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This invention relates to a cartridge actuated device 
and, more particularly, to a cartridge actuated device 
employing an explosive cartridge which engages and 
moves a piston through a ?xed stroke. 
A cartridge actuated device is a packaged unit for 

operating valves, cutting and splicing cable, actuating 
linkages, propelling masses, disconnecting components, 
initiating sequential operations, etc. In cartridge actu 
ated devices of the class described, these mechanical 
functions are performed by properly utilizing the gas pres 
sure produced by an explosive cartridge to move a piston. 
When cartridge actuated ‘devices of the class described 
are to be used in installations where there is danger of 
?re or explosion, it is essential that the propellant residue 
be contained in some manner. It has been customary 
in the past to make the casing for the cartridge in the 
form of a flexible bellows so that the propellant residue 
will be contained therein. When the powder charge of 
the cartridge is exploded, the pressure produced by the 
propellant gases acts inferior to the bellows to expand the 
same. By carefully calculating the powder charge, it 
is possible to produce full expansion of the bellows with 
out effecting rupture thereof. However, ?exible bellows 
are somewhat di?’icult to manufacture thus ‘adding to the 
cost of such cartridges. In addition, it has been found 
that unless the bellows are con?ned within a cylindrical 
hole throughout the range of expansion, the full force 
of the propellant gases cannot be effectively utilized. 
Thus, without the guiding walls, the bellows generally 
expand along a curved line instead of a straight line with 
the result that the length of stroke achieved by the piston 
will be short of that desired. 
Many e?orts have been made to contribute a cartridge 

for a cartridge actuated device of the class described in 
which entirely containing the propellant residue internal 
to the cartridge does not hinder maintaining a uniform 
stroke length, but so far ‘as is known, no successful car 
tridge for a cartridge actuated device of the class de 
scribed has yet been contributed to the art, and the prob 
lems here outlined remain unsolved. It is an object of 
this invention, therefore, to contribute a cartridge for a 
cartridge actuated device of the class descibed, and en 
tirely containing the propellant residue within the car 
tridge, in which a straight line stroke of constant length 
is obtained without the necessity for providing guide 
walls on the cartridge actuated device. 
As a feature of this invention whereby the objects 

thereof are attained, the part of the cartridge casing ad 
jacent the piston extends forwardly theretoward, and has 
at its extremity a rearwardly extending cup-shaped inner 
depression, the ‘bottom of which constitutes a ‘face upon 
which the piston is engageable. The depth of the cup 
is approximately one-half the length of the piston stroke 
desired, and the diameter is such as to make the substan 
tially parallel rearwardly extending tube walls lie sub 
stantially adjacent to the forwardly directed mutually 
substantially .parallel tube walls. When the powder 
charge is expoded, the pressure of the propellant gases re 
verse forms the material of the casing thereby turning 
the cup inside out, but does not rupture the material. By 
allowing the forwardly extending portion of the casing 
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to remain ?xed at all times as the inner depression‘ moves 
in response to the pressure of the propellant gases, there 
is assurance that the entire movement of the bottom of 
the cup occurs in a straight line. Thus, a uniform stroke 
length is achieved. As used herein, the term “stroke 
length” refers to the length of the stroke of the inner tube 
not including any axial outbowin-g of the tube upon com 
pletion of the axial outrolling and circumferential ex 
pansion of the inner tube. 

Still other objects, features and ‘attendant advantages 
will become apparent to one skilled in the art from a 
reading of the following detailed description of one phys 
ical embodiment constructed in accordance with the in 
vention, taken in conjunction with the accompanying 
drawings wherein 
FIGURE 1 is a view partly in section of a cartridge 

actuated device. 
FIGURE 2 is a sectional view of the improved car 

tridge partially shown in FIGURE 1. 
Referring now more particularly to the drawings, 

FIGURE 1 is a cartridge actuated device designated gen 
erally at it} having recessed housing 11 over which plung 
er 12 is slidably engaged. Contained within recessed 
housing 11 is breech 13- in which ?ring pin 14 is slidably 
mounted. Engaged between the forward face 15 of 
breech 13 and shoulder 16 is the breech portion 18 of 
cartridge 17 made in accordance with this invention. 

Cartridge 17 includes a‘ generally cylindrical casing 19 
formed of material capable of being reverse drawn or in 
other words of permanent plastic ‘deformation by incre 
mental cold ?ow working under applied pressure, and 
that has at one end ‘an enlarged :breech portion 20‘ inter 
connected by shoulder 21 to a forwardly directed cylin 
drical tube or wall portion 22. Portion 22 terminates re 
mote ‘from breech portion 20 in an inturned flange or 
bend 23. Casing 19 also includes a cylindrical tube or 
wall portion 24 attached at one end to ‘bend 23. Por 
tion 24 is smaller in diameter than portion 22, and ex 
tends, concentric to the latter, rearwardly from bend 23 
to de?ne a closed ‘annular chamber. The other end of 
portion 24 terminates in transverse piston engaging sur 
face 25 in the region of breech portion 20. Surface 25 
thus forms means which close said other end of portion‘ 
24. Portion 24 and face 25‘ constitute the parts of a 
rearwardly extending cup-shaped depression which closes 
one end of the casing. The bottom of this depression 
constitutes a face upon which piston 26 of plunger 12 
is engaged. 

Breech portion 20 is at the open end of casing 19. Car 
tridge closure head 27 ?ts into portion 20 to close casing 
19 with shoulder 28 engaged against shoulder 21. This 
forms breech portion 18 ‘of the cartridge. Head 27 is 
secured to the casing by crimping free end 29 of casing 
19 thereover. In the center of head 27 is percussion 
primer 30. The primer size is governed by the mass re 
quired to ‘be moved, the time of movement, initial vol 
ume ‘and like considerations. Recess 31 in head 27 pro 
vides space for added propellant for larger type car 
tridges where greater energy is required than is available 
from the primer alone. 

Inspection of FIGURE 2 reveals that head 27 and sur 
face 25 de?ne a portion of a primary chamber that is 
connected to the annular chamber de?ned by portions 
22 and 24 of the casing. When ?ring pin 14 moves for 
ward and strikes primer 30, the charge contained therein 
explodes producing propellent gases which enter the pri 
mary and annular chambers. The pressure of these gases 
will effect reverse permanent plastic deformation of the 
material of the casing, turning the cup-shaped depression‘ 
inside ‘out until under su?icient pressure the part of the 
casing 19 adjacent to piston 26 is as shown in broken 
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lines at 32. Such action by‘ the propellent gases drives 
plunger 12 through piston 26 tothe position at 12. And 
since the charge is adjusted so that the material of casing 
19 is not ruptured, all of the propellant residue. is con 
tained interior to the casing ‘during and after movement 
of piston engaging face 25. 
As can be seen in FIGURE 1, portion 24 engaged With 

piston 26 serves to coaxially support the latter in the 
recess or bore of housing 11. After propellent gases are 
introduced into the interior of the casing, surface 25 
axially moves away from closure 27 imparting axial dis 
placement to piston 26. As can best be seen in FIGURE 
2, portion 24 is deformed by the gases into a cylindrical 
tube, of substantially the same diameter ‘as portion 22, 
that extends forwardly from the ‘forward end of por 
tion 22. However, portion 24, prior to its deformation, 
serves to coaxially support piston 26 during its axial dis— 
placement. 
The annular shape of the part of the casing adjacent to 

the piston and constituting in part the walls 24, 25 inter 
connected by ‘curved wall 23 imparts inherent strength 
and rigidity thereto, particularly when the walls are sub 
stantially adjacent.‘ As the material is initially being re 
versely plastically deformed through sequential incremen 
tal cold ?ow movement of the material through the re 
verse bend interconnection' 1and thence to inside-out per 
manently deformed shape and increased circumferential 
size as a side wall continuation of the original tube por 
tion 22 during the ?rst half of the stroke, as indicated 
at 33, face 25 is rigidly held for straight line displacement 
due to the curvature of terminus 23. This curvature 
exists up until the very last increment of displacement 
of face 25 except in those instances Where suf?cient, gas 
pressure may be generated to bow the face 25 outwardly 
to convex or'hernispherical curvature at the end of the 
stroke, thereby eliminating the vnecessity for external sup 
ports to guide movement of the casing during at least 
the initial major portion of the power stroke While still 
allowing a positive uniform displacement of the face and 
a positive containment of propellant residue. In order 
to insure against leakage of propellent gases past head 
27, seal 34, or its equivalent, may be employed. 

It should be noted that piston engaging surface 25, as 
it moves away from head 27 under the influence of the 
internal gas pressure, is displaced ‘from its original posi 
tion adjacent to head 18 at a rate which is twice that at 
which terminus 23 is displaced from its original position. 
As a result, piston 12 moves twice as far as terminus 23 
moves. Thus, when annular support for the exterior 
Walls of the casing is required as they move to the posi 
tion indicated at 32, such support need be only half the 
piston stroke assuming, of course, that the gas pressure 
is maintained ‘below that at which the material would rup 
ture at any given position of the stroke. 

While the drawing shows one type of cartridge actu 
ated device, types other than that illustrated could be 
used. It will further be evident that an electric primer 
may be substituted for the percussion primer shown, and 
that there is no limit to the diameter of the cartridge or 
to the length of stroke able to be obtained. 
Those skilled in the art will appreciate that this inven 

tion provides :a cartridge in which the propellant residue 
is entirely contained within the cartridge casing and in 
which a uniform, positive stroke length is achieved with 
out the necessity for providing for external support for 
the cartridge ‘at the extremity of its displacement. 
As used herein, the term “permanently deformed” or 

“permanent deformation” is intended to mean that the 
material is substantially self-sustaining in the deformed 
position and will not self-restore itself to the shape or size 
it originally held prior to deformation, such as would 
be effected in elastic deformation. 

This application is a continuation of Serial No. 787,880; 
?led January 20, 1959, now abandoned. 
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What is claimed is: 
1. For use in a housing having a bore with an annular 

con?ning wall having opposing interfacing surfaces of 
substantially circular cylindrical form in right angular 
cross-section, the improvement comprising a gas-contain 
ment casing of material capable of cold flow to a perma 
nent deformation and having two concentric tubes with 
mutually substantially parallel longitudinally extending an- I 
nular walls interconnected at one end by an integral smooth 
reverse bend annular end \Wall portion, one of said tubes 
being smaller in outer circumference than the correspond 
ing inner circumference of the other said tube and being 
disposed at least in part Within said other tube, each of 
said tubes being substantially equally spaced apart about 
their circumference and of substantially circular cylin 
drical form in right angular cross section along the mutu 
ally substantially parallel extent of their longitudinal side 
walls, the outer of said tubes being adapted to ?t Within 
the circular cylindrical surfaced con?ning Wall of said 
housing, said smaller inner tube having a closure wall 
at its other end, said smaller inner tube being free of lon 
gitudinal corrugations, closure means closing the other 
end of the outer said tube to form with the inner walls 
of said tubes a gas-containment chamber, and gas generat 
ing means disposed within the con?nes of said casing and 
said closure means vwhereby said inner tube and closure 
wall may be thereby moved under increased gas pressure 
effected by the gas generating means axially in a direction 
toward the reverse bend interconnecting end wall por 
‘ion and permanently plastically deformed both in shape 
and in increased circumferential size by sequential incre 
mental cold flow rolling movement of the material of the 
smaller inner tube through the reverse bend interconnec 
tion and thence to an increased circumferential size outer 
cross-sectional tube form as a side wall continuation of the 
original outer substantially parallel walled tube, with the 
termination closure of the ?nal expanded side wall tube 
continuation being formed by the material of the original 
closure wall. I 

2. The improvement according to claim 1, further com 
prising a piston having an end portion substantially com 
plementary in exterior size to the interior size of said 
inner tube, said end portion of said piston being disposed 
within said inner tube for aid in support thereof by said 
inner tube and being free of permanent connection to said 
casing. 

3. A gas pressure actuated cartridge arrangement com 
prising a housing having a cylindrical bore with oppositely 
interfacing wall surfaces of substantially circular cylin 
drical form in right angular cross-section; a longitudinally 
expandable telescoped unitary gas-containment casing in 
cluding an outer cylindrical tube portion substantially com 
plementary to and disposed ‘within said bore, and a smaller 
cylindrical tube portion free of longitudinal corrugations 
and interconnected at one end thereof with one end of 
said outer tube portion by a smooth annular reverse bend 
end wall portion, said inner tube portion having an inte 
gral sheet closure at its opposite end and being telescopi 
cally disposed at least in part within said outer tube por 
tion, the interfacing respective wall portions of said cylin 
drical tube portions being substantially parallel, substan 
tially equally spaced apart and of substantially circular 
cylindrical form in right angular cross section, tube clo 
sure means closing the other end of said outer tube por~ 
tion and forming a closed ‘gas containment chamber with 
said tubes, and gas generating means disposed within the 
con?nes of said tube closure means and the interior sur 
face of said tube portions, said inner tube portion being 
free to move axially relative to said outer tube portion in 
a direction toward the reverse bend interconnecting end 
wall portion in response to generation of gas, and increase 
of gas pressure, ‘within said gas-containment chamber, and 
to become permanently plastically deformed both in shape 
and in increased size of outer circumference by sequential 
incremental cold flow rolling of the material of the smaller 
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inner tube portion through the reverse bend interconnec 
tion and thence to an increased diameter cross-sectional 
tube form as a side Wall continuation of the original outer 
substantially parallel Walled tube portion, with the orig 
inal radially inner circumferential surface portion of the 
original inner tube portion being outfolded to form the 
radially outer circumferential surface portion of the per 
manently deformed outer side wall continuation, and the 
termination closure of the ?nal circumferentially expanded 
side wall tube continuation being formed by the material 
of the original closure Wall. 

4. The improvement according to claim 3, further com 
prising a piston having an end portion substantially com 
plementary in exterior size to the interior size of said 
inner tube portion, said end portion of said piston being 
disposed Within said inner tube portion for aid in support 
thereof by said inner tube and being free of permanent 
connection to said casing. 

5. A gas pressure actuated cartridge arrangement com 
prising a housing having a cylindrical bore with substan 
tially parallel oppositely interfacing Wall sur?aoes; a longi~ 
tudinally expandable telescoped unitary gas-containment 
casing including an outer cylindrical tube portion substan 
tially complementary to and disposed within said bore and 
a smaller cylindrical tube portion free of longitudinal cor 
rugations and interconnected at one end thereof with one 
end of said outer tube portion by a smooth annular re 
verse bend end Wall portion, said inner tube portion hav 
ing an integral sheet closure at its opposite end and being 
telescopically disposed at least in part within said outer 
tube portion, the interfacing respective Wall portions of 
said cylindrical tube portions being substantially parallel 
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and substantially equally spaced apart, tube closure means 
closing the other end of said outer tube portion and form 
ing a closed gas containment chamber with said tubes, 
and gas generating means disposed Within the confines of 
said tube closure means and the interior surface of said 
tube portions, said inner tube portion being free to move 
‘axially relative to said outer tube portion in a direction 
toward the reverse bend interconnecting end Wall portion 
in response to generation of gas, and increase of gas pres 
sure, within said gas-containment chamber, and to become 
permanently plastically :deformed both in shape and in 
increased size of outer circumference by sequential incre 
mental cold ilow rolling of the material of the smaller 
inner tube portion through the reverse bend intercon 
nection and thence to an increased diameter cross-sectional 
tube form as a side Wall continuation of the original outer 
parallel Walled tube portion, with the original radially 
inner circumferential surface portion of the original inner 
tube portion being outfolded to form the radially outer 
circumferential surface portion of the permanently de 
formed outer side Wall continuation, and the termination 
closure of the ?nal circumferentially expanded side Wall 
tube continuation being formed by the material of the 
original closure wall. 
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