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ABSTRACT OF THE DISCLOSURE

The method of making an initiator for an electro-
explosive device which includes the steps of compressing
an electrically non-conductive molding composition hav-
ing metal terminal pins positioned therein; coating dis-
crete areas of one surface of a mold force with silver
or other powdered metal; applying a plastic coating to
said surface between said discrete areas so as to overlap
a small portion thereof; coating two spaced areas of said
plastic coating with silver or other powdered metal; and

applying heat and pressure to mold the molding com-
position.

- This application is a division of application Ser. No.
463,441 filed May 19, 1965, now abandoned, which is a

continuation-in-part of application Ser. No. 225,468 filed
Sept. 24, 1962, now abandoned.

This invention relates to electro-explosive devices, and,

in particular, to electrical initiators employed in such |

devices.

One aspect of this invention relates to improvements
I electrical initiators which are not susceptible to pre-
mature firing by stray currents induced by radio-frequency
fields and like sources of energy.

The usual electro-explosive device consists of a plug
member adapted to mate with a receptacle in a mechanism
to be explosively actuated. The plug is provided with
electric terminals adapted to be connected to an electrical
energizing circuit. Within the plug there is an electrical
initiator such as resistance element which upon energiza-
tion with sufficient power, is heated to the ignition point
of a heat-sensitive explosive composition packed against
the resistance element. In turn the heat sensitive explo-
sive composition will detonate a base charge of a less
sensitive explosive charge packed within the plug. The
detonation of the explosive charge will in turn actuate
a mechanism or detonate a high explosive.

The growth in the use of electro-explosive devices in
weapons systems and the concurrent growth in the number
and power output of radar communication and other
radio frequency systems makes urgent that means be pro-
vided for preventing inadvertent firing or degradation of
the electro-explosive devices. Electro-explosive devices
are used in hundreds of components in missile, ordinance
and space vehicles. Examples are explosive bolts, rocket
motor igniters, rocket stage separator devices, missile de-
struct units, squib switches, squib valves, smoke and flare
beacons, cable cutters, cable disconnectors for generators,
gjection mechanisms, etc.

One conventional form of electro-explosive device em-
ploys a resistive bridge wire, which is composed of a fine
metal wire connected between a pair of terminals and
adapted to be energized from a source for electrical en-
ergy through the terminals.

This resistive element is imbedded in a gquantity of
heat sensitive primer explosive material such as lead
azide. Adjacent to the primer material is the base charge
which may be a high explosive such as pentaerythritol
tetranitrate (PETN) or trimethylene-trinitramine (RDX)
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etc. The application of an electric current through the
bridge wire causes it to heat up by virtue of the high
electrical resistance of the small cross sectional area. The
high temperature sets off the sensitive primer which in
turn detonates the high explosive.

One disadvantage of an electro-explosive device of this
type is the danger that currents induced by stray radio
frequency electromagnetic waves will heat the bridge wire
sufficiently to initiate the charge.

Inadvertent firing can occur not only from induced
current across the conductive bridge wire but also from
sparks between case and pins etc. Elimination of induced
current is difficult because components of the system
(e.g. ground wire or coils) may act as receiving antennas.

Another problem arising from the passing of stray cur-
rents through the initiator is degradation of the explosive.
Degradation can occur when repeated bursts of energy
which are put through the system are too small or of too
short duration to set off the explosive but nevertheless
cause the explosive to degrade so that an insensitive or
extra-sensitive layer is built around the bridge.

In an effort to minimize the possibility of inadvertent
firing, Government specifications have been issued for
certain special classes of initiators which prescribe that
the device be capable of carrying a one ampere current,
or handle a power input of one watt, whichever is greater,
without causing the initiator to attain a temperature suffi-
ciently high to explode the primary charge. Despite the
“no-fire” power input criterion, the device must meet a
low power “all-fire” specification.

In the terminology of explosive components, the term
“all-fire” is defined as the minimum current that will al-
ways fire the device.

“No-fire” is the maximum current that may be applied
for a given time without firing the device.

Briefly stated, the initiator of this invention comprises
a conductive plastic resistance element, bonded to, pref-
erably by comolding and supported throughout its length
by an integrally bonded electrically non-conductive, but
thermally conductive, plastic base which serves both as
a support and as a heat sink. Provision is made for a
large heat exchange area relative to the mass.

The immediate advantages of this construction are two-
fold. First, the intimate thermal contact between the con-
ductor and its supporting base provides a heat sink to
accept moderate amounts of energy released in the con-
ductor. Second, the fact that the conductive plastics are
made with specific resistivities (0.05 ohm centimeters and
greater) which is many times the specific resistivities of
metals used in wire or of graphite film type initiators
permits the use of initiator elements with cross sections
many times greater than wires of the same ohmic re-
sistance. Therefore, the energy released by stray R.F.
currents is distributed over a high heat transfer area rela-

tive to the element mass. Unwanted temperature buildup
is prevented.

Employment of electrically conductive plastics for the
conductor confers a still further advantage in flexibility
of choice of the resistance of the conductor and accurate
control of resistance value.

The most usual range of resistance values selected for
initiators is 0.2 to 10 ohms. In some instances as for ex-
ample the so-called one ampere-one watt type maximum
resistance may be but 1.5 ohms. However, inasmuch as
conductive plastics can be readily provided with such
widely divergent resistivities as 0.05 to 200 ohm centi-
meters, it will be apparent that conductors can be de-
signed with resistances considerably larger or smaller
than usual values should detonation circuit designs re-

quire them, without departing from the advantages above
described.
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Likewise, dimensions can be varied without alteration
of resistance value to change the thermal characteristics
of the element. It is preferred, however, that the thick-
ness of the conductor not be reduced below 0.00027.

As regards the aforementioned advantage of flexibility
of resistance value and control of resistance, it should be
noted that thin wires and graphite films are limited as to
possible dimensions associated with a chosen resistance
value by the intrinsic fixed resistivity of the metal in ques-
tion or of graphlte The exceedingly fine wires required in
initiators of the wire type are often manufactured by cor-
rosion processes applied to wires of larger original diam-
eter. The process results in somewhat non-uniform cor-
rosion, which, in exceedingly fine wires means significant
variations in cross-section. It is suspected that certain
failures of wire type initiators are due to overheating
in local areas of hlgh resistance. Similarly, graphlte films
must be laid down in exceedingly thin films in order to
secure resistance in the desired range. At any rate with
wires and films severe problems of achieving uniformity
and reliability exist.

By contrast with the above, accurate control of the
resistivity of electrically conductive plastics is a well es-
tablished art. Furthermore, the use of conductors of rela-
tively large cross-section, as in the present imvention,
means that the uniformity of these dimensions can be
controlled with great accuracy by the processes here de-
scribed.

A still further advantage of the relatively large dimen-
sions of the conductor is unequivocal and rehiable con-
tact with the surrounding explosive.

An important advantage of the device of the present
invention alreday mentioned in passing is greatly reduced
susceptibility to accidental firing due to R.F. fields. Such
fields may arise from nearby equipment as frequently hap-
pens in missile or rocket systems, from chance external
source, or from incidence of radar or other beams of R.F.
energy.

Exposure to such fields may actually cause the initiator
to function inadvertently, or by heating, cause deteriora-
tion of the initiator itself, the surrounding explosive or
of thermal contact between the two.

The device of the present invention, by reason of its
relatively large mass compared to fine wires or graphite
films, and its intimate thermal contact with its insulator
bases, is able to withstand the influence of currents in-
duced by comparatively energetic R.F. fields without be-
ing activated or deteriorated. Nevertheless, the device
can be reliably activated using the usual charged con-
denser as a source of triggering energy.

In connection with rockets, fuses carried by the rocket
must withstand high accelerating forces without damage.
As will be explained hereinafter, the device of this in-
vention is well adapted for such service.

There are several types of initiators in current use,
typical of which are the following:

(a) Resistance wire

(b) Exploding bridgewire

(¢) Spark-gap bridge

(d) Conductive explosive mix bridge.

The device of the present invention overcomes certain
deficiencies of the aforementioned types, and additionally
has a number of advantages detailed hereinafter.

The resistance wire device comprises an extremely fine
filament stretched between terminal posts. The fine fila-
ment 1S fragile and subject to breakage in assembly and
during the loading of the explosive which should be
packed tightly against the initiator. The conductive plastic
element of this invention is rigidly mounted on a sup-
porting base and cannot be dislodged or broken during
the explosive loading operation.

The exploding bridgewire and spark gap bridges re-
quire high power inputs which in turn necessitates large
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such power supplies can prevent their use. On the other
hand the conductive plastic device of this invention can
handle relatively large amounts of power without initiat-
ing detonation of the explosive and yet can be fired with
a power input of the order of but 10,000 to 20,000 ergs.

The conductive explosive mix utilizes a mixture of
metal or conductive carbon and explosives with or with-
out resin binder. Such devices must be manufactured in
special plants like any other explosive product. The pres-
ent device can be made under ordinary non-hazardous
conditions. In the conductive explosive mix any discon-
tinuity is a potential explosion hazard from stray cur-
rents. The present invention does not rely on the presence
of explosives in the resistive composition.

A particular feature of the invention is the low power
requirement for firing the device.

These and other features, objects and advantages of
the invention will, in part, be pointed out with particu-
larity and will, in part, become obvious from the follow-
ing more detailed description of the invention, taken in
conjunction with the accompanying drawing, which forms
an integral part thereof.

In the drawing:

FIG. 1 is a plan view of the electrical initiator of this
invention.

FIG. 2 is an elevation view, partly in section, of the
clectrical initiator of this invention.

FIG. 3 discloses various stages of a molding process
wherein:

Step 1 is comprised of a plan view and a side ¢leva-
tional view partly broken away;

Step 2 is comprised of a plan view and a side eleva-
tional view partly broken away; and

Step 3 is a side elevational view partly broken away.

FIG. 4 is a vertical cross-section of a complete electro-
explosive device employing the electrical initiator of this
invention.

FIG. 5A 1s a plan view of an alternative initiator
construction.

FIG. 5B is a section taken in elevation along lines
SB—5B of FIG. 5A.

FIG. 6 discloses various stages of an alternative mold-
ing process wherein:

Step 1 1s comprised of a plan view and a partial eleva-
tional view of the mold force showing an electrically con-
ductive coating applied thereto.

Step 2 is comprised of a plan view and a partial eleva-
tional view of the mold force of Step 1 with a further
deposit of conductive plastic,

Step 3 1s comprised of a plan view and a partial eleva-
tional view of the mold force of Steps 1 and 2 with a
further deposit of an electrically conductive coating.

Step 4 is a cross-section taken in elevation of a pre-

form of compacted plastic molding powder showing
terminal pin inserts.

Step 5 1s a cross-section taken in elevation of a mold
assembly.

FIG. 7 1s a plan view of an initiator device.

FIG. 8 1s a section taken in elevation along line 8—8
of FIG. 7.

Referring now to FIGS. 1 and 2, there is shown a sup-
porting insulator plastic base 10, provided with conductive
leads 12 extending through the insulator base and making
connection with silver terminal member 14. Extending be-
tween the terminal members 14 and in electrical contact
therewith is a conductive plastic member 16 having a
resistance in the range of 0.2 to 10 ohms. The plastic
base 10 has a diameter of about ¥4” and the conductive
plastic member 16 is from 0.030” to 0.060"” in width
and about 0.020" to 0.030" deep.

The device may be made as follows:
STEP 1

A simple cylindrical mold member 20 is employed for

power supplies. In space vehicles, the size and weight of 75 molding the supporting base 10. Member 20 is con-
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veniently formed out of %4 inch pin stock, and is provided
with a radial groove 22 extending across the face. A
slurry of finely divided silver, preferably in flake form,
with a minor proportion of binder, is then applied to
form a silver coating 14a on area 24 and 24°, each area
including a portion of the groove 22, but separated from

each other by a gap 23 which is from 0.02 inch to 0.100

inch wide,
STEP 2

The groove is now filled with a conductive plastic 16
of the common dispersion type or of the type disclosed
in U.S. Patents No. 2,761,854 and No. 2,683,699, thereby
filling the groove including the portion which is silver
coated. The conductive plastic, after molding, should
~ have a resistivity greater than 0.05-ohm-centimeter and
preferably between 0.1 and 2.0 ohm-centimeter,

Conductive plastics of the thermoset type, such as
those based on phenolic resins are particularly useful as
being dimensionally stable to moderate heating as may
occur during assembly of the initiator

STEP 3

A second layer 14b of silver is now applied over coat-

ing 14a and allowed to extend onto the ends of the cor-
ductive plastic member 16.

STEP 4

Leads 12 are now inserted in holes 26 and insulator
molding powder 28 added.

STEP 5

The assembly is now comolded under suitable condi-
tions of heat and pressure to provide flow of the plastic.
Leads 12 are now soldered to the silvered layers 14. In
lieu of soldering, other conventional contact making
means may be employed.

It will be appreciated that the particular procedure and
construction just described provides a highly conductive
terminal which completely surrounds the ends of the
conductor. The arrangement is not essential to the func-
tioning of the device but is considered a material im-
provement in that current is allowed to enter the con-
ductor on all sides. Local areas of high current flow
which might induce local overheating at points of com-
paratively high resistance near smaller terminals are
avoided.

Referring now to FIG. 4, where there is shown an

enlarged cross-sectional view of a complete electro-explo-

sive device. The insulator plastic base is secured within
a shell 30 with the conductive plastic initiator 16 disposed
in a mass of high explosive 32. The explosive is retained
within the shell 30 by means of a cap member 34. The
shell 30 is provided with conventional thread means 36
and 38. Thread means 36 is used to secure the detonator
In a casing containing a device to be explosively actuated.
Thread 38 is used to secure the shell of an electrical con-
nector having an insert adapted to mate with terminals 12.

For the purpose of illustrating the preferred method
of electrical ignition, the schematic wiring diagram of
FI1G. 4 shows a condenser 40 connected to the lead in
wires 12 through a switch 42 which in a position A con-
nects the condenser 40 to a source of voltage shown
here by way of example by the battery 44 and in position
B discharges the condenser 40 across the terminals of
the lead in wires 12. The condenser discharge type of
ignition is merely a preferred way insofar as it is well

- suited for exact timing. The high voltage source may be -

connected directly across the fuse terminals and the volt-

age supply may be any suitable source as long as it has

the necessary voltage and current capacity. |
Alternative methods for making the device of the
present Invention exist. Thus, for Instance, the conduc-
tor may be prepared as a small bar-shaped preform or
molding about which the remaining insulator plastic of
the 1nitiator base is molded or cast. The preform may

6

not have conductive terminations applied before the sec-
ond molding operation. In either event contact may be

- made with the ends of the bar by conventional means.
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Again the initiator base may be preformed or molded
with a groove in one flat face having the dimensions of
the desired resistor, Silver slurry may be applied to the
base in substantially the pattern described in the fore-
going example. The conductor is then molded or cast
into the groove.

Still another procedure is to prepare an insulator plas-
tic base, with or without a groove to receive the conduc-
tive plastic insulator; then to apply and cure a silver
lacquer in substantially the pattern previously described:
next, to apply to the base through a suitable mask a suffi-
cient number of layers of conductive paint having the
desired resistivity when dried and cured to build up the
requisite thickness of material (drying each layer as
needed before the mext application); finally, preferably
to apply a second layer of silver lacquer in the terminal
areas and cure the same.

This last mentioned procedure, while producing a
usable initiator is less favored than actual molding oper-
ations as ‘providing less intimate and reliable bonding be-

tween the elements of the structure.

Still other alternate construction procedures will occur
to those skilled in the handling of conductive plastics.

Units made according to the instant invention have
success{ully and consistently withstood the passage of one
ampere of current for ten seconds without overheating or
measurable deterioration, as judged by change in resist-
ance. Such a current affords a generous margin of safety
for continuity tests with any reasonable current in an in-
stalled initiator and represent a very considerable resist-
ance to stray currents or beams of R.F. energy.

It has been found that change in resistance of the con-
ductor is a more sensitive indicator of overheating or im-
pending deterioration of an initiator than visual observa-
tion of heat or other non-numerical observation. A num-
ber of units having conductors 0.020”" long, 0.060" wide
and 0.030” deep were tested with currents of one ampere.
Results were as follows:

o

—

Change in
Initiator No. Resistance, ochms Time, sec. resistance
22 o 0.7 10 0
23 e 1.0 10 0
24 . 1.1 10 0
2D e 0.8 15 0
20 . e 0.9 10 0
27 o 0.8 15 |

Ailter the above tests, the initiators still fired when ex-
posed to condenser discharge as earlier described.

It will be appreciated that the possibility of arranging
the conductor so as to project into the surrounding explo-
sives as in the detailed example herein or so as to be em-
bedded in the insulator base with one face exposed as in
certain of the described alternate procedures provides a
means to adjust with relative ease the rate of heat trans-
fer between conductor and base, and conductor and ex-
plosive, as may be required in any particular initiator
design.

A currently preferred initiator element of this invention
is shown in FIG. 5. This element may be used in a com-
plete device of the type shown in FIG. 4. An electrically
nonconductive but thermally conductive base member 50
1s provided with a pair of spaced wide area, highly con-
ductive contact surfaces 52a, 52b, which are bonded to
terminal pins 54a, 54b, respectively. A conductive plastic
resistance element 56 extends across a portion of the gap.
Optionally, layers of silver 58z and 58b are deposited over
the top of the resistance element 56.
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Typical dimensions for the element are as follows:

D=0.25 in. dia.

W=0.050 to 0.250 1n.

T=0.0028 to .010 in.

H=0.28 1n.

L=0.030 to 0.060 in.

p=1%10—% to 1 X 10! ohm centimeter.

Resistive element dimensions are determined by several
requirements. The rate at which heat 1s generated in the
element by the passage of current under no-fire conditions
(e.g. the one watt military requirement) determines the
length L and the width W. The area, L.W. must be large
enough to transfer this heat at such a rate that the temp-
perature does not exceed the deterioration or explosion
temperature of the primer. In other words the rates of
generation and transfer of energy must be equal at a tem-
perature lower than the said deterioration or explosion

temperature.
The thickness is determined by the desired resistance

of the element and the specific resistivity of the conduc-
tive plastic used. Resistance may be calculated from the
well known expression

_pL
T WT

R

Further the dimensions must be so selected that the ele-
ment will be heated so as to detonate the primer when
the desired amount of energy is put into the initiator from
a4 condenser discharge. It is a surprising and advantageous
property of the conductive plastics that such temperatures
are reached when less energy is suddenly released in it
as from a condenser discharge than would be required to
heat its entire mass to the same temperature.

It will be seen from the above that a particular ad-
vantage of the use of conductive plastics lies in their avail-
ability over a wide range of specific resistivities so that
dimensions and resistivity can be readily suited to a par-
ticular problem.

A thermally conductive electrically nonconductive plas-
tic is essential for the operation of the initiator in the 1
amp-1 watt range. For other types of initiators, insulating
plastics of ordinary thermal properties compatible with
the conductive plastic can be used.

Preferred types of thermally conductive plastic are 25 %
Diallyl isophalate prepolymer-peroxide catalyzed, spray
dried and pulverized with 75% oxidized ajuminum pow-
der for application not requiring resistance to high volt-
age, and 25% of the same resin with 7 5% boron nitride
for applications requiring resistance to high voltage. In-
creased thermal conductivity with some reduction in mold-
ing properties and final strength were achieved with up to
90% oxidized aluminum powder and boron nitride. Con-
versely, insulators, with 10% of the conductive material
yielded insulators having poor thermal conductivity. At
least 50% by weight of the thermally conductive material
should be used so as to provide significant thermal con-
ductivity in excess of a corresponding unmodified resin.

Suitable thermal conductivity additives are those which
are compatible with resin, are chemically stable under
the conditions of use, have an electrical resistivity of
~bout 10¢ ohm cm. or higher and a thermal conductivity
of 0.03 cal./cm./°c./sec. or greater. Boron nitride, beryl-
lium oxide, aluminum oxide and metals having electrical-
ly insulating coatings may be employed. While the beryl-
ium oxide has the desired thermal properties, its use Is
limited by its poisonous character.

The degree of thermal conductivity which would be
used would depend on the geometry of the unit, the na-
ture of the metal or plastic casing and most especially the
size, shape and material of the metal terminal, e.g. silver
terminals give by far the best heat conduction, but brass
terminals are harder and therefore more desirable for
most applications. Silver plated brass 1s a suitable ma-

terial.
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The insulator binder is chosen to be comoldable to the
conductive plastic used for the resistance element. If the
conductive plastic is phenolic based then a phenolic type
insulator resin should be employed.

Other suitable resins for use in the conductive plastic
and electrical insulator plastics are:

Thermosetting resins:
Phenolics
Alkyds
Epoxy (high heat distortion types)
Silicones
Polyurethane
Thermoplastic resins: B |
Tetrofluorethane polymers, such as Teflon and Halon;
Copolymer of above with hexafluoropropylene
(Teflon TFE)
Polyamids (nylon)
Polyacetals (Delrin)
Polycarbonates (Lexan)
Polychlorotrifluorethane (Kel-F)
Polyaromatic systems:
Polyamides (Du Pont H)
(Monsanto Skyguard 700)
Polyamide-amides (Amoco Al 10)
Polybenzimide-azole (Narmco imidite)

The decomposition temperature of the resin should not
be less than the ignition temperature of the primary ex-
plosives.

The method of making the element is shown in FIG. 6.

Step 1: A layer of silver powder 62, about 0.005 1n.
thick is applied to the face of a mold force 64 through a
suitable mask to provide a pattern as shown.

Step 2: A layer of conductive plastic 66 is applied
through a mask across the spaced silver regions.

Step 3 (optional): A second layer of silver 68 is
applied in the same pattern as layer 62.

Step 4: A preform of thermally conductive electrically
non-conductive plastic is made by simple compression of
molding powder to the point where a cohesive compact
70 is formed. Terminals 72 are inserted in holes 74 pro-
vided in the body.

Step 5: The coated force from Step 3 is inserted in
collar 76, the compact of Step 4 inserted, and an upper
mold force 78 added to the assembly. Sufficient heat and
pressure for the molding resins employed are used to mold
the element.

Typical examples of devices using an electrical insula-
tion plastic containing 75% by weight of boron nitride
follow:

Example:
Parameters of resistive path—
L=33x10-3 in.
W=0.24 in.
ThT=2.6%10-3 1n,
p=2.% 10—2 ohm in.
No fire test—
Explosive—lead azide
Current 1 amp passed=1 watt for 15 minutes
Contact area=38 X 103 sq. in.
Power dissipation=125 watts/sq. in.
Result—Explosive not detonated
All fire test—
Discharge of a 22 uf, condenser charged to 200
volts
Energy input=4.4 X 10-¢ ergs.
Result—Explosive detonated
Example:
Parameters of resistive path—
L=0.034 in.
W=0.016 in.
T=0.0005 1n.
p=2.4 X 10—% ohm in.
R=1 ohm
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Example:

No fire test—
Explosive—lead azide
Current 1 amp—1 watt for 5 minutes
Area=55X 1075 sq. in.
Result—Explosive did not detonate

All fire test—
A 1 uf. condenser charged to 67 volts was dis-
. charged into the device.
Energy input—22,500 ergs.
Result—Explosive detonated.

In FIGS. 7 and 8 there is disclosed an embodiment
particularly suited for devices meeting low all-fire energy
requirements. Such devices require small, light and gen-
erally simple power supplies. There is a great need for
such devices which will operate reliably with power inputs
of less than 40,000 ergs. and preferably about 10,000 ergs.
It should be recognized that such low all-fire requirement
is at variance with the no-fire concept. For some critical
application there is a no-fire requirement that the device
handle 1 watt of power for a five minute period without
a Tise in temperature in excess of 190° C. This provides
a substantial safety factor when an initiator explosive is
used, such as lead azide, which requires a temperature of
390° C. for explosion. The special device is comprised of
a thermally conductive, electrically non-conductive filled
plastic base 80 provided with metal contact areas 81 and
82 bonded to terminal pins 83 and 84. This may be done
by following the procedures set forth in FIG. 6, tem-
porarily omitting Steps 2 and 3. Then the resulting molded
base 1s coated with conductive plastic through a slik
screen to provide a pattern interrupted by holes 85. This
corresponds to Step 2 of FIG. 6. The conductive plastic
may be laid down from a dispersion. Conductive plastic
dispersions are commercially available. At this point an
additional layer of silver may be added as in Step 3 of
FIG. 6. This layer is optional.

This additional layer is preferably added after the con-
ductive plastic layer has had an opportunity to at least set.
If the conductive plastic resin forms a tight bond with
plastic base member molding Step 5 of FIG. 6 may be
dispensed with.

The preferred procedure is to comold the structure to
provide maximum heat transfer from the initiator ele-
ment to the base and then to the case and terminals for
ultimate discharge to the equipment in which it is installed.

The configuration of FIGS. 7 and 8 employs an ele-
ment in the range between 0.0002 and 0.0020 in. thick and
which is spread out over a large area for effective heat
dissipation. The openings permit the maintaining of a de-
sired ohmic resistance from terminal-to-terminal without
making the element so thin that reproducibility and reli-
ability becomes problematical.

While the element is shown as having round holes, other
shapes may be provided. In fact, parallel rectangular or
even super-fine slots may be provided so that in effect a
multiplicity of parallel thin conductive strips result ex-
tending from terminal-to-terminal.

In one device there was employed a conductive plastic

comprising:

Parts by weight
Diallyl isophthalate resin o __ 1
Silver powder — .o 2
Acetylene black o 1

The resin was laid down in the pattern shown in FIG.
7, having the following dimensions:

I'=0.5X10-3 in.

W=0.24 in.
L=0.043 1n.
R=—0.4 ohm

Holes 34 at 0.01 inch diameter
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15

20

20

a0

39

40

45

2()

a9

60

65

70
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Calculations show that 2,400 ergs would raise the tem-

perature of this mass of conductive plastic 1° C. In one
test 22,000 ergs were put into the conductive plastic by
means of a capacitor discharge. While this should have
resulted in a mere 9.2° rise in temperature, it was found
that a complete breakdown of the resin occurred along a
line transverse to the direction of current flow. Since
the resin used requires a temperature in excess of 400°
C. for decomposition it will be appreciated that the tem-
perature present was indeed sufficient to detonate an ex-
plosive such as lead styphnate which has an explosion
temperature of 282° C., Actual tests with lead azide
(explosion temperature 390° C.) established that the
same initiators would explode the lead azide. .

~ This extremely low energy requirement for firing is
surprising in view of the energy requirements of other
systems. _

The term “highly conductive leads,” as used herein, 1s

intended to encompass leads of negligible resistance com-
pared to the resistance of the fuse. Thus a copper hook-
up wire, as conventionally employed in electronic devices,
is regarded as being a highly conductive lead.

- There has been disclosed heretofore the best cmbod_i—
ment of the invention presently contemplated and 1t 18
to be understood that various changes and modifications
may be made by those skilled in the art without departing
from the spirit of the invention.

What is claimed 1is:

1. The method of making an initiator comprising the

steps of:

(a) compressing an electrically non-conductive mold-
ing composition into a compact having metal ter-
minal pins disposed therein;

(b) coating a mold force with discrete areas of metal
powder;

(c) depositing a layer of conductive plastic on said
mold force extending between said discrete areas of
metal powder and overlapping at least portions
thereof;

(d) coating two spaced areas of said conductive plastic
with metal powder; and

(e) placing said compact proximate said mold force
in a mold with the terminal pins in juxtaposition
with the metal powder areas and applying sufficient
heat and pressure t0 mold said molding composition.

2. The method of making an iniator comprising the

steps of:

(a) compressing an electrically non-conductive mold-
ing composition into a compact having metal ter-
minal pins disposed therein;

(b) coating a mold force with discrete areas of silver
powder;

(¢) depositing a layer of conductive plastic on said
mold force extending between said discrete areas of
silver powder and overlapping at least portions
thereof;

(d) coating two spaced areas of said conductive plastic
with silver powder; and

(e) placing said compact proximate said mold force
in a meold with the terminal pins in juxtaposition
with the silver powder areas and applying sufficient
heat and pressure to mold said molding composition.
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