WO 2006/094987 PCT/EP2006/060533 Ammunition casing FIELD OF
INVENTION The present invention relates to ammunition articles, and,
more particularly, to ammunition cartridge casings, where at least a
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20 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

25 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,

30 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



WO 2006/094987 PCT/EP2006/060533 -2 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,
imizing energy conversion to projectile kinetic energy. A firearm's
I§I‘I é%éa (;:n gmber closely fits the outside of a cartridge and Tififaue/060533
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
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forward porkiBnyofitineicigisingticles 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

25 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

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 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 -3 without experiencing brittle 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
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of the casing is comprised of a potvmeric material that has a rOOm temperature {about 23°C)
notched Izod impact strength greater than about 10 fi-Ibfin (as measured by ASTM D256-00)

and that has a ratio of notched Izod impact strength at room temperature to notched 1z

strength at about -40°C of less than about 4,
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Tn 2 third aspect, an ammunition article comprising a casing is provided, wheremn

the casing comprises & poljfmer biend that has a room temperature (about 23°C) no‘fc’ned
Izod impact strength, measured in accordance with ASTM D256-00, greater than about
10 : Tos/in and that has & ratio of notched Izod impact strength at room iemperatire 1o
notched 1zod impact sirength 2t about -40°C of Jess than about 4; wherein at least one
of the polymers comprising the blend is 2 high modulus polymer or copolymer having
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flexural modultus of at least 500,000 psi measured in accordance



10 ft Ibsiin and that has a ratio of notched Izod impact strength at room
temperature to notched hod impact strength at about -40C of less than
about 4; wherein at least one of the polymers comprising the blend is a
high modulus polymer or copolymer having a room temperature flexural
modulus of at least 500,000 psi mM&asured in accordance with ASTM

D790. In a fourth aspect, an ammunition article comprising a two-piece

- cartridge casing consisting of a polymeric caselet and a cap is provided,
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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

casing with the cap portion in cross-section;



casing with the cap portion in cross-section; WO 2006/094987
PCT/EP2006/060533 -4 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
SEfhHYefi&Hatic perspective side view of a cartridge caselef G fiH§e0sss

from a Bisphenol-A polycarbonate that has failed upon firing. Figure 5 is a
semi-schematic, cross-sectional view efa non-traditional case telescoped
ammunition article. DETAILED DESCRIPTION OF THE INVENTION For
the purposes of the present invention, the term "ammunition article” as 10
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piece @5@%&@,@5%&%@95 @g@@up@p" portion 12b which comprises
the closed gnd.of glh ?%gnd asmg wher the rimer 1

posmoned In thﬂg ?ustrate en mentgeﬁqe casez}ef %rF OI':?1 51%\?’18 ﬁn

C?:Qp pgmgﬁ) i%%i\ké)ﬁ’ié‘i‘a“fd’é éﬁﬂ?rﬂ’ff“mﬂ 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

25  after firing. A cartridge casing may be of one-piece or multi-piece construction.

Turming 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 1ibs 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",



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. IA,
an ammunition article 10" is shown which comprises a one piece casing
120 e 13" and a projectile 14'. WO 2006/094987  PCT/EP2006/060533
PCT/EP2006/060533 -5 The term "high modulus" polymer or polymeric
material as used herein means a polyater 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
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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

25  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

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 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

35  notched Izod impact test, conducted under ASTM D256-00 standard at room



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(r) 141R; one such

el4S e iddified polyamide is provided by DuPont undeP €& P2006/060533
trademark Zytel FE 8194 NC 010.) Traditional measures of impact
strengths of molding resins are impact tgsts such as lzod 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 WO
2006/004987tRCRIEPZI06/060583 -Bictempe miucet @O 30 - HBik).
The wheleicontepsatAST Mdaz6-00 is herein incorporated by reference.
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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
25  measurements,

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

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

Polymer Acronym Impact Strength
Bisphenol-A polycarbonate PC 15 ft-1bfin
GE Plastics Datasheet {Izod Impact,
Lexan 141R (% 1997-2003) notched, 73°F)
Hi-impact polyamide 612 PAG12 17.5 ft-1b/in
DuPont Plastics Datasheet (Izod Impact,
Zytel® FE 8194 NCO10 notched, 73°F)
(Online Material Data
Sheet dated 12/09/04)




25 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

t astics. (ASTM D256) Polymer Acronym Impact Strength
Egﬁ(é%grg}g 4i8%olycarbonate PC 15 ft-Ib/in GE Plastics Datas%%%ﬁf%ﬁ 60533
Impact, Lexan 141R ((c) 1997-2003) notched, 73F) Hi-impact polyamide
612 PA612 17.5 ft-Ib/in DuPont Plastics/Datasheet (1zod Impact, Zytel(r)
FE 8194 NCO10 notched, 73F) (Online Material Data Sheet dated
12/09/04) WO 2006/094987 PCT/EP2006/060533 -7 Even the materials
identified in“TEbECITHHIRK idprELehpthed SiatevBrbnsrisseh tinparof-the-
absorptibm, ioftert faointan.adwmdnitioncasingrapplicatignipocagxantple,
the failurenpfeaRispnen o Amgieasbanatgaalymerissaseletdeat pogtion
ofa C%&'@&Po?@%ﬂ?ﬂi% atsaemhiemRaratiie S HUSHAIRHALIGE. 2

wherein,the Cﬁl%eée%te e "f‘zhﬂﬁsa cragk Lo glong. s axis, "?‘“dr%gpor ion of the
extension 18 has completely fafled and separated fism IRE RAgdribs.
Introd GRS HhheiriBRierY filsdemashisdaddmaditoriangdibvay to
increasing theshetgy doscrbingreapabitye dha tbvermopltistie! elteralo
Thus, ifnghagrdittedmianshave begadgpropasediosfheaiplasticiportians of
tWQ'pi‘?&%&Qﬁﬁ%ﬁlﬁﬂ%@ﬁ§9l‘;’e@naﬁwgi%9 £33RGS. PtbAVE Metwith
irgted success, Adan, |t appeals (atduring fiing events fhe interface
betwee n%o‘?ymer ar?&_ metal 19 the (’%’Iflcaﬁ] region or(?flalfuré(? an Péspoj?'l%a :
have iHdTRAES BrOBIERETIRA CHOIPRndEcs R pe shanoharstthigetal is
interfatie. dptaalditoem threfrdiatively towighass indissitibpreblaperdtbres of
polyampisig.mnld: materpalm{@bBentbaG)icrIses 1h ihasennnietials o seften
in the batchambsr RhAdHeENLAHIRASARIE N RGe F NI e S ises
Aalvamyide 6Le tibe maferials.exiiibit a pronensity for dimensional,and
mechanlcapbroperty ms%arblﬁty owing %BPPﬁe );}Cfl’(g;aﬁﬂlcuﬁlgﬁ]lr{gn Oﬁ né"
polymngB%WFE 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

20 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.

25  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.

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



It is important to note that the polymer materials discussed above do not
20 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(r) PC, three out of four such PC cases performed
a‘éf%ﬂ%f’é tely with one case failing as above. Given the extreffe FAtIIESH33
the application, however, a useful polymeric material must perform
perfectly a great majority of the time. 25%referably, 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 mdFs BrarsraL), RiGHEREH DT DOY th mien HEreaRde seties are
more prefetabte stheorostiph eferable sceni#iial Beinge1Q00%polsasingates (S-

survivalC 3Ritiather afera deapedanhinraceardanca witi Rastinengidheoral
presentJayuertian,io; 1@9}@9&9@@9@&9&' lafgﬁéeﬁhﬂéx%' @ij%s%'a'@d

inthe art fo correctly identify polymeric materi fo. mee

ndre S Sl e e R e e
casmg‘“s“@éi%ezl?iﬂjf ‘@édh ﬁiﬁéﬁﬁg wrlempriddakig SacPRAM A Bvddasipgs from
the poRahyereshbenbisitSGrhatnifidaybefoly iaces Exantplesheikmatefials that

withstayel theyglemapels @hdbe/amumition MRRlGatioR-antare tésedtple
form E&o&&aw&m@&@%@&m ﬁQ@éﬁO@@é& e {stP%Q Q\/&’@Qz?é@ 8

exa
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EXL 9330 bicEenerdCE Beydcafd fpenyyAdSadeladilgses HaRldsticsare
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LC of PIREBLTGIT 3Y&F Pt ?ﬁg o Bet*\Wakrolon(r) DPI-1848
(4 pages) (da8 %%?bsliy%tfrﬁbwﬁ'éﬁgﬂ@@%ﬁfé@(m%*uamg@%@ﬁﬁ@fécted
providggungesstioe PradehiiioRadel(r) R-5700 NT, by Solvay Advanced
10 Polymers, LIEGlph&lpharetta; GA, Lowokemperature Niotehesidaach
Impact dtoRadei(yiRebxxx Resihs, Radérf5700NT- 5 padés))iblihe
whole|caiftbeitahfAaetysarbefaienced GE, Bayer and Solvay Advanced

Polymepésehsneshawiy @rbotakorporated Bréfein by this referbhéidbAthe

polym @ﬂ%&ﬁ&@%&b&ubmg_capah!!!t!ﬂc, asmeasured by the
notch uﬁ?}ﬁpmﬁch\ﬂ F\’)I\R rnnhEPSU 12.5 ftjbhn

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
20 D256, Notched Izod impact strength values, reported in Tables I and 11, indicate
that PC and PAG612 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
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.



1.5 temperature of 23C, same as above) are given in Table 11. TABLE Ii.
Room temperature notched Izod impact strengths of selected
thermoplastics. (ASTM D256) Polymer Acronym In act Shen th
S‘g;ox%{g]e-(modified S-PC 15 ft-Ib/in Bisphenol-A of carbonate Bisphenol-A
polvEarbonate B-PC 13 fi-Ib/fin with biphenyl linkages Pol hERTEGRHEKEC3
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 20 D256. Notched Izod impact strength values,
reported in Tables | and 11, indicate that PC and PA612 are clearly
superi6PE6*anIPts; BEPEMRALSPPE DORhARE tHUE aeb Urkepattedrrasalt that
S-PC, BvRi@daind R&BUacaitrid 2 easingscompogientssureiveg inamy like
ammugitensfringsvatieuLaRyssiaNs aivisihiedamags._ng, thadithgion is
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temperatures T BEIbw Shiient teserst ) fdgRggiio the low
PCT/EP2RR8IT6058 3L 2 FbefitpRe! tHEceeiapimdst 6 rsteredizod
valuesraipayten deifinpgratpré prévealed dhag thatdP@laha RAGEhen&tdsinls e

have highemhimpastsirengihsdhanihe cuecessillysfiredsmatedalsns-Reo

B-PC, and ksl *r'@o%el\fpﬁrsmﬁiéy%&qﬂei%@é&fsmfa&we!a%%img%st at
tgengt data is compared at SUb@%ji%] 4em%ratures. 5 Table 11l below

Isiists notched 1288 IRSEetrdR g SHARY IBRTBWED Abbve

measulediHP tEp et Atticas far bBRolrss6 ! tepiseraanah lashwnenspeliatire

notcheékhdézod ampactsteengtlsealuescergviessoeadifytmudilghle therptioom

tempesaiai eddaidiAswaEagielhitheeiatarieponiaskin Tiakled hywamdatTable
1Tt was derived from the following data sheets the whole content of which is

20 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.

25 Surprisingly, a polymeric material that is snitable 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

30 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

35 notched Tzod 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



obtained at exactly the same low temperature for all materials. 10 In
comparing the room temperature 1zod data of Tables | and Il to the low
temperature data of Table Ill, a distinct difference is observed between the
properties of the group of polymeric casing materials that sometimes

fae @N¥a*afmunition firing versus the group of casing maR§ERP 060533
survived firing. The last column of Table Ill lists values for the ratios of
notched Izod impact data 15 taken at rogy 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 andexcessiverameunt ofitiair impacistrengthsy whenccorledde e

tempef@t@b@cﬁhlgmrat@evgéfm)lew%&i%w&\é@?g%am@@ et é{%mes s has
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5700 NTFtheddvitbesigifigentty rehibaiidorEte @fp@ethen&ll’,cpmmdédeby
EngineetipgifolyitethSpesiatisteridicseptableyimate ral fosmampmunition
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Note thdit theplofuitemiperatersydatadpatatghar the B-PC material is reported

30 at -30C.idws reflects thedatanepasestinibe taferenragMakqlontd
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180-4, as follows : ggf kJ/m2 at 23 éi Oé]"%l/mz?at 3 azn1 ni‘i mgmo
-60C. THQugiT A direct correlation beppeen the ls@ang £, !15‘/ Jest
methads,deesaakexist, the ratiojof 35 notched 1zod jvalues measured by
a givepHmethae will be comparable figsnmethogdo method i jig 1SOdata
for the BoR&niaaterial reveal that the materigl WO 2006/094987
PCT/ER26064060832¢10- does rot sxerience gsighificaptseductiondn
ductilinBwhemded pdieap28€ t0 -60C. Inifact the ratio of reportéd
impactBtﬁgmms’*amhes@cu&mperatlﬁe@ihas a3fElte pf 1.2 falinless than 4.
i at the material's_impact strength ratio at

room AD&iﬁBhﬁﬁMPﬂH@W -40C mea utbly the ASEM | 39 ftlb/in | 3.2
In order to determine suitable materials for manufacturing of polymeric

15  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

20 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

25 notched Tzod 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.



5 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 1l comparison. Though the data provided for S-PC
were not collected at -40C, we consider the comparison valid since the
dafdfef/ thigsiaterial are reported at a 10 more severe (cold&r/EBHHEA33
than the PC and PA612 materials, and the former still outperforms the
latter by a wide margin. TABLE Ill. Low temperature notched Izod impact
strengths of selected thermoplastics. (ASTM D256) Polymer Acronym
Temp Impact Ratio Strength Bisphenol-A PC -40C 1.8 ft-Ib/in 8.3
Polycarbonsi# HixtopakiBAGH2 p40@a2ib dtabofialy Qe faf amideri@ie casings
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Preferg ?Aim 62NN ISRl Vel on a9 Fasinas Ve
accor ractice 0 ﬁ presert invention will hiave room temperature

20 not é@ﬁ%@é?é%%?%%%&ﬁf lﬁﬁ‘iﬂgﬁwﬁ%a@a?@auﬁym
AST M5 fandd Hasikatieawtidoof wbietrabiar abpvhhueslae rebarpf notched
temperatdralie natchediclzpa vakiesatcabblioA0Giaf lesHtiamabe 4.
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meaSLﬂfetBW?&%mVﬁi’f%) and have the ratio of notched Izod values at
rddm tempéagunotymeric materials useful for cartridge casings provided according

to 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. The ratio of notched Izod values at room temperature to notched

20 TIzod 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

25  suitable for use in ammunition cartridge casings. Therefore, for purposes of
determining the ratio of {zod 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 -35°C, or near -
60°C, or at even lower temperatores. 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,



notched Izod values at about -40C of less than about 3.5. WO
2006/094987 PCT/EP2006/060533 -II 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
T9Oem8hA s measured by ASTM D256) and have the ratfé BERBREHEE33
Izod values at room temperature to notched Izod values at about 5 -40C
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 nieastreahbyi MRS VD 266} @novbaventhe ratimotinoteheddzod
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of notched st vbl R P PAITFS 5O HERB IS S8 Ut A BRCSH i5der)
3P4 ofRPashiFitl erieddrycinaan suetA efretanaken Beltiedninpbmpresent
temperattteant 0@ aiseviothlessher 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

25  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

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 D236 if not already available to determine whether a material meets the
criteria for casing components according to the present invention.



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
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Materials for the present invention are not limited to pure polymeric resins
that meet the impact strength requirements described herein. A person skilled in

25 the art will recognize that various additives and fillers are often intreduced 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

30 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

35  requirements of this invention. The high modulus polymer would improve the
creep and viscoelastic relaxation resistance of the base material, improving its



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
st AR IMPact testing procedure can be used to qualitati&ly ERAANGAEE3
material for cartridge casing performance, but notched Izod data should
be collected according to 35 ASTM D254 if not already available to
determine whether a material meets the criteria for casing components
according to the present invention. WO 2006/094987
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the impaekstrengthsropisements des@ibadhergipsfcpersan shiled Wi
acrylic elastomer such as a material provided by RTP Company of Winona, MN
and identified as RTP 1899A X 83675, Notched [zod impact properties of

25  RTP 1899A X 83675 are reported as follows : 26 ft ibs/in at 23°C, and
17 £t 1bsfin 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.

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 :



25 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,
tNEPrHYcERIGtive stabilizers, flame-retardants, coloring ageRtd/EP2006/060533
compatibilizers, impact modifiers, release agents, reinforcing 30 fibers and
others. Also, additives can be included i3 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 bydbjerdiig-aliaigise motktius polymetesnmateralcvithiapiesitxible
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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

25 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,

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



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
prapeliases25 RTP 1899A X 83675 are reported as followBCT2G fodfyadinas3
at 23C, and 1.7 It Ibs/in at -40C (values obtained from RTP Company,
March 4, 2005). Data sheets from RTP{gompany 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
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materid{tatiHG GRHERHE ARG el B8 bt e Rpesatifering Asing
tébnpeeaturetthatimeets thetfecpirarems! oftheregeitize 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
propeHant type and load to optimize ballistic performance for a given
application. Material property requirements as disclosed herein, however, are
25 notknown in the cutrent 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 fircarms. 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.



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; 20 additional polymer material
reQUIPEFYEIES, such as those described above, are known tRCtHBEBf0§kiH3
in the art as needed for the success of a polymeric material comprising
an ammunition component. According.tg;the present invention, the
designated polymeric materials may comprise any portion of an
ammunition cartridge casing. Because of the 25 more stringent
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gwde“n?nseggegq%to the open caselet end and secured with adhesive. The assembled
ammunition article is loaded into a firearm chamber and fired.
25 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;
30 3. securing the projectile to the caselet by uitrasonic 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.
35 Although no prior known polymeric material has proven suitable, several

metals are useful for fabrication of the cap portion of a two-piece ammunition



invention. Material selection is only one aspect of successfully designing
polymeric 15 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.
OWviddshp+ebthicker casing wall improves the likelihood of ¢ASiAg28MHeat3
during a firing event. Based on prior art, a skilled artisan is capable of
designing, fabricating, and testing casingg20 geometries and
configurations in a logical manner to optimize the polymeric part design.
Likewise, ammunition must be evaluated based on ballistic performance.
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shownPSEIRARSRHETARTEHIYIA FEresdee Stmen HeoRychatey atprbjeetiie cpaget
within the Godyetthiebdapridiyedchsinte 120 caDyingnthe fijingéventehand
projecthe: @xits ibeartstgereating a2 A one to escape through the
assembled casing upon firing. Possible securing methods include, but are not
lmited to, mechanical interlocking methods such as ribs and threads, adhesives,
molding in place, heat crimping, ultrasonic welding, friction welding etc. These
25  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

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, A5, .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



10 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
idepiited@Hdbtve. The firing chamber of such a firearm couldCiHEFHAMEHES;33
be constructed to fully support the cartridge 15 casing along its entire
length, thereby increasing the potential sgiccess 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
compriged iefpacmitallicieapd parioksjomer: 56 & paliineritoeasel et:poftiones
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Aoradepacbalrengdhs (greater than 10 fi-Ib/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.

25 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

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.



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 It Ibs/in (as measured by ASTM
DY365°4M4 0 having the ratio of notched Izod values at rootf t&FRI&TALTE
to notched Izod values at about -40C of less than about 4. A casing cap is
fabricated from aluminum, steel, or brags, 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 joiveaoiformh thieearttdgentisrcdsing afible, casing is loaged with
a propeitai shasgecanda Mieatiedsirsausdsdotahaarenenchand
secur%omg aesamblediaRYpURIton Al aﬁ'ﬂﬁaéa%isﬂoﬁ;ﬁ% ﬁﬁfgqarm
and fired g/ rior ‘ag n;njet o ar nown ?1%?& t e cap and d
caselet ] por‘f1S 1S°0F an amrmunitorn car gcéé‘i’ A by repare
at%achiﬁ@l@r?ekeawe{e@@léweaﬁ ﬁ%@ééﬁwéwe&wmh@f ffo
compdnenks! aretjoined seolialyahid that igeisé ou3combustive proddictsto
are nohgiioyecst) aseape kgl ihen ABSerbiet GasingrtRANIBNNG.
POSSIQ@@&M@% methods oclydeyins @5&&%&&%“@%@ s%ﬁﬁ Gk
mterloi metthodgrgtulc .as rlpstrand threads, ﬁﬁ %S%VFDZ mﬁ%{ E% %
place, RE Rl CHmBINGg . UHrasbRiet RaTdhy Sh5ats ) 5 and
dther %Mﬁﬁl@?ﬂ%ﬂ?ﬁb‘?‘ﬁ%@%ﬁ?ﬁg‘lﬁﬁﬁi}%éﬂ%é&é@‘af d%BUpTBRE BNt
multi- pidicgh certhitigereasing Hrbagsfulbikthewprabticet ofhthhehenesenit! is
inventigentManysdiffer@nitype sefamnraunitionadiclas e preveedy the
preser%&aa\e@%?% f@ge@sﬂoamnpq*ﬁ(@f@@.ﬂ&mtﬁ%laﬁb%%meeﬁmast

streng h requirements gf the JInyention ma be use

ammufition &S:)errﬁtatcl)\ﬁ%a% B5'Tor vanous e’}%PS??‘ % SLIQTB%WPrﬁnt‘ﬁS
dxampieSIHY Gaéoagoww,ﬂl,@z@v ?%S %Heemé%teé@@d@er@ed 50-40,
30.06,303:808, 85788 O esdlting 51at5id 0nssG BV BpBet bropart bréGnmements
6.5mmyf ch&MianTENMT MGy B g8 Naricckidréd RMdddigmm, 20

mm, 250 335 4Q SR ARt H%rﬁl&ﬁ In the practlce of the present

invention, ﬁ}e first step is to |(atent a can ate p ric mataglg%,t eoom

temperature anogIBW %C%gl’ea ure no{cﬂ Eg ra

BE T/E206N060EsSs dw BoariRgIELY amarébfédfa%@wsmwm%
is avaifabierfromeath e drufachoee sdentified 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,
25 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
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 ¢an 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.



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 5 Izod impact strengths greater than about 10 ft-Ib/in. Next, the
r&id 6996HAG7 temperature notched 1zod impact strength to REIERRWIFeES33
impact strength at - 40C 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. 10 If a polymeric material's notched Izod impact strength at
either roomutemperatbedi e aidd4QGa(or etom)aalibotiharandnavailable
from t%dﬁmﬁg%uﬁ{ﬂ‘é'%ﬁ@ﬁﬁmg{ rﬁhﬁ%%ﬁf&%@w&ﬁm@fﬂed
materigl.can [t \og. qualitatively evalyiated. In [eal% %5‘1%{“6 inyention,
one coufdI examifie impact strengths measure y impac test ]fﬁods
other tHEAPASHMDBERET:, 15 unnotched Izod, Charpy, or ISO 180/4A,
180/1A*8mpB0/4U tests. Using these or other impact tests, if a material
found to retésnrai signéiganibpontion oitsnibpact Stength aben cooleeh)
from rqRiR SeRBKALUSthd06n thapeths: ﬁ@aﬁﬁé@n@sabh?b’%wt&gei% and
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perfom&masxothhm;dﬂmgﬂttasjawaamﬁmgpt@eéﬁéﬁw Di2bGanigechacmateiald
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et R R R TR b
modifytRFE¥¢-existing polymeric material to meet the impact requirements
provided bylfestamblaici stercenmatpleaa mislslah plet polgmbbssch as
polycafboaiier aouldiienaddeditg and]bikiokied witky g yonroel ®fotherts
materigjs.ify/arits: &@m{n@maél@mmwﬁw amg@cy@eygﬁlow

temperaturg jmpa %Irg N aréj Qiher pr petE[IeSF{H%S imited fired

composmons COU uce, teste f notc 1zo
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sthengeioresite gdﬂéﬂeﬂslé Jianhsameaiis frund o Pthesimpant velocities
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SuItabk%ﬁ(@.li)t@,ﬁﬂﬁ@l’@ﬁ%@ﬂk@ﬂg@ﬁ.ﬁ@gﬁ-ﬁg@ﬂ@% provided in accordance
with th@ Er%:fegt 35 invention.
The procedure outlined in Example 1 was repeated using a different caselet
25  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
30 casings survived the firing intact.
Exarmple 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



WO 2006/094987 PCT/EP2006/060533 -20 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
MO 098%8% weight to 25 % by weight are prepared 5 usif§ BEG3604i460333
blending method such as heated extrusion. Samples of the blended
materials are molded and impact testedat 23C and -40C according to
ASTM D256. The ratio of impact strength at room temperature and low
temperature is calculated for each blend composition. Of the samples
havinghbightennd-temp erature impact strangitiio(greaieddhanilg); fxlbfin)
the blqn@fggglbgmeg the lowest calculated impact strength ratio contains
the opEQa ount of high modulus material. If the ratio is less than
about 4, t n t e material is identified as a candidate for use in cartridge
casings prok‘}?a8&?&%‘&%8%&}?8&»&%@}9}8&}&éea?%ﬁé ITE8 SHERATSAEGH.
TRe paHictiar Heardidisy gigktrpoty this eammiplai ararvelsrd s¥htalive and are
non-linftihguiY ey dyped i addtvesckrnioiamniin thelddl adread/BRIMA
compaynded withgosany bassresinsandigster asigaseHReshioy: OJccmes
determin¢REINEr iR EIng MR Al MeEc(s h5 IBACLRIORE s o

requwements O t[‘lenventlon This metho ustr tes aﬁgenera

procedGPPTEIPIG SRR G ISR g TR A SRS iR R g?ﬁ%ﬁffb‘?ﬁe
T8stingppaspriey zasefaivmitiafion produced using the materials of the
20 preBSentpiwvention is done by firing fully assembled live ammunition

articles. Fingfe patesiaisomhicl have.hgrn iden Jﬁgt&ﬁuléff@fy ufercasing
Comp%ﬁaﬁﬁzaﬁ%@ e sl ’%% jﬁ?&%ﬁ,ﬁgﬁ% mﬁ %H'BH‘EN (e.g.,
Po ge case ets he case ets are

injection molding to orm eric cart

joined Yo THETHINEEAS %eWWﬁ SR RABN B ?ﬁ?fb??‘lqrﬁ'é%gﬁ‘wgﬁi‘tndges
alr% lo&ded el ﬁ?é?ié%ahlleé%@?g@l@ franypRCGafdamoEst-GBdhichbean
be readitydiete imitsed byrajckike dvartigantidl projesctie ks ingdstedirtethe

open %?éis@fé@ﬁ}&@@BE‘@%s%@%ﬁ%bl@'&?ﬂ%&@l%ﬂﬁn&'&%@é%ﬁ%ed for

et ing A28 AT pEABE QL AMIUNTEN Atle.can be
assem e testing. The c I’tl’l casings prowge%i In accordance

with p thls 30 invention can, for example, be formed by injection

Adlding, mﬁh%mmgdfrmﬂllé}f%@k%‘f@awée thesieperieing i nsondpilessionp
moldinggtblailv Feoldiptyvatghiorolgxictsionmurtherdikeicies (.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
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 propetlant 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,



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
fiYERPMSRACF2006/094987 PCT/EP2006/060533 -21 AmmUitidi iapdsass
fired individually or from a clip, magazine, or belt containing multiple
ammunition articles. Ammunition articlessmay be fired intermittently or in
rapid succession; the rate of fire is limited only by the capabilities of the
firearm. 5 Example 1 Four lightweight polymeric ammunition articles
(.50-calitze the 12 mnhjcwereras semiidel frome inje cticr mpldetl SeREd, ie.,

(Lexanf®) &6kq9330Q) sRseletsand praps machined from a steel alloy
(P20). & %l_g%p had a pre-installed primer (CCI #41.). The caselets were

designed with ri_d&es around the rearward portion 10 which created a sn

. ap
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articlegmwjereite st Jigednitilizin o gstd gheoshotarbtigalibbntrilteeSaibgian
BFG-50hsteumented for 20 projectile velocity and chamber pressure

measuremeyys, Eggsa%%%%e%%%sM@geltﬁgmﬁ@é@wgé LS8 in

obtained when brass ammunition was fired. All four $4), artridge casings
survivel & iR IRt BB 2 R h r8%%3&?‘8 0 ﬁé%“ﬁ%rﬁ%% ple |
was repRaiddnisieattiferefraieslooty pigtehan copicryieweight
polymertesaramzubitiBre acticies d . bfdecalh erctd i) ave b @s sbninkeld
using eamelpisdnieatipninoldeddromBiRCMakialentd BPhiBARNk T he
steel cags.iARglantdeads ARARIIEFUIES NarR . ANEA RO MSsY
in Exa@%% 618'.) easured pressures and velocities were
20 Example 9
The procedure outlined in Example § 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
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.



comparable to those obtained using brass ammunition, and all four
cartridge 30 casings survived the firing intact. Example 3 The procedure
outlined in Example | was repeated using a different caselet material.
Four lightweight polymeric ammunition articles (.50-caliber / 12.7 mm)
w2 iisdeiitled using caselets injection molded from PPSB{RENSIF)BS3
R-5800 NT). The steel caps, propellant loads, and projectiles were
identical to those used in Example 1. Mgasured pressures and velocities
were comparable to WO 2006/094987 PCT/EP2006/060533 -22 those
obtained using brass ammunition, and all four cartridge casings survived
the firimydntgett Example 4 The procedure outlined in Example 1 is

repeated usjig AHANEL caFEIEL iﬁﬂﬁ%f@é-ig%ﬂegﬁlﬁ%ﬁl}g Bt Rl mASLIC
ammu%g%g .qrulcé(]e% é%%g-c Jlba I %Zéé@mﬁ%{e asszgntg%ug} %1, aselets
injection molded trof 3 }F? M]A%Ieng? d B 1850R 583675 The
steel cap8, PropEEHE AU S proeinss igranaldrf&atic fiosddsed in
Exampiend (AERSEPES Présdeilireslandved seitieprapell v pdsabibpoitabke
obtaineet tsings irass @mmudritiorapd &l fouseadptdged0 GasIBYSiSevive

the firingrintagt. BxamplaailReRRosdweiined infxamplekwas

repeatg% illjls@sgr@. 96if erent czilé)t‘qé?aterial. Four lightweight polymeric
ammunftion articles (S0-caliber / 12.7 mm) were assembled using caps
machifdd®fan aluminum alloy 15 (A] 7068) and caselets injection
mBlded fromBPE s antirEXe B380)e Phergrepdlimind oalicamd cap
projectitasnaérd id enticadiihit holgensn Exampleidn Measured-piassures and
velocitiesouers sompareRIeIa OS] %@iﬂ&ﬂfk&m&gfﬁﬁum’iﬁé}gl SRS
and all four, carftid &tc%s&]&ﬁf%%‘é%%qﬁfi‘?ﬂ'Q”%@'E%B%@ﬁmﬁ'e Qadiine
procedaure outlined in Example | was repea?eé using adi erent gayg

materidf ¥t RIMERREGHE EFHEH AR SieIek fsdlear / 12.7
M) wiskssassantolelgaiistngre spaumrableitedidronbbiasbusite30)sand
caseletsuinjeciorundalded romdgeRGidgexaniieh%LEiR330)adthe propellant
loads andyprojectiles were identical to those in Example 1. Measured
pressures aﬂld

¢ procedure outlined in Example 8 was repeated using a different cap
material. Ten lightweight polymeric ammunition articles {.223-caliber /

20 5.56 mm) were assembled using caps machined from a steel atloy (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,

25  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

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.



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
Myttt 038 %Specifications described in the present inventioRCFEB2006/060533
lightweight polymeric ammunition articles (.50-caliber / 12.7 mm) were
assembled using caps machined from assteel alloy (P20) and caselets
injection molded from Bisphenol- A polycarbonate (Lexan(r) 141R). The
propellant loads and projectiles were identical to those in Example 1.
Three okfoytecatridge casings survived the 35 firing intact; one cartridge
failed in that thergagelebsyfierecamaxiab{ractice @nd. WP-2096/09498%
PCTIERONAIAGNRFA 23 Alse e sRIPRINDICh Seayrcd I casslet 1o
the cap W§§ comep ete %severe 1., the c_artﬁ ér%?\gvas own into two
pieces. XM SIEE T AR GRMIEIG R o A hitiibRe B rRiBes @ pre-
(.223-caiBBedPSBE Nl CHWsarg sisagiisib e torddnjacodn the ldedr SREn
(LexaanEXh 98380} cagelatsfandccipsimachinediftomgbrass cAG3QxpEach
cap haglsa-predistelleskprinel(G &l idb)scLhe caselets, waig desigred with
ridges @[ﬁgﬂgpgﬁgépey?%%rtlwrgﬂbpﬁﬁg% aadlsnné%ﬁ’e';ql%?égﬁﬁ%{l?ﬁ?ﬁt with
corresponding grooves an tshe cap |nte{hor,_ thus joling the casele anc_l

ca se%li?ﬂgﬁ‘f}gf%% PR GBS RIRTELHUR HRSA T $5itn DrBprd e % rains
ofvC Bhasivafter loading the propellant, the projectiles (62 grains) were
inserted inte\flre cartidge andhattdel echusinganradbe siveridtarare loaded
assempiing:ten ampisition.aticles, the atiskesweradast fised insuigpid
Succeaimilzng fRRLAYIMAL e R gRIRe L (RUR ARt 10
AR-15) instrumented for projectile velocity and chamber pressure

meas PR ST LSR AR G BB RS Som P e R B

obtainéepsiig Hhaistatisrerigonc iltehib Baragedea sz soreived thé
firing iMgéct ti{é-botchntritkge dimensions see, Military specification
MIL-C 163989 dPrawing 9342868.) 20 Example 9 The procedure outlined

in Exampleﬁg\@{%e{ﬁﬁ %@f?&eﬁ%lggrﬁu%f{ggﬁeagﬁﬁgg Eﬁ%waliber { 5.56 mm were

assembled from injection molded rubber filled polyamide (Zytel FESI 94

20 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 propeliant (23 grains of WC 844). After loading the propellant, the

25 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

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



material. Ten lightweight polymeric ammunition articles (.223-caliber / 5.56
mm) were assembled using caselets injection molded from B-PC
(Makrolori DP1-1848). The brass caps, propellant loads, and projectiles
were 25 identical to those used in Example 8. Measured pressures and
W EieeNWate comparable to those obtained using brass atfikiErAtRePo0533
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{xie R-580@0aNTYr. THebrabscqaps cprapeliadt loads;cdric projegiitels
were identical-toidhess-used in Example 8. Measured pressures and
velocities WRe SOMRRAREAR: 1026 ARIR/IGAMAING RER AR R cs

and all ten cartridge casings surviv " 35 firing Intact..

2006/08 45 BET P ODEEIREI 0 PRI TEiHEcK s e
outlined U EKEMPIROSis Reptitfet! yaTig unothish cabdle pppsatet faltimen
lightwslghtlyimerictiznprewnitioresiiticlas$122@8cialibe e SrbiGdnmhare
assembledisisgKasalgisiniesiantrRlded femaPaIRMMAcR Rlgnd:ibed

(RTP %ﬁ%@@ﬁ&%@g@i{@e 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 10 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(r) EXL 9330). The
propellant loads and projectiles are identical to those used in Example 8.
Measured 15 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 / 20
5.56 mm) were assembled using caps machined from a steel alloy (P20)
and caselets injection molded from S-PC (Lexan(r) EXL 9330). The
propellant loads and projectiles were identical to those used in Example
8. Measured pressures and velociti¥s-were comparable to those obtained
using brass ammunition, and all ten cartridge casings survived the firing
intact. 25 Example 14 A control experiment was performed according to

the procedure outlined in Exa ing a polymeric caselet material
that does not meet the material s tlons descrlbed in the,
BT m et
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strefbfh Assembleg-trominiagtipnynglded rubber filled polyamide (Zytel( )
8194 NCO 10) caselets and caps machined from brass (70:30). Each
3. TSRRMAATAINE rikstalled-Brines hhe caseleifae dexigaadnaih fisleas!
add 3OS thedomes Revtiompiich repte @ shay Interiaranep filivdtents,
fillCOrRSAANGIRgarRQYAS10R e Sap-riNaliats o iRiRing the caselabandrs,
impEePnsentely rJibacatidgesiate dhertitiled andthpippellant (23 grains of
WC 844). After loading the propellant, the projectiles (55 grains) are
4. Tinsertetchinipthetastidgedandatiathadou Sintharil QzAdbekiveriAftarterial
congssenbling thae Mnsibehammepidiymartittessthe attictessareileddeghtirio
seven thirty-round magazines. The ammunition is tested using a fully-
3. Thatormaticiti@? 3rteliheo viled M-abcorb@veeapbrlscdntinlieddiyofiedid by
comgmgphdrigpamediien quickly exchanging magazines. The weapon jams
before
6. The ammunition article provided in accordance with claim 5 wherein the projectile is
secured to the casing by molding the polymeric material around the projectile.
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7. The ammunition article provided in accordance with claim 5 wherein the projectile is
secured to the casing by mechanical interference.



15 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 FEST 94 20 NCOT 0)
caselets and caps machined from byagss (70:30). Each cap had a pre-
installed primer. The caselets were designed with ridges around the lower
ortion which created a snap interference fit with corresponding grooves
it MBI feHEE Eﬁ%‘}%‘iﬁﬂ?ﬁ@cﬂ%‘%ﬁ‘é’e}@ﬁ%ﬁ@%ﬁ serr@herprejectile is
5“%@&%85?@\?@?% i afhsaisith propellant (23 grains of WC 844). After
Ioadlng the, propellant the 25 projectiles (55 grains) were inserted into the
| gmfr%m REUCYYRG Cga"fi@gﬁv R fTER SRR D5 P EHREEP 1S
Seck‘ﬁe FRIDE AR WASBELY Y6 %t the assembled ammunition. Brass
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Eer a 1- minute heat soak, 35 the round was fired and the
irearm jammed severely. Inspection revealed that the cartridge case
13.50ftenedintas shrmberand cellapsad YRR filingiadoinacie Wbk is
comt BI04V RG T IE8Q06/060533 -26 case in the chamber, Thus,
subsequent cased rounds produced from the Zytel material could not be

14.fredad heahevadercsiRiians ofexsmplanieambadingnts etampruaition

silgiedas.ofthemEpaent IV epHeRBRfRrocesses for producing such articles
are for 5 illustrative purposes. Because of variations which will be

15. apRaraniutadbe seidkilechiaitha@sialiie prasei ventondsdndatended

cortpridediofittbiatbenqiinteLibs wrieddimeltaesatied above. The scope of
the invention is described in the following claims. -27- CLAIMS

16. The ammunition article according to claim 1 wherein the casing is comprised of a

blend of Siloxane-modified Bisphenol-A poiycarbonate and a high modulus polymer or

copolymer having a room temperature flexural modulus of at least 500,000 psi measured

in accordance with ASTM D790,

17. The ammunition article according to claim 2 wherein at least one component 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
500,000 psi measured in accordance with ASTM D790.

18. The ammunition article according to claim 1 wherein the casing is comprised of
Bisphenol-A poiycarbonate with biphenyl linkages.



1. An ammunition article comprising a casing wherein the casing is
comprised of a polymeric material that has a room temperature (about
23C) notched Izod impact strength, measured in accordance with ASTM
D256-00, greater than about 10 ft Ibs/in and that has a ratio of notched
Izod impact strength at room tempegpature to notched Izod impact strength
at about -40C of less than about 4. 2. An ammunition article comprising a
casing wherein the casing comprises two or more individual components
19. The SUNBPEIH ot MAGE GRECETRIO RIS CORRIR AU ASA PIyATRRRY SHtdterial
CO‘ﬁﬁﬁﬁq%fg%ﬁ?%rﬁﬁﬁéﬁﬁfg%%m‘%ﬁhﬁﬁl’éﬂ%ﬁ% impact strength,
measured in accordance W|th ASTM D2 reater, than about 1 ft
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than‘one polymer or copo ymer ende or otherwise mixed together. 5.
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bleAAd! g{} Yo SODRLIRING 3 RSSO ad DSt Aiticle provided in
accordance Wlth claim 5 wherein the projectile is secured to the casing by
23. TRldinchtheRal¥meric material Braund heneraiestilgast ol heApHARRItON
- contiticle Bravided inAGsRINARSS W ClakISwBeraln 4he Araieshiedastomer.
secured to the casing by mechanical interference. -28- 8. The ammunition
24, anicleRiaigss dnisrcaIdRaEe WiSRIMbwhgrendhmprejestisised of a
ble@eURgRitntBiGRNAGILY R adhesive, & dreiREmuniion.aticld graviders
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psi yeatragoniscweltiing: 4ah ARTaMDTE0ition article provided in accordance
with claim 5 wherein the projectile is secured to the casing by the
25. Gombimatiahiof moldingdnrplagecarigiadhebibreinli . [ddsecamemunitiomairticle
conproweded irbiecordapceingth istdiendd-wipergiarthegieofectiey it siestored tand a
highhewhding byhet cricopimgradftdrathegactoobmioldnpid2. (Ererammdmnitiont at
leasfidlelBC oot dingstwed arnctandransinvtie cabMdli®?6omprised of
polyphenylsulfone.
26. An ammunition article comprising a casing wherein the casing comprises a polymer

blend that has a room temperature {about 23°C) notched lzod impact strength, measured
in accordance with ASTM D236-00, greater than about 10 {t Ibs/in and that has a ratio of
notched lzod impact strength at room temperature to notched Izod mpact strength at
about -40°C of less than about 4; wherein at least one of the polymers comprising the
blend is a high modulus polymer or copolymer having a room temperature flexural
modulus of at least 500,000 psi measured in accordance with ASTM D790.




13. The ammunition article according to claim 2 wherein at least one
component is comprised of polyphenylsulfone. 14. The ammunition article
according to claim 1 wherein the casing is comprised of '
Siloxane-modified Bisphenol-A polycarbonate. 15. The ammunition article
according to claim 2 wherein at leasggpne component is comprised of
Siloxane-modified Bisphenol-A polycarbonate. 16. The ammunition article
according to claim 1 wherein the casing is comprised of a blend of

27 Jilsxcanaiinbian adi grspserBnap slobafonitscanda Buiyrusolymer or
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acRLERS I Bbh A8ured in accordance with ASTM D790. 17. The
ammunition article according to claim 2 wh%ein at least one component is
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maigiifulus of at least 500,000 psi measured in accordance with ASTM
29, ﬁg%m%?aﬁgg ammunition article accosding {o claim, | wherein the gasin

is, Comprised of “BlSgHERo-A PBonate with BISAeyTRIARLRO e or
o AR A oo St T hohand b mer
m'r'lc?c]glr%ponent is comprised of Bisphenol-A polycarbonate with biphenyl
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Iphenyl linkages and a high modulus polymer Gr copolymer having a
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ma&@im 2 wherein at least one componentis comprised of a blend o
Bisphenol-A polycarbonate with biphenyl linkages and a high modulus
32.ply mremon cepalyiterdoasidio gt codamt e pexkatineftehigrahodidied 4o Qfdi or
cogelysicHOQ0Rgpdesn dasureeliir? aciorgd andehwitht®Sdilyl P80t 22thd helymer
magamwrhunition article according to claim 1 wherein the casing is comprised of
a blend comprising Bisphenol-A polycarbonate and an acrylic elastomer.
33. 2B\ crharamitiemitios] eatictedare by dingrtd iciaiherdnihehegh atddaiss pnbymer or

copsdynposempigsasdesp tisedabe biknbl cosrgising Bisphemndibtof the polymer

maigsiglcarbonate and an acrylic elastomer. 24. The ammunition article
according to claim | wherein the casing is comprised of a blend
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35. An ammunition article comprising a two-piece cartridge casing consisting of a
poiymeric 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 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 4.



psi measured in accordance with ASTM D790. 25. The ammunition article
according to claim 2 wherein at least one component 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 500,000 psi me3sured in accordance with ASTM
D790 26. An ammunition article comprising a casing wherein the casing

rises g polymer blend that has a.r, om temperature 30)
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30, BARETALHE fexHiabmoduiss.abatleasisaNRA00 MsimeasWaeiRd of a
ma@%ﬁﬁa{i with ASTM D790. 28. The ammunition article according to
claim 26 wherein the high modulus polymer or copolymer comprises less
40. hanahewtidsrA-ayivveiahtef dhe dpial weighirehthe palymermpaierial a29.
cordgdRiRMmunition article according to claim 26 wherein the high modulus
polymer or copolymer comprises less than about 15 % by weight of the
4] . total pightofthe: polytasrdmateridd ik 05 Thermnhisnitiois astighei edediding
polignelaim 26 wherein the high modulus polymer comprises less than about
10 % by weight of the total weight of the polymer material. 31. The
42 . amisnition:aiticle e eordidm tote ld rim2Z5 wihereim thee: iiglet isadeder at its
forpatirael o1d copalymer wompiises less than about 5 % by weight of the
total weight of the polymer material. 32 The ammunition article according
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and a cap.

45. The method of claim 43 wherein the polymeric casing portion is formed by injection
molding.

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.



copolymer comprises less than about 0.1 % by weight of the total weight
of the polymer material. 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 aBput 10 ft Ibs/in and that has a ratio of
notched Izod impact strength at room temperature to notched Izod impact
strength at about -40C of less than about 4. -31 36. The ammupnition
1. T e o S IR EINRE S5 BEPRURB it [SF B8 Blised of
conypespiefyMpngn munition article according to claim 35 wherein the cap
component is comprised of an aluminum a||0§. 38.rtThe. ammu igo%lgwcle
49. ég&‘d?&ma% AR 38 WHRFEIHAR B oL CnTBORe RIS *BomSHESd BY Biaks.
MO8YErhe ammunition article according to claim 35 wherein the cap is :
mprised, of.a,_ magnesium alloy. 40, The ammunition article according.t
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method of making an ammunition article comprising a casing wherein at
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StreﬁgﬁTg{\AaQﬁﬁz@@@ij%ggﬁﬁq}ggw 110 ft-Ib/in and having a ratio of notched
Izod impact strength values measured at room temperature to notched
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iesvhgtebsbiine polymeric casing portion is machined from a stock shape. 47.
The method of claim 43 wherein the polymeric casing portion is formed by
54. The ammunition article according to claim 1 wherein the polymeric material has a
ratio of notched 1zod impact strength at room temperature to notched Izod impact
strength at about -40°C of less than about 2.



thermoforming. -32- 48. The method of claim 43 wherein the polymeric
casing portion is formed by compression molding. 49. The method of
claim 43 wherein the polymeric casing portion is formed by blow molding.
50. The method of claim 43 wherein the polymeric casing portion is
formed by extrusion. 51. The ammagagition article according to claim |
wherein the polymeric material has a room temperature (about 23C)
notched 1zod impact strength, measured in accordance with ASTM
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ratisGgateifigeda glaim 2 wherein the polymeric material has a ratio of notched
Izod impact strength at room temperature to notched Izod impact strength
at about -40C of less than about 3. 58. The ammunition article according
to claim 2 wherein the polymeric material has a




room temperature (about 23C) notched Izod impact strength, measured in
accordance with- ASTM D256-00, greater than about 12 ft Ibs/in and has a
ratio of notched Izod impact strength at room temperature to notched Izod
impact strength at about -40C of less than about 3. 59. The ammunition
article according to claim 2 wherein 3he polymeric material has a ratio of
notched Izod -34- impact strength at room temperature to notched Izod
impact strength at about -40C of less than about 2. 60. The ammunition
fm%tta%eaaebrarﬁ@rtdmﬁtazlrrﬁerawtﬁ% I3 Hmenet siresihlgsakoat rdBik of
lesydhap@bsitirg (about 23C) notched Izod impact strength, measured in
accordance wrth ASTM D256 OO greater than about 12 ft Ibs/in and has a
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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.




