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Ammunition casing

FIELD OF INVENTION

The present invention relates to ammunition articles, and, more
particularly, to ammunition cartridge casings, where at least a portion of the
casing is comprised of a polymeric material.

BACKGROUND OF INVENTION

Because of the extreme nature of the application, materials used for
fabrication of ammunition cartridges must demonstrate excellent mechanical and
thermal properties. The prevalent materials for production of cartridge casings
for all calibers of ammunition in the world today are metals. Brass is the leading
material, followed in smaller amounts by steel and, in limited amounts,
aluminum. The use of polymeric materials for ammunition cartridge casings has
been extensively investigated over the past 40 years, but success has been
elusive.

Brass, steel, and, to a lesser degree, aluminum cartridge casings suffer from
a number of disadvantages, the most important of which are heavy weight and
corrosion concerns. Aluminum has an added disadvantage of potential explosive
oxidative degradation and is thus used only in low-pressure cartridges or in
applications that can tolerate relatively thick casing walls. Given these issues,
desirable materials for ammunition cartridge casing fabrication would be
lightweight and impervious to corrosion while having mechanical properties
suitable for use in ammunition applications. Many lightweight polymeric
materials are sufficiently corrosion resistant; however, to date, polymers have
been used only in niche ammunition applications where their inferior mechanical
and thermal properties can be tolerated (e.g., shotgun shells contain polyethylene
components).

While stability under broad ranges of handling and storage conditions are
crucial, the greatest mechanical demands on the cartridge material are
experienced during the firing event. The material at the cartridge base end,
which supports the primer, must first absorb the impact of a firing pin on the
primer without mechanical failure. Upon ignition and combustion of an
encapsulated propellant, rapidly expanding gases create high pressure, which

expels a projectile from the barrel of the fired firearm. The ammunition cartridge
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casing must withstand and contain the pressure developed by the explosion so
that the gaseous combustion products expand only in the direction of the barrel
opening, thus maximizing energy conversion to projectile kinetic energy.

A firearm’s cartridge chamber closely fits the outside of a cartridge and
thus supports the majority of the cartridge casing wall in the radial direction;
however, in many firearms, a portion of the cartridge base end protrudes from
the chamber and is thus unsupported. During firing, a stress profile is developed
along the cartridge casing, with the greatest stresses being concentrated at the
base end. Therefore, the cartridge base end must posses the greatest mechanical
strength, while a gradual decrease in material strength is acceptable axially along
the casing toward the forward end which receives the projectile.

A typical brass cartridge casing is engineered to provide a strength profile
along the casing length which reflects the varying mechanical demands, with the
strongest and hardest material located at the cartridge base end. In brass and
other metals, a strength profile is easily induced by varying the heat treatment
conditions from one end of the casing to the other, but this is not an option for
polymers. A mechanical strength profile can be achieved in a polymeric
ammunition cartridge casing by varying the casing wall thickness; however,
where the casing external geometry is fixed by existing firearm chamber size, an
increased casing wall thickness often results in a casing with insufficient internal
volume to accept the required propellant charge.

Many ammunition articles have been designed with cartridge cases
comprised of two or more separate parts. The individual components are
typically fabricated from different materials; a high-strength, usually metallic
material comprises the cartridge casing base portion or “cap” while a polymer or
other material comprises the remainder of the casing. For example, commercial
shotgun ammunition employs a metallic base or cap joined to a polymeric top or
sleeve. Although a significant amount of metal is required for such an
ammunition cartridge, weight and cost savings can be sufficient to make it
commercially acceptable.

While the most severe mechanical requirements of an ammunition
cartridge are focused on the base end, the top or forward portion of the casing
must meet several material requirements as well. Upon combustion of the
cartridge propellant, a very large quantity of energy is released in a matter of a
few milliseconds, thus producing very high stresses and strain rates. The casing

material must possess adequate ductility to absorb the shock of the explosion
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without experiencing brittlc fracture. Also, the material must possess sufficient
rigidity and strength to avoid creep, flow, or other deformation.

A vast amount of effort has been dedicated to designing plastic
ammunition cartridges, and researchers in the field have tested a variety of
materials. Despitc these attempts, consistent success has not been achieved.

Because of the demands on the casing material, the key problem in
developing polymer-cased ammunition remains identifying a suitable polymeric
material. It appears that all of the polymeric materials tried thus far are cntically
deficient in either their absorption of the impact energies generated during the
firing event or their retention of mechanical integrity at high temperatures. A
significant improvement in the art would be the identification of polymeric
materials capable of at least serving as the top or forward portion of the
ammunition cartridge casing.

The discussion of documents, acts, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any or all of these matters formed part of
the prior art base or were common general knowledge in the field relevant to the present
invention as it existed before the priority date of each claim of this application.

Where the terms "comprise", "comprises", "comprised" or "comprising" are used in
this specification (including the claims) they are to be interpreted as specifying the
presence of the stated features, integers, steps or components, but not precluding the

presence of one or more other features, integers, steps or components, or group thereof.

SUMMARY OF THE INVENTION

In accordance with the present invention an ammunition article comprising
a cartridge casing is provided wherein the casing is comprised of a polymeric
material that has a room temperature notched 1zod impact strength or value
greater than about 10 ft-1b/in (as measured by ASTM D256-00) and that has a
ratio of notched Izod strength value at room temperature to notched Izod impact
value at about -40°C of less than about 4.

In a second embodiment of the present invention an ammunition article
comprising a cartridge casing is provided wherein the casing is compriscd of two
or more pieces or portions and at least one portion of the casing is comprised of a
polymeric material that has a room temperature notched 1zod impact strength

SPEC (1" Report Amendments)_810423_B0J_02.12.2011
2009593.1
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greater than about 10 ft-1b/in (as measured by ASTM D256-00) and that has a
ratio of notched Izod impact strength at room temperature to notched 1zod impact
strength at about -40°C of less than about 4.

In accordance with the present invention, there is further provided an ammunition
article comprising a casing wherein the casing is comprised of a polymeric material that has a
room temperature (23°C) notched Izod impact strength, measured in accordance with ASTM
D256-00, greater than 10 ft Ibs/in and that has a ratio of notched Izod impact strength at room
temperature to notched Izod impact strength at -40°C of less than 4.

In accordance with the present invention, there is further provided a method of making
an ammunition article comprising a casing wherein at least a portion of the casing is formed
from a polymeric material having a room temperature notched Izod impact strength, measured
according to ASTM D256-00, of at least 10 ft-1b/in and having a ratio of notched Izod impact
strength values measured at room temperature to notched Izod impact strength values at -40°C
of less than 4.

In accordance with the present invention, there is further provided a method of
selecting a polymeric material for use in the fabrication of an ammunition cartridge casing or
cartridge casing éomponent comprising: comparing the material's notched 1zod impact
strength measured at room temperature to its notched Izod impact strength measured -40°C
(both measured by ASTM D256-00); and selecting the polymeric materials that have a ratio of
notched Izod impact strength at room temperature to notched Izod impact strength at -40°C of

less than 4.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a semi-schematic pcrspective view of an ammunition article
provided in accordance with practice of the present invention comprising a two-
piece cartridge casing, a primer and a projectilc (the powder or propellant charge
1s not shown);

Figure 2 is a semi-schematic, perspective exploded view of the cartridge
casing and primer of FIG. 1 showing both the caselct and cap portions of the
casing with the cap portion in cross-section;

SPEC (1* Report Amendments)_810423_BDJ_02.12.2011
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Figure 3 is a semi-schematic, cross-sectional view of the cartridge casing
and primer of FIG. 1 showing both the caselet and cap portions of the casing in
cross-section; and

Figure 4 is a semi-schematic perspective side view of a cartridge caselet
formed from a Bisphenol-A polycarbonate that has failed upon firing.

Figure 5 is a semi-schematic, cross-sectional view of a non-traditional case
telescoped ammunition article.

DETAILED DESCRIPTION OF THE INVENTION

For the purposes of the present invention, the term “ammunition article” as
used herein refers to a complete, assembled round of ammunition that is ready to
be loaded into a firearm and fired. An ammunition article may be a live round
fitted with a projectile, or a blank round with no projectile. An ammunition
article may be any caliber of pistol or rifle ammunition and may also be other
types such as non-lethal rounds, rounds containing rubber bullets or other non-
metallic projectiles, rounds containing multiple projectiles (shot), and rounds
containing projectiles other than bullets such as fluid-filled canisters and
capsules. An ammunition article may be of a known type or of a type or design
developed subsequent to this disclosure.

Turning to FIG. 1, there is shown a semi-schematic perspective view of an
exemplary embodiment of an ammunition article 10 provided in accordance with
practice of the present invention. The ammunition article 10 comprises a
cartridge casing (or simply “casing”) 12 which is the component that holds the
propellant charge (not shown), the primer 13, and the projectile 14. Thus, the
cartridge casing 12 is the portion of an ammunition article that remains intact
after firing. A cartridge casing may be of one-piece or multi-piece construction.

Turning to FIGS. 2 and 3 in addition to FIG. 1, in one embodiment of the
present invention, the casing 12 is of two piece construction wherein the casing
includes a “caselet” portion 12a which comprises the forward piece or portion of
the casing and a "cap” portion 12b which comprises the closed end of the
cartridge casing where the primer 13 is positioned. In the illustrated
embodiment, the caselet portion 12a and the cap portion 12b are held together by
means of ribs 16 on the outside surface of an extension 18 on the caselet 12a and
ribs 20 on the inside surface of the cap 12b which snap fit together when the cap
is press fit onto the caselet.

Turning to FIG. 1A, an ammunition article 10' is shown which comprises a

one piece casing 12', a primer 13' and a projectile 14",
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The term “high modulus” polymer or polymeric material as used herein
means a polymer or copolymer having a room temperature flexural modulus of at
least 500,000 psi, more preferably at least 750,000 psi, and even more preferably
at least 900,000 psi measured in accordance with ASTM D790. Other measures
of modulus may also be used including but not limited to tensile modulus, and
shear modulus.

The term “room temperature” is well-familiar to the skilled in the art ; it
denotes usually a temperature of about 23°C.

When referring to a property (for example, impact strength) of a polymeric
material for purposes of the present invention, what is meant is that property of
the raw material as it exists just prior to molding, forming, or otherwise
fashioning into a usable part (for example, an ammunition casing component).
Of course, some processing of the material may be necessary for property
measurement (for example, a test specimen of appropriate geometry must be
molded for impact testing), and we do not intend to imply departure from
standard methodologies. By indicating that a part such as a cartridge casing is
comprised of a polymeric material having certain properties, we do not mean
those properties of the material as they exist in the “as-molded” part, but
properties of the material from which the part was formed. The raw material
may be a pure polymer or copolymer resin, and may also contain any
combination of additives, modifiers, blend components, and the like.

A necessary property of a polymeric material used in ammunition cartridge
casings provided in accordance with practice of the present invention is the
material’s ability to absorb large amounts of energy at high strain rates. An
indication of such energy absorbing characteristics is a material’s impact
strength, or its response to flexural shock. Some of the best currently available
commercial polymeric materials used for energy absorption include amorphous
resins such as Bisphenol-A polycarbonates (e.g., bullet-proof glass) and semi-
crystalline resins such as elastomer-modified polyamides (e.g., sporting
equipment). (Bisphenol-A polycarbonate is provided by GE plastics under the
trademark LEXAN® 141R; one such elastomer-modified polyamide is provided
by DuPont under the trademark Zytel FE 8194 NC 010.)

Traditional measures of impact strengths of molding resins are impact tests
such as Izod and Charpy tests. The data most widely available is the data for a
notched Izod impact test, conducted under ASTM D256-00 standard at room
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temperature (about 23°C or 73°F). The whole content of ASTM D256-00 is
herein incorporated by reference.

When notched Izod impact strength values are referred to herein, they are
measured in accordance with the ASTM D256-00 standard, Method A, unless
otherwise noted. Throughout the description and claims of the instant
application, by “ASTM D256 is specifically meant ASTM D256-00, Method A.
In accordance with the ASTM D256 standard, we have indicated the sample test
temperature in conjunction with each Izod impact strength value given herein.
(ASTM D256-00, “Determining the Izod Pendulum Impact Resistance of
Plastics,” ASTM International).

We recognize that measured Izod impact strengths for a given polymeric
material will exhibit some degree of variability from sample to sample and from
test to test. A skilled artisan will appreciate that Izod impact strength values
stated herein are not exact, but represent average values around which actual
experimental values will deviate within acceptable limits.

The following testing parameters are identified by ASTM as those which
may affect test results significantly : method of test specimen fabrication
including but not limited to processing technology, mold design, molding
conditions, and thermal treatments; method of notching, speed of notching tool,
design of notching apparatus, and quality of the notch; time between notching
and test; test specimen thickness and test specimen width under notch; and
environmental conditioning (ASTM D256-00). Therefore, when comparing Izod
impact strengths of a given material at different temperatures, it is preferable that
specimen temperature be the only variable between impact strength
measurements.

The following table provides impact strength data for two materials
traditionally used for energy absorbing applications :

TABLE I. Room temperature notched Izod impact strengths of selected
thermoplastics. (ASTM D256)

Polymer Acronym Impact Strength
Bisphenol-A polycarbonate PC 15 ft-Ib/in
GE Plastics Datasheet (Izod Impact,
Lexan 141R (° 1997-2003) notched, 73°F)
Hi-impact polyamide 612 PA612 17.5 ft-1b/in
DuPont Plastics Datasheet (Izod Impact,
Zytel® FE 8194 NC010 notched, 73°F)
(Online Material Data
Sheet dated 12/09/04)
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Even the materials identified in Table 1, which represent the state-of-the-
art in impact absorption, often fail in an ammunition casing application. For
example, the failure of a Bisphenol-A polycarbonate polymeric caselet 12a
portion of a cartridge casing 12 at room temperature is illustrated in FIG. 4,
wherein the caselet 12a has a crack 15 along its axis and a portion of the
extension 18 has completely failed and separated from the casing ribs.

Introduction of an elastomeric phase has been a traditional pathway to
increasing the energy absorbing capacity of a thermoplastic material. Thus,
rubber-filled nylons have been proposed for the plastic portions of two-piece
(cap and caselet) ammunition casings, but have met with limited success. Again,
it appears that during firing events the interface between polymer and metal is
the critical region for failure, and reports have indicated problems with
polyamide 612 type materials at this interface. In addition, the relatively low
glass transition temperatures of polyamide 612 materials (about 50°C) causes
these materials to soften in the hot chamber of a firearm during rapid firing.
Furthermore, the polyamide 612 type materials exhibit a propensity for
dimensional and mechanical property instability owing to the hydrophilic nature
of the polymer structure.

It is important to note that the polymer materials discussed above do not
fail every time during the firing event and that they perform adequately in many
instances. For example, in test firing performed on casings formed from Lexan®
PC, three out of four such PC cases performed adequately with one case failing
as above. Given the extreme nature of the application, however, a useful
polymeric material must perform perfectly a great majority of the time.
Preferably, polymeric cartridge casings will survive more than 99 % of live
ammunition firings; more preferably, more than 99.9 %; even more preferably,
more than 99.99 %; still more preferably, more than 99.999 %. Even higher
success rates are more preferable, the most preferable scenario being 100 %
casing survival.

It is therefore important in accordance with practice of the present
invention to; 1) provide material guidelines that allow one skilled in the art to
correctly identify polymeric materials likely to meet the high-strain-rate energy
absorbing demands of ammunition cartridge casings, and 2) to teach means of
fabricating such cartridge casings from the polymeric materials.

Identified below are examples of materials that withstand the demands of

the ammunition application and are used to form ammunition articles in
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accordance with practice of the present invention. These example materials
include but are not limited to siloxane-modified Bisphenol-A polycarbonates (S-
PC, for example, provided under the Trademark Lexan® EXL 9330 by General
Electric Company - GE Plastics, GE Plastics Datasheet, Lexan® EXL 9330 (5
pages) (© 1997-2003)); polycarbonates containing biphenyl linkages (B-PC, for
example, provided under the Trademark Makrolon® DP1-1848 by Bayer
Polymers LLC of Pittsburgh PA, Bayer Polymers Datasheet, Makrolon®
DP1-1848 (4 pages) (dated 5/03)), and polyphenylsulfones (PPSU, for example,
provided under the Trademark Radel® R-5700 NT, by Solvay Advanced
Polymers, LLC of Alpharetta, GA, Low Temperature Notched Izod Impact of
Radel® R-5xxx Resins, Radel® R 5700NT- 5 pages)). The whole content of
above referenced GE, Bayer and Solvay Advanced Polymers data sheets are
incorporated herein by this reference. The polymer material energy-absorbing
capabilities, as measured by the notched Izod testing (ASTM D256, room
temperature of 23°C, same as above) are given in Table II.

TABLE II. Room temperature notched Izod impact strengths of selected
thermoplastics. (ASTM D256)

Polymer Acronym Impact Strength
Siloxane-modified S-PC 15 ft-1b/in
Bisphenol-A polycarbonate
Bisphenol-A polycarbonate B-PC 13 ft-1b/in
with biphenyl linkages
Polyphenylsulfone PPSU 12.5 ft-Ib/in

A standard measure of a polymer’s ability to absorb the energy generated
during a high-strain-rate event is the room temperature notched Izod test, ASTM
D256. Notched Izod impact strength values, reported in Tables I and I, indicate
that PC and PA612 are clearly superior to S-PC, B-PC and PPSU. It was thus an
unexpected result that S-PC, B-PC, and PPSU cartridge casing components
survived many live ammunition firings without any signs of visible damage and
that the polymer cased ammunition performed equivalently to the conventional
brass ammunition. This is in direct contrast to the earlier attempts utilizing PC
and PA612 materials, where cartridge casing failures were often observed.

Wishing not to be bound by theory, we believe that the reason for the
superior performance of the materials disclosed above results from their superior
energy absorbing behavior. The unobvious key to the efficient selection of the
proper materials is to examine their impact absorbing characteristics not only at
ambient temperatures, but also at temperatures far below ambient temperatures.
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For example, the comparison of notched Izod values at room temperature
revealed that the PC and PA612 materials have higher impact strengths than the
successfully fired materials, S-PC, B-PC, and PPSU. However, the situation is
different when impact strength data is compared at sub-ambient temperatures.

Table III below lists notched Izod impact strengths for the five materials
mentioned above measured at temperatures far below room temperature. Low
temperature notched Izod impact strength values are less readily available than
room temperature data. As a result, the data reported in Table III were not
obtained at exactly the same low temperature for all materials.

In comparing the room temperature Izod data of Tables I and II to the low
temperature data of Table III, a distinct difference is observed between the
properties of the group of polymeric casing materials that sometimes failed live
ammunition firing versus the group of casing materials that survived firing. The
last column of Table III lists values for the ratios of notched Izod impact data
taken at room temperature to notched Izod data taken at low temperature; thus,
the ratio value is indicative of the degree of impact strength loss upon cooling.
The inadequate materials lose an excessive amount of their impact strengths
when cooled to low temperature (high ratio values). The data provided in Table
III was derived from the following data sheets the whole content of which is
incorporated herein by reference : (1) Solvay Advanced Polymers, Low
Temperature Notched Izod Impact of Radel® R-5xxx Resins, Radel® R 5700 NT
and (2) “A Guide to Polycarbonate in General”, provided by Engineering
Polymer Specialists. Acceptable materials for ammunition cartridge casings are
those that retain a substantial quantity of their impact strengths upon cooling.
Surprisingly, a polymeric material that is suitable for ammunition cartridge
casings is one whose ratio of notched Izod impact strength measured at room
temperature to notched Izod impact strength measured at -40°C (or lower) has a
value less than 4.

Note that the low temperature data point for the B-PC material is reported
at -30°C. This reflects the data reported in the referenced Makrolon® data sheet
for the ASTM D256 impact test. Notched Izod impact data are reported for this
material as measured by an alternate test method, ISO 180-4, as follows :

60 kJ/m” at 23°C, 55 kJ/m’ at -30°C, and 50 kJ/m” at -60°C. Though a direct
correlation between the ISO and ASTM test methods does not exist, the ratio of
notched Izod values measured by a given method will be comparable from
method to method. The ISO data for the B-PC material reveal that the material
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does not experience a significant reduction in ductility when cooled from 23°C
to -60°C. In fact the ratio of reported impact strengths at these temperatures has
a value of 1.2, far less than 4. This is a qualitative indication that the material’s
impact strength ratio at room temperature and -40°C measured by the ASTM
method will be significantly less than 4. Therefore, the B-PC material is
categorized with the PPSU material as outperforming the PC and PA612
materials in the Table III comparison.

Though the data provided for S-PC were not collected at -40°C, we
consider the comparison valid since the data for this material are reported at a
more severe (colder) condition than the PC and PA612 materials, and the former
still outperforms the latter by a wide margin.

TABLE III. Low temperature notched Izod impact strengths of selected
thermoplastics. (ASTM D256)

Polymer Acronym | Temp Impact Ratio
Strength

Bisphenol-A PC -40°C 1.8 ft-1b/in 8.3
Polycarbonate
Hi-impact PA612 -40°C 2.5 ft-1b/in 7.0
polyamide 612
Siloxane-modified S-PC -51°C 11 ft-1b/in 1.4
Bisphenol-A polycarbonate
Bisphenol-A polycarbonate B-PC -30°C 11 ft-1b/in 1.2
with biphenyl linkages
Polyphenylsulfone PPSU -40°C 3.9 ft-1b/in 32

In order to determine suitable materials for manufacturing of polymeric
cartridge casings or casing portions in accordance with the present invention, it is
important to consider both the impact resistance at room temperature as well as
the impact resistance at temperatures far below the usual use temperatures.

Preferably, the polymeric materials useful for cartridge casings provided
according to practice of the present invention will have room temperature
notched Izod values greater than about 10 ft Ibs/in (as measured by ASTM
D256) and have the ratio of notched Izod values at room temperature to notched
Izod values at about -40°C of less than about 4.

More preferably, the polymeric materials useful for cartridge casings
provided according to practice of the present invention have room temperature
notched Izod values greater than about 10 ft Ibs/in (as measured by
ASTM D256) and have the ratio of notched Izod values at room temperature to
notched Izod values at about -40°C of less than about 3.5.
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Still more preferably, the polymeric materials useful for cartridge casings
provided according to the present invention have room temperature notched Izod
values greater than about 12 ft 1bs/in (as measured by ASTM D256) and have the
ratio of notched Izod values at room temperature to notched Izod values at about
-40°C of less than about 4.

Most preferably, the polymeric materials useful for cartridge casings
provided according to practice of the present invention will have room
temperature notched Izod values greater than about 12 ft Ibs/in (as measured by
ASTM D256) and have the ratio of notched Izod values at room temperature to
notched Izod values at about -40°C of less than about 3.5. The ratio of notched
Izod values at room temperature to notched Izod values at -40°C may be less
than about 3 or less than about 2.5 or even less. Lower ratio values indicate
superior low temperature impact performance and are thus preferable in practice
of the present invention.

Other polymeric materials useful for cartridge casings provided according
to the present invention have room temperature notched I1zod values greater than
about 10 ft 1bs/in (as measured by ASTM D256) and have the ratio of notched
Izod values at room temperature to notched Izod values at about -40°C of less
than about 3. The ratio of notched Izod values at room temperature to notched
Izod values at about -40°C may be less than about 2.5 or even less. Again, even
lower ratio values are more preferred.

We do not, in any way, intend to limit the low temperature impact strength
requirement to Izod values measured at about -40°C. Obviously, a material
which retains a high impact strength at even lower temperatures would be
suitable for use in ammunition cartridge casings. Therefore, for purposes of
determining the ratio of Izod impact strengths at room temperature and low
temperature according to the invention, the low temperature impact strength may
be measured at a temperature near -45°C, or near -50°C, or near -55°C, or near -
60°C, or at even lower temperatures. Therefore a ratio of notched Izod at room
temperature to notched Izod at —45°C (or lower) of 4 or less will generally mean
that the ratio taken between room temperature and —40°C is also 4 or less;
therefore, any such material is also useful in the practice of the present invention.
Also, a skilled artisan will recognize that, though not as preferable, the impact
strength ratio could be determined from values measured at room temperature

and at temperatures slightly greater than -40°C.
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In one embodiment of the present invention, an ammunition cartridge
casing is comprised of a polymeric material having a room temperature notched
Izod value greater than about 10 ft Ibs/in (as measured by ASTM D256) wherein
the ratio of notched Izod values at room temperature to notched Izod values at
about -50°C is less than about 4. In a more preferred embodiment, an
ammunition cartridge casing is comprised of a polymeric material having a room
temperature notched Izod values greater than about 10 ft Ibs/in (as measured by
ASTM D256) wherein the ratio of notched Izod value at room temperature to
notched Izod values at about -50°C is less than about 3.5. In an even more
preferred embodiment, an ammunition cartridge casing is comprised of a
polymeric material having a room temperature notched Izod value greater than
about 12 ft 1bs/in (as measured by ASTM D256) wherein the ratio of notched
Izod values at room temperature to notched Izod values at about -50°C of less
than about 4. In a still more preferred embodiment, an ammunition cartridge
casing is comprised of a polymeric material having room temperature notched
Izod value greater than about 12 ft Ibs/in (as measured by ASTM D256) wherein
the ratio of notched Izod values at room temperature to notched Izod values at
about -50°C of less than about 3.5.

Because of the broad availability of corresponding data, the notched Izod
impact test is used herein as a standard of comparison in describing the present
invention. It is noted, however, that other test methods such as the Izod (un-
notched) and Charpy tests provide measures of impact strength and are thus
indirectly applicable in the practice of the present invention. Though actual
impact strength values and, consequently, strength ratios do not correlate
directly, a polymeric material having a small (less than about 4 or 5) ratio of
impact strengths at room temperature and low temperature (-40°C or lower) as
measured by any impact test method is potentially useful for ammunition
cartridge casings provided in accordance with practice of the present invention.
A material that demonstrates good low temperature impact strength retention
when subjected to other impact test methods should also exhibit similar
performance in a notched Izod test. Therefore, room temperature versus low
temperature impact strength measured using any standard impact testing
procedure can be used to qualitatively evaluate a material for cartridge casing
performance, but notched Izod data should be collected according to
ASTM D256 if not already available to determine whether a material meets the

criteria for casing components according to the present invention.
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Ductility alone is not the only factor guiding the suitability of a given
polymeric material for use as an ammunition casing material. We do not intend
to suggest that every material meeting the impact criteria of this invention is
useful for every ammunition application. The material impact requirements
established by the present invention must be viewed in the context of additional
factors such as creep resistance, thermal properties such as melting and glass
transition points, chemical resistance, non-combustibility, dimensional stability,
particular application requirements, coefficient of friction between the chamber
and the case, and the like. The absence of sufficient ductility, or excessive loss
of ductility upon cooling, however, does disqualify a given material from being
useful as the case material as the material does not have sufficient energy
absorbing capabilities to handle the demands placed on it by the firing event.

It is also important to note that useful polymeric materials are seldom
single-component materials but are most often blends and mixtures of a number
of components. For example, one of the materials useful in accordance with
practice of the present invention (S-PC) and which is tested in a number of the
Examples is a blend of two major components, a simple Bisphenol-A
polycarbonate and a siloxane-polycarbonate copolymer. Thus, the materials
useful in accordance with practice of this invention also include those provided
by mixing together the polymers described above with other components
designed to improve certain characteristics, with a caveat of not compromising
the ductility requirements described above.

Materials for the present invention are not limited to pure polymeric resins
that meet the impact strength requirements described herein. A person skilled in
the art will recognize that various additives and fillers are often introduced into
polymeric materials and can also be used in ammunition casing materials.
Additives may include, but are not limited to, any combinations of plasticizers,
lubricants, molding agents, fillers, thermo-oxidative stabilizers, flame-retardants,
coloring agents, compatibilizers, impact modifiers, release agents, reinforcing
fibers and others. Also, additives can be included in blends of more than one
polymer or copolymer.

A non-limiting example of a useful cartridge casing material provided in
accordance with the present invention could be produced by blending a high
modulus polymeric material with a resin material that meets the impact
requirements of this invention. The high modulus polymer would improve the

creep and viscoelastic relaxation resistance of the base material, improving its
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mechanical integrity at high temperatures. While the polymers could be blended
in any proportions, the amount of high modulus material is to be balanced so that
the ductility of the resulting blend is sufficient to serve as an ammunition casing
material. Non-limiting examples of amounts of high modulus material are about
50 % by weight, more preferably about 25 %, even more preferably about 15 %,
yet more preferably about 10 %, even more preferably about 5 %. Amounts less
than 2.5 %, less than 1 %, or even less than 0.1 % may have sufficient effect on
mechanical properties as to be useful for the practice of the present invention.
No lower limit of the percent of high modulus material is implied.

In an exemplary embodiment of an ammunition article of the present
invention, an ammunition cartridge caselet is injection molded from a blend of
siloxane-modified Bisphenol-A polycarbonate and a high modulus polymer or
copolymer.

In yet another embodiment, an ammunition cartridge caselet is injection
molded from a blend of Bisphenol-A polycarbonate with biphenyl linkages and a
high modulus polymer or copolymer.

Blending either of these high impact polycarbonate based materials with a
high modulus material is an example of a method for achieving improved
viscoelastic relaxation properties.

One method of improving the low temperature impact strength of a plastic
is blending the plastic with a flexible polymer or copolymer. Therefore, an
example of a useful blend would be a Bisphenol-A polycarbonate alloyed with
acrylic elastomer such as a material provided by RTP Company of Winona, MN
and identified as RTP 1899A X 83675. Notched Izod impact properties of
RTP 1899A X 83675 are reported as follows : 26 ft Ibs/in at 23°C, and
17 ft Ibs/in at -40°C (values obtained from RTP Company, March 4, 2005). Data
sheets from RTP Company are incorporated herein by reference. The high
temperature mechanical integrity of the RTP 1899A X 83675 material could be
further improved by the addition of a high modulus polymer or copolymer.
Blended materials of this type which meet the notched Izod ratio requirements
described herein are useful in the practice of the present invention.

Other methods known in the art can be used to improve the low
temperature impact properties of thermoplastic materials. The impact strength
ratio requirements of the present invention may be met by modifying a number
of known polymeric materials. Methods for increasing low temperature impact

strengths of thermoplastic polymers include, but are not limited to :
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e Copolymerizing the base monomer with a second monomer to impart flexible
linkages for energy absorption. Siloxane components, for example, are
included as blocks in the polycarbonate backbone to improve low temperature
impact strength in S-PC materials. Similarly, monomers incorporating
biphenylene linkages are introduced into simple polycarbonate backbones and
result in superior low temperature energy absorption materials (B-PC
materials).

e Blending or otherwise mixing an impact modifier to the base polymer resin
such as the elastomeric blend component in the RTP 1899A X 83675
materials.

e Formulating the polymeric composition to contain non-polymeric low
temperature impact modifiers, an example being the addition of adipate
plasticizers to PVC to improve the low temperature performance.

In the practice of the present invention, one could apply any combination
of these and other techniques to create a material having a notched Izod ratio at
room temperature to low temperature that meets the requirements of the present
invention, and, thus, is a suitable material for ammunition cartridge casings to be
provided in accordance with the present invention. Again, the designated impact
properties alone are not sufficient to guarantee success in ammunition casings;
additional polymer material requirements, such as those described above, are
known to those of skill in the art as needed for the success of a polymeric
material comprising an ammunition component.

According to the present invention, the designated polymeric materials
may comprise any portion of an ammunition cartridge casing. Because of the
more stringent mechanical demands on the bottom or base end of the cartridge
casing as compared to the top end which secures the projectile, a two-piece or
multi-piece cartridge casing may be preferred in which one piece is a high
strength material that forms the base of the casing, e.g., the base may comprise a
metal or a polymeric or composite material.

Hybrid polymer-metal cartridge casings are well known in the art and are
preferred in the practice of the present invention. In a preferred embodiment, a
polymeric caselet constitutes the forward portion of a cartridge casing, and a
metallic cap forms the closed, rearward casing portion. The proportion of plastic
to metal can vary, a larger percentage of plastic being preferred to maximize
weight reduction, to enhance corrosion resistance, and to provide other

advantages inherent in plastics. The amount of metal present is determined by
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the smallest metal cap size necessary to prevent cartridge failure during firing.
Non-limiting amounts of polymeric material in a cartridge casing by weight are
about 10 %, more preferably about 20 %, even more preferably about 30 %, still
more preferably about 40 %, yet more preferably about 50 %, even more
preferably about 60 %, more preferably about 70 % and up.

The geometries of some ammunition articles are such that a relatively thick
cartridge casing wall can be tolerated, still allowing room for the required
propellant charge. Casings for such articles may be of a one-piece polymeric
construction, provided that the material thickness can be designed to withstand
the mechanical demands of the ammunition application. One-piece polymeric
cartridge casings provided according to the present invention are comprised of a
polymeric material which meets the mechanical property guidelines of the
invention.

Material selection is only one aspect of successfully designing polymeric
cased ammunition articles. Where polymeric cartridge casings or casing
components are desired, materials of the invention must be used along with
proper design of the polymeric part geometry. Obviously, a thicker casing wall
improves the likelihood of casing survival during a firing event. Based on prior
art, a skilled artisan is capable of designing, fabricating, and testing casing
geometries and configurations in a logical manner to optimize the polymeric part
design. Likewise, ammunition must be evaluated based on ballistic performance.
Ordinary skill in the art will allow an individual to vary pertinent factors such as
propellant type and load to optimize ballistic performance for a given
application. Material property requirements as disclosed herein, however, are
not known in the current state of the art and must be applied in conjunction with
prior art knowledge of munitions.

One circumstantial limitation to casing wall thickness and, consequently,
to material selection is that casing external geometries are fixed by the
corresponding chamber internal geometry in existing firearms. In other words,
new polymeric cased ammunition cartridges must be properly sized to fit into
existing firearm chambers. Additionally, the minimum diameter of the casing
forward end is set by the existing projectile diameter for a given caliber firearm.
The significance is that though the part material and geometry together
determine performance, limits on the flexibility of part design necessitate skilled

material selection as disclosed herein.
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Casing geometrical limitations may be avoided by designing new firearm
systems such that the chambers can accept cartridges having selected external
dimensions, thus allowing, for example, thicker casing walls. An example of a
developmental firearm system which could be designed to accommodate
polymeric cased ammunition is one which fires case telescoped ammunition. An
exemplary embodiment of a non-traditional ammunition article 100 is the
experimental case telescoped ammunition, shown semi-schematically in FIG. 5,
which incorporates a projectile 140 within the body of the cartridge casing 120.
During the firing event, the projectile exits the cartridge casing 120 through
either an opening in the forward end 150 of the cartridge or by penetrating a thin
barrier 160 designed for penetration. The barrier 160 can be formed of the same
material as forms the casing and can be any of the materials provided in
accordance with the present invention as identified above. The firing chamber of
such a firearm could, in principle, be constructed to fully support the cartridge
casing along its entire length, thereby increasing the potential success of a one-
piece polymeric casing design.

In one embodiment of the invention, an ammunition article is provided
having a multi-piece cartridge casing. The casing is comprised of a metallic cap
portion joined to a polymeric caselet portion, with the caselet comprising a
material meeting the impact strength requirements defined above. The cap
houses a live primer and is joined securely to the caselet. A propellant charge is
introduced into the interior cavity formed by the assembled casing. A projectile
is inserted into the open caselet end and secured with adhesive. The assembled
ammunition article is loaded into a firearm chamber and fired.

Other non-limiting exemplary embodiments of methods for securing the
projectile into the open end of a caselet are as follows :

1. forming the caselet by molding the polymeric material of the caselet around at
least a portion of the projectile;

2. securing the projectile to the caselet by mechanical interference;

3. securing the projectile to the caselet by ultrasonic welding.

4. securing the projectile to the caselet by a combination of molding in place and
use of an adhesive;and

5. securing the projectile to the caselet by heat crimping the caselet around the
projectile.

Although no prior known polymeric material has proven suitable, several

metals are useful for fabrication of the cap portion of a two-piece ammunition
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cartridge casing. A variety of metals have been utilized, including brass and
various steel and aluminum alloys and they all work satisfactorily. According to
one embodiment of the present invention, the cap portion of the cartridge casings
may be made of any material that is mechanically capable of withstanding a
firing event. Non-limiting cap materials include any grade of brass, steel and
steel alloys, aluminum and its alloys, ceramics, composites, and others.

In a preferred embodiment of the present invention, a polymeric caselet is
injection molded from a material having a room temperature notched Izod
impact strength greater than about 10 ft Ibs/in (as measured by ASTM D256) and
having the ratio of notched Izod values at room temperature to notched Izod
values at about -40°C of less than about 4. A casing cap is fabricated from
aluminum, steel, or brass, and designed to receive a primer. Aluminum is the
preferred cap material because of its low cost and lightweight as compared to
brass or steel. The caselet and cap are securely joined to form the cartridge
casing. The casing is loaded with a propellant charge, and a projectile is inserted
into the open end and secured. The assembled ammunition article is then loaded
into a firearm and fired.

Many prior art methods are known for attaching the cap and caselet
portions of an ammunition cartridge casing. Any method of attaching the caselet
and cap is acceptable provided that the two components are joined securely and
that gaseous combustion products are not allowed to escape through the
assembled casing upon firing. Possible securing methods include, but are not
limited to, mechanical interlocking methods such as ribs and threads, adhesives,
molding in place, heat crimping, ultrasonic welding, friction welding etc. These
and other suitable methods for securing individual pieces of a two-piece or multi-
piece cartridge casing are useful in the practice of the present invention.

Many different types of ammunition articles are provided by the present
invention. For example, polymeric materials that meet the impact strength
requirements of the invention may be used to produce ammunition components
for various calibers of firearms. Non limiting examples include .22, .22-250,
223, .243, .25-06, .270, .300, .30-30, .30-40, 30.06, .303, .308, .357, .38, .40,
44, 45, .45-70, .50 BMG, 5.45mm, 5.56mm, 6.5mm, 6.8mm, 7mm, 7.62mm,
8mm, 9mm, 10mm, 12.7mm, 14.5mm, 20 mm, 25mm, 30mm, 40 mm and
others.

In the practice of the present invention, the first step is to identify a

candidate polymeric material. Room temperature and low temperature notched
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Izod impact data collected using ASTM D256 is available from the manufactures
and distributors for many commercially available materials. One method of
selecting a material in accordance with practice of the present invention is to
review published data and identify materials having room temperature notched
Izod impact strengths greater than about 10 ft-1b/in. Next, the ratio of room
temperature notched Izod impact strength to notched Izod impact strength at —
40°C or colder is calculated. If the ratio is 4 or less, then the material is
identified in accordance with the invention as a candidate for use in ammunition
cartridge casings of the present invention.

If a polymeric material’s notched Izod impact strength at either room
temperature or at —40°C (or below) or both are unavailable from the material
provider or from other reliable sources, then the material can first be
qualitatively evaluated. In practicing the invention, one could examine impact
strengths measured by impact test methods other than ASTM D256, e.g.,
unnotched Izod, Charpy, or ISO 180/4A, 180/1A, or 180/4U tests. Using these
or other impact tests, if a material found to retain a significant portion of its
impact strength when cooled from room temperature to —40°C, then the material
is likely suited for forming ammunition casings of the present invention. If low-
temperature impact data are unavailable, materials having high room temperature
impact strengths (greater than 10 ft-1b/in notched Izod or equivalently high by
another impact test) should be tested at low temperature. One would perform a
notched Izod test according to ASTM D256 on such a material at room
temperature (23°C) and at 40°C and calculate the ratio of impact strengths to
determine whether the material meets the guidelines of the invention.

Another method of practicing the present invention involves modifying an
existing polymeric material to meet the impact requirements provided by the
invention. For example, a high impact polymer such as polycarbonate could be
added to and blended with any number of other materials in various
combinations and amounts to improve the low temperature impact strength and
other properties. Unlimited compositions could be produced and tested for
notched Izod impact strength at room temperature and at —40°C to determine if
the impact strength ratio is 4 or less. If a material is found to meet the impact
strength requirements of the invention, then the material is considered suitable
for use in ammunition cartridge casings provided in accordance with the present

invention.
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In practice of the present invention, for example, a series of polymer
blends is prepared from a high impact thermoplastic such as PC with varying
amounts of a high modulus polymer. Blends with iterative amounts of high
modulus polymer varying from 0.1 % by weight to 25 % by weight are prepared
using a known blending method such as heated extrusion. Samples of the
blended materials are molded and impact tested at 23°C and —40°C according to
ASTM D256. The ratio of impact strength at room temperature and low
temperature is calculated for each blend composition. Of the samples having
high room-temperature impact strength (greater than 10 ft-1b/in), the blend
having the lowest calculated impact strength ratio contains the optimum amount
of high modulus material. If the ratio is less than about 4, then the material is
identified as a candidate for use in cartridge casings provided in accordance with
practice of the present invention. The particular materials given in this example
are representative and are non-limiting. Many types of additives known in the
art could be compounded with many base resins and tested as described to
determine whether the resulting material meets the impact property requirements
of the invention. This method illustrates a general procedure for identifying
casing materials according to the invention.

Testing polymer cased ammunition produced using the materials of the
present invention is done by firing fully assembled live ammunition articles.
First, materials which have been identified as useful for casing components are
molded using standard methods and equipment (e.g., injection molding) to form
polymeric cartridge caselets. The caselets are joined to metallic caps with pre-
inserted primers. The resulting cartridges are loaded with a propellant charge,
the type and amount of which can be readily determined by a skilled artisan. A
projectile is inserted into the open end of the cartridge and secured. The article is
thus prepared for test firing. Any size, caliber, or type of ammunition article can
be assembled for live testing.

The cartridge casings provided in accordance with practice of this
invention can, for example, be formed by injection molding, machining from a
stock shape, thermoforming, compression molding, blow molding, and/or
extrusion or the like.

Test firing polymer cased ammunition provided by this invention can be
performed using any type of firearm corresponding to the size or caliber of the
ammunition article produced. Ammunition articles can be test fired from a

single shot firearm, a semi-automatic firearm, or an automatic firearm.
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Ammunition may be fired individually or from a clip, magazine, or belt
containing multiple ammunition articles. Ammunition articles may be fired
intermittently or in rapid succession; the rate of fire is limited only by the
capabilities of the firearm.

Example 1

Four lightweight polymeric ammunition articles (.50-caliber / 12.7 mm)
were assembled from injection molded S-PC (Lexan® EXL 9330) caselets and
caps machined from a steel alloy (P20). Each cap had a pre-installed primer
(CCI #41). The caselets were designed with ridges around the rearward portion
which created a snap interference fit with corresponding grooves on the cap
interior, thus joining the caselet and cap securely. The cartridges were then filled
with propellant (220 grains of WC 860). After loading the propellant, the
projectiles (647 grains) were inserted into the cartridge and attached using an
adhesive.

The assembled caselet geometry was modeled after standard brass.

50 caliber ammunition including a wall thickness ranging from 0.0016 inch at its
forward end to a maximum thickness of 0.0039 inch along its length.

After assembling four ammunition articles, the articles were test fired
utilizing a single shot, .50-caliber rifle (Serbu BFG-50) instrumented for
projectile velocity and chamber pressure measurements. Pressures and velocities
were comparable to those obtained when brass ammunition was fired. All
four (4) cartridge casings survived the firing intact.

Example 2

The procedure outlined in Example 1 was repeated using a different caselet
material. Four lightweight polymeric ammunition articles (.50-caliber /

12.7 mm) were assembled using caselets injection molded from B-PC
(Makrolon® DP1-1848). The steel caps, propellant loads, and projectiles were
identical to those used in Example 1. Measured pressures and velocities were
comparable to those obtained using brass ammunition, and all four cartridge
casings survived the firing intact.

Example 3

The procedure outlined in Example 1 was repeated using a different caselet
material. Four lightweight polymeric ammunition articles (.50-caliber /

12.7 mm) were assembled using caselets injection molded from PPSU (Radel®
R-5800 NT). The steel caps, propellant loads, and projectiles were identical to

those used in Example 1. Measured pressures and velocities were comparable to
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those obtained using brass ammunition, and all four cartridge casings survived
the firing intact.
Example 4

The procedure outlined in Example 1 is repeated using another caselet
material. Four lightweight polymeric ammunition articles (.50-caliber /
12.7 mm) are assembled using caselets injection molded from a PC/PMMA
blend (RTP 1899A X 83675). The steel caps, propellant loads, and projectiles
are identical to those used in Example 1. Measured pressures and velocities are
comparable to those obtained using brass ammunition, and all four cartridge
casings survive the firing intact.
Example 5

The procedure outlined in Example 1 was repeated using a different cap
material. Four lightweight polymeric ammunition articles (.50-caliber /
12.7 mm) were assembled using caps machined from an aluminum alloy
(Al 7068) and caselets injection molded from S-PC (Lexan® EXL 9330). The
propellant loads and projectiles were identical to those in Example 1. Measured
pressures and velocities were comparable to those obtained using brass
ammunition, and all four cartridge casings survived the firing intact.
Example 6

The procedure outlined in Example 1 was repeated using a different cap
material. Four lightweight polymeric ammunition articles (.50-caliber /
12.7 mm) were assembled using caps machined from brass (70:30) and caselets
injection molded from S-PC (Lexan® EXL 9330). The propellant loads and
projectiles were identical to those in Example 1. Measured pressures and
velocities were comparable to those obtained using brass ammunition, and all
four cartridge casings survived the firing intact.
Example 7

A control experiment was performed according to the procedure outlined
in Example 1 using a polymeric caselet material that does not meet the material
specifications described in the present invention. Four lightweight polymeric
ammunition articles (.50-caliber / 12.7 mm) were assembled using caps
machined from a steel alloy (P20) and caselets injection molded from Bisphenol-
A polycarbonate (Lexan® 141R). The propellant loads and projectiles were
identical to those in Example 1. Three of four cartridge casings survived the

firing intact; one cartridge failed in that the caselet suffered an axial fracture and,
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also, the region which secured the caselet to the cap was completely severed, i.e.,
the cartridge was blown into two pieces.
Example 8

Ten lightweight polymeric ammunition articles (.223-caliber / 5.56 mm)
were assembled from injection molded S-PC (Lexan® EXL 9330) caselets and
caps machined from brass (70:30). Each cap had a pre-installed primer
(CCI #41). The caselets were designed with ridges around the lower portion
which created a snap interference fit with corresponding grooves on the cap
interior, thus joining the caselet and cap securely. The cartridges were then filled
with propellant (23 grains of WC 844). After loading the propellant, the
projectiles (62 grains) were inserted into the cartridge and attached using an
adhesive.

After assembling ten ammunition articles, the articles were test fired in
rapid succession utilizing a semi-automatic, .223-caliber rifle (Bushmaster
AR-15) instrumented for projectile velocity and chamber pressure
measurements. Pressures and velocities were comparable to those obtained
using brass ammunition. All ten cartridge casings survived the firing intact.

(For cartridge dimensions see, Military specification MIL-C-63989C, Drawing
9342868.)
Example 9

The procedure outlined in Example 8 was repeated using a different caselet
material. Ten lightweight polymeric ammunition articles (.223-caliber /

5.56 mm) were assembled using caselets injection molded from B-PC
(Makrolon® DP1-1848). The brass caps, propellant loads, and projectiles were
identical to those used in Example 8. Measured pressures and velocities were
comparable to those obtained using brass ammunition, and all ten cartridge
casings survived the firing intact.

Example 10

The procedure outlined in Example 8 was repeated using another caselet
material. Ten lightweight polymeric ammunition articles (.223-caliber /

5.56 mm) were assembled using caselets injection molded from PPSU (Radel®
R-5800 NT). The brass caps, propellant loads, and projectiles were identical to
those used in Example 8. Measured pressures and velocities were comparable to
those obtained using brass ammunition, and all ten cartridge casings survived the

firing intact.



WO 2006/094987 PCT/EP2006/060533

10

15

20

25

30

35

-4 -

Example 11

The procedure outlined in Example 8 is repeated using another caselet
material. Ten lightweight polymeric ammunition articles (.223-caliber /
5.56 mm) are assembled using caselets injection molded from a PC/PMMA
blend (RTP 1899A X 83675). The brass caps, propellant loads, and projectiles
are identical to those used in Example 8. Measured pressures and velocities are
comparable to those obtained using brass ammunition, and all ten cartridge
casings survive the firing intact.
Example 12

The procedure outlined in Example 8 is repeated using a different cap
material. Ten lightweight polymeric ammunition articles (.223-caliber /
5.56 mm) are assembled using caps machined from an aluminum alloy (Al 7068)
and caselets injection molded from S-PC (Lexan® EXL 9330). The propellant
loads and projectiles are identical to those used in Example 8. Measured
pressures and velocities are comparable to those obtained using brass
ammunition, and all ten cartridge casings survive the firing intact.
Example 13

The procedure outlined in Example 8 was repeated using a different cap
material. Ten lightweight polymeric ammunition articles (.223-caliber /
5.56 mm) were assembled using caps machined from a steel alloy (P20) and
caselets injection molded from S-PC (Lexan® EXL 9330). The propellant loads
and projectiles were identical to those used in Example 8. Measured pressures
and velocities were comparable to those obtained using brass ammunition, and
all ten cartridge casings survived the firing intact.
Example 14

A control experiment was performed according to the procedure outlined
in Example 8 using a polymeric caselet material that does not meet the material
specifications described in the present invention. Ten lightweight polymeric
ammunition articles (.223-caliber / 5.56 mm) were assembled using caps
machined from brass (70:30) and caselets injection molded from an elastomer-
modified, high-impact PA612 (Zytel® FE 8194 NC010). The propellant loads
and projectiles were identical to those in Example 8. Only eight of the ten
rounds fully survived the firing event. Examination of the spent casings revealed
significant stretching or elongation of the neck region, which secured the
projectile in one sample and a crack near the caselet/cap interface in a second

sample.
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Example 15

Two hundred polymeric ammunition articles (.223-caliber / 5.56 mm) are
assembled from injection molded rubber filled polyamide (Zytel® FE8194
NCO010) caselets and caps machined from brass (70:30). Each cap has a pre-
installed primer. The caselets are designed with ridges around the lower portion
which create a snap interference fit with corresponding grooves on the cap
interior, thus joining the caselet and cap securely. The cartridges are then filled
with propellant (23 grains of WC 844). After loading the propellant, the
projectiles (55 grains) are inserted into the cartridge and attached using an
adhesive.

After assembling two hundred ammunition articles, the articles are loaded
into seven thirty-round magazines. The ammunition is tested using a fully-
automatic, .223-caliber rifle (M-4). The weapon is continuously fired by
emptying and then quickly exchanging magazines. The weapon jams before
completing the test. Inspection reveals that the cartridge casings overheat and
fail in the hot chamber.

Example 16

Lightweight polymeric ammunition articles (.223-caliber / 5.56 mm were
assembled from injection molded rubber filled polyamide (Zytel FESI 94
NCOI 0) caselets and caps machined from brass (70:30). Each cap had a pre-
installed primer. The caselets were designed with ridges around the lower
portion which created a snap interference fit with corresponding grooves on the
cap in tenor, thus joining the caselet and cap securely. The cartridges were then
filled with propellant (23 grains of WC 844). After loading the propellant, the
projectiles (55 grains) were inserted into the cartridge and attached using an
adhesive.

A fully-automatic .223 caliber (5.56 mm) M-4 rifle was used to test the
assembled ammunition. Brass ammunition was fired in fully automatic mode to
heat the cartridge chamber. The chamber temperature was approximately
measured by a thermocouple strapped to the exterior of the chamber. After firing
many brass rounds the thermocouple indicated an external chamber temperature
of 250°C, a 30-round magazine of the polymer cased ammunition of this
example was quickly inserted into the firearm and a 2-3 round, burst was fired,
leaving the subsequent round in the hot chamber. After a 1- minute heat soak,
the round was fired and the firearm jammed severely. Inspection revealed that

the cartridge case softened in the chamber and collapsed upon fifing, lodging the
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case in the chamber. Thus, subsequent cased rounds produced from the Zytel
material could not be fired.

The above descriptions of exemplary embodiments of ammunition articles
of the present invention and processes for producing such articles are for

5  illustrative purposes. Because of variations which will be apparent to those

skilled in the art, the present invention is not intended to be limited to the
particular embodiment described above. The scope of the invention is described
in the following claims.
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The claims defining the invention are as follows:

1. Ammunition article comprising a casing wherein the casing is comprised of a
polymeric material that has a room temperature (23°C) notched 1zod impact strength,
measured in accordance with ASTM D256-00, greater than 10 ft 1bs/in and that has a ratio of
notched Izod impact strength at room temperature to notched Izod impact strength at -40°C of

less than 4.

2. Ammunition article according to claim 1, wherein said polymeric material additionally
comprises any combination of plasticizers, lubricants, molding agents, fillers, thermo-
oxidative stabilizers, flame-retardants, coloring agents, compatibilizers, impact modifiers,

release agents and reinforcing fibers.

3. Ammunition article according to claim 1 or claim 2, wherein said polymeric material

comprises more than one polymer or copolymer blended or otherwise mixed together.

4. Ammunition article provided in accordance with any one of claims 1-3 additionally

comprising a projectile.

5. Ammunition article provided in accordance with claim 4, wherein the projectile 1s

secured to the casing by molding the polymeric material around the projectile.

6. Ammunition article provided in accordance with claim 4, wherein the projectile is

secured to the casing by mechanical interference.

7. Ammunition article provided in accordance with claim 4, wherein the projectile is

secured to the casing by an adhesive.

8. Ammunition article provided in accordance with claim 4, wherein the projectile is

secured to the casing by ultrasonic welding.

0. Ammunition article provided in accordance with claim 4, wherein the projectile is

secured to the casing by the combination of molding in place and adhesive.

SPEC (1* Report Amendments)_810423_80J_02.12.2011
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10.  Ammunition article provided in accordance with claim 4, wherein the projectile is

secured to the casing by hot crimping after the act of molding.

11.  Ammunition article according to any one of claims 1-10, wherein the casing is

comprised of polyphenylsulfone.

12.  Ammunition article according to according to any one of claims 1-10, wherein the

casing is comprised of Siloxane-modified Bisphenol-A polycarbonate.

13.  Ammunition article according to any one of claims 1-10, wherein the casing is
comprised of a blend of Siloxane-modified Bisphenol-A polycarbonate and a high modulus
polymer or copolymer having a room temperature flexural modulus of at least 3.447 GPa
(500,000 psi) measured in accordance with ASTM D790.

14. Ammunition article according to any one of claims 1-10, wherein the casing is

comprised of Bisphenol-A polycarbonate with biphenyl linkages.

15. Ammunition article according to any one of claims 1-10, wherein the casing is
comprised of a blend of Bisphenol-A polycarbonate with biphenyl linkages and a high
modulus polymer or copolymer having a room temperature flexural modulus of at least 3.447

GPa (500,000 psi) measured in accordance with ASTM D790.

16.  Ammunition article according to any one of claims 1-10, wherein the casing is

comprised of a blend comprising Bisphenol-A polycarbonate and an acrylic elastomer.

17.  Ammunition article according to any one of claims 1-10, wherein the casing is
comprised of a blend comprising Bisphenol-A polycarbonate, an acrylic elastomer, and a high
modulus polymer or copolymer having a room temperature flexural modulus of at least 3.447

GPa (500,000 psi) measured in accordance with ASTM D790.

18.  Ammunition article according to claim 1, wherein the polymeric material is a polymer
blend and at least one of the polymers of the polymer blend is a high modulus polymer or
copolymer having a room temperature flexural modulus of at least 3.447 GPa (500,000 psi)
measured in accordance with ASTM D790.

SPEC (1™ Report Amendmenits)_810423_B0DJ_02.12.2011
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19.  Ammunition article according to claim 18, wherein the high modulus polymer or

copolymer comprises less than 25 % by weight of the total weight of the polymer matenal.

20.  Ammunition article according to any one of claims 1-3, wherein the casing is a two-
piece cartridge casing consisting of a polymeric caselet and a cap, said caselet being

comprised of the polymeric material.

21.  Ammunition article according to claim 20, wherein the cap component is comprised of

steel, an aluminium alloy, brass or a magnesium alloy.

22.  Ammunition article according to claim 20, wherein the cap is comprised of a

composite.
23.  Ammunition article according to claim 20, wherein the cap is comprised of a polymer.

24.  Ammunition article according to claim 20, wherein the caselet is closed at its forward

end and contains no projectile.

25.  Method of making an ammunition article comprising a casing wherein at least a
portion of the casing is formed from a polymeric material having a room temperature notched
Izod impact strength, measured according to ASTM D256-00, of at least 10 ft-1b/in and having
a ratio of notched Izod impact strength values measured at room temperature to notched Izod

impact strength values at -40°C of less than 4.

26.  Method of claim 25, wherein the casing is assembled from a polymeric caselet and a

cap.

27.  Method of claim 25, wherein the polymeric casing portion is machined from a stock
shape and/or formed by injection molding, thermoforming, compression molding, blow

molding and/or extrusion.

28. Ammunition article according to any one of claims 1 to 24, whereas it is an
ammunition cartridge casing at least a portion of which is comprised of the polymeric

material.

SPEC (1" Report Amenaments)_810423_BDJ_02.12.2011
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29.  Method of selecting a polymeric material for use in the fabrication of an ammunition

cartridge casing or cartridge casing component comprising:

comparing the material's notched Izod impact strength measured at room temperature to its

notched Izod impact strength measured -40°C (both measured by ASTM D256-00); and

selecting the polymeric materials that have a ratio of notched I1zod impact strength at room

temperature to notched Izod impact strength at -40°C of less than 4.

30.  Ammunition article made by the method of any one of claims 25-27.

31.  Ammunition article according to claim 1, substantially as hereinbefore described with

reference to any one of the Examples and Figures.

32.  Method according to claim 25 or 29, substantially as hereinbefore described with

reference to any one of the Examples and Figures.
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