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_ The present invention relates to electric squibs
and to improved ignition compositions for the
same. It has particular application to means
for the prevention of misfires when squibs are
fired in series.
_ As is well known, electric squibs are employed
in igniting deflagrating explosive compositions,
for example ‘black powder, where the nature of
the explosive is such that it is desirable to effect
initiation by means of a flame rather than by a
detonator, as is the case with dynamites and
other high explosives. It is common to employ
electric current for firing the squibs.

The electric squibs known to the art generally
consist cf a shell or tube of metal or other mate-
rial, a deflagrating explosive charge enclosed
therein, and an electrical firing element. The
latter element is desirably formed by passing two
leg wires through a mass of insulating material
which closes the shell, and joining the ends of
The joinder is ef-
fected by means of a highly resistant connect-

" ing wire which is heated to incandescence with
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the - passage of electric current therethrough.
This bridge wire is imbedded in. the ignition
charge so that the passage of current through
the circuit causes the charge to deflagrate.
When the squib is fired thus; the flime plays
upon the explosive charge to be ignited.

Delay electric squibs differ “rom the ordinary
electric squibs in that the firing element is sep-
arated from the chief deflagrating charge by a
column of material having a uniform rate of
combustion, and serving as a . delay element.

Electric squibs and delay electric squibs may be -

either vented to provide an escape for gases, or
ventless to keep out moisture. ~ -

" The ignition composition for electric squibs
should possess low and uniform firing current
properties, and the ability to develop, on com-
bustion, a hot flame of considerable duration,
especially when wet working conditions prevail.
‘While many ignition compositions possess one or
the other of these necessary properties, it is a
fact well recognized in the art that a few are
available which have both of these characteris-
tics to the desired degree. In addition, the igni-
tion compositions in present use, which even ap-
proximate ‘the type desired, exhibit properties
which lead to further difficulty. It is generally
true that compositions which furnish the de-

sirable hot flame of considerable duration are

" relatively slow in initiation. This property re-
sults in numerous misfires, when squibs charged
with such compositions are fired In series.

(CL 102--10)

The object of the present invention is a new
and improved electric squib. - An additional ob-
ject -is a new and improved electric squib such
that difficulties in series firing are obviated. A
further object is an. electric squib containing a 5
slow ignition charge, which may be satisfactorily
fired in series. Another object is an eleetric squib-
containing an improved bridge wire such that
misfires in series are prevented. Further objects
will be apparent as the invention is hereinafter 10
described. o o .

‘We have discovered that misfires in series may
be practically eliminated by selecting a bridge
wire so characterized that the time required for
fusion thereof is sufficiently greater than the g
period of initiation of the charge that certainty

- of firing in series is assured.

A possible explanation of the mechanism caus-
ing misfires when squibs are shot in series, is that
the circuit is broken before all the ignition 20
charges therein have been initiated. On first .
consideration it might appear that if a squib:
would fire alone it would likewise fire in series.
However, this is not the case. Certain irregu-
larities invariably occur in the large scale manu- 23
facture of squibs. It is impossible to maintain
an absolute uniformity in the compositions and
amounts of materials employed. As a result cer- .
tain very minute variations occur in the compo- .
sition and structure*of the bridge wire, and like- 30

" wise in the composition of the ignition charge.
Due to such variations, some bridge wires;, sup-
posedly uniform, will fuse after a shorter period
of application of the current than the average
wire. Some of the ignition charges will require 35
longer than the average time to initiate, due to
variation or segregation of the components
therein. If such a defective wire happens to be
introduced into the same squib with such an ir-
regular charge, the squib might misfire even if 40
shot alone. But if such a wire occurs in one
squib of a_group connected in series, and such a
charge be present in one or more squibs in the
series, misfires may occur in the squibs having 45
the irregular charges, whether or not any mis-
fire occurs in the squib having the defective wire.
The effect of firing in series is to combine the,
effect of an imperfect bridge wire with that of
the irregular charge. As soon as the fastest gg
bridge wire of the series burns through, the cir-
cuit is broken, and any charge in the serles,
which has not had time to be initiated, will re-
sult in & misfire. Naturally such a difficulty will
be present chiefly in squibs which employ igni- 55
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tion mixtures which are inherently slow in ini-
tiation.
‘We have discovered that, by selecting a bridge

wire which is slow to fuse, slow ignition charges:
- desirable for their other qualities may be satis-

factorily fired in series without the usual mis-
fires. We prefer to employ for this purpose a
wire made from an alloy of nickel and chromium,
and having a diameter of approximately 0.00225
inch, Although this type of wire is satisfactory
for any squib, it solves the specific problem of
the squib which contains an ignition charge
capable of initiation by electrical means but
which undergoes initiation so slowly that mis-
fires occur when such charges are fired in series.
We prefer to employ the bridge wire of our in-
vention in conjunction with what .we shall desig-
nate as the “slow ignition charge.” In order to
avoid repetition and preserve clarity, the term

“slow ignition charge,” as used in the specifica~ -

tion and claims of this application, is hereby de-
fined to mean, “an ignition charge capable of
initiation by means of a standard 809% plati-

num, 20% iridium bridge wire having a diam- -

eter of 0.0015 inch, but which undergoes initia-
tion so slowly that misfires occur when such
charges are fired)in ser1es by means: of such
wire.”

We have found that the use of a bridge wire
which is slow to fuse is particularly advantageous
when employed in a squib having our preferred
ignition charge comprising a loose blend of ground
smokeless powder and black powder. We make
no claim to the use of this charge in squibs gen-
erally herein, but such is claimed in the copend-
ing application, Serial No. 111,583, filed Novem-

ber 19, 1936, which application has now matured -

into Patent 2,118,533. A blend of approximately

40% black powder and 60% ground smokeless

powder may be used to illustrate the properties
of the improved ignition composition. Such a
composition is desirable in view of its standard-
ized firing current of about 0.330 ampere, high
rate of deflagration once it has been initiated,
and its hot flame of long duration. - When com-
bined with the bridge wire of the present in-
vention, charges of this composition may be fired
satisfactorily in series. In addition to the fore-
going, it has been found advantageous to employ
said bridge wire in squibs containing any suit-
able slow ignition mixture, and especially desir-
able with such loose charges as blends of ground
smokeless powder and an oxidizing agent, or
ground smokeless powder, an oxidizing agent and
at least one finely divided metal. As examples of
metals, the following are suitable: aluminum, tel-

-lurium, selenium, zirconium, magnesium and the

like. Sulfur or calcium silicide may be substituted

for the metals in the foregoing, if desired. Any-

suitable oxidizing agent may be employed, such as
potassium chlorate, potassium nitrate, barium
nitrate, and barium peroxide. No claim is made
herein to the use of the foregoing compositions
as ignition agents in squibs generally, but such
is claimed in copending application, Semal No.
111,582 filed November 19, 1936.

In order to describe our invention more clear-

- 1y, we-shall refer to the attached drawing, which

70

is a view in vertical cross section of an electric
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squib. The humeral [ represents a shell of any
suitable material such as metal, for example; cop-
per, aluminum or the like. At the bottom of the
shell is placed a base charge 2 of black powder,
suitably pressed into the shell. This is covered
by a loose slow ignition charge 3. The leg wires
4 are held in position by the plug 5, and are
joined by the bridge wire 6, comprising an alloy
of 80% nickel and 20% chromium, having a di-
ameter of 0.00225 inch. The squib is closed by
means of a waterproofing composition 1, and'a
sulfur seal 8. ‘

It is to be understood that the foregoirg em-
bodiment is cited by way of illustration only, and
is not to be construed as limiting our invention in
any way. While we prefer to employ a squib of
the ventless type, the principles of the invention
apply equally well to the vented type. Although
the ordinary electric squib is depicted, our in-
vention is satisfactorily applied to the delay
electric squibs, as described in the foregoing.

As many widely different -embodiments of this
invention may be made, we intend to be hrmted
only by the following claims.

We claim:

1. An electric squib compnsmg a metal shell, a

slow ignition charge selected from the group con-
sisting of charges comprising smokeless powder
and an oxidizing agent, charges comprising

.smokeless powder, an oxidizing agent, and a mef-

al, and charges comprising ground smokeless
powder and a black powder, and a bridge wire

- comprising an alloy of nickel and chromium hav-

ing a diameter of at least approximately 0.00225
inch, whereby certainty of firing is assured un-
der conditions prevailing in series firing.
. 2, An electric squib especially adapted for se-
ries firing comprising a bridge wire and a
slow ignition charge, said bridge wire being se-
lected for its cooperation with said ignition
charge, said ignition charge being characterized
by & period of initiation at least equal to that of
a standard blend of 40% black powder and 60%
ground smokeless powder when the latter is fired
with a current of 0.330 ampere throygh a standard
80% platinum, 20% iridium bridge wire having
a diameter of 0.0015 inch, and said selected bridge
wire being characterized by a rupture time sub-
stantially in excess of the aforesaid period of
initiation of said charge. '

3. The electric squib of claim 2 wherein said
selected bridge wire comprises an alloy of approx-

" imately 80% nickel and 20% chromlum having a
.diameter of 0.00225 inch.

4. The electric squib of claim 2, wherein the
loose ignition charge comprises a solid aliphatic
nitric ester. :

5. The electric squib of claim 2, wherem the
loose ignition charge comprises ground smokeless
powder and black powder.

6. The electric squid of claim 2, wherein the
loose ignition charge comprises ground smoke-

" tless powder and an oxidizing agent.

7. The electric squib of claim 2, wherein the
loose ignition charge comprises ground smokeless
powder, an ox1dlz1ng agent and a metal. ~

LAWTON A. BURROWS.
CARL B. VAN WINTER.
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