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The present invention relates to devices for advancing 
projectiles and is particularly concerned with projectile 
advancing devices which utilize fluid monopropellants. 
Our invention, in particular, utilizes the phenomenon 

of vapor compression ignition to ignite and explode a 
charge of liquid propellant in a firing or compression 
chamber to propel a projectile from the chamber. 
Vapor phase ignition of combustible substances by 

adiabatic compression is a well-known phenomenon and 
has heretofore been utilized on a large scale for ignition 
of air-fuel mixtures in diesel engines and the like. The 
compression ignition phenomenon has also been found 
to be undesirable and even hazardous in other circum 
stances, for example, in the use of liquid monopropel 
lants in various rocket applications where the monopro 
pellant can be subjected to sudden compression when 
vaporized or partially vaporized during rapid opening 
or closing of valves in the pumping system. 

It is a particular object of the present invention to 
provide a projectile propulsion mechanism in which the 
phenomenon of compression ignition is utilized. 

It is a further object of the present invention to pro 
vide a purely mechanical ignition system for such a 
mechanism, thus eliminating the need for fixed ammu 
nition, primers, electric sparks or other ignition schemes. 
A still further object of the invention is the provision 

of an automatic weapon of any desired caliber wherein 
the propellant in liquid form may be contained con 
veniently in a reservoir attached to or closely associated 
with the weapon. 

Another object of the invention is the provision of a 
gun in which the projectiles or bullets are handled sepa 
rately and are thus not associated with a cartridge cas 
ing of any kind. 
Another object of the invention is the provision of a 

compression ignition liquid propellant projectile advanc 
ing scheme which is readily adaptable to present day 
powder actuated tools. The tools referred to here are 
those used to drive rivets, bolts, studs, and other fas 
temerS. 

Basically, the propulsion mechanism of the present 
invention simply requires a main body member of any 
desired shape formed with a bore defining a cylinder, a 
barrel having a firing chamber and adapted to receive 
a projectile therein, said barrel being removably attached 
to and communicating with the bore of the cylinder, 
a piston slidably positioned within the bore, projecting 
into the firing chamber and provided with a mechanism 
such as a spring for driving the piston forward towards 
the mouth of the barrel to reduce the volume of the fir 
ing chamber. - 
The mechanism is operated by chambering a bullet, a 

stud or other projectile at the forward end of the cham 
ber, ramming the projectile home (usually to the begin 
ning of the rifling or other sealing means) and injecting 
a metered charge of a liquid propellant, susceptible of 
compression ignition, into the chamber between the pis 
ton and the projectile. Thus, the propellant - is con 
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ceptible of compression ignition. - 
monopropellants are nitromethane, propyl nitrate, and 

, - . 2 

tained within a cavity of the firing chamber bounded 
on the forward end by the projectile (which makes a 
fluid tight seal with the barrel) and rearwardly by the 
piston. - . 

As will become more apparent hereinafter, the bullet 
may be inserted by hand through the rear end of the 
chamber by providing a suitable quick operating discon 
nector between the barrel and the cylinder or by pro 
viding a slidable bolt as in a bolt action firearm. 

After the bullet and the liquid propellant are posi 
tioned as described above, the piston is driven forward 
towards the projectile causing the gases or vapor in the 
chamber to be compressed under approximately adia 
batic conditions. The internal heat generated thereby 
ignites and explodes the propellant, driving the bullet, 
stud, or other projectile through the barrel and out of 
the muzzle at high velocity. The reaction of the explo 
sion may be utilized, if desired, to operated upon the 
piston in the manner of a blow back operated gun to 
drive the piston rearwardly where it may be latched 
ready for the next compression stroke. 
The gases or vapors which are heated by compression 

in the chamber may be air, propellant vapor, or the 
gaseous products of previous combustions of the propel 
lant. 

It is to be understood that by the term "propellant" 
it is intended to designate liquid monopropellants sus 

Examples of such 

a mixture containing by weight approximately 60 per 
cent hydrazine, approximately 33 percent hydrazine 
nitrate and about 7 percent water. 

It is to be noted that propellants of the above general 
description have been ignited in .30 caliber guns devel 
oping muzzle velocities as high as 1700 feet per second 
using bullets of standard weight, i.e., 100-150 grains. 

Having described the general principles of the present 
invention, a mechanism embodying the principles will 
be described. The invention will also be described as 
adapted to a conventional single shot rifle. 

Obviously, the principles of the invention are not lim 
ited to firearms but are adaptable to so-called powder 
actuated tools utilized to drive studs or bolts into build 
ing materials. Accordingly, the use of the term “projec 
tile' herein is intended to include bullets, studs, bolts, 
rivets and the like. 

Referring now to Fig. 1, there is shown schematically 
a sectional view of a firing mechanism constructed in 
accordance with the principles of the present invention 
and illustrating to advantage a projectile seated in the 
firing or compression chamber, the piston in the cocked 
position and propellant being injected into the firing 
chamber; - 

Fig. 2 is a view similar to Fig. 1 and shows the piston 
advancing toward the projectile to bring about adiabatic 
compression of the monopropellant; - “... 

Fig. 3 is also similar to Fig. 1 and shows the projec 
tile leaving the barrel and the piston at a point along 
its return path; . 

Fig. 4 shows the piston fully returned and latched 
ready for the next firing; . . . . . . 

Fig. 5 is an elevational view of a portion of a single 
shot rifle with which the principles of the invention 
may be associated and showing the compression piston 
in the forward position; ?? ? .?? . ?? : ' ' :? 

Fig. 6 is a view similar to the showing of Fig. 5 illus 
trating the compression piston in the rear or cocked 
position; . 

Fig. 7 is a plan view of a portion of the rifle of Fig. 5 
showing the bolt operating arm to advantage; ? ?? ' : : , '" ' 

Fig. 8 is a view of the sear and bolt assembly, some 
what enlarged, in the cocked condition; . . . . . . . . . 
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Fig. 10 shows the condition of the respective elements 
just at the instant of release of the compression piston 
and upon completion of the pump cam rotation. - 

It is to be understood that when the trigger assembly 
and the pump cam reach the position indicated by the 
showing of Fig. 10, the chamber 48 has received a pre 
determined charge of fluid propellant. Further travel of 
the compression piston adiabatically compresses the 
vapor or gas volume in the chamber generating suffi 
cient heat to cause ignition of the propellant. There 
after, rapid burning occurs and the expansion of the 
gaseous products of combustion drives the projectile along 
the rifling and out of the barrel into the atmosphere. 

Operation 
The operation of the firearm illustrated in Figs. 5 

through 10 occurs in the following manner: 
Assume that the bolt has been opened in the conven 

tional manner and that a bullet in the form of a lead 
slug has been inserted into the barrel and rammed to 
the base of the rifling as shown in Fig. 6. Upon closing 
and locking the bolt, the compression chamber is sealed, 
the seal being represented at one end by the projectile 
seated against the rifling and at the other end by the 
compression piston. Assume further that the compres 
sion piston is in the cocked position as shown in Fig. 6 
having been so disposed by opening the bolt or by the 
“blow back" action of a previous explosion. Since the 
trigger and sear have been overridden by the bolt and 
the compression piston, the pump cam will be in the posi 
tion shown in Fig. 6. Correspondingly, the pump piston 
62 will be disposed to the left as viewed in Fig. 6 and 
the propellant under fluid pressure within the container 
72 will have forced propellant into the pump cavity. 
Since the check valve in the conduit leading to the com 
pression chamber dominates the pump check valve, a 
charge of propellant will be confined in the pump cavity. 
Upon manipulation of the trigger in the conventional 

manner, the sear gradually draws away from the pump 
piston shoulder 50 and in the first predetermined arc of 
rotation of the trigger, the pump cam will be actuated 
to drive the pump piston to the right (Fig. 6) with a 
force sufficient to generate pressure which overcomes the 
check valve 68 permitting the charge of propellant to 
flow into the compression chamber. 

Incidentally, attention is directed to the fact that the 
motivating power for actuating the pump piston need not 
be derived entirely from manual operation of the trigger. 
It is to be noted that the compression spring 53 is 
constantly urging the compression piston to the right. 
By virtue of the camming action between the shoulder 
50 and the sear 54, the spring 53 helps to drive the 
trigger through its initial arc of rotation. 

Continued rotation of the trigger frees the compres 
sion piston to move to the right sealing off the inlet port 
69 and compressing the charge of propellant to the rela 
tively small volume such as shown in Fig. 5. 
The compression ratio of the compression chamber is 
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selected consistent with the characteristics of the par 
ticular liquid propellant, and with the ratio of the liquid 
charge volume to the total chamber volume. As stated 
before, sufficient heat is generated during compression 
to cause the liquid propellant to ignite and burn with an 
explosive force to propel the projectile out of the barrel 
of the firearm. 
Subsequent operation of the firearm may be accom 

plished by repeating the steps just described. 
It is to be understood that it is entirely within the 

scope of the present invention that the principles thereof 
be utilized to actuate tools for advancing rivets, nails, 
bolts, etc. into building materials as well to advancing 
projectiles from firearms. 

It is also within the contemplation of the invention 
that the principles thereof be utilized in automatic fire 
arms in which the “blow back" action of the compres 
sion piston compresses the operating spring to store suffi 
cient mechanical energy to accomplish feeding of pro 
jectiles and other necessary mechanical functions. 

It is further contemplated that the principles of this 
invention can be utilized in various automatic or semi 
automatic firearms in which conventional "recoil-opera 
tion” or "gas-operation' is utilized in conjunction with 
the “blow-back' action of the compression piston to 
accomplish necessary mechanical functions. - 
What is claimed is: - . 
1. In a firearm including a barrel and a trigger, a 

bolt operative to engage and make a fluid tight seal with 
respect to one end of the barrel, said bolt cooperating 
with a projectile disposed in the barrel to define a com 
pression chamber, a fluid supply container communicat 
ing with the compression chamber, pump means in cir 
cuit with the container and the chamber and including a 
piston and a cam operatively connected to the trigger, 
said pump means being responsive to operation of the 
trigger. effective to meter fluid from the container to the 
chamber, and compression means including the bolt 
responsive to operation of the trigger for changing the 
volume of the chamber whereby fluid introduced therein is pressurized. 

2. The firearm of claim 1 wherein the pump and at 
least two check valves are disposed between the fluid 
supply container and the pressure chamber, one check. 
valve cooperating with the fluid supply container and the 
other check valve cooperating with the pressure chamber. 
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