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(57) ABSTRACT 

A ?rearm cartridge has a case con?gured With a relatively 
straight-Walled portion and a shoulder portion for housing a 
quantity of propellant. The case further includes a neck for 
retaining a bullet. The straight-Walled portion de?nes a base 
cavity having an interior base diameter. The interior base 
diameter is approximately tWice or more the neck diameter. 
The diameter ratios of the base and neck optimize combus 
tion ef?ciency to reduce heat and acceleration losses. The 
cartridge body cavity is sized and con?gured to contain a 
suf?cient quantity of propellant such that igniting the pro 
pellant causes formation of a propellant plug having a 
diameter that is approximately the diameter of the bullet, and 
Wherein the propellant plug shears free from unburned 
propellant that is disposed adjacent the relatively straight 
Walled body portion 
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FIREARM CARTRIDGE AND CASE-LESS 
CHAMBER 

RELATED APPLICATIONS 

[0001] This is a continuation of application Ser. No. 
09/946,127, ?led Sep. 4, 2001, Which claims the bene?t of 
US. Provisional Application No. 60/236,233, ?led Sep. 28, 
2000, Which are hereby incorporated by reference. 

BACKGROUND 

[0002] 1. The Field of the Invention 

[0003] The invention is directed to cartridges and corre 
sponding chambers for use With ?rearms of various siZes. 

[0004] 2. The Background Art 

[0005] Firearm technology has advanced from the early 
muZZleloader Wherein blackpoWder and projectiles Where 
separately loaded into the muZZle of a ?rearm barrel. Mod 
ern ?rearms use a cartridge Which includes a case, housing 
a propellant, a primer, and a projectile. Cartridges have 
greatly reduced the frequency of mis?res that Were com 
monly experienced With case-less ammunition. For ri?e and 
handgun ammunition the case is typically metallic, such as 
brass. A case may or may not utiliZe a shoulder disposed 
beloW a case neck. The case neck retains a projectile. 
Con?gured With a shoulder, the case body may have a larger 
interior diameter than the projectile. For shotgun ammuni 
tion, the case is typically paper or plastic With a metal head 
and is called a shell. The primer is the ignition component 
Which is af?xed to the case in a manner to be in communi 
cation With the propellant through a ?ash hole. The primer 
includes pyrotechnic material such as metallic fulminate or 
lead styphnate and may be located Within the center base of 
the case or on a rim. 

[0006] The rear portion of a ?rearm barrel includes a 
chamber Which is designed to receive the cartridge. The 
?rearm includes a ?ring mechanism that drives a ?ring pin 
or an electrical charge to ignite the pyrotechnic material in 
the primer. A combustion process is initiated Within the 
cartridge When the primer ignites. Hot high-pressure gases 
and particulates are produced by ignition of the primer 
pyrotechnic. The gases exit through a ?ash hole or holes into 
the case, Which contains the propellant and trapped air. The 
propellant is typically a combustible poWder having various 
con?gurations of granules or grains. The propellant and 
entrained air not ignited by the primer-blast is compressed 
into a solid mass having the characteristics of a very viscous 
?uid. 

[0007] Firearm cartridges are divided into tWo basic types, 
straight-Walled and bottlenecked, Which are distinct in shape 
and function. Straight-Walled cases are so named because 
they have a cylindrical or slightly tapered shape With an 
inside diameter equal to or slightly greater than the projectile 
diameter. Bottlenecked or shouldered cases are so named 

because they taper from a base to a conical shoulder and 
neck Which holds the projectile. 

[0008] The straight-Walled and bottlenecked tWo cartridge 
shapes have distinctly different combustion characteristics 
and ef?ciencies. In the straight-Walled case, propellant that 
Was not initially ignited by the primer, burns from the aft, or 
?ash hole, end forWard With most of the propellant folloWing 
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the projectile into the barrel bore. The propellant along the 
case Wall, although sheared aWay from the case Wall by 
projectile movement, may not ignite because the case Wall 
has 20 to 40 times the thermal conductivity of the propellant 
and signi?cantly greater speci?c heat. This has the effect of 
cooling and quenching ignition at the case Wall in addition 
to causing signi?cant heat loss to the gun chamber. 

[0009] Acceleration losses are high and poWder burn rates 
must be very fast to minimiZe such losses. Any propellant 
not consumed before the projectile leaves the muZZle Will be 
expelled and cannot contribute to projectile acceleration. 
Heat loss caused by burning propellant in the barrel are very 
high. 
[0010] The bottlenecked or shouldered case is someWhat 
more ef?cient. As propellant is ignited at the primer ?ash 
hole or holes, a shock Wave moves through the propellant 
that compresses and heats the propellant. The shock Wave is 
partially re?ected off the case shoulder toWard a central 
interior portion of the case. As pressure behind the shock 
Wave begins to move the projectile, the propellant plug 
approximately the diameter of the projectile is sheared aWay 
from the body of the charge. Ignition along the resulting 
shear surface is rapid because only an in?nitesimal gas path 
out of the shear layer exists causing a rapid pressure and 
temperature buildup. The portion of the propellant plug 
Which is exposed to the case neck can only burn from the aft 
end forWard due to the quenching effect of the case neck and 
later the barrel bore. 

[0011] Burning rates for propellants used in the bottleneck 
case must be sloWer because of the additional burning 
surface of the propellant plug and exposed propellant sheer 
surface. In the region Where unignited poWder exists, expo 
sure of the case Wall to combustion gas occurs When the 
propellant is consumed. As this material burns forWard from 
the base and through from the interior surface, more of the 
case is exposed to direct heating, therefore, heat loss 
increases. Thus, heat and acceleration losses are loWer With 
the bottleneck case but are still excessive. Ballistic calcula 
tions utiliZe empirically derived coef?cients knoWn as pro 
gressivity, regressivity, and vivasity to de?ne the pressure in 
a cartridge as a function of time or bullet movement. 

HoWever, the burning surfaces of the propellant are not 
quantitatively de?ned. 

[0012] In ?rearm manufacturing, it is desirable to increase 
the propulsion of the projectile for improved range and 
accuracy. Projectile velocity and propulsive ef?ciency have 
been increased through the use of high energy smokeless 
poWders. Other improvements have resulted from increased 
case capacity, improved primer design, and better metal 
lurgy for cases and ?rearms With higher operating pressures. 
The shape of the case has also been altered, as discussed 
above, to create the bottlenecked case that increases case 
capacity to reduce heat and acceleration losses. Improve 
ments thus far have relied upon empirically derived coef? 
cients that do not accurately model pressure over time. Thus, 
such improvements fail to provide an optimal con?guration. 

[0013] In improving a cartridge several design parameters 
must be considered Within the frameWork of the combustion 
process described above. One parameter is to minimiZe heat 
losses to the cartridge case, projectile base, and gun barrel. 
This may be done by protecting cartridge surfaces from 
combustion heat Where possible. Heat losses may also be 
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minimized by reducing the interior surface area of the case 
as much as possible for the required propellant volume. 
Another parameter is to maximiZe the pressure-time integral 
of propellant combustion Within pressure limitations of the 
?rearm design. A further parameter is to complete as much 
combustion as possible Within the cartridge case to minimiZe 
heat loss and damage to the ?rearm barrel. Yet another 
parameter is to minimiZe acceleration of uncombusted pro 
pellant to conserve combustion energy. 

[0014] Thus, it Would be an advancement in the art to 
improve the propulsive ef?ciency of a cartridge. It Would be 
an advancement in the art to increase bullet velocity for a 
given amount of propulsive medium, such as gun poWder. It 
Would be a further advancement in the art to minimiZe heat 
and acceleration losses Within the pressure limits of the 
?rearm and minimiZe damage to the bore of the ?rearm 
barrel. It Would also be an advancement in the art to be able 
to calculate pressure as a function of time directly from 
propellant burn rates and surface areas Without resorting to 
empirically derived coef?cients. Such a cartridge and case 
less gun chamber design is disclosed herein. 

BRIEF SUMMARY 

[0015] This disclosure describes the mode of propellant 
combustion and a design process for the design of metal 
cased cartridges and for case-less gun chambers for all gun 
siZes. In one embodiment the ?rearm cartridge has a case 
con?gured With a straight-Walled portion that is connected to 
a base. The straight-Walled portion de?nes a base cavity 
having an interior base diameter and containing a propellant. 
The case further includes a radial shoulder connected to the 
straight-Walled portion. The radial shoulder transitions into 
a non-radial neck/shoulder junction that connects the shoul 
der to a neck. The interior base diameter is at least tWice the 
neck diameter. A bullet is partially nested Within the neck. 

[0016] A case-less gun chamber may be con?gured simi 
larly to the cartridge. As such, the chamber Would have a 
base diameter that Would be approximately tWo or more 
times the siZe of a neck chamber. The chamber Would 
include a radial shoulder that Would be connected to the neck 
through a non-radial neck shoulder junction. 

[0017] The tWo to one or greater ratio of the base diameter 
to neck diameter optimiZes combustion ef?ciency. The 
increased diameter creates a greater primary ignition Zone 
and reduces heat loss by having a thicker layer of propellant 
on the interior case surface until burnout. Acceleration 
losses are reduced as the length of the propellant plug is 
reduced. The case dimensions further provide for simulta 
neous burn in the propellant plug and propellant Wall to 
reduce inef?ciency and Waste. This results in more burning 
in the neck and case interior rather than Within the barrel. 
The radial shoulder focuses a shockWave just far enough 
from the bullet base to reduce heat loss to the bullet and 
support bullet retention in the neck for a longer period of 
time. 

[0018] The neck, case Wall, and the bullet base may 
further be coated With a re?ective, insulation coating to 
reduce quenching of the propellant adjacent the neck and 
bullet base. The coating accelerates burning fronts, reduces 
heating and acceleration losses, and further adds to the 
propulsive forces behind the bullet base. 
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[0019] In another embodiment, the invention includes a 
straight Walled cartridge With a re?ective, insulation coating 
disposed on the case interior. The coating may further be 
disposed on the bullet base. The coating reduces quenching 
of the propellant adjacent the case and the bullet base. This 
increases propellant burn along the shear surface at the case 
Wall and the bullet base as the bullet moves forWard. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In order that the manner in Which the above-recited 
and other advantages and features of the invention are 
obtained, a more particular description of the invention 
summariZed above Will be rendered by reference to the 
appended draWings. Understanding that these draWings only 
provide selected embodiments of the invention and are not 
therefore to be considered limiting of its scope, the invention 
Will be described and explained With additional speci?city 
and detail through the use of the accompanying draWings in 
Which: 

[0021] FIGS. 1A, 1B, and 1C are side vieWs of ?rearm 
cartridges; 

[0022] FIGS. 2A, 2B, and 2C are cross-sectional vieWs of 
a straight-Walled cartridge undergoing combustion; 

[0023] FIGS. 3A, 3B, and 3C are cross-sectional vieWs of 
a bottle-necked cartridge undergoing combustion; 

[0024] FIGS. 4A and 4B are cross-sectional vieWs of 
cartridges experiencing shockWaves from primer ignition; 

[0025] FIGS. 5A, 5B, and 5C are cross-sectional vieWs of 
cartridges experiencing shockWaves from primer ignition; 

[0026] FIGS. 6A and 6B are cross-sectional vieWs of 
cartridges experiencing shockWaves from primer ignition; 

[0027] FIGS. 7A and 7B are cross-sectional vieWs of 
cases undergoing combustion; 

[0028] FIGS. 8A and 8B are cross-sectional vieWs of 
cartridges undergoing primer ignition; 

[0029] FIG. 9 is a cross-sectional vieW of one embodi 
ment of a cartridge of the present invention during primer 
ignition; 

[0030] FIG. 10 is a cross-sectional vieW of one embodi 
ment of a cartridge of the present invention; 

[0031] FIG. 11 is a cross-sectional vieW of an alternative 
embodiment of a cartridge of the present invention; 

[0032] FIG. 12 is a cross-sectional vieW of an alternative 
embodiment of a cartridge of the present invention; 

[0033] FIG. 13 is a cross-sectional vieW of a cartridge of 
the present invention disposed Within a gun chamber; 

[0034] FIG. 14 is a cross-sectional vieW of one embodi 
ment of a case-less gun chamber of the present invention; 

[0035] FIG. 15 is a graphical representation of pressure 
experienced by a projectile over time during the combustion 
process; and 

[0036] FIGS. 16A and 16B are cross-sectional vieWs of 
straight-Walled cartridges undergoing the combustion pro 
cess. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] The presently preferred embodiments of the 
present invention Will be best understood by reference to the 
drawings, Wherein like parts are designated by like numerals 
throughout. It Will be readily understood that the compo 
nents of the present invention, as generally described and 
illustrated in the ?gures herein, could be arranged and 
designed in a Wide variety of different con?gurations. Thus, 
the folloWing more detailed description of the embodiments 
of the apparatus, system, and method of the present inven 
tion, as represented in FIGS. 1 through 10, is not intended 
to limit the scope of the invention, as claimed, but is merely 
representative of presently preferred embodiments of the 
invention. 

[0038] The present invention is directed to improved car 
tridges and case-less gun chambers With reduced heat and 
acceleration losses. With all cartridges experiencing com 
bustion, that portion of a propellant not initially ignited is 
quickly compressed into a heterogeneous mass With prop 
erties similar to a very high viscosity ?uid. The trapped air 
contained in the propellant has more compressibility than 
the propellant granules. The trapped air heats the poWder it 
is in contact With by adiabatic compression, thereby increas 
ing the subsequent combustion rate. As the ignited propel 
lant granules begin to burn, the pressure rises further. The 
increased pressure compresses the unignited propellant until 
the projectile begins to move from a cartridge case into the 
barrel. A shock Wave caused by the ignition of the primer is 
transmitted through the propellant and trapped air to the case 
Wall. Apart of the shock Wave is then re?ected back into the 
compressed propellant and throughout the cartridge and 
chamber. 

[0039] As the projectile begins to move, a plug of propel 
lant of approximately the same diameter as the projectile is 
sheared aWay from the compressed mass of the poWder or 
the case Wall. The plug may be subsequently ignited along 
the sheared interface depending on Whether the sheared 
surface is in the propellant or along the case Wall. The plug 
folloWs the projectile until it is either consumed by the 
combustion process or combustion sloWs or ceases due to 

the pressure drop caused by projectile acceleration or by the 
projectile exiting the muZZle. Combustion of the remainder 
of the propellant begins Within the cartridge case or as the 
granules become entrained into ?oWing combustion gases as 
the gases ?oW into the case neck and barrel bore. By better 
understanding the combustion process, improvements may 
be made to conventional cartridges and case-less gun cham 
bers. These improvements are disclosed herein. 

[0040] Referring to FIGS. 1A, 1B, and 1C, side vieWs of 
conventional ?rearm cartridges are shoWn. FIG. 1A illus 
trates a straight-Walled cartridge 10 that has a cylindrical 
case 12 With little or no taper. FIG. 1B illustrates a bottle 
necked cartridge 14 having a case 16 con?gured With a 
conical shoulder 18 that tapers to a neck 20. FIG. 1C 
illustrates an alternative bottleneck cartridge 22 having a 
case 24 con?gured With a radius shoulder 26 that tapers With 
a reverse radius to a neck 28. The design differences betWeen 
the straight-Walled cartridge 10 and the bottleneck cartridge 
14, 22 result in different performances and functions. 

[0041] Referring to FIGS. 2A, 2B, 2C there is shoWn side 
cross-sectional vieWs of the straight-Walled cartridge 10 
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undergoing the combustion process in a gun chamber 30. In 
FIG. 2A, a representation of the straight-Walled cartridge 10 
is shoWn shortly after primer ignition. The ignition releases 
a nascent gas pocket 32 through a ?ash path 34 and into the 
propellant 36 to create a Zone of primary ignition 38. The 
propellant 36 may be normal, black, or smokeless poWder 
With entrained air. The unignited granules of the propellant 
36 are compressed into a heterogeneous mass Which has the 
properties of a viscous ?uid. 

[0042] In FIG. 2B, the straight-Walled cartridge 10 is 
shoWn as the bullet 40 begins to move forWard toWards the 
muZZle of the barrel. AZone of nascent ignition 42 proceeds 
through the propellant 36 to heat the propellant but does not 
completely combust all of the propellant 36. Ignition is 
complete, but the propellant 36 continues to burn. Adjacent 
the ?ash path 34, near complete combustion 44 of the 
propellant 36 occurs. A shock Wave from the primer com 
presses the propellant 36 and pushes against the bullet base 
46 to dislodge the bullet 40. The propellant 36 is further 
compressed into a heterogenous mass of granules and 
trapped gases. During combustion, the propellant 36 shears 
from the case Wall 12. HoWever, because of the higher 
thermal conductivity of the case Wall 12 there is heat loss 
and propellant along the case Wall is quenched and does not 
ignite. 
[0043] In FIG. 2C, the straight-Walled cartridge is shoWn 
as the bullet 40 proceeds further toWards the muZZle. Pres 
sure near the bullet 40 drops as the bullet 40 accelerates 
thereby reducing the propellant 36 burn rate. Propellant 36 
that is not consumed before the bullet 40 leaves the muzzle 
is expelled and does not contributed to bullet acceleration. 

[0044] Referring to FIGS. 3A, 3B, 3C there is shoWn side 
cross-sectional vieWs of the bottlenecked cartridge 14 under 
going the combustion process in a gun chamber 50. In FIG. 
3A, the bottlenecked cartridge 10 is shoWn shortly after 
primer ignition. The ignition releases a nascent gas pocket 
52 through a ?ash path 54 and into the propellant 56 to create 
a Zone of primary ignition 58. The unignited granules of the 
propellant 56 are compressed into a heterogeneous solid. 

[0045] In FIG. 3B, the bottlenecked cartridge 14 is shoWn 
as the bullet 60 begins to move forWard toWards the muZZle 
of the barrel. AZone of nascent ignition 62 proceeds through 
the propellant 56 but does not completely combust all of the 
propellant 56. Adjacent the ?ash path 54, near complete 
combustion 64 of the propellant 56 occurs. A shock Wave 
from the primer compresses and heats the propellant 56 and 
pushes the bullet base 66. The shockWave partially re?ects 
off the case shoulder 18 toWard an internal central portion of 
cartridge 14 to dislodge the bullet 60. 

[0046] A propellant plug 70 that is the approximately the 
diameter of the bullet 60 shears aWay from the remaining 
propellant 56. The portion of the propellant plug 70 that is 
exposed to the case neck 20 during bullet 60 movement only 
burns from an aft end forWard due to the quenching effect of 
the case neck 20 and the barrel bore. Abase Zone 72 of the 
propellant plug 70 is compressed and volume reduced by the 
shockWave of the primer ignition and subsequent pressure 
rise from propellant combustion. Pressures experienced by 
the Zone 72 can be 3000 psi or more Which reduces propel 
lant volume by 10 to 20 percent. 

[0047] Ashear Zone 74 exists Where the propellant plug 70 
breaks from the remaining propellant 56. Ignition in the 












