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[57] ABSTRACI 
A propellant charge comprising a matrix of granular 
propellant having interspersed therethrough compacted 
molded bodies of propellant. The density of the granu 
lar propellant is less than the density of the molded 
propellant bodies. The use of the mixed propellant 
charge enables a cartridge case of given dimensions to 
be loaded with a greater weight of propellant thereby 
enabling the achievement of greater projectile veloci 
ties in any given gun-ammunition system. 
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MIXED PROPELLANT CHARGE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 324,699 
?led Jan. 18, 1973 now abandoned. 

This invention relates to a propellant charge having a 
matrix of a granular propellant in which there are inter 
spersed compacted high density molded bodies of pro 
pellant material, and to a cartridge utilizing such a pro 
pellant charge. 

in any given gun-ammunition system there are cer 
tain ?xed factors and certain variable factors. For a 
particular caliber system, the ?xed factors usually arise 
from the gun: such as barrel length and diameter, cham 
ber con?guration and volume. The variable factors are 
usually associated with the ammunition, projectile 
weight and propellant, but there are certain ?xed vari 
ables also involved, speci?cally the cartridge case must 
be compatible with the chamber con?guration, this 
?xing a speci?c volume for propellant and projectile. 
The projectile must conform to a speci?c diameter, 
thereby changing weight by either a length or mass 
variation. It is apparent that lighter weight projectiles 
have the potential for nigher velocities in any given 
system. However, after selection of a given projectile 
with speci?c dimensions, the propellant volume in the 
case, behind the projectile, becomes also ?xed, leaving 
only the propellant as a variable. 

In the ?ring of such a gun-ammunition system, an 
additional limitation of maximum pressure is arbitrarily 
assigned to insure against malfunction of or damage to 
the gun mechanism. The primary object in selecting the 
proper propellant is to obtain the maximum projectile 
velocity while not exceeding the pressure limit. 

In view of the foregoing, it is apparent that, for a 
particular established gun-ammunition system, the pro 
pellant charge in the round of ammunition is the vari 
able constituent which can be most readily modi?ed to 
change ballistics of the system without requiring re 
working of the entire system. Vast amounts of time and 
effort have been expended in the past toward ?nding a 
solution to the problem of obtaining maximum velocity 
of a projectile through modi?cation of the propellant 
charge used to propel the projectile. 
The basic propellant used in modern small arms am 

munition is smokeless powder. A great variety of 
smokeless powders have been produced for use as pro 
pellants for small arms ammunition, the various smoke 
less powders displaying different burning rates, differ 
ent physical characteristics, shapes, and the like. The 
ef?ciency of a particular smokeless powder as a propel 
lant for a particular system with respect to velocity can 
be measured by plotting its pressure/time curve, with 
the area under the curve being proportional in general 
to the velocity achieved by combustion of the propel 
lant assuming bore resistances and heat losses are equiv 
alent. An ideal smokeless powder propellant would 
produce a pressure/time curve which would quickly 
rise to its peak pressure, remain at the peak pressure for 
substantially the entire burning time, and then quickly 
fall back to zero with adiabatic expansion of combustion 
gases at the end of the burning time so as to maximize 
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2 
the area under the curve, thus maximizing the velocity. 
In fact, however, smokeless powders, when burned, 
produce a pressure/time curve which rises rather grad 
ually to peak pressure, remains at peak pressure a rela 
tively short time period, and then gradually drops back 
toward zero with adiabatic expansion of the combustion 
gases produced. 
For any given propellant charge in a predetermined 

gun-ammunition system, there is a maximum potential 
velocity which could be imparted to a projectile, were 
the propellant charge functioning in this ideal manner. 
This maximum potential velocity is, at present, not 
attainable in practice, and a system can be said to be 
performing quite well where 85-90 percent of the maxi 
mum potential velocity is achieved. Maximum potential 
velocity for any given propellant can be plotted as a 
function of pressure for any given charge weight in any 
given system, and can also be plotted as a function of 
charge weight for any given pressure in a given system. 
In both cases, maximum potential velocity increases as 
pressure and charge weight increase. 
Our solution to the problem of providing increased 

projectile velocity within any given gun-ammunition 
system is directed toward increasing the weight of the 
propellant charge which can be packed into a given 
volume, e.g. increasing the full case propellant charge 
weight. Conventional granular smokeless powder pro 
pellants have a packing density of no greater than about 
1.00 gm./cc. Methods have recently been developed by 
which conventional granular smokeless powder propel 
lants can be compacted into coherent bodies having a 
density of about L40 gmjcc. We have discovered that 
pellets of compacted smokeless powder can be mixed 
with granular smokeless powder propellant to provide a 
propellant mixture having a density of greater than L00 
gm./ec. but less than 1.40 gm./cc. The size of the 
molded, compacted pellets should preferably be small 
compared to the dimensions of the cartridge case pro 
pellant chamber to provide maximum ease of loading 
the pellets into the casing, but should be large compared 
to the individual propellant granules of the granular 
constituent of the propellant mixture. The smokeless 
powder from which the molded pellets are made can be 
the same or a different formulation from the smokeless 
powder which forms the granular constituent of the 
mixed propellant of this invention. 
As noted above, conventional granular smokeless 

powders can be said to be performing quite well if able 
to produce 85-90 percent of the maximum possible 
projectile velocity. Tests have shown, surprisingly, that 
the mixed propellant charge of this invention will also 
produce 85-90 percent of the maximum possible projec 
tile velocity. Thus, due to the increased density of the 
mixed propellant charge as compared to a purely granu 
lar propellant charge, the mixed propellant charge will 
produce a higher projectile velocity in a given gun 
ammunition system because a greater weight of propel 
lant can be packed into the ammunition casing. [It is 
hypothesized that the surprisingly favorable burning 
characteristics of the mixed propellant charge is the 
result of a delay in the ignition of the molded pellets, 
which once ignited, disintegrate and burn in the same 
fashion as the granular propellant] By way of demon 
strating the increased propellant weight possible with 
the mixed propellant charge of this invention, a 30 mm 
WECOM cartridge cartridge was loaded solely with 
granular smokeless powder and was found to hold a full 
charge of 655 grains. The same cartridge was then 
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loaded with a mixture of molded propellant pellets of 
the same propellant and approximately 0.30 in.><0.20 
in. X 0.15 in., and the granular propellant and was found 
to hold a full charge of approximately 800 grains. 

It is, therefore, an object of this invention to provide 
a smokeless powder propellant mixture which will pro 
duce increased projectile velocity in any given gun 
ammunition system as compared to a purely granular 
propellant charge in the same gun-ammunition system. 

It is another object of the invention to provide a 
propellant charge which will provide increased projec 
tile velocity without undersirably increasing chamber 
pressure. 

It is a further object to provide a propellant mixture 
of the character described which includes high density 
molded propellant pellets dispersed in a matrix of gran 
ular propellant. 
These and other objects and advantages of the inven 

tion will become more readily apparent from the fol 
lowing detailed description of a preferred embodiment 
of the invention when taken in conjunction with the 
accompanying drawings, in which: 
FIG. 1 is a vertical sectional view of a cartridge 

loaded with the mixed propellant charge of this inven 
tion; 

FIG. 2 is a perspective view of one of the molded 
slugs of propellant; 
FIG. 3 is a plot of a representative pressure-time 

function produced by burning a conventional granular 
propellant charge; and 
FIG. 4 is a graph showing pressure-velocity perfor 

mance of conventional granular propellant charges as 
compared to the pressure-velocity performance of the 
mixed propellant charge of this invention. 

Referring now to FIGS. 1 and 2, the cartridge in 
cludes a casing 2 to which a projectile 4 is secured. The 
basalendwall6ofthecasing2isprovidedwitha 
primer recess 8 in which a conventional primer cap 10 
is positioned. A flash hole 12 extends from the primer 
recess 8 into the interior propellant chamber 14 of the 
casing 2. The propellant which is packed into the pro 
pellant chamber 14 includes a plurality of molded high 
density slugs 16 of compacted smokeless powder which 
are relatively homogeneously dispersed throughout a 
matrix of loose granular smokeless powder 18. The 
slugs 16 are in the form of small platelets having ?at side 
walls 20, rounded end walls 22, and ?at top and bottom 
walls 24. While the slugs 16 are illustrated in the ?at 
platelet geometric form, it will be understood that the 
slugs can be made in other geometric shapes without 
departing from the spirit of the invention. 

Referring now to FIG. 3, there is shown a character 
istic plot of a pressure-time curve produced by burning 
a conventional granular smokeless powder propellant. 
As previously noted, peak pressure can be increased by 
burning a larger amount of propellant, and the time 
point where peak pressure is reached can be delayed by 
burning slower burning propellants. In each case, how 
ever, the general forrn of the curve remains the same, 
e.g. as shown in FIG. 3. 

Referring now to FIG. 4, there are shown plots of the 
pressure-velocity performance of conventional granular 
charges of smokeless powder having various burning 
rates. The curves A—G are calculated for a neutral bum 
ing pure nitrocellulose propellant in the granular form 
?red in a 30 mm WECOM system having no bore resis 
tance and utilizing a 3,000 grain projectile. Curves A-G 
in FIG. 4 represent the performance of progressively 
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4 
slower burning all granular charges of conventional 
smokeless powders, and curve H represents the perfor 
mance of a mixed propellant charge formed in accor 
dance with this invention. Curve H is calculated from 
actual firings with a 30 mm WECOM system having 
two inches of no bore resistance and a 3,000 grain pro 
jectile. 

Speci?cally, curve A represents the performance of a 
338 grain charge (0.5 gm./cc. loading density) of a fast 
burning powder. It will be noted that this powder pro 
duces a quick rise in pressure without providing partic 
ularly high projectile velocities. A projectile velocity of 
about 2340 is achieved at an undesirably-high chamber 
pressure of 70,000 psi. It is noted that an increase in the 
weight of the propellant charge used would merely 
increase the chamber pressure without signi?cantly 
increasing the projectile velocity. Assuming that desir 
able chamber pressures are in the 30,000 to 40,000 psi 
range for this system, this propellant would only 
achieve projectile velocities of about 2160 fps to 2260 
fps. ' 

Curve B represents the performance of a slower 
burning granular powder charge of 405 grains (6 
gmjcc. loading density). It will be noted that this pow 
der, in the 30,000 to 40,000 psi range will produce pro 
jectile velocities of about 2220 fps to about 2380 fps. 

Curve C represents the performance of a slower 
burning granular powder charge of 473 grains (0.7 
gm./cc. loading density). This powder, in the 30,000 to 
40,000 psi range produces projectile velocities of about 
2280 fps to about 2480 fps. 
Curve D represents the performance of a slower 

burning granular powder charge of 540 grains (0.8 
gm./cc. loading density). This powder, in the 30,000 to 
40,000 psi range produces projectile velocities of about 
2200 fps to about 2510 fps. 
Curve E represents the performance of a slower 

burning granular powder charge of 608 grains (0.9 
gm./cc. loading density). This powder, in the 30,000 to 
40,(X)0 psi range produces a projectile velocity of about 
2100 fps to about 2420 fps. 
Curve F represents the performance of a slower bum 

ing granular powder charge of 675 grains (1.0 gm./cc. 
loading density). This powder, in the 30,0!) to 40,011] 
psi range produces a projectile velocity of about 2M0 
fps to about 2300 fps. 
Curve G represents the theoretical performance of a 

slower burning granular powder charge of 775 grains 
(1.1476 gm./cc. loading density). This theoretical 
charge weight was chosen because it equals a charge 
weight made possible by the use of the mixed propellant 
of this invention. This propellant only produced a pro 
jectile velocity of 2080 fps at 40,000 psi chamber pres 
sure. 

Curve H represents the performance of the mixed 
propellant charge of this invention which has a burning 
rate that is about equal to the burning rate of the propel 
lant of Curve C. The mixed propellant charge of Curve 
H contained 775 grains (1.1476 gms./cc. loading den 
sity) of which 400 grains were in the form of compacted 
molded high density slugs, and 375 grains were in the 
granular form. The mixed propellant charge in the 
30,000 to 40,000 psi range produced projectile velocities 
of about 2500 fps to about 2700 fps. Thus it will be noted 
that the mixed propellant charge of this invention will 
produce a higher projectile velocity at any given pres 
sure than will the purely granular propellant charges of 
the prior art at the same pressure. Furthermore, the 
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higher projectile velocity will be produced without a 
dangerously high increase in chamber pressure. 

Testing has demonstrated that projectile velocity can 
be increased while at the same time lowering chamber 
pressure by selecting for the molded slugs a geometrical 
fonn which provides an increased surface area to 
weight ratio. One such geometrical form which has 
been demonstrated as accomplishing this result is a 
cylindrical slug having end walls provided with conical 
depressions. 
The mixed propellant charge of this invention can be 

composed of a mixture of compacted slugs of smokeless 
powder propellant dispersed throughout a matrix of 
granular smokeless powder propellant, wherein the 
propellants forming the slugs and matrix are either the 
same or different propellants. The slugs may be coated 
completely or partially with a detergent, or may be 
uncoated. The slugs may be made in a great variety of 
different geometrical shapes. The granular matrix may 
be deterrent-coated or uncoated. 
Those skilled in the art will readily appreciate that 

the use of a mixed propellant charge having a granular 
smokeless powder component and a compacted smoke 
less powder component will provide a given gun 
ammunition system with an increased projectile veloc 
ity due to the increased cross-sectional bulk density of 
the mixed propellant charge as compared to a purely 
granular propellant charge. Also the use of a mixed 
propellant charge permits the system to be varied by 
several new parameters for further tailoring of the sys 
tem’s performance. The two components may or may 
not be made of the same base propellant, and may or 
may not display the same ballistic characteristic. The 
two components may or may not be wholly or partially 
coated with combustion varying deterrents. The igni 
tion of the molded component probably occurs at some 
time interval after ignition of the granular component, it 
apparently requiring more energy to ignite the molded 
slugs than is required to ignite the granular propellant, 
but once ignited, the molded slugs surprisingly burn in 
substantially the same manner as if they were in granu 
lar form. 

Since many changes and variations of the disclosed 
embodiment of the invention may be made without 
departing from the inventive concept, it is not intended 
to limit the invention otherwise than as required by the 
appended claims. 
What is claimed is: 
1. A propellant charge for use in a cartridge, said 

propellant charge comprising a ?rst constituent of com 
pacted nitrocellulose base smokeless powder formed in 
a plurality of bodies and a second constituent of loose 
granular nitrocellulose base smokeless powder, said 
bodies of said ?rst constituent being relatively homoge 
neously dispersed throughout said second constituent, said 
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propellant charge having a maximum packing density 
which is greater than about 1.0 gin/cc. 

2. A propellant charge for use in a cartridge, said 
propellant charge comprising a plurality of compacted 
bodies of nitrocellulose base smokeless powder dis 
persed in a matrix of loose granular nitrocellulose base 
smokeless powder, said propellant charge having a 
maximum packing density which is greater than about 
1.0 gm/cc. 

3. A propellant charge for use in a cartridge, said 
propellant charge comprising a plurality of compacted 
bodies of nitrocellulose base smokeless powder substan 
tially homogeneously dispersed throughout a matrix of 
loose granular nitrocellulose base smokeless powder to 
form a mixture having a maximum packing density 
which is greater than about 1.0 gin/cc. 

4. The propellant charge of claim 3, wherein the 
maximum packing density of said mixture is in the range 
of greater than about 1.0 gm/cc. to less than about l.5 
gin/cc. 

5. A cartridge comprising a casing, a projectile in said 
casing, a primer, and a propellant charge disposed in a 
chamber within said casing, said propellant charge in 
cluding a ?rst portion of compacted nitrocellulose base 
smokeless powder formed in a plurality of bodies and a 
second portion of loose granular nitrocellulose base 
smokeless powder, said bodies of said ?rst portion being 
relatively homogeneously dispersed throughout said second 

30 portion, said propellant charge having a maximum pack 
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ing density within said casing chamber which is greater 
than about 1.0 gm/cc. 

6. A cartridge comprising a casing, a projectile se 
cured to said casing, a propellant chamber in said casing 
adjacent said projectile, and a propellant charge within 
said propellant chamber, said propellant charge includ 
ing a plurality of compacted bodies of nitrocellulose 
base smokeless powder dispersed in a matrix of loose 
granular nitrocellulose base smokeless powder, and said 
propellant charge having a maximum packing density 
which is greater than about 1.0 gm/cc. 

7. A cartridge comprising a casing, a projectile se 
cured to said casing, a propellant chamber in said cas 
ing, and a propellant charge in said propellant chamber, 
said propellant charge comprising a plurality of molded 
bodies of nitrocellulose base smokeless powder substan 
tially evenly dispersed throughout a matrix of loose 
granular nitrocellulose base smokeless powder, said 
propellant charge having a maximum packing density of 
greater than about 1.0 gm/cc. 

8. The cartridge of claim 7, wherein said propellant 
charge has a maximum packing density in the range of 
greater than about 1.0 gm/cc. to less than about 1.4 
gm/cc. 

U l i l i 


