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(57) ABSTRACT 

An ammunition cartridge assembled from (1) a Substantially 
cylindrical polymeric cartridge casing body defining a cas 

ing headspace with an open projectile-end and an end 
opposing the projectile-end, wherein the casing body has 
(A) a Substantially cylindrical injection molded polymeric 
bullet-end component with opposing first and second ends, 
the first end of which is the projectile-end of the casing body 
and the second end has a male or female coupling element; 
and (B) a cylindrical polymeric middle body component 
with opposing first and second ends, wherein the first end 
has a coupling element that is a mate for the projectile-end 
coupling element and joins the first end of the middle body 
component to the second end of the bullet-end component, 
and the second end is the end of the casing body opposite the 
projectile end and has a male or female coupling element; 
and (2) a cylindrical cartridge casing head-end component 
with an essentially closed base end with a primer hole 
opposite an open end with a coupling element that is a mate 
for the coupling element on the second end of the middle 
body and joins the second end of the middle body compo 
nent to the open end of the head-end component; wherein the 
middle body component is formed from a material more 
ductile than the material head-end component is formed 
from but equal or less ductile than the material the bullet-end 
component is formed from. Methods for assembling ammu 
nition cartridges and ammunition cartridges having the 
headspace length larger than the corresponding headspace 
length of the chamber of the intended weapon measured at 
the same basic diameter for the cartridge casing without 
being so large as to jam the weapon or otherwise interfere 
with its action are also disclosed. 
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FIG. 1 
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FIG. 3 
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FIG. 4 
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FIG. 5A 
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LIGHTWEIGHT POLYMER CASED AMMUNITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority benefit of 
U.S. Provisional Patent Application No. 60/754,091 filed 
Dec. 27, 2005, the entire contents of all of which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to ammunition 
articles and, more particularly to ammunition articles with 
plastic components such as injection molded polymeric 
cartridge casings. 

BACKGROUND OF THE INVENTION 

0003 Advances in weapon systems have resulted in 
soldiers carrying additional gear to enhance combat effec 
tiveness, but at the cost of increased weight. Today soldiers 
on combat patrols in Afghanistan typically carry 92 to 105 
pounds of mission-essential equipment which includes extra 
ammunition, chemical protective gear and cold-weather 
clothing. The overload causes fatigue, heat stress, injury, and 
performance degradation for Soldiers. To ensure that Ameri 
ca’s Soldiers maintain their overwhelming combat edge into 
the 21st century, making the load lighter for Soldiers has 
moved to the top of the priority list in the Army. 
0004. Despite years of research and development, the 
Army's weapons and equipment is still too heavy to allow 
foot soldiers to maneuver safely under fire. One of the 
heaviest pieces of load for soldiers is the ammunition. Every 
Solider has to carry a lot of ammunition during combat. For 
example, the weight .50 caliber ammunition is about 60 
pounds per box (200 cartridges plus links). It is burdensome 
for a soldier to move around with heavy ammunition aside 
from carrying additional gear at the same time. Conven 
tional ammunition cartridge cases for rifles and machine 
guns, as well as larger caliber weapons, are usually made 
from brass which is heavy, expensive, and potentially haZ 
ardous. There exists a need for an affordable lighter weight 
replacement for brass ammunition cartridge cases that can 
increase mission performance and operational capabilities. 
0005. As early as 1960, the U.S. military has recognized 
the benefits of using polymer or polymer composite mate 
rials for cartridge case applications, and since then much 
research has been carried out by military and ammunition 
industry. The previous studies only demonstrated feasibility 
and has not achieved consistent and reliable ballistic results. 
Recent efforts have focused on a two-piece metal and plastic 
hybrid cartridge case design which encountered numerous 
failures. On the civilian side, the development effort focused 
on low-pressure and low muzzle-speed cartridge case appli 
cations. 

0006 Lightweight polymer cartridge casing ammunition 
must meet the reliability and performance standards of 
existing fielded ammunition and be interchangeable with 
brass cartridge casing ammunition in existing weaponry. At 
the same time, the light-weight polymer cartridge casing 
ammunition must be capable of Surviving the physical and 
natural environment in which it will be exposed during the 
ammunitions intended life cycle. In addition, the polymeric 
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cartridge casings should require little to no modification of 
conventional ammunition manufacturing equipment and 
methods. 

0007 To date, polymeric cartridge casings have failed to 
provide satisfactory ammunition with Sufficient safety, bal 
listic and handling characteristics. Most plastic materials, 
however, even with a high glass fiber loading, have much 
lower tensile strength and modulus than brass. Existing 
polymer/composite casing technologies as a result have 
many shortcomings, such as insufficient ballistic perfor 
mance, cracks on case mouth, neck, body and/or base, 
bonding failure of metal-plastic hybrid cases, difficult 
extraction from the chamber, incompatibility with propellant 
(particularly for double base propellants), insufficient high 
temperature resistance (burn holes) and chamber constraints 
produced by thicker case walls. 
0008. Other shortcomings include the possibility of the 
projectile being pushed into the cartridge casing, the bullet 
pull being too light such that the bullet can fall out, the bullet 
pull being too insufficient to create sufficient chamber pres 
sure, the bullet pull not being uniform from round to round, 
and portions of the cartridge casing breaking off upon firing 
causing weapon jam or damage or danger when Subsequent 
rounds are fired or when the casing portions themselves 
become projectiles. 
0009. To overcome the above shortcomings, improve 
ments in cartridge case design and performance polymer 
materials are needed. 

SUMMARY OF THE INVENTION 

0010 This need is met by the present invention. By using 
an innovative polymer casing design and identifying appro 
priate polymeric materials, the present invention provides a 
polymeric cased cartridge with up to 40% weight saving per 
cartridge than existing corresponding brass cased cartridge 
while at the same time meeting military performance 
requirements. 
0011. The present invention incorporates the discovery 
that the shortcomings experienced with prior art polymeric 
ammunition cartridges can be overcome by a casing design 
that achieves a strong and reliable metal-plastic joint inter 
face. Therefore, according to one aspect of the present 
invention, an ammunition cartridge is provided having: 

0012 (1) an injection molded substantially cylindrical 
polymeric cartridge casing body with an open projec 
tile-end and an open end opposing the projectile-end, in 
which the cartridge casing has: 

0013 (A) a substantially cylindrical injection 
molded polymeric bullet-end component with 
opposing first and second ends, the first end of which 
is the projectile-end of the casing body and the 
second end has a male or female coupling element; 
and 

0014 (B) a cylindrical polymeric middle body com 
ponent with opposing first and second ends, wherein 
the first end has a coupling element that is a mate for 
the bullet-end coupling element and thereby joins the 
first end of the middle body component to the second 
end of the bullet-end component, and the second end 
of the middle body component is the end of the 
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casing body opposite the projectile end and has a 
male or female coupling element; and 

0015 (2) a cylindrical cartridge casing head-end com 
ponent having an essentially closed base end with a 
primer hole opposite an open end having a coupling 
element that is a mate for the coupling element on the 
second end of the middle body component and thereby 
joins the second end of the middle body component to 
the open end of the of the casing head-end component; 

0016 wherein the middle body component is formed 
from a material that is more ductile than the material from 
which the head-end component is formed but equal or less 
ductile than the material from which the bullet-end compo 
nent is formed. 

0017. The bullet-end and middle body components are 
made of either polymer or fiber reinforced polymer com 
posite. Injection molding of the polymer and polymer com 
posite components maximizes the interior Volume by per 
mitting the formation of narrow-walled components. The 
same or different polymers can be used in the construction 
of the two components. Either or both components can be 
fiber reinforced polymer composite or un-reinforced ductile 
polymer. In one embodiment, the middle body component 
and the bullet-end component are formed from the same 
high temperature resistant ductile polymer. 
0018. The middle body component can have a male 
coupling element on both ends, in which case both the 
second end of the bullet-end component and the open end of 
the casing head-end component will have female coupling 
elements. The middle body component can also have a 
female coupling element on both ends, in which case both 
the second end of the bullet-end component and the open 
end of the casing head-end component will have male 
coupling elements. The middle body component can also 
have a male coupling element on one end and a female 
coupling element on the other end and the second end of the 
bullet-end component and the open end of the casing head 
end component will have the mate for the coupling element 
on the end of the middle body component to which it is 
joined. The tips of the coupling elements may be tapered on 
both ends to facilitate insertion. 

0019. In one embodiment the first end of the middle body 
component has a female coupling element and the second 
end of the bullet-end component has a male coupling 
element, wherein the male coupling element of the bullet 
end component is dimensioned to achieve an interference fit 
within and engage the female coupling element of the 
middle body component. The interference fit between the 
middle-body component and the bullet-end component can 
be accomplished when the inner diameter (ID) of the female 
coupling element is equal or Smaller than the outer diameter 
(OD) of the male coupling element. In the same embodi 
ment, the second end of the middle body component has a 
male coupling element, and the open end of the casing 
head-end component has a female coupling element, 
wherein the male coupling element of the middle-body 
component is similarly dimensioned to achieve an interfer 
ence fit or simply fit within and engage the female coupling 
element of the head end component. 
0020. The head-end component is made of high strength 
polymer, polymer composite, ceramic or metal. Preferably 
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the head-end component is made of metal, more preferably 
aluminum, steel or brass. The head-end and middle body 
components may be joined by adhesive bonding, interfer 
ence fit, Snap-fit joint or an injection molded-in joint. The 
middle body and bullet-end components may be joined by 
adhesive bonding, solvent welding, spin welding, vibration 
welding, ultrasonic welding or laser welding. 
0021. The bullet-end component has a neck with an inner 
diameter preferably tapering to the projectile end, within 
which the projectile is seated and secured. The inner diam 
eter of the neck is dimensioned to achieve an interference fit 
with the circumference of the projectile. The projectile may 
be held in place in the casing neck by interference fit, 
crimping or mechanical fastening. 
0022. The projectile end of the casing neck may also have 
an internal recess adapted to receive and hold in place the 
projectile. In an alternate embodiment, the bullet-end com 
ponent may be made of a ductile polymer and is molded with 
a plurality of internal structures for Supporting the projectile 
and holding it in place. 
0023 Polymers suitable for molding of the bullet-end 
component have one or more of the following properties: 

0024 
0025) 
0026 
0027) 
0028 
0029) 

Yield or tensile strength at –65° F.210,000 psi 
Elongation-to-break at -65° F.2d 15% 

Yield or tensile strength at 73° F.28,000 psi 
Elongation-to-break at 73° F>50% 

Yield or tensile strength at 320° F.d4,000 psi 
Elongation-to-break at 320° F.>80% 

0030 Polymers suitable for molding of the middle body 
component have one or more of the following properties: 

0031. Yield or tensile strength at -65° Fd 10,000 psi 
0032. Yield or tensile strength at 73° F.28,000 psi 
0033 Yield or tensile strength at 320° F.24,000 psi 

0034 Preferred polymers for use in the present invention 
meet all of the foregoing properties. Commercially available 
polymers Suitable for use in the present invention thus 
include polyphenylsulfones, and copolymers of polyphenyl 
sulfones with polyethersulfones or polysulfones, and 
copolymers and blends thereof with poly-siloxanes; poly 
(etherimide-siloxane) copolymers and blends of polyether 
imides and polysiloxanes, and blends of polyetherimides 
and poly(etherimide-siloxane) copolymers; and the like. The 
polymer can be formulated with up to 10 wt % of one or 
more additives, including but not limited to internal mold 
release agents, heat stabilizers, flow promoter, anti-static 
agents, UV stabilizers and colorants. 
0035. The foregoing polymers can also be used for con 
ventional two-piece metal-plastic hybrid cartridge case 
designs and conventional shotgun shell designs. Therefore, 
according to another aspect of the present invention, an 
ammunition cartridge is provided having: 

0036 (1) a one-piece substantially cylindrical poly 
meric cartridge casing body with an open projectile-end 
and an end opposing the projectile-end with a male or 
female coupling element; and 
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0037 (2) a cylindrical metal cartridge casing head-end 
component having an essentially closed base end with 
a primer hole opposite an open end having a coupling 
element that is a mate for the coupling element on the 
opposing end of the polymeric cartridge casing body 
joining the open end of the head-end component to the 
opposing end of the polymeric cartridge casing body; 

0038 wherein the polymeric cartridge casing body is 
formed from a polymer having one or more of the following 
properties: 

0039) Yield or tensile strength at -65° Fid 10,000 psi 
0040 Elongation-to-break at –65° F.d.15% 
0041. Yield or tensile strength at 73° F.28,000 psi 
0.042 Elongation-to-break at 73° F.d50% 
0043. Yield or tensile strength at 320° F.24,000 psi 
0044) Elongation-to-break at 320° F.>80%. 

004.5 The headspace gap between a cartridge casing and 
the weapon chamber is crucial to casing performance. Too 
large of a headspace gap will cause a casing to rupture. The 
present invention incorporates the discovery that this is more 
of an issue with polymeric casings as opposed to brass 
casings because the headspace gap between a polymeric 
casing and weapon chamber at extreme low temperatures 
can be excessive because of the high coefficient of thermal 
expansion of polymers as compared to brass. 
0046) The present invention incorporates the recognition 
that the cartridge casing design must take this circumstance 
into consideration so that polymer casing ammunition can 
function reliably at all temperatures in all weapons systems. 
The cartridge casings of the present invention are specifi 
cally designed to take advantage of the compressibility and 
recoverability of polymers to provide polymer cartridge 
casings that address the headspace gap issue resulting from 
weapon variations and temperature extremes. 
0047 Accordingly, ammunition cartridge casings accord 
ing to one embodiment of the present invention have a 
headspace length dimension that is larger than the corre 
sponding headspace length dimension of the chamber of the 
intended weapon, measured at the same basic diameter for 
the cartridge casing at 73° F., without being so large as to 
jam the weapon or otherwise interfere with its action, so that 
at lower temperatures the headspace gap is not so large as to 
result in rupture of the casing. The mechanical properties of 
plastic compared to brass permit the use of Such a design, 
permitting the weapon's bolt to compress the cartridge 
casing slightly to close the firing chamber. Cartridge casings 
according to this embodiment of the present invention 
should be between about 0.001 and about 0.030 inches larger 
than the corresponding chamber headspace, and preferably 
between about 0.002 and about 0.008 inches larger. 
0048 Military specification Mil-C-63989-C establishes 
specifications as of the filing date of the present invention for 
the 5.56 mm M855 ball cartridges. The present invention 
incorporates the discovery of polymeric materials and casing 
designs for polymeric cartridges that meet the requirements 
of this and other existing military specifications, including 
requirements for bullet pull strength. Therefore, according to 
another embodiment of the present invention polymer 
ammunition cartridge casings are provided in which the 
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neck of the bullet-end component has an inner diameter 
Smaller than the projectile base diameter at the same location 
before the projectile base is seated into the cartridge casing. 

0049. The inner diameter at the projectile end is prefer 
ably no more than about 0.002 inches larger but no more 
than 0.008 inches smaller than the projectile diameter. At the 
opposite end of the neck, where the projectile is seated, the 
inner diameter is between about 0.002 and about 0.025 
inches smaller than the diameter of the projectile, preferably 
between about 0.004 and about 0.010 inches smaller, and 
more preferably between about 0.005 and 0.008 inches 
Smaller. 

0050. The ammunition cartridge may be assembled with 
out modification of exiting production lines. A primer is 
centrally mounted on the base of the head-end component, 
with the primer and head-end component serving to close 
the end of the casing opposite the projectile end. The casing 
is filled with a particulate or consolidated propellant, and a 
projectile is mounted on the projectile-end of the casing. 

0051. The present invention also includes methods by 
which the ammunition cartridge casings of the present 
invention are made. Therefore, according to another aspect 
of the present invention, a method is provided for assem 
bling an ammunition cartridge according to the following 
steps: 

0052 (1) mating a cylindrical cartridge casing head 
end component having an essentially closed base end 
with a primer hole opposite an open end having a 
coupling element to a cylindrical polymeric middle 
body component with opposing first and second ends, 
wherein the first end has a male or female coupling 
element and the second end has a coupling element that 
is a mate for the coupling element of the head-end 
component; 

0053 (2) providing a substantially cylindrical injection 
molded polymeric bullet-end component with opposing 
first and second ends, the first end of which is the 
projectile-end of the casing body and the second end 
has a coupling element that is a mate for the coupling 
element on the first end of the middle body component; 
and 

0054 (3) mating the first end of the middle body 
component to the second end of the bullet-end com 
ponent; and 

0055 wherein the middle body component is formed 
from a material that is more ductile than the material from 
which the head-end component is formed but equal or less 
ductile than the material from which the bullet-end compo 
nent is formed. 

0056. The middle body component can be mated to the 
head-end component either by injection molding the middle 
body component onto the head-end component or by Snap 
fitting the two components together. The bullet-end compo 
nent can also be snap-fit or interference fit to the middle 
body component. The individual components are otherwise 
formed by essentially conventional means and may be 
welded or bonded together by conventional techniques for 
joining polymeric materials to the same or different polymer, 
ceramic or metal. 
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0057. Once assembled, the cartridge casing can be loaded 
with propellant and assembled with a projectile. This can be 
performed in-line, or the cartridge casings can be transported 
to a different location to be filled with propellant and joined 
to a projectile, and without significant modification of exist 
ing production lines for filling brass cartridge casings and 
mounting projectiles thereon. 
0.058. The foregoing and other objects, features and 
advantages of the present invention are more readily appar 
ent from the detailed description of the preferred embodi 
ments set forth below, taken in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0059 FIG. 1 depicts a side, cross-sectional view of a 
polymeric cartridge case according to one embodiment of 
the present invention; 
0060 FIG. 2 depicts a side, cross-sectional view of a 
polymeric cartridge case according to another embodiment 
of the present invention; 
0061 FIG. 3 depicts an exploded view of the polymeric 
cartridge casing of FIG. 1; 

0062 FIG. 4 is a partial cross-sectional view of the 
polymeric cartridge casing of FIG. 2; 

0063 FIG. 5a depicts a side, cross-sectional view of a 
polymeric cartridge case neck and a projectile to be seated 
therein according to one embodiment of the present inven 
tion, and FIG. 5b depicts a side, cross sectional view of a 
projectile seated in the polymer cartridge case neck of FIG. 
5a. 

0064 FIG. 6a depicts a side, cross-sectional view of a 
polymeric cartridge case neck and a projectile to be seated 
therein according to another embodiment of the present 
invention, and FIG. 6b depicts a side, cross sectional view 
of a projectile seated in the polymer cartridge case neck of 
FIG. 6a, and 

0065 FIGS. 7a and 7d depict side, cross-sectional views 
of polymeric cartridge case necks according to two other 
embodiments of the invention; and FIGS. 7b and 7c depict 
top views of two other embodiments of polymeric cartridge 
case necks according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.066 Referring particularly to the drawings, wherein like 
figures indicate like parts, there is depicted in FIG. 1 a side, 
cross-sectional view of one embodiment of the present 
invention. An exploded view of the same embodiment is 
depicted in FIG. 3. A rifle cartridge 10 suitable for use with 
high velocity rifles is shown manufactured with a polymer 
casing 12 open at both ends with projectile 14 inserted into 
the forward end opening 16. Polymer casing 12 has a 
substantially cylindrical open-ended polymeric bullet-end 
component 18 extending from forward end opening 16 
rearward to the opposite end 20. The bullet-end component 
18 is injection molded with male coupling element 22 
formed on end 20. The forward end of bullet-end component 
18 has a shoulder 24 forming chamber neck 26. The bullet 
end component typically has a wall thickness between about 
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0.005 and about 0.150 inches and more preferably between 
about 0.010 and about 0.050 inches. 

0067 Polymer casing 12 also has a substantially cylin 
drical open-ended middle body component 28. The middle 
body component extends from a first end with a female 
coupling element 30 to a second end with a male coupling 
element 32. The middle body component typically has a wall 
thickness between about 0.005 and about 0.150 inches and 
more preferably between about 0.010 and about 0.050 
inches. 

0068 The male coupling element 22 of bullet-end com 
ponent 18 fits within and engages the female coupling 
element 30 of middle body component 28. Specifically, male 
coupling element 22 of bullet-end component 18 is formed 
with a straight interference fit or tapered interlock fit or 
combination of both fit surface 19 adapted to mate and fit 
with deformable skirt 21 of female coupling element 30 on 
middle body component 28. In an alternate embodiment, the 
female coupling element can be formed on the bullet-end 
component and the male coupling element can be formed on 
the first end of the middle body component. 
0069. The interlock surface 19 of male coupling element 
22 is preferably straight with a taper to a smaller diameter at 
the forward tip 25, while the deformable skirt 21 of female 
coupling element 30 is preferably straight with a taper to a 
smaller diameter at the skirt tip 29 at the first end of middle 
body component 28. when contacted with the interlock 
surface 19 of male coupling element 22, a physical interlock 
results between bullet-end component 18 and middle body 
component 28. The bullet-end and middle body components 
can then be welded or bonded together using solvent, 
adhesive, spin-welding, vibration-welding, ultrasonic-weld 
ing or laser-welding techniques. The welding or bonding 
increases the joint strength so the casing can be extracted 
from the hotgun casing after firing at the cook-off tempera 
ture (estimated above 300 F). An optional annular groove 
may be provided in the deformable skirt of the female 
coupling element opposite an optional annular ring in the 
interlock Surface of the male coupling element to provide a 
Snap-fit between the two components. 

0070 The interference fit surface 19 of male coupling 
element 22 preferably has an equal or larger outer diameter 
than the outer diameter of the skirt 21 of female coupling 
element. The bullet-end and middle body components can 
then be welded or bonded together using solvent, adhesive, 
spin-welding, vibration-welding, ultrasonic-welding or 
laser-welding techniques. The interference fit between bul 
let-end and middle body components can ensure the quality 
of the welding or bonding between them and achieve high 
joint strength. The welding or bonding increases the joint 
strength so the casing can be extracted from the hot gun 
casing after firing, even at the cook-off temperature (esti 
mated above 300 F). An optional annular groove (not 
shown) may be provided in the deformable skirt of the 
female coupling element opposite an optional annular ring 
(not shown) in the interlock Surface of the male coupling 
element to provide a Snap-fit between the two components. 
0071. The bullet-end, middle body and head-end compo 
nents 18, 28 and 38 define the interior of powder chamber 
34 in which the powder charge (not shown) is contained. The 
interior volume of powder chamber 34 may be varied to 
provide the volume necessary for complete filling of the 
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chamber 34 by the propellant chosen so that a simplified 
volumetric measure of propellant can be utilized when 
loading the cartridge. Either a particulate or consolidated 
propellant can be used. 
0072 Referring to FIG. 4, the casing and powder cham 
ber are closed by cylindrical cartridge casing head-end 
component 38 having a closed base end 40 opposite an open 
end with a female coupling element 42. In the depicted 
embodiment the head-end component 38 is steel or brass and 
is formed in a high pressure forming apparatus as is well 
known in the prior art. However, the die used provides for 
an annular groove 41 and a diverging deformable skirt 44 on 
female coupling element 42 having a larger diameter at the 
skirt base 39 and a relatively smaller diameter at the skirt tip 
37. 

0073. The head-end component may also be formed from 
high-strength polymer, composite or ceramic. Examples of 
Suitable high strength polymers include aliphatic or aromatic 
polyamide, polyeitherimide, polysulfone, polyphenylsul 
fone, poly-phenylene oxide, liquid crystalline polymer and 
polyketone. Examples of Suitable composites include poly 
mers such as polyphenylsulfone reinforced with between 
about 30 and about 70 wt %, and preferably up to about 65 
wt % of one or more reinforcing materials selected from 
glass fiber, ceramic fiber, carbon fiber, mineral fillers, organo 
nanoclay, carbon nanotube. Preferred reinforcing materials, 
such as chopped surface-treated E-glass fibers provide flow 
characteristics at the above-described loadings comparable 
to unfilled polymers to provide a desirable combination of 
strength and flow characteristics that permit the molding of 
head-end components with wall thicknesses as thin as about 
0.010 inches. Composite components can also be formed by 
machining. 
0074 The male coupling element 32 at the second end of 
middle body component 28 is also formed with an interlock 
surface 36 with annular ring 45 adapted to mate and inter 
lock with the annular groove 41 on deformable skirt 44 on 
the female coupling element 42 at the open end of head-end 
component 38. The interlock surface 36 of male coupling 
element 32 also preferably tapers from a larger diameter at 
the rearward most portion thereof to a smaller diameter at 
the forward portion, while the thickness of skirt 44 also 
increases from skirt base 39 to skirt tip 37 so that when 
contacted with the interlock surface 36 of male coupling 
element 32, a physical Snap-fit or molded-in mechanical 
interlock results between head-end component 38 and 
middle body component 28. 
0075. In an alternate embodiment, the female coupling 
element can be formed on the second end of the middle body 
component and the male coupling element can be formed on 
the open end of the casing head-end component. Thus, the 
middle body component can have male coupling elements 
on both ends, female coupling elements on both ends, or a 
male coupling element on one end and a female coupling 
element on the opposite end. 
0.076 Head-end component 38 also has an extraction 
groove 46 cut therein and a primer recess 48 formed therein 
for ease of insertion of the primer 50. The primer recess 48 
is sized so as to receive the primer 50 in an interference fit 
during assembly. A primer flash hole 52 communicates 
through the base end 40 of head-end component 38 into the 
powder chamber 34 so that upon detonation of primer 50 the 
powder in powder chamber 34 will be ignited. 
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0.077 Projectile 14 is held in place within chamber case 
neck 26 at forward opening 16 by an interference fit. 
Mechanical crimping of the case mouth 17 can also be 
applied to increase the bullet pull force. The bullet may be 
inserted into place following the completion of the filling of 
powder chamber 34. Projectile 14 can also be injection 
molded directly onto the bullet-end component prior to 
welding or bonding the bullet-end and middle body com 
ponents together, when the consolidated powder is used. 
0078. The polymeric ammunition cartridges of the 
present invention are of a caliber typically carried by sol 
diers in combat for use in their combat weapons. This 
includes various Small and medium caliber munitions, 
including 5.56 mm, 7.62 mm and .50 caliber ammunition 
cartridges, as well as medium caliber ammunition Such as 20 
mm, 25 mm, 30 mm, 40 mm, and the like. The cartridges, 
therefore, are of a caliber between about 0.197 and about 
3.937 inches (i.e., between about 5 and about 100 mm). 
Thus, the present invention is also applicable to the sporting 
goods industry for use by hunters and target shooters. 
0079 An alternate embodiment for use with aluminum 
head-end components is depicted in FIGS. 2 and 4. Despite 
being lightweight, head-end components have not been 
formed from aluminum because of problems with case 
burn-through when aluminum case exposes to high tempera 
ture propellant gases upon primer detonation. FIGS. 2 and 4 
depict a cartridge casing with an aluminum head-end com 
ponent 38 in which the second end of middle body compo 
nent 28 has a closed base end 58 so that there is no direct 
exposure of aluminum to propellant gas, even in situations 
when a crack is generated in the aluminum head-end com 
ponent. Base end 58 has a primer flash hole 56 through 
which the powder in powder chamber 34 will be ignited 
upon detonation of primer 50. The prevention of burn 
through permits the use of aluminum in the fabrication of the 
head-end component, thereby further reducing the weight of 
the ammunition cartridge. 
0080. The aluminum head-end component is preferably 
fabricated from high-strength 7075 aluminum to provide 
resistance to ballistic pressure for unsupported areas. The 
closed base end 58 can be fabricated from a high strength 
glass fiber filled plastic composite or a ductile unfilled 
polymer that is directly injection molded or Snap-fit onto the 
aluminum head end component. 
0081. This three-piece design can achieve a high pull 
strength resistance, and thus overcomes the case separation 
problems consistently seen in two-piece metal-polymer 
designs, particularly at the hot gun chamber (can be above 
320 F) after firing hundreds of rounds of ammunition. Case 
separation during extraction can cause the polymer case 
body to stay in the gun chamber and jam the weapon when 
a new cartridge is loaded into the chamber and cause weapon 
damage or personnel injuries. 

0082) While described with reference to aluminum cas 
ing head-end components, the three-piece design can be 
employed with essentially any casing head-end material. 
Likewise, regardless of the casing head-end material used, 
several embodiments are provided for holding the projectile 
in place in the bullet-end component and preventing the 
bullet from being pushed into the powder chamber during 
the cartridge assembly process. FIGS. 6a and 6b depict a 
casing embodiment according to the present invention 
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wherein the projectile body does not extend beyond the base 
of the case neck. Thickened shoulder 24 forming chamber 
neck 26 at the forward end of bullet-end component 18 is 
dimensioned so that forward end opening 16 tapers from a 
larger inner diameter D at the tip of the casing mouth 17 to 
a narrower inner diameter D. at the base 15 of shoulder 24. 
0083) In the embodiment depicted in FIGS. 6a and 6b, 
projectile 14 has an annular groove 13 positioned to receive 
the tip of casing mouth 17 to increase the frictional resis 
tance of the interference fit between projectile 14 and casing 
neck 26. The casing mouth can be crimped at the tip to 
increase further the frictional resistance. Crimping the case 
mouth 17 with or without heat can force polymeric material 
to flow into the annular grove 13 of the projectile, thus 
increasing the bullet pull force. The inner diameter D, 
should be not more 0.002 inches larger than the largest 
diameter D of projectile 14, but not more than 0.008 inches 
smaller than projectile diameter D, and preferably the same 
size or smaller than the largest diameter D of the projectile. 
Inner diameter D. should be between about 0.002 and about 
0.025 inches smaller than projectile diameter D. preferably 
between about 0.006 and about 0.012 inches smaller, and 
even more preferably between about 0.006 and 0.008 inches 
Smaller. 

0084 FIGS. 5a and 5b depict a casing embodiment 
according to the present invention in which the projectile 
body extends beyond the base of the case neck. Thickened 
shoulder 24 forming neck 26 at the forward end of bullet-end 
component 18 is dimensioned so that forward end opening 
16 tapers from larger inner diameter D at the tip of the 
casing mouth 17, beyond the base 15 of thickened shoulder 
24 to a narrower inner diameter D. at the base 11 of neck 26. 
Inner diameter D should be less than 0.002 inches larger 
than the largest diameter D of projectile 14, but not less than 
0.008 inches of projectile diameter D. Inner diameter D. 
should also be between about 0.002 and about 0.025 inches 
smaller than the projectile diameter D, preferably between 
about 0.006 and bout 0.012 inches smaller, and even more 
preferably between about 0.006 and 0.008 inches smaller. 
0085 FIG. 7a depicts a casing embodiment according to 
the present invention in which the neck 26 at the forward end 
of bullet-end component 18 is molded with an internal 
recess or shoulder 62 along the entire inner circumference of 
the neck, which is adapted to receive and hold in place the 
projectile 14. As shown in FIGS. 7b and 7c, the internal 
Support need not be a continuous shoulder or recess around 
the interior circumference of the neck 26 of bullet-end 
component 18. 

0086). As shown in FIGS. 7c and 7d, the ductile polymer 
of a bullet-end component can be molded with a plurality of 
internal ribs 60 for supporting projectile 14 and holding it in 
place. From 3 to 12 ribs can be used having a thickness 
between about 0.010 and about 0.100 inches and preferably 
between about 0.020 and about 0.040 inches. The ribs are 
particularly useful in combination with projectiles having 
“boat-tail ends, and extend in FIG. 7c from the interior wall 
of the neck of the bullet end component to the smaller 
projectile diameter at the tip of the boat-tail. 
0087 Polymeric materials for the bullet-end and middle 
body components must have propellant compatibility and 
resistance to gun cleaning solvents and grease, as well as 
resistance to chemical, biological and radiological agents. 
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The polymeric materials must have a temperature resistance 
higher than the cook-off temperature of the propellant, 
typically about 320° F. The polymeric materials must have 
elongation-to-break values that to resist deformation under 
interior ballistic pressure as high as 60,000 psi in all envi 
ronments (temperatures from about -65 to about 320°F. and 
humidity from 0 to 100% RH). Finally, the cartridge case 
must retain Sufficient joint strength at cook-off temperatures. 
More specifically, polymers suitable for molding of the 
projectile-end component have one or more of the following 
properties: 

0088) 
0089) 
0090) 
0091) 
0092) 
0093) 

Yield or tensile strength at –65° F.210,000 psi 
Elongation-to-break at -65° F.2d 15% 

Yield or tensile strength at 73° F.28,000 psi 
Elongation-to-break at 73° F>50% 

Yield or tensile strength at 320° F.d4,000 psi 
Elongation-to-break at 320° F.>80% 

0094. The elongation-to-break values of the ductile poly 
mers used for the bullet-end components of the present 
invention range as high as about 60% to 140% at 73°F. The 
high polymer ductility permits the casing to resist breakage. 
0.095 Polymers suitable for molding of the middle-body 
component have one or more of the following properties: 

0.096 Yield or tensile strength at -65° F d10,000 psi 
0097. Yield or tensile strength at 73° F.28,000 psi 
0.098 Yield or tensile strength at 320° F.24,000 psi 

0099 Preferred polymers for use in the present invention 
meet all of the foregoing properties. Commercially available 
polymers Suitable for use in the present invention thus 
include polyphenylsulfones; copolymers of polyphenylsul 
fones with polyether-Sulfones or polysulfones; copolymers 
and blends of polyphenylsulfones with poly-siloxanes; poly 
(etherimide-siloxane); copolymers and blends of polyether 
imides and polysiloxanes, and blends of polyetherimides 
and poly(etherimide-siloxane) copolymers; and the like. 
0.100 Particularly preferred are polyphenylsulfones and 
their copolymers with poly-sulfones or polysiloxane that 
have high tensile strength and elongation-to-break to Sustain 
the deformation under high interior ballistic pressure. Such 
polymers are commercially available, for example, Radel R. 
R5800 polyphenylesulfone from Solvay Advanced Poly 
mers. The polymer can be formulated with up to about 10 wt 
% of one or more additives selected from internal mold 
release agents, heat stabilizers, anti-static agents, colorants, 
impact modifiers and UV stabilizers. 
0101 The foregoing polymers can also be used for con 
ventional two-piece metal-plastic hybrid cartridge case 
designs and conventional shotgun shell designs. One 
example of Such a design is an ammunition cartridge with a 
one-piece Substantially cylindrical polymeric cartridge cas 
ing body with an open projectile-end and an end opposing 
the projectile-end with a male or female coupling element; 
and a cylindrical metal cartridge casing head-end component 
with an essentially closed base end with a primer hole 
opposite an open end having a coupling element that is a 
mate for the coupling element on the opposing end of the 
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polymeric cartridge casing body joining the open end of the 
head-end component to the opposing end of the polymeric 
cartridge casing body. 
0102 Ammunition cartridge casings according to one 
embodiment of the present invention have a headspace 
length larger than the corresponding head-space length of 
the chamber of the intended weapon, measured at the same 
basic diameter for the cartridge casing, without being so 
large as to jam the weapon or otherwise interfere with its 
action. The mechanical properties of plastic compared to 
brass permit the use of Such a design, permitting the weap 
on's bolt to compress cartridge casing slightly to close the 
firing chamber. 
0103) The use of a larger headspace length overcomes the 
difficulties with ejecting prior art polymeric cartridge cas 
ings from weapon chambers after firing, which tend to jam 
in the chamber. Cartridge headspace length according to the 
present invention should be between about 0.001 and about 
0.030 inches larger than the corresponding chamber head 
space length, and preferably between about 0.002 and about 
0.08 inches larger. 
0104 One of ordinary skill in the art will know that many 
propellant types and weights can be used to prepare work 
able ammunition and that such loads may be determined by 
a careful trial including initial low quantity loading of a 
given propellant and the well known stepwise increasing of 
a given propellant loading until a maximum acceptable load 
is achieved. Extreme care and caution is advised in evalu 
ating new loads. The propellants available have various burn 
rates and must be carefully chosen so that a safe load is 
devised. 

0105 The casing components are otherwise formed and 
assembled by essentially conventional polymer fabrication 
methods. Typically, the polymeric and composite compo 
nents are injection molded. According to one embodiment, 
the middle body component is either molded onto or snap-fit 
to the casing head-end component after which the bullet-end 
component is snap-fit or interference fit to the middle body 
component. 

0106 The cartridge casing is then filled with a propellant 
and joined to a projectile. This can be done in line or at a 
remote location without modification using conventional 
equipment for manufacturing brass ammunition cartridges. 
The projectile can also be injection molded directly onto the 
bullet-end component prior to welding or bonding the bullet 
end and middle body component together, when consoli 
dated powder is used. 
0107 The description of the preferred embodiments 
should be taken as illustrating, rather than as limiting, the 
present invention as defined by the claims. As will be readily 
appreciated, numerous combinations of the features set forth 
above can be utilized without departing from the present 
invention as set forth in the claims. Such variations are not 
regarded as a departure from the spirit and scope of the 
invention, and all Such modifications are intended to be 
included within the scope of the following claims. 

What is claimed is: 
1. An ammunition cartridge comprising: 
(1) a Substantially cylindrical polymeric cartridge casing 
body defining a casing headspace, with an open pro 
jectile-end and an end opposing the projectile-end, said 
casing body comprising: 
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(A) a Substantially cylindrical injection molded poly 
meric bullet-end component with opposing first and 
second ends, the first end of which is the projectile 
end of the casing body and the second end comprises 
a male or female coupling element; and 

(B) a cylindrical polymeric middle body component 
with opposing first and second ends, wherein said 
first end comprises a coupling element that is a mate 
for said projectile-end coupling element joining said 
first end of said middle body component to said 
second end of said bullet-end component, and said 
second end is said end of said casing body opposite 
said projectile end and comprises a male or female 
coupling element; and 

(2) a cylindrical cartridge casing head-end component 
comprising an essentially closed base end with a primer 
hole opposite an open end comprising a coupling 
element that is a mate for said coupling element on said 
second end of said middle body component joining said 
open end of said head-end component to said second 
end of said middle body component; 

wherein said middle body component is formed from a 
material that is more ductile than the material from 
which said head-end component is formed but equal or 
less ductile than the material from which said bullet 
end component is formed. 

2. The ammunition cartridge of claim 1, wherein either or 
both of said bullet-end component and said middle body 
component is formed from a ductile polymer. 

3. The ammunition cartridge of claim 2, wherein said 
middle body component is formed from a fiber-reinforced 
polymeric composite. 

4. The ammunition cartridge of claim 3, wherein aid 
fiber-reinforced polymeric composite contains between 
about 10 and about 70 wt % glass fiber fillers, mineral fillers, 
or mixtures thereof. 

5. The ammunition cartridge of claim 1, wherein said 
bullet-end component and said middle body component are 
formed from the same polymer. 

6. The ammunition cartridge of claim 1, wherein said 
bullet-end component and said middle body component are 
formed from different polymers. 

7. The ammunition cartridge of claim 1, wherein both 
coupling elements on said middle body component are male 
coupling elements. 

8. The ammunition cartridge of claim 1, wherein both 
coupling elements on said middle body component are 
female coupling elements. 

9. The ammunition cartridge of claim 1, wherein one 
coupling element on said middle body component is a male 
coupling element and the other is a female coupling element. 

10. The ammunition cartridge of claim 9, wherein said 
first end of said middle body component comprises a female 
coupling element and said second end of said bullet-end 
component comprises a male coupling element dimensioned 
to Snap-fit or interference fit within and engage said female 
coupling element of said middle body component, and said 
second end of said middle body component comprises a 
male coupling element and said open end of said head-end 
component comprises a female coupling element and said 
male coupling element of said middle body component is 
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dimensioned to fit or snap-fit or interference fit within and 
engage said female coupling element of said head-end 
component. 

11. The ammunition cartridge of claim 10, wherein said 
male coupling element of said bullet-end component and 
said female coupling element of said middle body compo 
nent are welded or bonded together. 

12. The ammunition cartridge of claim 1, wherein said 
bullet-end component and said middle body component 
comprise the same or different polymers selected from the 
group consisting of polyphenylsulfones; copolymers of 
polyphenylsulfones with polyethersulfones or polysulfones: 
copolymers of poly-phenylsulfones with siloxanes, blends 
of polyphenylsulfones with polysiloxanes, poly(etherimide 
siloxane) copolymers, blends of polyetherimides and pol 
ysiloxanes, and blends of polyetherimides and poly(ether 
imide-siloxane) copolymers. 

13. The ammunition cartridge of claim 1, wherein said 
head-end component is formed from high strength polymer, 
fiber-reinforced polymer composite, ceramic or metal. 

14. The ammunition cartridge of claim 13, wherein said 
head-end component is formed from a metal selected from 
the group consisting of aluminum, Steel and brass. 

15. The ammunition cartridge of claim 10, wherein said 
head-end component is formed from aluminum, said middle 
body component is formed from a fiber-reinforced polymer 
composite and the second end of said middle body compo 
nent comprises an essentially closed base end with a primer 
flash hole. 

16. The ammunition cartridge of claim 1, wherein said 
head-end component is formed from Steel or brass, said 
middle body component is formed from a fiber-reinforced 
polymer composite or a ductile polymer and the second end 
of said middle body component comprises an essentially 
closed base end with a primer flash hole. 

17. The ammunition cartridge of claim 15 or claim 16, 
wherein said middle body component is injection molded 
into said head-end component. 

18. The ammunition cartridge of claim 15 or claim 16, 
wherein said middle body component is Snap-fit into said 
head-end component. 

19. The ammunition cartridge of claim 15 or claim 16, 
wherein said bullet-end component is formed from a ductile 
polymer that is welded or bonded to said middle body 
component. 

20. The ammunition cartridge of claim 19, wherein said 
ductile polymer has one or more of the following mechani 
cal properties: 

Yield or tensile strength at –65° F.210,000 psi 
Elongation-to-break at -65° F.2d 15% 
Yield or tensile strength at 73° F.28,000 psi 
Elongation-to-break at 73° F>50% 
Yield or tensile strength at 320° F.d4,000 psi 
Elongation-to-break at 320° F.280%: 
and said middle body component is formed from a 

polymer having one or more of the following mechani 
cal properties: 

Yield or tensile strength at –65° F.210,000 psi 
Yield or tensile strength at 73° F.28,000 psi and 
Yield or tensile strength at 320° F.d4,000 psi. 
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21. The ammunition cartridge of claim 1, wherein said 
bullet-end component is formed from a polymer having one 
or more of the following mechanical properties: 

Yield or tensile strength at –65° F.210,000 psi 
Elongation-to-break at -65° F.2d 15% 

Yield or tensile strength at 73° F.28,000 psi 
Elongation-to-break at 73° F.>50% 

Yield or tensile strength at 320° F.d4,000 psi 
Elongation-to-break at 320° F.280%; 
and said middle body component is formed from a 

polymer having one or more of the following mechani 
cal properties: 

Yield or tensile strength at –65° F.210,000 psi 
Yield or tensile strength at 73° F.28,000 psi and 
Yield or tensile strength at 320° F.d4,000 psi. 
22. The ammunition cartridge of claim 20 or claim 21, 

wherein at least one of said bullet-end component polymer 
and said middle-body component polymer has all of said 
mechanical properties. 

23. The ammunition cartridge of claim 10, wherein said 
female coupling element of said head-end component is 
formed with a straight skirt interlock surface with at least 
one annular groove and said male coupling element of said 
middle body component is formed with a straight interlock 
Surface with at least one annular ring dimensioned to fit 
within and engage an annular groove of said female cou 
pling element of said head-end component to provide a fit or 
Snap-fit or interference fit or mechanical interlock engage 
ment between the two components. 

24. The ammunition cartridge of claim 10, wherein said 
female coupling element of said middle body component is 
formed with a tapered skirt end and a straight interlock 
Surface with at least one annular groove and said male 
coupling element of said bullet-end component is formed 
with a tapered end and a straight interlock Surface with at 
least one annular ring dimensioned to fit within and engage 
an annular groove of said female coupling element of said 
middle body component to provide a Snap-fit interlock 
engagement between the two components. 

25. The ammunition cartridge of claim 10, wherein said 
male coupling element of said bullet-end component is 
formed with a straight interlock Surface that tapers to a 
Smaller diameter at the coupling element tip, and said female 
coupling element of said middle body component is formed 
with a straight interlock Surface that tapers to a smaller 
diameter at the forward portion on the skirt tip. 

26. The ammunition cartridge of claim 10, wherein said 
inner diameter of said female coupling element of said 
middle body component is equal or Smaller than the outer 
diameter of said male coupling element of said bullet-end 
component. 

27. The ammunition cartridge of claim 25, wherein said 
tapered skirt interlock Surface of said female coupling 
element of said middle body component is formed with at 
least one annular groove and said interlock Surface of said 
male coupling element of said bullet-end component is 
formed with at least one annular ring dimensioned to fit 
within and engage an annular groove of said female cou 
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pling element to provide a Snap-fit interlock engagement 
between the two components. 

28. The ammunition cartridge of claim 10, wherein said 
male coupling element of said middle body component is 
formed with a straight interlock Surface that tapers to a 
Smaller diameter at the coupling element tip, and said female 
coupling element of said head-end component is formed 
with a straight skirt interlock Surface that tapers to a smaller 
diameter at the forward portion on the skirt tip. 

29. The ammunition cartridge of claim 28, wherein said 
tapered skirt interlock Surface of said female coupling 
element of said head-end component is formed with at least 
one annular groove and said interlock Surface of said male 
coupling element of said middle body component is formed 
with at least one annular ring dimensioned to fit or Snap-fit 
within and engage an annular groove of said female cou 
pling element to provide a fit or snap-fit or interference fit or 
mechanical interlock engagement between the two compo 
nentS. 

30. The ammunition cartridge of claim 1, wherein said 
bullet-end, middle body and head-end component define the 
interior of a powder chamber. 

31. The ammunition cartridge of claim 30, wherein said 
bullet-end component comprises a neck from the case shoul 
der of the cartridge to the opening at said projectile end and 
said projectile end opening has an inner diameter no more 
than 0.002 inches larger than but no more than 0.008 inches 
smaller than the intended projectile diameter. 

32. The ammunition cartridge of claim 30, wherein the 
inner diameter of said bullet-end component narrows within 
said casing neck to form an interior shoulder Supporting said 
casing neck and said casing neck interior tapers to an inner 
diameter at said shoulder between about 0.002 and about 
0.025 inches smaller than said projectile diameter. 

33. The ammunition cartridge of claim 30, wherein said 
neck and shoulder comprise a plurality of internal structures 
for Supporting a projectile. 

34. The ammunition cartridge of claim 30, wherein said 
bullet-end component is molded with a plurality of internal 
ribs affixed to said neck and shoulder for Supporting a 
projectile 

35. The ammunition cartridge of claim 32, wherein said 
neck and shoulder define an annular inner recess for Sup 
porting a projectile. 

36. The ammunition cartridge of claim 32, further com 
prising a particulate or consolidated propellant charge in 
said powder chamber and a projectile inserted into said 
casing to the base of said casing neck. 

37. The ammunition cartridge of claim 36, wherein said 
projectile has an annular groove positioned to receive the tip 
of said casing mouth. 

38. The ammunition cartridge of claim 37, wherein said 
casing mouth is crimped at said tip so that polymeric 
material at said tip flows into said annular groove of said 
projectile. 

39. The ammunition cartridge of claim 31, wherein said 
casing neck interior tapers to an inner diameter at the base 
of said casing neck between about 0.002 and about 0.025 
inches Smaller than said projectile diameter. 

40. The ammunition cartridge of claim 39, wherein said 
neck comprises a plurality of internal structures for Support 
ing a projectile. 
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41. The ammunition cartridge of claim 40, wherein said 
bullet-end component is molded with a plurality of internal 
ribs affixed to said neck for Supporting a projectile 

42. The ammunition cartridge of claim 39, wherein said 
neck defines an annular inner recess for Supporting a pro 
jectile. 

43. The ammunition cartridge of claim 39, further com 
prising a particulate or consolidated propellant charge in 
said powder chamber and a projectile inserted into said 
casing beyond the base of said casing neck. 

44. The ammunition cartridge of claim 43, wherein said 
projectile has an annular groove positioned to receive the tip 
of said casing mouth. 

45. The ammunition cartridge of claim 44, wherein said 
casing mouth is crimped at said tip so that polymeric 
material at said tip flows into said annular groove of said 
projectile. 

46. The ammunition cartridge of claim 43, wherein said 
casing neck interior tapers to an inner diameter at the base 
of said casing neck between about 0.002 and about 0.025 
inches Smaller than said projectile diameter. 

47. The ammunition cartridge of claim 1, wherein said 
casing headspace is dimensioned larger than the correspond 
ing headspace dimension of the chamber of the intended 
weapon measured at the same basic diameter for the car 
tridge casing at 73° F., without being so large as to jam the 
weapon or otherwise interfere with its action. 

48. The ammunition cartridge of claim 47, wherein said 
casing headspace is between about 0.001 and about 0.030 
inches larger than said corresponding headspace dimension 
of the intended weapon chamber. 

49. A method for assembling an ammunition cartridge 
comprising: 

(1) mating a cylindrical cartridge casing head-end com 
ponent having an essentially closed base end with a 
primer hole opposite an open end having a coupling 
element to a cylindrical polymeric middle body com 
ponent with opposing first and second ends, wherein 
the first end has a male or female coupling element and 
the second end has a coupling element that is a mate for 
said coupling element of said head-end component; 

(2) providing a Substantially cylindrical injection molded 
polymeric bullet-end component with opposing first 
and second ends, said first end of which is the projec 
tile-end of said ammunition cartridge and said second 
end has a coupling element that is a mate for said 
coupling element on said first end of said middle body 
component; and 

(3) mating said first end of said middle body component 
to said second end of said bullet-end component; and 

wherein said middle body component is formed from a 
material that is more ductile than the material from 
which said head-end component is formed but equal or 
less ductile than the material from which said bullet 
end component is formed. 

50. The method of claim 49, wherein said step of mating 
said middle body component to said head-end component 
comprises injection molding said middle body component 
onto said head-end component. 

51. The method of claim 49, wherein said step of mating 
said middle body component to said head-end component 
comprises Snap-fitting said middle body component onto 
said head-end component. 
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52. The method of claim 51, further comprising the step 
of bonding said middle body component to said head-end 
component. 

53. The method of claim 49, wherein said step of mating 
said middle body component to said bullet-end component 
comprises Snap-fitting or interference fitting said bullet-end 
component onto said middle body component. 

54. The method of claim 53, further comprising the step 
of welding or bonding said middle body component to said 
bullet-end component. 

55. The method of claim 49, further comprising the steps 
of filling said cartridge casing with propellant and joining 
said cartridge casing to a projectile. 

56. The method of claim 55, wherein said filling step 
comprises filling consolidated propellant powder into said 
bullet-end component prior to welding or bonding said 
bullet-end component with said middle body component. 

57. The method of claim 55, wherein said filling and 
joining steps are performed in-line. 

58. The method of claim 55, wherein said filling and 
joining steps are performed at a remote location. 

59. An ammunition cartridge comprising: 
(1) a one-piece Substantially cylindrical polymeric car 

tridge casing body defining a casing headspace, with an 
open projectile-end and an end opposing the projectile 
end with a male or female coupling element; and 

(2) a cylindrical metal cartridge casing head-end compo 
nent comprising an essentially closed base end with a 
primer hole opposite an open end comprising a cou 
pling element that is a mate for said coupling element 
on said opposing end of said polymeric cartridge casing 
body joining said open end of said head-end component 
to said to said opposing end of said polymeric cartridge 
casing body; 

wherein said polymeric cartridge casing body is formed 
from a polymer having one or more of the following 
properties: 
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Yield or tensile strength at –65° F.210,000 psi 
Elongation-to-break at -65° F.2d 15% 

Yield or tensile strength at 73° F.28,000 psi 
Elongation-to-break at 73° F.>50% 

Yield or tensile strength at 320° F.d4,000 psi 

Elongation-to-break at 320° F.280%. 
60. The ammunition cartridge of claim 59, wherein at 

least one of said bullet-end component polymer and said 
middle-body component polymer has all of said mechanical 
properties. 

61. The ammunition cartridge of claim 59, wherein said 
polymer is selected from the group consisting of polyphe 
nylsulfones, copolymers of polyphenylsulfones with poly 
etherSulfones or polysulfones, copolymers of polyphenyl 
sulfones with siloxanes, blends of polyphenylsulfones with 
polysiloxanes, poly(etherimide-siloxane) copolymers, 
blends of polyetherimides and polysiloxanes, and blends of 
polyetherimides and poly(etherimide-siloxane) copolymers. 

62. The ammunition cartridge of claim 59, wherein said 
one-piece Substantially cylindrical polymeric cartridge cas 
ing body and said cylindrical metal cartridge casing head 
end component define a shotgun shell. 

63. The ammunition cartridge of claim 59, wherein said 
casing headspace is dimensioned larger than the correspond 
ing headspace dimension of the chamber of the intended 
weapon measured at the same basic diameter for the car 
tridge casing at 73° F., without being so large as to jam the 
weapon or otherwise interfere with its action. 

64. The ammunition cartridge of claim 59, wherein said 
casing headspace is between about 0.001 and about 0.030 
inches larger than said corresponding headspace dimension 
of the intended weapon chamber. 
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