.9-1.6 6.0-8.0 10.0-16.0 8.O-14.0

(h) bridgewire

Basic 100% firing
energy for application Joules 0.0054 0,0011 0.00065 0.0002

(1) times less than one
Basic energy millisecond
for 10c . O& 0%
initiations Basle 0Y firing energy

for applioation times Joules 0.0036 o.oo46 0,0002 0.0001
less than one mill-
second

1ax, observed 100%
(k) firing current with 10 Amps 0.78 0.197 o.13 0083

millisecond pulses__ Firing. . . .. '...

current max, observed 1005 1

(1) firing current with 50 Amps 0,40 0,166 0,115 0.08
mmilisecond pulses

11!nimum observed no-firef
jjo-f ire current for absence of ! ms i 02 ,1 I 00500

(a oAmp 0,28 - 0.11 o,o65 0,05(ra ) current Initiations up to 10 1 J

seconds Ii,

-10-
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Appendix I

Types E & K Types H & J Type G
Parameter Units Al Blue A7 P A13 Orange All Magenta

BI Brown B13 Green

Rate of heat loss fran Joules
(n) bridgewire at 100% per sec. 0.192 0.167 0.157 0.064

Rate of heat Initiation level (V iatts)
loss frombridge Rate of heat loss frcm Joules

(o) bridgewire at 0% per sec. 0.08 0.067 0.05 0.025
Initiation level (= watts)

Energy/volune
relationship for I0C5 Joules 4

(p) firing with pulses per 4.5 x 10 6.47 x 104 8.66 x 104 20.4 x 104

less than one milli- cubic In.
second

Energy/volume
Miscellaneous relationship for 0% Joules 4 4

(q) firing with pulses per 3,0 x 10 2.7 x 10 2.7 x 10 10,2 x 10
less than one milli- cubic in,
second

Current density for Amps per I
(r) 100% firing with 10,0 square 3.9 x 10 6.9 x 105 10,6 x l09 17.0 x 105

millisecond pulses Inch rrh_.....

-R 11 -
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