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This invention relates to devices for igniting thermally 
decomposable gas-generating charges. More specifically, 
it is related to electrical igniters for igniting gas-gen 
erating charges in which the igniter is repeatedly utilized. 
The various types of electrical igniters heretofore uti 

lized in the explosives art have been of the perishable type. 
That is, for the most part, they have been "one-shot' de 
vices which are usually destroyed or consumed with the 
explosive that they were employed to initiate. However, 
with the advent of blasting methods which employ re 
utilizable apparatus such as pressure-resistant tubes and 
pressure-resistant drills in conjunction with thermally de 
composable gas-generating charges, the requirements of 
electrical igniters take on an entirely different aspect. 
Such electrical igniters must then be re-utilizable, capable 
of repeatedly resisting extremely high pressures and tem 
peratures, and must possess outstanding characteristics in 
respect to safety, reliability and longevity. 
A primary object of the present invention is to provide 

devices meeting the aforesaid requirements. Other cb 
jects of the invention will appear hereinafter, the novel 
features and combinations being set forth in the appended 
claims. 

Generally described, the present invention comprises 
an electrical igniter for a gas-producing cartridge espe 
cially adapted for penetration of the cartridge and re 
peated utilization having in combination support means, 
a pair of spaced longitudinal conductive members, each 
of which has one end extending through the support 
means to form a pair of electrical terminals and each of 
which has the other end pointed and inwardly bent in 
close spaced relationship to each other, and heating means 
bridging the conductive members near the inner point of 
transition of the inwardly bent portion of each conductive 
member. 
A preferred embodiment of the invention has been 

chosen for purposes of illustration and description and 
is shown in the accompanying drawing wherein reference 
symbols refer to like parts wherever they occur. 

FIG. 1 is a part sectional, part elevational view of ap 
paratus utilizing igniter means according to the invention. 

FIG. 2 is an enlarged, fragmentary, part sectional, part 
elevational view of igniter means constructed in accord 
ance with the invention; and 

F.C. 3 is a plan view of the igniter depicted in FIG. 2. 
in FIG. 1, support members , forming a part of an 

automatic blasting apparatus, are rigidly Secured to a 
cylindrical combustion chamber 2 having an aft or feed 
end for ingress of thermally decomposable cartridges con 
taining gas-producing composition and a forward end of 
reduced diameter for the egress of pressurized gas. 
Threadedly secured to the combustion chamber 2 is a re 
tainer ring 3 which in turn compressively secures a head 
insert ring 4 between the ring 3 and the chamber 2 with 
an O ring-Seal 2rs providing a gas-Seal therebetween. A 
reciprocating firing head 5 slides into the head insert ring 
4 and is gas-sealed by an O ring-seal 5rs. The firing head 
5 is provided with a rigid, bifurcated electrical igniter 6 
which is secured to the firing head by a retainer nut 7 
which is threaded into the firing head. A compression 
assembly is then provided by insulated washer 8, socket 
connector 9, and spacers 19 each side of Teflon seal 1. 
This compression assembly with the seal 11 interposed 
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between the spacers or rigid compression elements 10 pre 
vents any “blow-back' of high pressure gas through the 
ignition system since the retainer nut 7 is utilized to im 
part considerable precompression on the assembly to in 
sure that the Teflon seal is sufficiently tight about the lead 
wires and is firmly seated to withstand the pressures gen 
erated in the combustion chamber. Although Teflon, 
which is a polytetrafluoroethylene resin, is preferred as the 
seal material, other resins and compressible sealing ma 
terials which are suitable for high temperature and high 
pressure service may be used. A compression spring 2 
has one end secured to the retainer nut 7 and its other 
end provided with a thrust washer 53. The spring in its 
fully extended position extends to approximately the point 
of the igniter 6. 

In operation of the device, it will be understood, of 
course, that the firing head 5 and the assembly affixed 
thereto retract into an automatic feed chamber (not 
shown) whereupon the points of the igniter 6 and the 
thrust washer 3 engage a cartridge 4 and push it for 
ward to engage a thrust seat 5, which in turn Supports a 
shear ring 16. The thrust seat 5 is gas-sealed to the 
combustion chamber 2 by an O ring-Seal 15rs. A car 
?tridge guide 7 affixed to the head insert ring 4 insures 
that the cartridge is guided to properly engage the shear 
ring 16. The cartridge 4 comprises a paper shell 18, a 
heat-resistant rupturable closure element 19 affixed to its 
forward end, a main gas-producing charge 20, a primer 
charge 21, and a penetrable fluted end crimp A8c for clos 
ing its aft or ignition end. When the cartridge 4 is oper 
atively positioned in the combustion chamber 2, the rigid 
electrical igniter 6 has been forced through the penetrable 
fluted end crimp 18c into the cartridge and has penetrated 
the cartridge to a depth of about 14 inches. The firing 
head 5 is then locked by suitable means (not shown) and 
the device is ready for firing. Electric firing current is 
then delivered via lead wires 22 and 23 to the rigid elec 
trical igniter 6 which ignites the ignition of priming charge 
23 which in turn ignites the main gas-producing charge 23. 
This results in a self-sustained decomposition of the car 
tridge including its shell and when the resulting high pres 
sure gases reach a predetermined pressure, the rupturable 
closure element 9 ruptures and disintegrates with sudden 
release of the gases from the combustion chamber 2 via 
a discharge orifice 24 to perform useful work, particularly 
in conjunction with blasting apparatus such as that dis 
closed in copending application of Robert W. Lawrence 
and Robert J. Shiel, Serial No. 783,867, filed Decem 
ber 30, 1958 and now Patent No. 3,055,648. 

Referring to FIGS. 2 and 3, it will be noted that the 
igniter 6 is the igniter depicted in FIG. 1 which will now 
be described in detail. The igniter 6 has a stainless 
steel support member 30. A pair of stainless steel spaced 
longitudinal conductive members 31 and 32, respectively, 
extends through the Support member 36. One end cf 
each of the longitudinal conductive members was thread 
ed and utilized as a terminal as represented by 33 and 
34, respectively. Insulating sleeves 35 and 36 were 
provided through the support nember 33 to insulate the 
conductive members 31 and 32 therefrom. Fanges 37 
and 38 integral with conductive members 31 and 32, re 
Spectively, Were provided to engage compatible flanges on 
the insulating sleeves 35 and 36. A thick insulating 
member 39 was provided within the support member 30 
with the conductive members 38 and 32 extending there 
through. A nut and washer combination 40 and 42 was 
provided with the nuts thereof engaging the threaded 
portions 33 and 34, respectively, of conductive members 
31 and 32. This assembly provided a rigid construction 
upon tightly securing the nuts whereupon the insulating 
sleeves 35 and 36 and the insulating member 39 were 
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precompressed to form a seal resistant to high pressure 
gas as generated on the ingress side of the igniter. 
The ingress end of conductive members 31 and 32 was 

formed by pointing and inwardly bending each of the 
members as represented by 42 and 43, respectively, so 
that the ends thereof were in close spaced relationship. 
Additionally, the facing surfaces 44 and 45 of conduc 
tive members 31 and 32, respectively, were finished to 
provide a parallel surface. A heating element 46 was 
provided to bridge the conductive members 3i and 32 
near the inner point of transition of the inwardly bent 
portion of each conductive member. The heating ele 
ment extended through the members and was finished 
flush with the outer surfaces thereof. The Support mem 
ber 30 was approximately 1/2 inches in diameter and 
1 inch high. The conductive members 3 and 32 were 
each approximately 346 inch in diameter and extended 
from the support member 36 about 4 inches to give a 
penetration of about 1/4 inches within the cartridge as 
heretofore described. The heating element 46 was made 
of Nichrome V, which consists of 80% nickel and 20% 
chromium, and had a diameter of about 0.040 inch and 
was positioned near the transition point of the inwardly 
bent portion of the conductive members 3 and 32 which 
was about 34 inch from the ends thereof. The spacing 
between the ends of the conductive members 31 and 
32 was about 332 inch and the parallel facing surfaces 
44 and 45 extended about 346 inch. 

With reference to the foregoing, it will be appreciated 
that although the invention has been described with ref 
erence to stainless steel as a preferred material for the 
support member and the conductive members, other high 
temperature-resistant materials of construction may be 
utilized. For example, the support means may be made 
of nonconductive material such as resins or ceramics 
whereby it is unnecessary to insulate the conductive mern 
bers therefrom. Similarly, although Nichrome V is dis 
closed as a preferred material for the heating means, 
other nickel-chromium alloys and other resistance mate 
rials may be used. 
With reference to the igniter heretofore described, it 

will be appreciated that the igniter is capable of penetrat 
ing hard cartridge casings with hard interior substances 
as well as soft cartridge casings with soft interior sub 
stances or any combination thereof. It will be further 
appreciated that the igniter of this invention affords posi 
tive ignition when utilized with particulate or discrete 
packed explosive charges since the design prevents the 
formation of "hollows' about the resistance element. 
Still further, although the invention has been described 
in conjunction with automatic operation wherein the 
reciprocating firing head pushes the cartridge into the 
combustion chamber and is suitably locked without rota 
tive movement, the igniter is particularly adapted for 
rotative movement in conjunction with discrete charges 
wherein it is desired to use a rotative breech-lock or the 
like. 
An example of operation of the invention is given for 

firing a gas-generating device in accordance with the in 
vention wherein the device in conjunction with the igniter 
of this invention is especially adapted and safe for coal 
mining as will be evident by the following. A primer 
charge essentially consisting of 42 grams of Smokeless 
powder composition was packed into a flame-retardant 
paper container. The charge was ignited with a non 
flaming initiator and did not flame in the atmosphere and 
would not ignite an explosive mixture of methane and 
air. The composition was as follows: 
Nitroglycerin---------------------- 15%? 
Nitrocellulose---------------------- 20%. 
Nitroguanidine--------------------- 51%. 
Cellulose acetate------------------- 7%? 
Ethyl centralite-------------------- 7%. 

10 

20 

30 

40 

45 

50 

55 

60 

70 

4 
Calculated flame temp-------------- 2330 K. 
Particle size----------------------- 0.053 diameter 

x 0.09' long. 
The above composition also would not ignite or detonate 
when subjected to impact from 30.06 or 0.22 caliber hol 
lowpoint bullets, or #8 electric blasting caps, or 100 
pound weight dropped from a height of 10 feet on a steel 
plate, or standard friction pendulum tests with steel shoe 
and anvil. Compositions of this type were then charged 
into cartridges as the primer charge in conjunction with 
a main charge of the following composition: 

Percent 
Ammonium nitrate-------------------------- 49.0 
Magnesium nitrate hexahydrate--------------- 34.0 
Wood four--------------------------------- 17.0 

100.0 

Main charge Weight.------------------grams-- 360 
These cartridges were initated as hereinbefore described 
in a combustion chamber having a volume of 156 cubic 
inches resulting in an average time of 4 seconds to rupture 
the rupturable closure after application of current was 
applied to the igniter. The current applied averaged 24 
amperes at 12 volts for approximately 2/2 seconds. The 
average gas pressure generated was from about 8,000 
to about 16,000 pounds per square inch which demon 
strated that the igniter of the present invention was suit 
able for use in conjunction with pressure-resistant tubes 
or pressure-resistant drills or other cutting devices for 
the blasting of coal. Utilization of the invention in 
actual mine tests verified the suitability demonstrated b' 
the above example, 
From the foregoing, it is evident that there are Several 

factors which will influence the choice of materials to be 
used in combination for the most satisfactory operation 
for the igniters of this invention. For example, the shell 
may be of any suitable material such as paper, plastic sheet 
ing, cardboard or the like and should be nonflammable 
or be made nonflammable by appropriate coating or other 
treatment. However, the shell should be thermally de 
composable and substantially completely consumed dur 
ing decomposition of the main charge wherein the decom 
position of the shell is essentially a combustion supported 
by oxygen from the main charge. The penetrable, non 
conductive closure for the shell may be the conventional 
fluted crimp or the shotgun type crimp, or the like, and 
should be reasonably soft to accommodate penetration of 
the igniter. The fluted crimp is preferred since it is nor 
mally formed with a small central opening permitting 
easy ingress of the igniter into the cartridge. The car 
tridge should, of course, be moistureproof using suitable 
shell materials, coatings, or seals where necessary, inas 
much as ammonium nitrate which is the principal con 
stituent of the main charge is hygroscopic. The ruptur 
able closure for the cartridge may be made of any heat 
resistant, frangible material of desired strength consistent 
with the release of the pressurized gas at a pressure ade 
quate for performing predetermined useful work such as 
the breaking of coal or other hard material. The shape 
of the rupturable end closure or shear disc may be varied 
considerably, the important thing being that it serve to 
form a gas-tight seal for the combustion chamber during 
generation of gas and thereafter rupture at a desired pres 
Sure. A partial hemispherical shape is preferred as shown 
in the drawing since it readily disintegrates into small 
particles and is easily fabricated and affixed to the car 
tridge as by force-fitting, adhesive-sealing and the like. 
The preferred materials of construction for the rupturable 
closure are materials such as fiber or plastic which are 
nonsparking as the disintegrated particles of the closure 
Strike the vent openings of a blasting tube, blasting drillor 
other metallic implement utilized for the high pressure 
work. It will be appreciated from the foregoing that the 
igniter or heating means of the invention is reciprocable 

  




