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Anmruni tion casing FI ELD OF | NVENTI ON The present
i nvention relates to amunition articles, and, nore

at least a portion of the casing is conprised of a
pol ynmeric material. BACKGROUND OF | NVENTI ON Because of

the extrene nature of the application, materials used
for fabrication of anﬁ&ﬁgwﬁggméﬁﬂﬂgidges must
denonstrate excell ent nechanical and therm

properties. The prevalent materials for production of
cartridge casings for all calibers of amunition in
the world today are netals. Brass is the |eading
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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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expels a projectile fromthe barrel of the fired

firearm The ammunition cartridgecasing nust wthstand
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that the gaseous conbustion products expand only in

the direction of the barrel opening, thus maxim zing

energy conversion to projectil% kinetic energy. A

firearms cartridge chanber closely fits the outside

of a cartridge and thus supports the majority of the
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ammunition cartridge, weight and cost savmgs can be sufficient to make it
30  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

35  few milliseconds, thus producing very high stresses and strain rates. The casing

material must possess adequate ductility to absorb the shock of the explosion



must neet several material requirenents as well. Upon
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mlliseconds, thus producing very high stresses and

strain rates. The casing materjial nust possess

adequat e ductility to absorb -thre shock of the

expl osi onwi t hout experiencing brittle fracture. Al so,
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a semi-schematic perspective view of an ammunition article
30  provided in accordance with practice of the present invention comprising a two-
piece cartridge casing, a primer and a projectile (the powder or propellant charge
is not shown);
Figure 2 is a semi-schematic, perspective exploded view of the cartridge
casing and primer of FIG. 1 showing both the caselet and cap portions of the

35  casing with the cap portion in cross-section;



provi ded in accordance with practice of the present
i nvention conprising a twopiece cartridge casing, a
W@eooae9498hd a projectile (the powder or propel PEREP2006/060533

charge is not shown); Figure 2 is a sem -schenmati c,

per spective expl oded view of the cartridge casing and
primer of FIG 1 showing both%he caselet and cap
portions of the casing with the cap portion in cross-
section;- A- Figure 3 is a sem-schematic, cross-
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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

30  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.

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

one piece casing 12', a primer 13" and a projectile 14"



present invention, the casing 12 is of two piece

construction wherein the casing includes a "caselet”
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portion of the casing and a "cap" portion 12b which

conprises the closed end of the cartridge casing where

the primer 13 is positioned. -I%r the illustrated

enbodi ment, the caselet portion 12a and the cap
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resins such as Bisphenol-A polycarbonates (e.g., bullet-proof glass) and semi-
crystalline resins such as elastomer-modified polyamides (e.g., sporting
30  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 §194 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
35 notched Izod impact test, conducted under ASTM D256-00 standard at room
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notch; "RQQLE I. Room temperature notched Izod impact strengths of selected
thermoplastics. (ASTM D256)

Polymer Acronym Impact Strength
Bisphenol-A polycarbonate pPC 15 ft-1b/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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success rates are more preferable, the most preferable scenario being 100 %
casing survival.

30 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.

35 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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survived many live ammunition firings without any signs of visible damage and

that the polymer cased ammunition performed equivalently to the conventional
25  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
30  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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30CO0/tL 5 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
35  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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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 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 3.5.
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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

30  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

35  and at temperatures slightly greater than -40°C.
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A material that demonstrates good low temperature impact strength retention
30  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
35  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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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

35  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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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.

30  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

35  of known polymeric materials. Methods for increasing low temperature impact

strengths of thermoplastic polymers include, but are not limited to :
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tenperature that neets the requirenents of the present
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.

30 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

35 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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to guarantee success in amunition casings; additiona

pol ymer material requirenentsl®such as those described

above, are known to those of skill in the art as

needed for the success of a polyneric materi al

CONRE kbt Al taR OFRIEILE hRRsABMBGNERHIt cAGTIRE BhiltPe HHiddBring.
present. i.nventi on %éh? desi gnat.ed pol ric materia
ey g TS of RTgHe s AR ST BRe Case Bayge are
casdibogt 1B&c ausepeferatile abant@0sh rdveg entre peecdralvly @hbdut 30 %, still
de rtr
cast BT AR RAL AT, Dp AR r e otlP 6, bl

Spr apreferabileabaat 6\Ge, piee prajerabyl abputpieBand apt r i dge

casi ng Wge%ﬁleﬁ{e%fo% G686 ambhutitidnhrBA8s Rt §6&h thet @relﬁti%ly thick
strength material that f ase of the casing,

| the b
e. gC.a,rtﬂflg%C%W%W%Wﬁ?égiétlHE%lawnkgrroam&alr PREFqUETEr
Confropéltaat &1&&@" JI @dsingklybir siudltl ﬁﬂic}ﬂ@&ﬁayl %td dtla dh@lfﬁi?de(i@fymmc
casl ngs e we 0 I N . r an re re re 1. N
¢ PR PG e H R ettt A bR S e e Sl P gha

10enttbd imeehdnicah dpohydsexfitle oamehigibn epplshiibut ©ge-pheee polymeric

for ' . ' . AN g
cap LA R 10 KRBT R im B P L LA of o
pr dpdymeghmaterigl which encets themgrhanigal ppgrty guidglings of the
perigesitage of plastic being preferred to maxim ze
wei ght reduction, to enhance corr.osion_resistance, and.
to proAgern ]t%‘?gqcﬁ%l%ﬁ LYEAPRH O é‘fﬁce?ﬁﬁm& {enEg pofyjaeric

15anuotaséd eafimoeitiah apickse 'Whdrs pdBheticicardddyy/daoimgs batdsagt

met al _cap..si ze, necessary,t revent cartridge, f.ail ur
. 1s &
cur PRPPERE 4 SRR Pt Sr ARGt 1ghe Wik

mat @epaldesign af dwrpolynige watsgeomeby. Whivighislyas éhickyo gasingwall
% iﬂﬁ)‘?@ve@ &S BEARbYd 8PN ?sgrv% lﬁﬁﬁﬁ%ﬁrﬁﬁﬁ% RU&fteBARYon prior
[ Iyﬁ?‘ ut 40

about 30 % still nore prefera ou % .yet nore
pr efbagkilled agisan issapagle of desighins ToicpERSIING te3HBY £AHIR

20% gRnRtRsehe callisghrataytin 4 bYeRtinkg-to DPEMBRARBH Sl BSric part
of sone itln?unltlon articles are such. that {el.atl\feln}/
t hi TR180a K VY e PRSP AP begyalgated BF%?&P}&,hSEf pRjrormance.
al | Owdimegy slatrim flerart Wal aleguanr @dividuabel vaan petinamtdeactors such as
Casi : ‘ ‘ o
ol yaanP g UE B Ep B TR Bore R B Bifien
t hi appHed®ne Aatpiaal peepegiyaequitsmentsastdasetbsedh berrwe hawie el are

2sdenpRdsowh it e carBMkdtd 9MthaRR!ahE dtisPhe a@’l‘i%d B unction with
pol ymeri c cartrldge casi ngs provi ded according to the

pr SEER ARG kPOWIRGEE 9T HUBTHO®Rpr i sed of a pol yneric
mat er i abnadit@ibnseaRERISIhigiote6 Radhe ahll piiolRsS$ Md, consequently,

gui t(cj)%llailtgr(ia'a s€ Lctgorr]lels itlpa\{ ga{]stlrilgog){ternal geometries are fixed by the
corresponding chamber internal geometry in existing firearms. In other words,
30  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

35 material selection as disclosed herein.
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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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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

30  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.

35 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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30  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

35 invention.
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The cartridge casings provided in accordance with practice of this

30  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

35  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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(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
30  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®
35  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



single shot firearm a sem -automatic firearm or an
automatic firearm Ammunition may be fired individually
w@eoohi0498a cl i p, magazi ne, or belt containi ng PEI/EPPDE060533
ammunition articles. Amunition articles may be fired
intermttently or in rapid succession; the rate of
fireis limted only by the cédpabilities of the
firearm Exanple 1 Four |ightweight polynmeric
amuni tion articles (.50-caliber / 12.7 mm were
as sk @faihéDwsindThiasd drdmuBibalesd 2t Reur( daendapd EasideXlsurvived
933 gf.c.asel ets and caps nmachined froma steel all oy
( P26y MBI ap had a pre-installed primer (CCl #41).
TheExamget ét s were designed with ridges around the
rear war ' I Ch . [ rf |
w th conrasladift SRk HERALRR, £l a0 o b aRr focte
5j oi matagak Heue hghiveighhpelymapc smaumeion artiples c2-calibgyes

wer © ¥ Be) dré hds8Mlbd iinBlcaRdt ﬁiri'écti()ﬁ 2Ab18E P bR aBFC/PAMA
860). After | oad] ant, th rojectile

. I ng the propel e les .
(eattengt TR 50y & S3643Y (1D Sl e7Pprisorellapt oag aasharojectiles
at t @€ heatiod ith glog@}lﬁg,hﬁ FEb;mpleTlh @ga@g%ﬁtﬁraﬂuﬁ:aaﬁdl e?l_o%ities are
geonet r e af ter standard .brass, cal i ber
ol P TS dalle SRR o R g e g Xahfidke

100. Oosidgs muhivatthd fisng mtasdr d end to a nmaxi num t hi ckness
of @xa%@ﬁgsi nch along its length. After assenbling four
amuni tion articles, the articles were test fired
ut i |i zi' g Rroeqduen eitirrskin Exgmpleal whiepeated Bsipgedifferent cap
BE%@[@ﬂiaﬂ Rl HERMeRMNt f)@l&nﬁﬁt@hﬁl@ﬁgnﬁtﬁ)w&ﬁ&@é G%O-a;ﬁﬂ)er /
chanper pressure surements. Pressures and.
vel g"tc)ffr} Vike P%SCE’@%SH@ @pt Hla{‘lﬂ%‘iﬁ%@taé‘i ﬁ%l%leﬂloy

15br a@d 7868numnidtcasatetwirgedtion @eblded froh GUPC ((EéxangrEXIL 2339). The
casin survived the firing ..ntact. a e 2 The
o BBt Fia R eles LR R G0 R FSatp i Mgasured
di friresserets and selbeiticsratrerdoaiparagbiato thosgtobteanaghtsingdirgsser i c
ammypi ki > z Eher L.
assenb félgeﬂ’gairnﬁg ﬁcfglzrecfag?@ g~‘|§ %S(her%t% i Sgri]m;rfct%jll ﬂéeegﬁ%% ?)iﬁ]éc% PC
( V¥R Pr) DP1-1848). The steel caps, propel | ant

20l oads, BHbrhE@uaCHtliRS in@meePWh§ﬂ4[pe£t_@d 15188 & diffeeéhtichp
FELR TN W
andl2aT mnf)ouere agsetnbladigsigasipngaclsived/ frombrad3d70:80) agl caselets
B

projectiles were identical to those in Example 1. Measured pressures and

25  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

30  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

35  firing intact; one cartridge failed in that the caselet suffered an axial fracture and,
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(Makrolon™ DP1-1848). The brass caps, propellant loads, and projectiles were

25  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
30  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

35  firing intact.
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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

30  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

35  projectile in one sample and a crack near the caselet/cap interface in a second

sample.
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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

30  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,

35  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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5. An ammunition article provided in accordance with claim 1 or 2
additionally comprising a projectile.

6. An ammunition article provided in accordance with claim 5 wherein
the projectile is secured to the casing by molding the polymeric material around
the projectile.

7.  An ammunition article provided in accordance with claim 5 wherein

the projectile is secured to the casing by mechanical interference.
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component is comprised of Siloxane-modified Bisphenol-A polycarbonate.

20 16. An ammunition article comprising a casing wherein the casing is
comprised of a blend of Siloxane-modified Bisphenol-A polycarbonate and a

high modulus polymer or copolymer.

17. An ammunition article comprising a casing wherein the casing
comprises two or more individual components and wherein at least one
25  component is comprised of a blend of Siloxane-modified Bisphenol-A

polycarbonate and a high modulus polymer or copolymer.

18. An ammunition article comprising a casing wherein the casing is

comprised of Bisphenol-A polycarbonate with biphenyl linkages.
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annﬂmﬁ@n@n article conprising a casing wherein the
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pol ycarpon
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eIa%%%ﬁﬁﬁce%%@n%h anmuni tion article conprising a
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20t heclarnery and a high modulus polymer or copolymer

25. An ammunition article comprising a casing wherein the casing
comprises two or more individual components and wherein at least one
component is comprised of a blend comprising Bisphenol-A polycarbonate, an

acrylic elastomer, and a high modulus polymer or copolymer.

25 26. An ammunition article comprising a casing wherein the casing
comprises a polymer blend that has a room temperature (about 23°C) notched
Izod impact strength, measured in accordance with ASTM D256-00, greater than
about 10 ft 1bs/in and that has a ratio of notched Izod impact strength at room
temperature to notched I1zod impact strength at about -40°C of less than about 4;
30  wherein at least one of the polymers comprising the blend is a high modulus

polymer.
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26. An ammunition article congr|3|ng a casi ng wherein

the casing conprises a pol ynefObl end that has a room

tenperature (about 230C) notched |zod inpact strength,
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33. An ammunition article according to claim 26 wherein the high

20  modulus polymer comprises less than about 1 % by weight of the total weight of
the polymer material.

34. An ammunition article according to claim 26 wherein the high
modulus polymer comprises less than about 0.1 % by weight of the total weight

of the polymer material.

25 35. An ammunition article comprising a two-piece cartridge casing
consisting of a polymeric caselet and a cap wherein the caselet is comprised of a
material that has a room temperature notched Izod impact strength greater than
about 10 ft 1bs/in and that has a ratio of notched Izod impact strength at room

temperature to notched I1zod impact strength at about -40°C of less than about 4.



of the polymer material. 35. An ammunition article
conprising a two-piece cartridge casing consisting of
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conprised of a material that has a roomtenperature
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pol ymeric material having a roomtenperature notc ed
10} z pmnisad of S EQTBPRFIE, measured according to ASTM

D256- 00, of at |east about 10 ft-lb/in and having a
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having a room temperature notched Izod impact strength, measured according to
ASTM D256-00, of at least about 10 ft-Ib/in and having a ratio of notched Izod
impact strength values measured at room temperature to notched I1zod impact

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

44. The method of claim 43 wherein the casing is assembled from a

polymeric caselet and a cap.

45. The method of claim 43 wherein the polymeric casing portion is

formed by injection molding.

25 46. The method of claim 43 wherein the polymeric casing portion is

machined from a stock shape.

47. The method of claim 43 wherein the polymeric casing portion is

formed by thermoforming.
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20  comprised of a polymeric material that has a room temperature (about 23°C)

notched Izod impact strength, measured in accordance with ASTM D256-00,
greater than about 12 ft 1bs/in and that has a ratio of notched I1zod impact strength
at room temperature to notched Izod impact strength at about -40°C of less than
about 3.

25 54. An ammunition article comprising a casing wherein the casing is
comprised of a polymeric material that has a room temperature (about 23°C)
notched Izod impact strength, measured in accordance with ASTM D256-00,
greater than about 10 ft 1bs/in and that has a ratio of notched I1zod impact strength
at room temperature to notched Izod impact strength at about -40°C of less than

30  about 2.
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component is comprised of a polymeric material that has a room temperature

(about 23°C) notched Izod impact strength, measured in accordance with ASTM

25  D256-00, greater than about 12 ft Ibs/in and that has a ratio of notched Izod
impact strength at room temperature to notched Izod impact strength at about -
40°C of less than about 3.

59. An ammunition article comprising a casing wherein the casing
comprises two or more individual components and wherein at least one
30  component is comprised of a polymeric material that has a room temperature
(about 23°C) notched Izod impact strength, measured in accordance with ASTM
D256-00, greater than about 10 ft 1bs/in and that has a ratio of notched Izod



conmponent is conprised of a polyneric material that
has a room tenperature (about 230C) notched |zod
WO pa0o9498t r engt h, neasured in accordance w th PSITEP2006/060533

D256- 00, greater than about 12 ft Ibs/in and that has

a ratio of notched |zod inpact strength at room
tenperature to notched |zod iAbact strength at about -
400C of |ess than about 2. 61. An ammunition cartridge
casing at least a portion of which is fabricated from

a pia{ wfegtﬂeﬁ tmt ﬁfdn@{erﬁﬂéﬂituﬂa%natch&pﬁbﬂ gfrdhig€h at about -
Lg#gaoﬁ ' zod i npact strengt measured in

acc s \H’i“’flrf‘ D256- 00, greater than about 10 ft

| bs/in and that has a ratio of notched |zod i npact

st r engtdd. aAn pmonmitempeticdé nomptiong o cadegiwheoth therpasdig

St r cf@‘é“{)re - A§0%Gu fcolnf[ﬁﬁeﬁtg]gﬁh @H?‘é#ﬂ f1eRPone

% pol ynel C materia use I n
5t hecqu@tas PORPBTC 9h 2 DEHTIRATIC r@ﬁere%lrthartuhagérm fempesiture

C ar@abd)ﬂ@@%g?ﬁﬁd&flﬂ:dq,@&ﬁ) Gf stfégct g1\ fsnt%l?ﬁﬁec{ 1#%}3}93@2?&9}&/1&1{7&STM
o e e ok 28 RS S G0l P TS el

neasq;raewlstﬁhgtabw ttiorn toferdtinettdh norehslized 1rhpaof\3féﬂgth at about -

D25£b 903f1 s%‘”ﬁan a%gueftl ng the polyneric materials that
have & ratro ttched | zod i npact strength at room

tenperature to not ched | zod inpact strength at -400C
100f | essOlt Wamambwaition caggdgocasuighddbasta parpeol whichhe

Vi SGOSEARST frEm SRANGR: BhteRaPBAMEE b irGoR RHRA R Y about 23°C)
cartri dg’e casing material by pblending the materi al
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62. A 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 at about -40°C (both
20  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 about 4.

63. A method of improving the viscoelastic response of a polymeric
25  ammunition cartridge casing material by blending the material with a high

modulus polymer.



