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BACKGROUND OF THE | NVENTI ON The present application is a .

continuation-in-part of co-pending Provi smﬁmmnw ﬂm mst Pat ent A‘Iﬁ)pl |c§%| on

Serial No. 60/020,914 filed June 28, 1996 ext of the®¥
above-referenced disclosure is specifically ipgcgtporated by reference
herein wi thout disclainmer. The governgent may own certain rights in the
present invention pursuant to United States Arny contract nunber DAk,
30-95-C-0021. 10 1. Field of the Invention The present invention rel ates

generally to the fields of pol ymdESGRIPRIQN density conpositi ?JWI"
particularly, it concerns materials that act as a repl acerne Wﬂmﬂmﬂ
in applications requi riHGH RENSITH| @QM@Q&% BHeke the toxic effects
of lead are wundesirable. Further, the high denS|t conposites of the
present invention may deﬁiﬁﬂX;ﬂﬂl&éﬁi on where a high
density material is required. 2. Description of Related Art Each year,
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projectiles results in approximtely 000 tons of |ead 25 per year being
i nt r oducBlditeh S mtdshemymeintroetrmember %@Eéérﬂ%ﬁr(}%ﬂl on of soil, sedinents,

surface and groundwat er have been confirned through |nvest|gations
conducted at Arny, Navy, Air Force, Mrine Corps, Coast Guard and private

sngl | ar s rapgs, iofh{e%g@ﬁ)ﬁ(gn the United States and Europe. Lead uptake in

veget ati on at smal | arns range in Quanti co, V'rginia showed
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compositions. More particularly, it concerns materials that may act as a replacement for
lead in applications requiring lead’s high density, but where the toxic effects of lead are -
undesirable. Further, the high density composites of the present invention may be

15 employed in any application where a high density material is required.

2. Description of Related Art

Each year, approximately 689 million rounds of small arms ammunition (.22

20 caliber through &N <caliber) are fired during training by the Army, Navy, Air Force,
Marine Corps, National Guard, and Reserves in the United States. An additional 10
million rounds are fired annually by the Department of Energy. The ammunition
projectiles used for this training consist of lead antimony cores, or cores, encased in a
copper alloy jacket. Use of these projectiles results in approximately 2,000 tons of lead
25 per year being introduced into the environment. .Lead contamination of soil, sediments,
surface and groundwater have been confirmed through investigations conducted at Army,
Navy, Air Force, Marine Corps, Coast Guard and private small arms ranges throughout
the United States and Europe. Lead uptake in vegetation at a Marine Corps small arms

range in Quantico, Virginia showed lead levels as high as 23,200 parts per million.

30 Remediation of contaminated ranges has proven to be extremely expensive and provides
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X906656-5 21913.% -2 only a tenporary solution. The Navy reports hazardous
waste renoval fromone snmall arnms firing bermcost $2.5 nmllion with an
addi tional $100, 000 per year required for lead contam nation nonitoring.
Si xteen Navy small arnms firing ranges are nowrequired to inprove
hazardous waste mai ntenance at a predicted cost of $37.2 million. In
addition, 5 the Septenber 1995 "Cost Analysis for Minitions Rule" prepared
by the U S. Army Concepts Analysis Agéncy indicate the cost to renediate
an outdoor snmall arns range is approximately $150, 000 per acre. Currently
t her e ar eni}20terpoge sclutsi MheoNagy hebutls ddzardoup waste gemgvalsfremr esellsmalf Base
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wijd find many other applications, such as for weights, acoustic danpening
or vibration danpening, and in radiation shielding applications, including
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i mportant, but where the toOxi city of lead is undesirable. Thus there is
pr esent ecnible firing ranges to remain open and to eliminate costly cleanup procedures. The
15 density of the projectile should be close to that of a lead projectile for realistic
performance simulation. Materials of a lower density decrease projectile range and

penetration.

In addition, there is mounting concern over the use of lead shot for bird hunting,

20 due to ingestion of the shot by birds and other animals as well as contamination of
wetland areas. Indeed there has been legislation in the United States and other countries

which bans the use of lead shots in waterfowl shots. Moreover, such a lead substitute or

high density material will find many other applications, such as for weights, acoustic
dampening or vibration dampening, and in radiation shielding applications, including

25 protective clothing, medical clothing and clothing for use in nuclear reactors.



a particul ar aspect a high density conposite for use in applications in
which lead or any other high density material may be required. Thus in a
particul ar enbodi nent, there is provided a high density conposition of 10
matter, conprising tungsten powder, a fiber and a binder material. In
particul ar enbodi nents, the tungsten conprises between about 5% and about
95% of the conposite. In other enbodi nents, the tungsten conprises between
about 10% and about 80% of the conposite. In other enbodinents, the
tungsten conprises between about 15% and about 70% of the conposite. In

al ternate enbodi nents, thgUMPNDSREIOEAHE INGENTBIONt ween about 25% and
about 50% of the conposite. In other enbodinents, the tungsten conprises
bet ween about 35% and about 40% of the conposite. OF course these are
exenpl ary percentages and the tungsten may conprise any percentage between
these figurefhe féserx aiviehtion, alnoutgendhal G T94ralBEen®Yeconcdrns LATmIl6N 20%
21% 22% 23% 24% 26% 28% 30% .32%, 34% ..36% 38% 42%. 44% .46% 48%
5204 54%nazgals@hat mEBRCt eé)a/qrerd%“eea%f%%%" %8 a“??%wq‘?if‘o/?‘e%g}‘q é“‘?‘%bﬁé’ Oéz%
84% 86% or . 889% of ' [We<] r i hedRk esent
[ mS//enti ot‘?a‘?f‘?é”ipﬁﬁtﬁ@t téé\tr\g}cl)e\%ger O%Ea&rc ? ?'\gﬂaquitlszléﬁq&gﬂﬂggt \'/{ggﬁﬁﬁgﬁﬁ; rezgeaﬁg about
40 ni cr opgaitiRub agRees highndeasitptompositei foe usminoatiplieations e vttcht leagor eny powder
particle size is between_about 4 and about 8 microns in dianmeter. In yet
anot her etngobighdnausitymiaserial maybemeqiRder particle size is between about 20
and about 40 mcrons dianeter. O course these are exenpl ary neasurenents
and the powder may conprise a particle size of about 4, 5 6, 7, 9, 10,
11, 12, 14, 1Ghudfha gdrticdds edBodidént, Afere isZfovided a3iigh densityJondbsitidh,of 36,
37, 38 or 39 microns in dianeter. In certain enbodinments, 30_it may, be

ddsi r abl eatter, henreprisingg sungstepopeiederc Ambibes dad ot tiadar BrREEahay Ih PatiiATng
sizes of - ianeter. In other enbodinents, b onpriised of
particl egmg?g‘m‘?f“fsort stiu%s(%?‘ﬂ c&mﬁlé?serbg?weﬁﬁaa%%ﬁt ?%\Sﬁgﬁ g%éd??r%nﬁ? 0 %t he
present ic&’ﬁgfgiﬂ'ep M otee efdbB&ineRRY tHAURES Gconipriskabethvess aboeel0% and pesut

alum num nylon, Kevlar(r), Spectra(r), nickel, glass or, carbon. In nore
parti cul &0%aspent sympdseef i Ipesthérsesbedimpetssthet wagsten samPripgs patween pbept

nbodi ts, th fi i bet b 9 9 -t
conpost ¢ 4Syetthvont 0% afaRe BaRetea Tt HEFFE Sba L e fiel kBl oo
ang about,.20%, 0fy NS s6PIRASIbbE: WBYARE -the composite. In other embodiments, the

tungsten comprises between about 35% and about 40% of the composite. Of course these

are exemplary percentages and the tungsten may comprise any percentage between these
figures, for example, about 5%, 6%, 7%, 8%, 9%, 12%, 14%, 16%, 20%, 21%, 22%,
23%, 24%, 26%, 28%, 30%, 32%, 34%, 36%, 38%, 42%, 44%, 46%, 48%, 52%, 54%,
20 56%, 58%, 60%, 62%, 64%, 66%, 68%, 72%, T4%, 76%, 18%, 82%, 84%, 86%, or

88% of the composite weight.

In other aspects of the present invention the tungsten powder particle size is

between about 2 and about 40 microns in diameter. In an alternative embodiment the _
25 tungsten powder particle size is between about 4 and about 8 microns in diameter. In yet
another embodiment, the tungsten powder particle size is between about 20 and about 40
microns diameter. Of course these are exemplary measurements and the powder may
comprise a particle size of about 4, 5, 6, 7, 9, 10, 11, 12, 14, 16, 18, 21, 22, 23, 24, 25,
28, 30, 31, 32, 33, 34, 35, 36, 37, 38 or 39 microns in diameter. In certain embodiments,

30 it may be desirable to have tungsten powder comprised of particles having varying sizes of



In alternate enbodi nents, the fiber conprises between about 15% and about
18% of the 10 conposite weight. O course these are exenplary percentages
and the fiber nay conprise any percentage between-these figures, for
exanpl e, about 4% 5% 6% 7% 8% 9% 10% 12% 14% 16% 19% 21% 22%
23% 24% 25% 26% 27% 28% or 29% of the conposite weight. 15 In yet
anot her aspect of the present invention the binder is a polyneric binder.
In particular aspects the polyneric bffnder may be selected fromthe group
consisting of cellulose, fluoro-polyner, ethylene inter-polyner alloy

el ast omedianftdty | langhati énibodideitat the pawnieonmry bengdngmise off yiattiolesi efeunifsoimy est er
el astoner, pol yester sulfone, polyphenyl am de, polypropylene,

pol yvi nyISliZ@IéﬁélameE%rl de or thernoset polyurea elastomer. 20 In nore
particul ar enbodi nents, the polyneric binder is Nylon 12(r) and pol yester,
el astonmer. In nore speci fic enbodi nents the polyneric binder conprises

bet ween about 1n WphAicalae Wmbdmari ghther piesent dfivantionc drepdibet enayl norapiiger
enbodi nents, the oI yneric binder is at a conc trat n _of abouyt 2‘V to
abdut 20%taimdésgisteet, zopper, plminym,| nyiep, dieyfar®s Spegs 8%%%@%5-‘(&[{3&%
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further provides a high density plastic conposition 30 conprising a
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particular aspects the polymeric binder may be selected from the group consisting of
cellulose, fluoro-polymer, ethylene inter-polymer alloy elastomer, ethylene vinyl acetate,
ionomer, nylon, polythermide, polyester elastomer, polyester sulfone, polyphenyl amide,
polypropylene, polyvinylidene fluoride or thermoset polyurea elastomer.

20

.' In more particular embodiments, the polymeric binder is Nylon 12® and polyester.
elastomer. In more specific embodiments the polymeric binder comprises between about
1% to about 30% weight ratio of the composite. In other embodiments, the polymeric
binder is at a concentration of about 2% to about 20% weight ratio. In still further

25 embodiments, the polymeric binder comprises between about 5% to about 15% weight

ratio of the composite. In other embodiments, the polymeric binder comprises between

about 8% to about 12% weight ratio of the composite.

The present invention further provides a high density plastic composition
30 comprising a mixture of a base metal powder, fiber and binder. In particular
embodiments, the base metal powder may be osmium, iridium, platinum, rhenium,

tungsten, gold, tantalum, rhodium, palladium, thallium, silver, molybdenum, bismuth,



10 of the invention, are given by way of illustration only, since various
changes and nodifications within the spirit and scope of the invention
wi |l becone apparent to those skilled in the art fromthis detailed
description. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The fol |l owi ng draw ngs
formpart of the present specification and are included to further
denonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or nore of these draw ngs in
conbination with the detailed description of specific enbodi ments
present ednhar ebbhit, il Gadrhivsh ausbiampirgitivsre &f peuivplaessibodinmpisithe highgst en
povvder/polpyrréri c binder flexural test bars.. Fl gﬁéﬁlﬁ shows a,pi turﬁle(r)f t he
I

a S.. . p
t hree pdensitybenthpbbidrur may tkestutifizsd (Ase 2aFRfiation ing magerialsy g,pP

installed in.an Instrop testi Lhg.: . A- : IoNSateBa] C in
with cydmaegrneds tﬁ%ﬁ?ﬁﬁlonf Th«*ﬁr(lgirn gﬁﬁ {lgs?% ‘%Srf}&&?@%‘gﬁg{?ﬁ taesﬁgl.' E{quﬁ{h??pshoms
the maxi gumaihens’ @ dashs(tiod) mhprbevatiidsaspaiodeling evelphty dishing3@eighG, 4
shows the flexural strength (psi) for various polyneric binders. -6 FIG 5
shepws t hitywrexlspomprbjeetiles.al di spl acenent (in.) for various polyneric

bi nders. FIG 6 shows the flexural nodulus (psi) for various polyneric
binders. 5 FIG 7 shows a fractured tensile test bar after being pulled in
the I'nstron t ;}%l&'e&sesifeht'ﬁgesﬁmiaﬂeantfge@ ofBtiropreaemsinvhiidne nsli Ikecsmeengt hs
of Nyl on 12(r? St al flll ess Steel fiber 10 conposite, lon 12(r) conposite,
pol yest egppatens fronethedolpuaing tdetailnd dessaigtion| & shouldkamnderstocd, GRYRY s Makt

break of Nylon 12(r)/ Stain]ess Steel fiber 0 I : .
conposi t e dstsrlod descripdpnan Fp%cbﬁﬁ)wp esaﬁl&ﬁ? & gfsdh&g p%@@#&%ﬂv\gn&s he
tegsile | 4 ) arRf oi r trali®b onfyt efheel Vixedus clmgesiand,
N@pon lzgfgﬁécc%gé;é‘i’e?r%pﬁlwig}e%gl gﬁ?&)@h&t@rr 1co[rpngs)%fsi_teceand Iuesadlfm%l G 11
shows a hegificshani within fiuspitard scopeadithé mvertianowilhbtcemeseppasnitOilsse

skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
15 '

The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the
detailed description of specific embodiments presented herein.

20
- FIG. 1 shows a picture.of compression molded tungsten powder/polymeric binder

flexural test bars.

FIG. 2 shows a picture of the three point bend flexural test fixture and a flexural
25 test bar installed in an Instron testing machine. A- support pins; B- center pin with
cylindrical tap; C- flexural test bar; D- support base.

FIG. 3 shows the maximum flexural load (Ib) for various polymeric binders.

30 FIG. 4 shows the flexural strength (psi) for various polymeric binders.



Type | tensile bar; B- inpact disc; C inpact bar; D ASTM D638 Type V
tensile bar. 20 FIG 12 shows a picture of the injection. nolded conposite
material tensile test bars. A- broken tensile test- bar after tensile test;
FIG 13 shows a picture of a tungsten powder polynmer binder injection

nol ded 25 projectile core (C), a lead projectile core (B), and a copper

j acketed lead projectile core (A). FIG 14 shows a vertical drop
conpressive inpact test that provides-®&qualitative assessment of the

i npact performance of the TPP conposite material projectile cores and 30
| ead proj ecti Iy ot @fows fhEnBxirhdbms heusalvéisplaceatendr(op) (@ Vvarshus dradymérd ght )
i npact test results for Nylon 12(r) tungsten powder conposite projectile
core and Himdeds.f or conparison. FIG 16 shows vertical drop (12 inch drop
hei ght) inpact test results for Nylon 12(r) tungsten powder conposite
projectile core and lead for conparison. 5 FIG 17 shows vertical drop (18
I nch drop hei giyQ, ¢ dRBEkhd ﬁé&urﬁl%&hﬂ@s (psi) fodVepidus palymprit bindetsen powder
conmposite projectile core and | ead for conparison. FIG 18 shows verti cal
drop (6 inch drop height) |npact t est results for Nylon 10 12(r) tungst en

powder with stainless ste fiber r hows
vertical dr op ]f@ T shayvs? BCWé?‘gYﬁ“f“ ein%ﬁ@% r%le%gsﬂ 411&1 1lI te}%ﬁ
tungst en deh stainless steel fiber conp05|te prolectlle core.

FIG 20 s ve |cal drop (18 inch drop height) inpact test results for

Nyl on 12(r) tungsten powder with stainless steel fiber conposite

Pect resul to THIGpd yeapares WraltibroierER LAl (SRl Ssoniest TEn

ar (T2 Tl O R R AR Wéﬁﬁ e Y earer ol astomer
(TEXIN 480A) tungsten povvder vm t h stainless steel fiber conposite
projectile CO%?G 295 shows the elongation at break of Nylon 12®/Stainless Steel fiber

composite, Nylon 12® composite , polyester elastomer composite and lead.

15 FIG. 10 shows the tensile modulus (ksi) of Nylon 12®/Stainless Steel fiber

composite, Nylon 12® composite, polyester elastomer composite and lead.

FIG. 11 shows a test specimen four cavity model injection mold. A- ASTM D638
Type 1 tensile bar; B- impact disc; C- impact bar; D- ASTM D638 Type V tensile bar.

.20
FIG. 12 shows a picture of the injection -molded composite material tensile test
bars. A- broken tensile test bar after tensile test;
FIG. 13 shows a picture of a tungsten powder polymer binder injection molded
25 projectile core (C), a lead projectile core (B), and a copper jacketed lead projectile core

(A).

FIG. 14 shows a vertical drop compressive impact test that provides a qualitative
assessment of the impact performance of the TPP composite material projectile cores and

30 lead projectile cores.



FIG 23 shows vertical drop (18 inch drop height) inpact test results for
pol yester elastonmer (TEXIN 480A) tungsten powder wi th stainless steel

fi ber conposite projectile core. 30 FIG 24 shows-non-toxic |ead-free
fishing weight prototypes and their |ead counterparts. -8 FIG 25 shows
nodel train weights. A comercially avail able | ead nodel train add-on

wei ght is shown on the left and a | ead-free prototype conpression nol ded by
of the present invention is shown inThe center. Lead-free bar-stock is
shown on the right. 5 The lead-free train weights are nade of tungsten

powder and hayg: a; 'Heﬁ%all&mg@sls%eh E%plﬁeigﬂtﬁimgﬁcﬁbﬁvﬁtsﬂtsdfbsil‘grhordr awi ng
of a 7.62 mmprojectile core (slug). FIG 27 shows a design drawing of a
7. 62 mm fog helgstelpGrd2Bcahmsite prajesilgnordraadilsd forf cemmarsennm MBO Nat o Bal |

core singi e Bl 16 huueicn] G 2 e ctgn hebniBEied ASuRIRISEL
| nspect | &;@ ngnsggt!ehi}gg/%&i %%%Qsitgégeéf’\gé g8 anfl fda® foB8hparkbhg | ength (FI G

30B) and iareter r tungsten/ Nylon 12(r) and
tungsten/ Nyl on 12(r)/stainless steel conposites. 20 FIG 31 shows an

illustration of penetration depth, length and. height of the .t r.ary
cavity made bFIGi t7 alows vetisdledop (&8 16@% éfﬁer}}ﬁfgé‘ge’g‘ipafhkféhf‘?SB‘r‘F Foﬁﬁﬁvlon

bal li sti elatfin. Fl G 32 Set r i ;Ghop view). 25 -9
pEscR P AR el ep o S PR e A B e o BBsOR R Lo 1
represents a mmj or source of environnmental pollution as well as posing a

potential health risk to both shooters and range personnel a]gnFe. bead 5
bul I et resi duBIGel8 shows tvertisak deran(Ginchedrer heghddBIParkifge st NERN nt o

the soi | apd cont am nat e, vel.er 1 201 R5er JMRRN pRTASR AU re extensi ve and

FIG. 19 shows vertical drop (12 inch drop height) impact test results for Nylon

12® tungsten powder with stainless steel fiber composite projectile core.

15 FIG. 20 shows vertical drop (18 inch drop height) impact test results for Nylon

12® tungsten powder with stainless steel fiber composite projectile core.

FIG. 21 shows vertical drop (6 inch drop height) impact test results for polyester
elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile

20 core.

FIG. 22 shows vertical drop (12 inch drop height) impact test results for polyester

elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile

core.
25
FIG. 23 shows vertical drop (18 inch drop height) impact test results for polyester
elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile
core.
30 FIG. 24 shows non-toxic lead-free fishing weight prototypes and their lead

counterparts.




systens to operate safely as lead is introduced into the atnosphere as the
projectile exits the barrel. Inproved bullet traps are alse required to
permt |ead collection and recycling. Qutdoor ranges require constant soil
remedi ation. 10 The present invention provides conpositions that my be
used as lead substitutes, having a density simlar to or greater than | ead
and being substantially less toxic to the wuser. The conpositions of the
present invention thus provide a new,-8%elatively non-toxic, high
performance replacement for netallic |lead that can play a part in the
ongoing 15 transition fromenvironnentally hazardous materials to

ecol ogi cally acceptabl e ones. The conpositions of the present will Dbe
useful not ONFYGI 25 tshewsrardbhutioreeightsamnsammessiallypaailagiedead mogglytrain
applications requiring the use of hj densi t terial.:..F e, the
mat er i al addPR WRSEY i SWW@?&H@B aéﬁc%feg@frf&?ﬁ?tgy g%é)ﬁ{psf;ggsﬁnslﬁl{)lr?géw gfht s,
wheel - viel,Qht Secor [ MYNGEL SBblifTindiShidrh IRUTtecaRRLIGORGE doswn BHicke Aghti n -
nodel ral1rfoadi ng. er simlar 20 applications include use as an acoustic
dagpeni Nnghelealifiicatdipweiganpeaimgde ofitungstah powtermnd havea degsitydddidgjconat er i al
will find use in radiation. shielding applications, for exanple, in

radi ot herapy and routine X-ray exam nations and those applications
requiring a ragdjation shiel di “@%m : Blaged in small
spaces, such ﬂbg?ggﬁ%vys&gggﬂﬁlﬁe er g{]ﬁzmﬁbr@] dlleég? %ﬁ @(ejf ers to a
density that is near to or higher than the density of |ead. 25 As stated
earlier, the conpositions of the present inveption may be used in the

manuf act ur e ofFIfr a¢shews adesien diaping ¢fa 407 "W/g\é@etof rifles and pistols. If
the lead-free projectiles are also frangible, they have applications when
ril%chet poses a danger to innocent parties. Applications for frangible
non-toxi c projges. Ng&sowis duEes diRarosf D162 aan MED Nato Bgl Cangédge. pol i ce and
mlitary training and qualification; commercial institutions; industrial
instal |l ations; banks; prisons/jails; nuclear power plants; chem cal
processing plants; hospitals; and universities. - - i
projectile corfg(i-e%gnﬁ}éﬂ"gfw 180H aBP‘@s‘éﬁPrqtﬁg}W@?]Ji‘%Zn%F@ggﬂgeéc?q%(()sﬁlg}eepl ace
| ead shot : ow prohibited for use in waterfow hunting. The

t ungst en-cg‘glg&sfe?%cgg{'ﬁlgt@ will have simlar performance to | ead shot, unlike
steel shot that is currently being used as a replacenent for |ead shot.

Sismith is al 5191(51.53%?5(, Ft%&t 3E)B|asndr?1t(§.r30% show irrll(s){gecﬁgn results depicting slug weight
(FIG. 30A), slug length (FIG. 30B) and slug diameter (FIG. 30C) for tungsten/Nylon 12®

and tungsten/Nylon 12®/stainless steel composites.

20 FIG. 31 shows an illustration of penetration depth, length and height of the

temporary cavity made by firing of projectiles of the present invention into ballistic

gelatin.

FIG. 32 Set up for toxic fume test (top view).
25



5 dense as lead, nmaking it an undesirable material in |ead shot
replacement. Rifled slugs for shotguns and air rifle pellets may al so be
manuf actured utilizing the non-toxic tungsten fornulations according to
the present invention. Further, the conpounds may be formed into sheets or
bl ocks useful in radiation 10 shielding applications. Also it is
contenplated that the high density materials of the present invention can
be machi ned to form conpl ex shields, h8usings or assemblies. O her

radi ati on shielding applications include use in clothing worn by personnel

exposed to radiat R EGRHIFERIN CREHLUYSTRA TEVE EMBODIMENTS eri al s may
further be fornula 0 be exible and will find applications in
protective clothing and other protective gear for 15 nedical and dental
personnel, persons involved in.the n Eaeln hd&s

and any ot her Iﬁﬁﬁﬁ.‘io&fﬁe&ﬁf:e\ﬂﬂ@f”getgﬁ%g%}lgﬁ?l%y\géurgigg%ﬁ@s m&?ﬁé Lead is a

SOft, tOXL GuelIB oﬁhg%ﬁ;&érﬁial NeaBalsk T8 bath godtersatdrangé pesonms ulikabLead or
certain such applications. The material may be injection or conpression

mol sled i hulletaresidut defy infths kanplem. berze ofnpudeerornael eatiastaiitoctici W 84 ng
B N e e AT e T
fabri cat esggl&z{k 'E'% SF’%@{%&%’ 28 d iRk FRBERSHICth Rt ekphere, ast the pivjsetile aRils

t her nopl a usiton, conpression, centrifugal nolding, rotational
nol di ng, thé BayrétDTebrwed bakdtitraps arccasereduiredty, parmeupad galleptigmandhieseélingn| di ng
or filanment winding to forma varj et f. shapes. 25 The material of the
present f OUHACALINGSS reayie cPaRnt S0 (ﬁ%@faéﬁ’npowjer as a high density
~component . Tungsten powder is relatively non-toxic and is suitable for
co rcial applications. Because solid netallic tungsten is a very hard
mat eri al and mehd pres@t iRngott priviley chingbsitiensgbatamay be psadmsdgad sbsbotes he
hi ghest nelting point of all 30 netals), fhe present fornulations allows
i nj ect i orhaying & @it SENA tﬁmrdgrﬁ@tebﬂa“dﬁﬁf{efmd FBg S qtfé‘}‘\?‘aﬁg#tsf JREG ‘F%et{hﬁods,
t hus avoi di ng..difficulties : BOE MR HE5BEE bW, rdelyEbnMdxit, pur e
t ungst en.usﬁr'nggeéForgg%sétc?n%oqfftt{']%éregagsl@%{l JT;llgr rm}pati ons is the usygg:)of fibers
to form angRReSkhenceTRpRick@bntc Pmetallicgletdinbst em plycdempartpol yiweohgoing
bi nders, and fibers. The fibers may be stajnl ess St eﬁal or E her mgtallic
fiBérs suransitiondoppenyirenrassally hpgdpunmatsrialsite ghelagicallydeaptalle; Qussy The
non-metal [ic fiberse such a 106% Sniy e M AR AdokactSROF Rk isioR RRNI t e,
5 car bon,C%Ppcffbtfodlﬁ,Ofﬁ%eyprﬁseenﬁggijg?sgsew?@gasg the tensile st rength of the
conposi ti Qls id En§ 8pplications requiring the use of a high density material. For example, the
materials are useful as weights, such as counterweights, fishing weights, wheel weights,
flywheels or for use in model applications, such as in model railroading. Other similar
20 applications include use as an acoustic dampening or vibration dampening material. Also,
the high density material will find use in radiation. shielding applications, for example, in
radiotherapy and routine X-ray examinations and those applications requiring a radiation
shielding compound that may be placed in small spaces, such as cracks. As defined herein

"high density" refers to a density that is near to or higher than the density of lead.

25
As stated earlier, the compositions of the present invention may be used in the
manufacture of practice ammunition for all types of rifles and pistols. If the lead-free
projectiles are also frangible, they have applications when ricochet poses a danger 10
innocent parties. Applications for frangible non-toxic projectiles includes indoor/outdoor
30 firing ranges; police and military training and qualification; commercial institutions;

industrial installations; banks; prisons/jails; nuclear power plants; chemical processing

plants; hospitals; and universities.




possi bl e to enhance the physical properties of the conposition by adding
various fibers, either singly or in conbination with each other. For
exanpl e, use of fibers softer than steel, such as-glass, cellulose,

cotton, nickel or copper fibers, may result in reduction-of barrel wear in
projectile applications. 10 Anot her aspect of the invention is the use of

t hernopl astic and thernoset materials as a polyneric binder. Each type of
bi nder nmay be used to vary the physiedP- properties of the conposite, for
exanple fromvery hard to soft and flexible. As used herein, "TPP' neans
tungsten powdgpd RO YEBE bfojitildledre GedHRODEY @f vt presait snvehtiow eray dierustd to

enbodi nents, the binder may be a hot nelt or thernosetting type of glue. In
parti cul egplaceidadchotenn pelletheravhprohibited foraysed wateréuvlhuating ﬁédﬁ%ﬁ@ht

wh in oth di ment he th i i
R LI S E AN T T R AT
use of tHQQ%L\E/‘\egi as%q]gﬂgwﬁéﬁ fSfledli fHoB BinupIstdl®) @sed, Hashis Mataimdasidtiaan may
conprise a powder O

r a single particle size, or the conposition my
Compri se dansk us traticmakiogitem Widesichblei materal inlead shpirepyaementdififled glpgs Barticl e

[ . t ai ect | ti t.ungst - Wt [

G otri bushaasomd 5 alsgelns Aera et bhah st bR AL RO Moo

m crons %%Eh&%éga 'Omg%(yg {hllgé;réstggtrigv@}%npol ymeric binder. Stainless steel
ed, npl €,

fibers are a or exa at about 5% by volume with the conposition
to inprove tensile strength. As previously nentioned, the conpositions of

the present invention may be used 30 as. ionizi radi ation. shiel ding that
i s relativel y Fugthes ¢k eorapRPndadyay by opmed .thrf%f’%?é’r}g%%étlfse@ﬁHbgatdg lo(p%owder
is mxedwifh the bul k corpan i B Lthe Uig deh®Si MatYialsedt the 12
sith as éwe@bn&&/pprhgéﬁon%.s' ng%%rg%lctggtﬁt PH Xt ur e, hav% ng t_hZ viscosity of a
caul ki ng_pré‘s@ﬂmmuaqioni Sanchs ima¢chdieodne dormtdomplexashiclfis rhausimgs Rri aasemblies.

application, a _catalg{st_ls added and_ t he m'_xthre i s thoroughl 1stirre . The
mat eri al Qthgr tatiationshigldng anplieasionnjncliderusgdn clothjpg oraby pe Sﬁ’f%e FREKE, and

allowed to cure. The regult] B Al a0t riheF bOfoRad Ero Bdhen
serve as ‘g THHHER SIDBFCGF‘agPCar{ #%ge,faggﬁgn ?ﬁ’zlgmragéé}aati o)ﬂfus hi'el di ng system In
ot her  appkivtahh@Wall fildeagplibmissis tih gioteayveelotisegl aad atbeti priotestive tgeet dong in
clinical applications, for exanple to fqorm shields for uge% in.radjation

t hef apy pnediedanddentzipessonngli W;;cinsin@vo\qupn the nuclear power or defense industries,

and any other application where such clothing or apparel is worn. Lead is a soft, toxic

and structurally weak metal and is therefore unsuitable for certain such applications.

The material may be injection or compression molded into a variety of shapes.
.20 Injection molding fabrication using the material allows for high volume, low cost
fabrication. Products utilizing the high density materials of the present invention may also
be fabricated using thermoset and thermoplastic extrusion, thermoset and thermoplastic
pultrusion, compression, centrifugal molding, rotational molding, blow molding, casting,

calendering, liquid fill thermoset molding or filament winding to form a variety of shapes.

25
The material of the present formulations comprises a tungsten powder as a high
density component. Tungsten powder is relatively non-toxic and is suitable for
commercial applications. Because solid metallic tungsten is a very hard material and melts
at an extremely high temperature (approx. 3410°C, the highest melting point of all
30 metals), the present formulations allows injection and compression molding and other

previously mentioned methods, thus avoiding difficulties that may be encountered with

working with pure tungsten.



be possible to enploy the conpositions of the present invention in making
aprons, gloves or other apparel and - shields for use in applications such
as, for exanple, X-ray 10 exam nations. In other aspects, the formulations
of the present invention are useful in making a |ead-free projectile,

whi ch conprises, for exanple, a powder material that may be tungsten,
tungsten carbide, ferrotungsten, and the |ike. The formul ation al so
conprises a 15 fiber material that mayllbe, for exanple, stainless steel
copper, glass, zinc, and the like. Additionally, the fornulation conprises

a binder mater, xﬂclvef ﬂggct'gﬂh@ﬁre?ﬁ:rﬁ YOmRAMtlonS 1 thB thise bEAbARs t i BSorRPERky.
resin, pol yuréA‘t ane or polyester resin, or other polynmer material.

One- conpenedial thapnsisetmgses poiden molyreeriobinders.candofjbess.r The fibsrssmay &¢ 20 I n

certain other aspects of the jnvention, nethods are. proyided f | di ng
arti cl es s@inlesnestqsh earefther rﬁ‘%ﬁé‘?’l{“? & e§snf"6haasv‘é?‘?pgf’ymS?els H%(t’ééusﬁ ?rnglfaﬁug'??\‘g
proj ectil DOL. ok AfkAkd hisgLiflia0 GoiktsOflEs, ReohaD) Spebtai® opraphitel ds
W th conﬁﬁ%%naglé’%%‘ep?élﬁ%gaﬁly ?Egéi isEe. . % sg provided are r%et hod_s_go )

pr epar i NGafdn, 6ObdFohahhpbs ubdl © iaciease theltestle stmagtbtaditby comaesitiomy Ibis
applied into cracks or holes to bl ock r?ﬁiationsﬁgss e The conpg&&gions

.Th
of the 2popsidednenhanee the PRYSiEAUPIORETIGH O CORRISHP R G 23 s, JaUoRs,

conpositions are descri i T r t oy Howder s
Tabl o 1 Bgedy 27T GoREfeddh MM GRR oufe) Fdr ARRBIC uRg o ool ofter il
pot ent i alge.BAueiRRFEER esliviose, botorgnidkendr soet ifibatse say mesuiltgin ddwesionyof
conposi tions . Froth‘ne_ list of metals with a specific gravity greater

t han. | eddrrel wedrsn projetditet appheationfingst en meets the - 13  physi cal

r'eﬂ?ui rements of high density. Furthernore, tungsten has a low toxicity,
making it an excellent metal of choice in |ead substitutes and other high

density materials. -14 Table 1 Potential Candi dgtt ggsq taldséﬁnd ALl oyi ng
I

Met al s~ El ementénotiest aspecipOf i the cinvgmion: §§ Blst 85 i© Fatdd BEMRRD2. 48

materials as a polymeric binder. Each type of binder may be used to vary the physical
properties of the composite, for example from very hard to soft and flexible. As used
herein, “TPP” means tungsten powder/polymeric binder composite materials. In certain
15 embodiments, the binder may be a hot melt or thermosetting type of glue. In particular
embodiments, the thermoset may comprise a single component whereas in other

embodiments, the thermosets comprise a plurality of components.

The properties of the composition may be varied as well by the use of tungsten
20 powders of different particle sizes. A composition may comprise a powder of a single
| particle size, or the composition may comprise a tungsten powder blend with a

distribution of different particle sizes.

In certain aspects, equal portions of a tungsten powder with size distributions of
25 about 2-4 microns, about 4-8 microns; and about 20-40 microns which are mixed with
fibers and polymeric binder. Stainless steel fibers are added, for example, at about 5% by

volume with the composition to improve tensile strength.

As previously mentioned, the compositions of the present invention may be used
30 as ionizing radiation shielding that is relatively non-toxic and easy to apply. In this aspect,

tungsten powder is mixed with the bulk component of a two-part curing resin system,



I ridium22.42 Platinum21.45 Rhenium 20.53 Tungsten 19.35 Gold 18.88
Tantal um 16. 60 Hafnium 13.31 Rhodium 12.40 Ruthenium 12.30 Pall adi um
12.02 Thallium 11.85 Lead-11.43 Potential Alloying Metals Silver 10.50
Mol ybdenum 10. 20 Bisnmuth 9.80 Copper 8.92 Cobalt 8.90 ©Nickel 8.90
Cadm um 8.64 N obium8.57 Ilron 7.86 5 The great advantage of tungsten as
a lead substitute material is that, in addition to being conparatively
non-toxic, it has a very high density-{29.25 g/cc). Comercially - 15
avail abl e tungsten powders can therefore be nmxed and pressed with softer
and | i ghisgéh 280 EQ3%yCrdiRt alThe FdiGRar@SmixitlireOthadinfCthet is@Rpraft & dadithg
substitute materials'with a range of densities as high as, or even higher
Td han, thabmpbundasieasily Gforcduntibreafly for wse. bRrigiotesipnlisation, i ety 18 2Adesh
ensity conposite material .in .accordance w,th the prese vention b
usi ng an@n®ithe Mty i3 TROrOReity SiHeTa g g 42 erigh 1hay; cﬁpg)rel PP g%%@? '(r%yeéml?as? e,
tungst en, g, Dt 01 b RradkQPRRS all9RALd culeANTRE WeBultipChiakd ntdtériATcoaldd for

5 example, then serve as a patch for radiation leaks in a radiation shielding system. In other

applications, the composition may be used as radiation shielding in clinical applications,
for example to form shields for use in radiation therapy procedures. Alternatively it will
be possible to employ the compositions of the present invention in making aprons, gloves
or other apparel and-shields for use in applications such as, for example, X-ray

10 examinations.

In other aspects, the formulations of the present invention are useful in making a
lead-free projectile, which comprises, for example, a powder material that may be
tungsten, tungsten carbide, ferrotungsten, and the like. The formulation also comprises a

15 fiber material that may be, for example, stainless steel, copper, glass, zinc, and the like.
Additionally, the formulation comprises a binder material that may be a two-part curing
resin, such as epoxy resin, polyurethane or polyester resin, or other polymer material.

One-component thermosets are often cure initiated by air or moisture.

.20 In certain other aspects of the invention, methods are provided for molding
| articles of the prosent invention into a variety of shapes, including projectiles, shot,
radiation shielding blocks, custom radiation shields with complex geometry, and the like.
Also provided are methods of preparing the formulations into a putty-like consistency that
may be applied into cracks or holes to block radiation passage. The compositions of the
25 present invention and methods for making and using such compositions are described in -

further detail herein below.

Metal Powders

Table 1 presents a list of elemental metals that were considered as potential
30 candidates for use as lead substitutes in high density compositions . From the list of

metals with a specific gravity greater than lead, it is evident that tungsten meets the



so forth can also be used. 10 In certain instances, copper was found to
have a nunber of advantages as a useful material. It is relatively
non-toxic and is widely accepted by the shooting comunity through its
extensive use as a jacketing netal for lead projectiles.-Solid copper has a
reasonably high density of 8.96 g/cc, which is about 80% of that of |ead.
15 A survey of the periodic table of elenents shows that netals with
densities higher than copper (such asi3silver, gold, tungsten, bisnmuth) are
consi derably nore expensive than copper and have previously been rejected
as possi gfrlﬁicraﬂ%l A EENL 8t high dbARY. FRrgE@bIEIuRlstendld aneRhbkiclty, milongiter t he
met hods conpositions of the present invention nmake these materials a
usef ul anmdeadeflentdadihleofahbiee irakead subistituteszaad pHter bighptensibhmawrglsappl i cat i ons.
20 Finally, the high nelting and boiling points of copper ensure that very
little of the copper netal will vaporize into an easily breathable form
(so called copper fune) either at the firing point or on bullet inpact
with indoor range steel baffling on bullet traps. Copper in the netallic
and powder formis not a severe pollutant. It is widely used 25 in
mlitary stores. Nearly all small arnms cartridge cases are nade from brass
(an all oy of copper and zinc). Its excellent lubricating and fl ow
characteristics also nake it the metal of choice for jacketing | ead cores
in small arns bullets. The price of copper is also sufficiently high to
ensure that brass cartridge cases are always either reused or recovered

for scrap. Expended copper bullet jackets also have value and can be
recovered and 30 recycled as scrap copper, further assisting reclamation of
waste materials and protection of the environnment. Copper alloys such as
brass and bronze can also be used to make - 16 bullets. These alloys are
har der than copper and need to be pressed at higher pressures and sintered
at | ower tenperatures. Non-toxic metals such as zinc and tin are al so
potential candidates to replace lead 5 but, being | ess dense than copper
and tungsten, may suffer fromproblens arising fromlower projectile nmass
such as conpatibility wwth comercially avail able propellants, reliable
cycling and feeding of weapons, realistic recoil energies and natching the
trajectory of lead projectiles. However, the present invention circunments
this problem by providing nethods of making conposite materials that nake
the material nore dense. 10 More volatile netals than copper, such as tin
and zinc, are also prone to formng



i ngesti ble vapors at the high tenperatures generated during bullet inpact
~on steel plates. Metals such as gold, silver, platinumand pall adium al so
have densities that are close to or greater than the density of |ead and
woul d therefore, be suitable as materials 15 for the-conposites of the
present invention. The drawback with these netals is that they are :
expensi ve; however, the present invention conbines netals of a high density
with, for exanple, Nylon 11(r) or Nyl 12(r) in order to nmake such
conposites nore cost effective. Further other non-nmetallic conponents may
be used in conmbination with the discigplegd conpositions to forma materi al
of the requisite density in a relatively cost effective 20 manner. Such
non-netal | i ¢ conpon®otentimhandidate Bas¢ Natals apdloyng Meadlpl e, hematite. In
certain applications where projectiles are nmade, enploying tungsten, or any
of the other non-toxic netals listed-hereiras—a—conrpoenent, it is possible
to denonstrate a unif omERrbestdiMgabf t he Spdcific Goawder s, essential to
ensure consi stent prefectites—andother—25artictes described in the
present invention. Furtherpore, the conposite projectiles match' standard
bal | anmmunition, bot hPotengisl &ase Mfd2¥r aj ectory, over realistic training
di stances. Lead substit 2®RiUls| ng tungsten Bé er as a conponent are
frangi bl e but they tend t,g,be rmuch nore pencétzrl?ti ng agai nst netal plates
t han ot her netal | oaded 65'99’1%r projectiles. - 17 Metal Fibers In order to
reduce the cost and add @@t h to a tungst en.4sowder/ pol yneric bi nder
conposite material, the present inventors have added netal fibers at a | ow
volume fraction. The inilenpme perfornmed a ey to identify suitable
‘metal fibers for use in a£5gpﬁ)roj.ectile core algp_gsi cation. The netal fibers
need to possess high strehyt t,enhi gh specific "“gravity and have a | ow cost.
The survey reveal ed that ¢hg nost cost effectigyg® nmetal fibers wth high
strength and specific gravity are chopped stainless steel fibers. Stainless
steel fibers are readilyTauaiimabl e and are dér@%ntly bei ng added to
i njection nol dabl e pol yne resins at up to aBﬁ%vol ume ratio for
el ectromagneti c shi el di ngﬁéﬁﬁbi”i‘ cations. Fiber de 10 from 316 stainless
steel with a length of 0.4g5%hmches, a thickngsg of 75 microns, a specific
gravity of 8.0 was selected as a representative tungsten powder/polymneric
bi nder material additiveRutheniotther enbodi ment2s30 any of the netals listed
in Table 1, may further be fornulated into fj s for use in the present
i nvention. 15 Pol yneric bb#igdran 126

Thallium 11.85
Lead 11.43

Potential Alloying Metals

Silver 10.50
Molybdenum 10.20
Bismuth 9.80
Copper 8.92
Cobalt 8.90
Nickel ' 8.90
Cadmium 8.64
Niobium 8.57
Iron 7.86
S The great advantage of tungsten as a lead substitute material is that, in addition to

being comparatively non-toxic, it has a very high density (19.25 g/cc). Commercially



Once tungsten was sel ected as the candi date netal powder, a survey was
performed to identify potential polyneric binders for the tungsten powder.
As used herein a "binder" is a nmaterial that is used to provide cohesion
bet ween the high density netal powder and the-fibers such that the
integrity of the nmetal and the fiber is maintained. 20 Table 2 presents a
summary of selected properties for polyneric binders considered for m xing
wi th tungsten powder. The sel ection enbteria used to formthis list of
potential polynmeric binder materials. included good ductility (high

el ongat i an; ¥l ‘rt]{%)%uepﬁ%w*ﬂegé‘ ot BRAGLRA b niked el bitSsechivih soBEE i lighter

t enper at ures, act strength, |low water absorption and |ow cost. The
Nylon 6(#dn-goit DivtaBNsufzh@é tih orednaso genesatt deaddsubstithtevmatsriglh withas eange of
absorption val ues. The pol yet hersul f one ng pol ypht hal am de had | ow

el ongat i densitigapyligh as19s exed) highesd a‘bé‘%?rtﬁf?@é ‘retai ned even though it also
has | ow el ongati on because it 1is a biodegradable projectile core material.
After consulting with U S. Arny ARDEC 30 engi neering personnel, it was
deger ni ned t hat calitseOft wilese positdé datprodideea ihdghs detsay| abniposite netéradliny
conpatible with the cartridge propellants. Al of the selected, candjdate -
18 pol yneecordesicn svithr thei presest imientien By ising: a8 of & Bistals showh i tTﬁ@re set

el astoner,. .The ol.yurea.t ty.. t i ]
et ¢t Braders PR SOGR LRl B8l Ak, R0t IEMAERLARAS! Hherand v ca
el ast onmeg, Epiashalsode uséd.prepared by m xing 38.02g Dow 2143L (a nodified

di phenyl net hane dii socyanate) and 150g Pol am ne 1000 5 (an am ne term nated
pol yt etranet hyl ene et her- made by Air Products) with Tel edyne C-8 tungsten

powder for a final .product densit j L& adl Sude@fier r ed

t d0 hereinaft i’?c%&a”&ﬁﬁaﬂﬁfsf?weﬁ/ﬁé}s g%‘fn;d%o‘:hgégégglgn%g#% at ﬁ%%" A5 C%I_. co 0

N d .0 RRgaterldd 1t & Matively non-toxic and is widely accepted by the shooting community
through its extensive use as a jacketing metal for lead projectiles. Solid copper has a

reasonably high density of 8.96 g/cc, which is about 80% of that of lead.

15 A survey of the periodic table of elements shows that metals with densities higher
than copper (such as silver, gold, tungsten, bismuth) are considerably more expensive than
copper and have previously been rejected as possible replacements for lead on grounds of
affordability, however the methods and compositions of the present invention make these
materials a useful and affordable alternative to lead and copper in some applications.

-~ 20 Finally, the high melting and boiling points of copper ensure that very little of the copper
metal will vaporize into an easily breathable fori: (so called copper fume) either at the

firing point or on bullet impact with indoor range steel baffling on bullet traps.

Copper in the metallic and powder form is not a severe pollutant. It is widely used
25 in military stores. Nearly all small arms cartridge cases are made from brass (an alloy of
copper and zinc). Its excellent lubricating and flow characteristics also make it the metal
of choice for jacketing lead cores in small arms bullets. The price of copper is also
sufficiently high to ensure that brass cartridge cases are always either reused or recovered
for scrap. Expended copper bullet jackets also have value and can be recovered and
30 recycled as scrap copper, further assisting reclamation of waste materials and protection

of the environment. Copper alloys such as brass and bronze can also be used to make
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bullets. These alloys are harder than copper and need to be pressed at higher pressures

and sintered at lower temperatures.

Non-toxic metals such as zinc and tin are also potential candidates to replace lead
5 but, being less dense than copper and tungsten, may suffer from problems arising from
lower projectile mass such as compatibility with commercially available propellants,
reliable cycling and feeding of weapons, realistic recoil energies and matching the
trajectory of lead projectiles. However, the present invention circumvents this problem by
providing methods of making composite materials that make the material more dense.
10 More volatile metals than copper, such as tin and zinc, are also prone to forming

ingestible vapors at the high temperatures generated during bullet impact on steel plates.

Metals such as gold, silver, platinum and palladium also have densities that are

close to or greater than the density of lead and would therefore, be suitable as materials

15 for the composites of the present invention. The drawback with these metals is that they
are expensive; however, the present invention combines metals of a high density with, for

example, Nylon 11® or Nylon 12® in order to make such composites more cost effective.

Further other non-metallic components may be used in combination with the disclosed
compositions to form a material of the requisite density in a relatively cost effective

.. 20 manner. Such non-metallic components may include mineral ores for example, hematite.

In certain applications where projectiles are made, employing tungsten, or any of
the other non-toxic metals listed herein as a component, it is possible to demonstrate a
uniform blending of the metal powders, essential to ensure consistent projectiles and other
25 articles described in the present invention. Furthermore, the composite projectiles match
standard ball ammunition, both in weight and trajectory, over realistic training distances.
Lead substitutes using tungsten powder as a component are frangible but they tend to be

much more penetrating against metal plates than other metal loaded polymer projectiles.
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Metal Fibers

In order to reduce the cost and add strength to a tungsten powder/polymeric
binder composite material, the present inventors have added metal fibers at a low volume
fraction. The inventors performed a survey to identify suitable metal fibers for use in a
projectile core application. The metal fibers need to possess high strength, high specific
gravity and have a low cost. The survey revealed that the most cost effective metal fibers
with high strength and specific gravity are chopped stainless steel fibers. Stainless steel
fibers are readily available and are currently being added to injection moldable polymer
resins at up to a 30% volume ratio for electromagnetic shielding applications. Fiber made
from 316 stainless steel with a length of 0.125 inches, a thickness of 75 microns, a specific
gravity of 8.0 was selected as a representative tungsten powder/polymeric binder material
additive. In other embodiments, any of the metals listed in Table 1, may further be

formulated into fibers for use in the present invention,

Polymeric binders

Once tungsten was selected as the candidate metal powder, a survey was
performed to identify potential polymeric binders for the tungsten powder. As used
herein a "binder" is a material that is used to provide cohesion between the high density

metal powder and the fibers such that the integrity of the metal and the fiber is maintained.

Table 2 presents a summary of selected properties for polymeric binders
considered for mixing with tungsten powder. The selection criteria used to form this list
of potential polymeric binder materials. included good ductility (high elongation values), -
high strength, high modulus, high melting temperatures, high impact strength, low water
absorption and low cost. The Nylon 6® and Nylon 6,6® resins were found to have high
water absorption values. The polyethersulfone and polyphthalamide had low elongation
values. The cellulose resin was retained even though it also has low elongation because it
is a biodegradable projectile core material. After consulting with U.S. Army ARDEC
engineering personnel, it was determined that all of these candidate materials should be

chemically compatible with the cartridge propellants. All of the selected candidate
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polymer resins are injection molding grades except for the thermoset elastomer. The
polyurea thermoset elastomer is a Texas Research Institute/Austin MDI/Polamine 1000
formulation. The Polamine 1000 polyurea elastomer formulation is prepared by mixing
38.02g Dow 2143L (a modified diphenylmethane diisocyanate) and 150g Polamine 1000
5 (an amine terminated polytetramethylene ether made by Air Products) with Teledyne C-8
tungsten powder for a final product density of 10.33g/cc. This material is referred to

hereinafter as "TRI/Austin MDI/Polamine 1000 formulation".
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60 0o MMNN-22 Methods of making projectiles, shielding devices and
ot her applications described herein are well known to those of skill in
the art. The skilled artisan is referred to US Patent Nos 5, 264, 022;
5,399, 187; 5, 189, 252; 4,949, 645, and-WDO 9316349 for details on the use of
alloys in the preparation of projectiles, each of the 5 aforenenti oned
publications is incorporated herein by reference. US Patent No. 5,081, 786
and WO publication No. 9208346 (both iRéorporated herein by reference)
descri be methods of constructing fishing lures fromnetal alloys, such

met hods may be peapl@yef mikig®nirbjeatiiegn shkliingt Hevicesmaodi othensappficativas
present invention. Methods of naki n& radtj al.ogi cal shi ekdi E% &evi.ces. and
cl ot hi ng odesotibet henoiaarel well knqysn to KRRk eill 1 therade Ghe SKPE aTsapHe art

The foll ow exa re J.nc 0 t K ef dixgnt f
The 1 nvent IHTed 20 TS el Vo B o g e S So o ] e R WO LS

the techni 9%?@348%? ab@seh ki tReoriRIpleteviteshatial bbprojemtasenth dfatbni ques
di scovered by e Inventor 15 to function well in the practice of the

i nvention, afsnemérhioned gubbetioonds degosppratsd keseint byt geferepeef eWPeHalgBudNO-f or

it ti . Ho t hQs! f i j t i I th

b esont_di STBsGRPnTaer Banren Nt pude (iahlopaRtEherth by [fienh the

speci fic ?Hﬁé&%@g{é&k%d‘é@%&ﬁ&%ﬁ%ﬁﬁh@m&sm $icidl Ll idh @etholiemay bei i | ar
e

result w thout parting fromthe spirit and scope of the invention. 20

EXAVPLE 1 Maphykdlin desbihatipriish st empasitioss of Hiy rresest sveatien Mathslsrfng
poweler | pol FEMET gIRsRl HigamEde Ve ERbaP Gt FECpUITEY A g el dIe Tt est s
~on inj ?5ti %Sgglfgﬁﬁ il HRgst en powder (and stainless steel fiber)

The following examples are included to demonstrate preferred embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by the inventor

15 to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes can be made in the
specific embodiments which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

20
EXAMPLE I
Material Testing

The material testing consisted of performing flexural three point bend tests on
compression molded tungsten powder/polymeric binder flexural test bars and -
25  performing tensile tests on injection molded tungsten powder (and stainless steel fiber)
polymeric binder tensile test bars. The flexural testing was used to screen the large
number of candidate polymer mixtures and to select several optimal materials for
injection molding. The tensile testing was performed to compare the matenal
properties of each candidate injection molded composite mixture and lead.

30



pol ynmeric binder tensile test bars. The flexural testing was used to screen
the Targe nunber of candidate. polymer nixtures and to sel ect several
optimal materials for injection nolding. The tensile testing was perfornmed
to conpare the material properties of each candi date injection nolded
conposite mxture and lead. 30 - 23 Flexural Testing El even candi date

t hernopl astic polyneric binders were successfully m xed with tungsten
powder in a Brabender m xer. Each pol yn&ric binder was mxed with the
tungsten powder in a 50% volunme ratio (25cc of tungsten powder and 25cc of
S pol ymeri 1R A{Gfekting N€ tungsten powder had an equal distribution of
particle sizes ranging fromabout 2 to about 20 m crons. Each of the

tungsten powder gpq(\),%%/ g&,}g}é&tte eprggblagﬁa(%&grﬁ?n%@ﬁd rEURYEL, EL QH}HE/ Egé%[ ghgnder

m xer and groun usim ratory grindéer. m Xt ure

was then cQRpEES oMl derrabaider frhigerur Bhch pelginetiabimdesivag nixéy thituihiec
conpression nol ding machine. Figure 1 shows a glcture of 10 conpression
ol ded t ungsigstan mm@r/lpoaﬁ%ﬂ@lmm@rlo f(Peseuphitungstan pewder aib 25epefoset

polyne c binder. | /,Au I/PoI 10 o}

with t gsP%lPﬁmﬁBe\& ePh i‘%ggﬁ FuPPy g']rgadn? riggu usdlrlsgyb"ﬁ {?})B‘)"@@ﬁg@‘%@gu 0.
The tungsléa%g %p%ﬁrabe?Q%sﬁouPQbmfdrﬁ tEded et the )l(fﬁrlgrsl%n de/peRehdridt 0 a
flat plate ression nold. The nold was put into hydraul i ¢ conpression

mol di ng mabinderembBums dwasm serad Yedwirdmt @GCB@CWQMK%GH%EFWmnt%Wé sur e

d | ] t b h t t
Date i npuag plTaRRGr pragern et it s e Sp RO RRGHARS APy
bars had the Bé}klﬁe\sﬁg@%ﬁhﬁ@%b@??ess@n%dlﬂiﬁ@ maRRde NFYird1 Bhowd e il &F by

0. 125 inch t ovides the average neasured specific
gravi t 10 f ocorepebsiof mbldepofupgsen cpdyidedipolymesiedbinddre flExusalutest bast Kaes had

G avi Ly of tegRpres PobBReriut G CFRMGUIER NAOHAGRFHis 1A PEmiRRerd: v af
Test Bars Whyﬁrlﬁéétgn lf)'o@ﬁi%lc FPeCkhhEar@BM{ Ynixer using a 50% volume ratio. The
| tungsten powder thermoset polymeric binder mixture was placed into a flat plate
compression mold. The mold was put into a hydraulic compression molding machine
15 ana was allowed to cure overnight at room temperature under clamping pressure.
Flexural test bars were punched from the flat plate using a flexural test bar stamping
die. All of the flexural test bars had the following dimensions; 2.5 inch length by 0.5
inch width by 0.125 inch thickness. Table 3 provides the average measured specific
gravity for each of the polymeric binders used. The flexural test bars had a specific

20  gravity ranging from 10.00 to 10.63.



Bi odegr adabl e Cel | ul ose (Pl anet Pol yners PT-C300ZT) 10. 02 ECTFE

FI our opol yner (Ausi nont -.Hal ar 5001LC) 10. 63 Et hyl ene | nterpol ymer Al l oy

El ast omer (DuPont Al crynl0.15 2070NC) Et hyl ene - Vinyl Acetate El astomner
(DuPont El vax 360) 10.48 | ononer (DuPont Surlyn 8220)10.00 Nyl on

11(r) (Atochem Bl vl FO) 10. 10 Nyl on 12(r) (EMS Gilam de L20GHS) 10. 08

Pol ytherimde (G E. U tem 1000)10. 43 Pol yester Thernopl asti c El ast oner
(Bayer Texin 480-'A) 10. 43 Pol ypropyl ene Z4AMOCO ACCTUF 3434) 10. 15

Pol yvi nyl i dene Fl ouride (Ausinont. Hyl ar 461)10. 00 Ther noset Pol yurea

(TRI/ Austin MDI/Pol am ne 1000 10. 33 Fpaprizati on) 5 Six conpression nol ded
flexural test bars of each tungsten powder/polyneric binder mxture from
Tabl e 3 wer eSpueifjeGtadtt of Gomipressi degeRungsterpewder/pelymeric hinder 2 snhows
a picture of the three point bend I?I exyr elsthg%t fixture and a flexural test
bar installed in an Instron testF é"n%c i ne. Each of the flexural bars was
tested to failure 10 using a nodified ASTM D790 standard fl exural test

nmet hod. Fi gures—3—through 6 present the results fromthe Il gq;urﬁtly testing.
The test results indicat ePelymieris Binder range in f1 exur APCSHICSHGVEE

di spl aceneng; Cdful6 8 (Hhe? PbRneedP PIC3ITOZITNG di fferenn.02pol ymeric
bi nders wi tﬁlot%g Sg?(gﬁ po‘\JNder. The el'astoneric polyneric binders (ALCRYN

2070NC, ELVééT%%%IOJlgéﬁg\T%ﬁg&ﬁ@@#ﬁ@laPS’(b()’llU@a thernoset) shmsed -25 the

nost ductil e "behavr or t owest flexural strength and nodul us, and.
the highest, f i Spl ﬁ{@mt EPEDMPSHY ATBYR t enper at uels

pol yet heri rrigt ke%ﬁ%o@ﬁ%@f 1 Xt ng1 hg%ut he hi ghest flexural strength and
nodul us but Mited a brittle behavior with a |low fl exural displacenent.

T eSO PR Socors st 1T

Ionomer (DuPont Surlyn 8220) 10.00
Nylon 11® (Atochem BMFO) 10.10
Nylon 12® (EMS Grilamide L20GHS) 10.08
Polytherimide (G.E. Ultem 1000) 10.43
Polyester Thermoplastic Elastomer (Bayer Texin 480-A) 10.43
Polypropylene (AMOCO ACCTUF 3434) 10.15
Polyvinylidene Flouride (Ausimont Hylar 461) 10.00
Thermoset Polyurea (TRI/Austin MDI/Polamine 1000 10.33
Formulation)

Six compression molded flexural test bars of each tungsten _powder/polymeric

binder mixture from Table 3 were subjected to a three point bend flexural test. Figure
2 shows a picture of the three point bend flexural test fixture and a flexural test bar -
installed in an Instron testing machine. Each of the flexural bars was tested to failure

10 using a modified ASTM D790 standard flexural test method. Figures 3 through 6
present the results from the flexural testing. The test results indicate that a wide range

in flexural strength, displacement and modulus can be obtained by mixing different
polymeric binders with tungsten powder.  The elastomeric polymeric binders

(ALCRYN 2070NC, ELVAX 360, TEXIN 480A and the polyurea thermoset) showed



excluding the elastoneric polyneric binders, but had a relatively | ow
flexural nmodulus. Since ductility and strength are of paranpbunt inportance
in cold form ng tungsten powder/polymneric binder projectile cores, the

Nyl on 12(r) (CGRILAM DE L20GHS) -and pol yester thernoplastic el astoner
(TEXIN 480A) polymneric binders were selected 10 for injection nolding into
tensile bars and projectile cores. Tensile Testing Tungsten

powder / pol yneri c bi nder m xtures using Xrre Nyl on 12(r) (GRILAM DE L20GHS)
and pol yester thernopl astic elastoner (TEXIN 480A) resins 15 were prepared
in a Brabepdenod &rlile FORvide Hivinguhe dowmest dlepneparrenpth and gaedulup@ng bei c

bi nder with a tungsten powder vol .ratipo of 54% Th ungst e r had
evenly di shightsutflsgugshdisplacemsnty egﬁgg‘l‘ﬁj‘i ﬁ‘ﬁﬁftreﬁ‘ﬁ?rft‘?tr?) e&ﬁe@ﬂg@'es ?Uﬁﬁw
addi tional . i(?)g &g iy Xah%g HARsAhSQrRr SRAERJadOmotakls telexiBited abirigler by

1900 urklyrg djad thig JEfestt

addi ng sta a 10% volune ratio to the | on 12(r)
tungst en pPEUReTor REtY RSV Eleirabidisplacenent.alThe Nyldeat2® (GRILAMIRES LRGHSed from

t he Brabender m xer an round into particles ysing a .gri n\d . Tabl e 4
Shows the wdibifr thecsonend highesit Aesra! o¥reagiBrang (6 S 8¥iire] Giplagdfsty
"dogbone" tensile . test bars e &gg}l,' ISt .06
inch thi CEFFE% n8 miﬁsﬁ?ﬂ‘%r&‘i é(’éﬁmﬁ%{"g‘gg&? ’%mgg)éﬁgﬁ‘l Xt u}dewgg)}ﬁrgg Igoml\/tb{:ﬁer

Preci sion Mglhd, dI@cﬁft)é %g@%'tr@g%h@é”of Gaviriounmimgort4ticg Lin ok farmings tumgptieat ur e
ed .

of the injection no conposite material tensile t ar =26
Tabl e 4 VolpuwdedpalyMéiiqhindBaprajectiecorsntiel Hyleaﬂ?&r{ﬁ&fwéﬁi?ﬁ iﬁpéﬁsg)

Rat o0 (% At PovEuR? et eN sl T 6HENGRRATSES g Ol ep Bt Rierie ™
“binder 4§. 04, 046-0oh AdtiQint Rhdliea@smdPreRttilkicomsl0. 08. 0 '

Tensile Testing

Tungsten powder/polymeric binder —mixtures using the Nylon 12®
(GRILAMIDE L20GHS) and polyester thermoplastic elastomer (TEXIN 4804) resins
15 were prepared in a Brabender mixer. 700 cc mixtures were prepared for each
polymeric binder with a tungsten powder volume ratio of 54%. The tungsten powder
had evenly distributed particle sizes ranging from 2 to 20 microns. An additional 700
cc mixture was also prepared for each polymeric binder by adding stainless steel fibers
at a 10% volume ratio to the Nylon 12® tungsten powder/polymeric binder material.

20  Each mixture was removed frorﬁ the Brabender mixer and ground into particles using a
" grinder. Table 4 shows the volume and weight ratios for each mixture. ASTM 638
Type V "dogbone" tensile test bars (2.5 inch length by 0.125 inch width by 0.06 inch
thickness) were injection molded from each mixture using a Master Precision Mold

Test Specimen Four Cavity mold. Figure 12 shows a picture of the injection molded .

25  composite material tensile test bars.



Six tensile bars of each m xture were tested using an Instron tensile
testing 5 nachine. The tensile tests were perforned as per ASTM standard
D638 test nethod. Figure 7 shows a picture of a fractured tensile test bar
after being pulled in the Instron tensile testing machine. Figures 8
through 10 show the results fromthe tensile testing. Figure 8 conpares the
tensile strength of the conposite projectile core 10 materials to |ead.
The Nyl on 12(r)/tungsten pomder/stainké?&'steel fi ber conposite had the

hi ghest tensile strength of the three conposite materials. The addition of
stainless steel fibers increased theTshledangth of the Nylon 12(r) tungsten
powder conposite approxi mately 4.5@6fr0n16,769(50 7,Q74 i . Both of the
Nyl on 12(r) conpdéilume amgt WeightRatias fog,Epnsifediaay ?‘Bﬁg’f'f"e@?réﬂét hs than

| ead, whil| e—the—poebyester—etastomer 15 conmposi te wWas appr oxi

third of that of |ead. Figur ‘es the ngat, on
None of the conposite mteri&@éﬁ% e el nqrgpgg ‘g% ues i;%)h
50% val ue for |Maxturdhe pwwm&ﬁ—@ﬂﬁw o™t

el ongation of the conposite showed the nost elongation of the i site
material s t est@ghsyitiidhta vaMeduiat 5Weighti g¥obim@® pWeight s ValumensWeight
nodul us results 20 for thRapEeyiRaion@sp Ratioy % e Ratio(ds) Rattiofde) Rasio (“o)
addi tion Ofm@g‘%ﬂi}’%@e@t €el 4 per ppavi dedsam 8. 6%os1opr oversidt in B81Gsi | e
nmodul us from o 1,058 ksi for the Nylon 12(r) conposite material. The

pol yest er st oner. d an ey enel yqlhow nodglous of 581.5 ks conmpargd to
the 2,340 s‘iqy’ﬂ%‘g‘u‘a‘f‘ﬁs&of | ead, GRI LAM DE TEXI N 480A M xture L20GHS Nyl on

12(r) Pol yeg.e&i%%s ](g)n ) Constituent__Vol ume_\ei ght Mol une Weigght Rabio
(9% Ratio (}aam i PEC )gERatio (% -27 The tensile test results show t hat
Nyl on 12(r)—eenposi+teprorectite possess a superior tensile strength and

have a reasonably high tensile dul us conpared to | e, .m | ess
ductile than | eadix tepuleRigs of G?Frl‘gfn"‘él‘rgi WFréstseStggeué}ngf i?rggr}séroﬁﬁttep %fee ﬁ\ely%

12(r) cqnposite oAl | @fdried RS pGABSTM figndeD BIEBS tadt mengsd and
nmodul us%wi trﬁagmheggh?e;t:eﬁ%ﬂg%g%%%ﬁ%ﬁﬁrneducFi lity. The apol yester el astoner

was the noSpiglict ovsaf pitiuee ofofipasidieemsie eest ahsaftdbeingaliehén thelesiron
e g et Figgaes 8 oSk 1°HIRRE EER kbl GREEINL Eustingyi 1 oo

Figure 8 compares the tensile strength of the composite projectile core
10 materials to lead. The Nylon 12®/tungsten powder/stainless steel fiber composite had
the highest tensile strength of the three composite materials. The addition of stainless
steel fibers increased the strength of the Nylon 12® tungsten powder composite
approximately 4.5% from 6,769 to 7,074 psi. Both of the Nylon 12® composite
materials had much higher tensile strengths than lead, while the polyester elastomer
15 composite was approximately one third of that of lead. Figure 9 compares the
elongation at break values. None of the composite materials showed elongation values
as high as the 50% value for lead. The polyester elastomer composite showed the -
most elongation of the composite showed the most elongation of the composite
materials tested With a value of 5.9%. Figure 10 presents the tensile modulus results
20  for the composite materials relative to lead. The addition of stainless steel fiber
provided an 8.6% improvement in tensile modulus from 974 to 1,058 ksi for the Nylon
12® composite material. The polyester elastomer had an extremely low modulus of

31.5 ksi compared to the 2,340 ksi modulus of lead.



formul ated to produce a variation in physical properties, depending on the
type of 10 polyneric binder enployed. Mreover, the incorporation of
fibers,-such as stainless steel fibers, into the tungsten powder/ polyneric
bi nder conposite materials denonstrates an inprovenent in physical
properties of the material. Over 150 7.62 mmprojectile cores with specific
gravities ranging from10.2 to 15 11.0 were injection nolded using
tungsten powder and stainless steel fit%rs and nmixed in a Nylon 12(r) and
pol yester el astoner polyneric binder. EXAMPLE Il Ml ding Projectile

Materials 20 Pr¢},£6idshe (dRtesil@! siowhthapdly}net2® doimpaeites prajecthe posddyd an
12(r), polyester elastoner, and polyetherim de were conpounded w

| th
tungst en psupdeior tensitehsrengtigansl hewve 2 regsonablyrhigh densile madglug cempapsdstodfizf 20 t o
40 mcrons, follo by, physical ev I fo o6 j ticle
si zes haveb{teds ”i‘{\gﬁg?ssgb'f:?‘%ct a%Legg‘ m‘gﬁatdg%ﬁgrm%g%f%&eﬁg?éig[gerSN?g? a

gi ven mass &g (fo&&{‘;ﬂﬁ&@ﬂlal@é}w‘@ﬁbstédmn fir@aséd the Senpils sirbhgh tand anetuluy withf t he
| arger particle’size powder with the pol ymeric binder to pgé)du&g fa nor e
dense TPP negligihds réductiom iradaiitilicon The ipplyesfer eagameiswas Hennasisductileed! theper s,

were added to the conposite., Fihers .be _added. J nme ratios such as
10, 20, anﬂOIBB“’/%lteTﬁ@e‘émf’Z’é‘fﬁa%fhequ’ﬂg?tq%p%%éen%ﬂ\ delgf)%glsl#cal properties of
the TPP conposite is evaluated. 30 -28 Injection MIld Specinmens Speci nens

may be injection nolded fromeach of the TPP conposite naterials

conpounded as alipPebindér dinmsivés wesh spéaificagravitiapincthe sangs ofelP el LEVZHSI i shed
usi ng, for exanple, the Master .Precision. Mbld Test eci.nen r vidy
Mbdel 5 i figravtatesh tegiraducsea vaigsion i physica Wo(ﬁ’eﬁlreﬁrd%g)ggalggeo{% g&gn%fttest ,
speci meps: 1, 0. 04 . 1GI6aP YR r@ovenN Ghe SHARRS fion HPA6drs ! @8h distdales 0. 125
“heh bids. @Ogyﬁlce%igrlr'g%gte%é par TG 155 incf:ﬂr%l)t_rby 0.5 ASTM D63 8 Type |
"dogbone”; sped 4s,0.i0% itheh tings@nlFHWASTMIDBSEC Thipdery comngissp e matgr@ls 12

shows an il’(]jjeCti on nol ded TPP conposite tensil e Rar. lt.is
emonstrates an improvement in physical properties of the material. _

Over 150 7.62 mm projectile cores with specific gravities ranging from 10.2 to
15 11.0 were injection molded using tungsten powder and stainless steel fibers and mixed

in a Nylon 12® and polyester elastomer polymeric binder.

EXAMPLE 11
Molding Projectile Materials

20  Projectile Materials

The polymeric binders, such as Nylon 12®, polyester elastomer, and
polyetherimide were compounded with tungsten powder in the ranges of 2 to 4
microns, 4 to 8 microns and 20 to 40 microns, followed by physical evaluation of
composite. Larger particle sizes have less total surface area than smaller particle sizes

25  for a given mass of tungsten powder, therefore it is possible to add more of the larger
particle size powder with the polymeric binder to produce a more dense TPP
composite. In addition, fibers, such as stainless steel fibers, were added to the
composite. Fibers may be added in volume ratios such as 10, 20, and 30%. The effect
of fiber volume on the physical properties of the TPP composite is evaluated.

30



contenpl ated that the nethods of the present invention will be utilized to
nol d ASTM D638 Type | -"dogbone" tensile bars for tensile testing and

i npact test bars will be 15 nolded to lIzod inpact testing. Materials
Properties Testi.ng Materials properties tests are perfornmed on each

sel ected candidate TPP conposite material to evaluate the physical

behavi or of the material and to conpare 20 the material properties of the
conposite material to |lead. Thee tests viere used to screen TPP conposite
mat eri al s denonstrating i nadequate physical properties perfornmance, such
as | ow speclrjectiogy Miold $pe¢ioenductility, |ow i npact strength or low tensile
strength. The physical properties testing consists of determning the
specific gravit gpechtédsanay beirjemisnlmoldatifromonich wp et TRR stmposednithaalyal
expansion tests on each 25 of the candi date TPP conBosite terials. The

aver age speedmpaungecas tapows. afeklingnef densie and igpaet, Pafs dBh e ASSANPHTHGt he

mass and vol une f?ﬁ&%ﬂ‘%ﬁ?@ k\gass | ﬁ%lje ] i%ﬁtMl?)ﬂ:f Ei‘esti .e% éngﬁoﬁlk%ﬁlgylﬁ?@ove.

-29 Tensi | e"* ¥t as been perforne

Nyl on 124 1) inpctibn 94, SécFIG.a3s Eicandldfprbducss therfdliqpuihy st grechast omer TPP
conposite materials. The tensile tests consisted of testing six ASTM D638
Type V tensile test bars of each TPP 5 conposite material in an Instron

tensile testing chi pe., .FI.G,. ' .ractured TPP
conposite tensil gﬂ tes %B*épcq%%h@?\éﬁlt\@o(ﬁ&ﬁéetg{@W%Etrr%%h({lgﬁé. The aver age
tensile strengthp el ongakigeh B 5. brgdkingpact teaibat;us were cal cul ated for each
material. FIGS. 8-10 present representative tensile test results that may

be used to asses8. t heO.26ns¢h by SIREFM R&3 ST yredcogansriand and conpare
t-hese tepnsile properties it e | .Expansi on _Testing The
coeffic Qnt of tRher rrap%&ﬁéhélf §ﬂ2?§\0%@§ér$nweﬁgr&é§%ecandi date TPP

conposite material. The thermal expansion is neasured by attaching strain

gauges to inpact test bars. The strain qauges are oriented parallel and
per pendi cul ar t oFiGe 1Rosbow$ axiigeeion meolged TP eempasite tensile Hearmal It 1s

expansion in the fl ow and cross, fl nol d,.directi . Jhe testingd
perforned i ﬁoﬁe‘f‘éﬁfﬁgrtgﬁfgé ”&%ﬁ?qsoqfﬁﬁ% p@ﬁ?}}tf%vﬁﬂg%q gﬂpge utid 1§ o e
D638 Type 1 “dogbone” tensile bars for tensile testing and impact test bars will be

15  molded to Izod impact testing.

Materials Properties Testing

Materials properties tests are performed on each selected candidate TPP

composite material to evaluate the physical behavior of the material and to compare

20  the material properties of the composite material to lead. These tests were used to

screen TPP composite materials demonstrating inadequate physical properties

performance, such as low specific gravity, low ductility, low impact strength or low

tensile sfrength. The physical properties testing consists of determining the specific
gravity, performing tensile and Izod impact tests, and thermal expansion tests on each °

25  of the candidate TPP composite materials. The average specific gravity of each

material is calculated by measuring the mass and volume of the tensile and impact bars

injection molded as above.



chanber and thernocouples are attached to the bar to accurately neasure
tenperature. An automated data acquisition systemrecords both the
tenperature and strain in real tinme during the test. The TPP conposite

t hermal expansion results are conpared to 20 the coefficient of thernmal
expansion for the copper jacket material to predict thermal stresses that
woul d be applied to the TPP conposite %roj ectile core by the copper |acket
due to differential thermal expansion.” PHe coefficient of thernal expansi on
for copper is about 9.2 parts per mllion degree F, 2.55 for tungsten and
70 for Nyl @ensilkZlesyingUsi ng the rule of m xtures, the estinmated coefficient
of thermal expansion for a 25 tungsten powder/Nylon 12(r) conposite with a
speci fic gravityemsielibsttheviad Bedie pationted 38. Mylpar 12®,pdlylam 1 2@owithel%6e F.

I njection Ml ded Projectile Cores -30 One nethod of making copper .| acketed
i nj ecti on selnttss steet fberporndepolyestiryslestomen il RHefonNsie nate 13l o lde tteReecor es

is to place the copper.jagcket.int j Rp ety I i g met al
powder pol {HEY F@sg?eﬁldgf; Jtet?gﬂ%c% ?‘escr %E??%W@%tg%{‘ﬂ@ Jfégfgggg[s @agﬁy&ﬁghe
second and ce&gmrenﬁgeﬁ@tmqg ThéirdnOtehdlieqedtingnmasdii. tHIG. tustgsisenpidture of a
powder / pol ymeri c binder projectile core, insert the nolded projectile core

into the ffiactkuedd TBRdompbsitef tensilettosthbar e theoknstram desting leachingt olherRyeresi r ed

bull et geonetry. FIGS. .29 and 3 re draw f j ile
core inj ectt"?“é‘rlfgl?H’)ef“&tcl§ ejQRsationat grrﬁglf 88$ﬂ%gu@§f%§e\féfr}§la¥erf ég%tﬁ&%{oeﬁgféd from
each of th tal fr@sné €88 r&fultelthdti gy B¢ ub&d yorassess thender
conposite %Ig?.u?elgﬂgﬁ%%rilﬁ&%gﬂagg§4' FIG 1 shows ?pi cture of an

i nj ection naislepropenjesof tdch masery! and cempanerthsedensile prapedtiessndead. copper
jacketed |l ead projectile core. The single cavity 7.62 mmprojectile core
injectil®n nold may be nodified into 15 a multi-cavity nold to all ow for
nore econom cal production of |arger quantities of TPP conposite projectile
cores. It iTheanabExpaowien Testinghat hi gh vol unme production projectile core
injection nmolds may be utilized with the fornul ations of the present

i nvention. Such Tl gsffidiat &Exsiha, expaysiaoiy detarnsibeditfor32achavindidase TP
Currently, a copper jacket is cold formed onto tgi) core.. Wiile this nethod
may be sui tcabipesifeomaterial. pFlaesbsimal SHpRRSIQN 1§ ARCAsHSE O AL 2RUR SUAIN S at t he

P ng ggf ;Lgﬁpgg%ﬁﬁsgg)lgyse ’fh%os@asneg&%regtdw&i&%d ﬁlﬁgl&Waﬁ&Eeﬁ%ﬁﬂcﬁl%e&@tléﬁge of

15 axis of the bar to measure the thermal expansion in the flow and cross flow mold
directions. The testing is performed in a temperature controlled environmental
chamber and thermocouples are attached to the bar to accurately measure temperature.
An automated data acquisition system records both the temperature and strain in real
time during the test. The TPP composite thermal expansion results are compared to

20  the coefficient of thermal expansion for the copper jacket material to predict thermal
stresses that would be applied to the TPP composite projectile core by the copper
jacket due to differential thermal expansion. The coefficient of thermal expansion for
copper is about 9.2 parts per million degree F, 2.55 for tungsten and 70 for Nylon
12®. Using the rule of mixtures, the estimated coefficient of thermal expansion for a°

25  tungsten powder/Nylon 12® composite with a specific gravity of 11.0 would be about

33.6 parts per million degree F.

Injection Molded Projectile Cores



(approximately 100 to 150 degrees C) prior to insertion of the core onto
the copper jacket. This in effect would change the cold form ng process
into-a hot (or warnm) . 25 form ng process. Because the polyneric binders -
are thernoplastics they will become— nuch nore ductile at the warner
tenperature allowng for inproved formng of the projectile core into the
final desired bullet shape. The second thod is to change the shape of
the injection nolded core to nore cloéggg resenbl e the final copper
jacketed bullet shape. This allows the nolded projectile core to be cold

formed into theChienaleth®3d obppaking xorpereircketer cmjestiapempldef MERS RRYGT nat i on
of the TPP conpasite nmateri

al . -31-.. EXANPLE || Pr.0j ' ¢
Proj ect i | e PeMSEC NiRdes SOEPPSHE PRSI SRl l:szr%\(}eéll? (feo{r:'lh%ll g@éﬂﬁgg&é{% l[a(itraethﬁot
limted tog; e A Al ynRRicCiihdd2 &on@oRisd intateral iAbso
sui tabl e a}néeé}g&é%r?ranrgghgﬁgé.tﬁg%?l%aﬂq I@I@és 156- 28_ar(?e desi grfl dra\:vi ngs for
7.62 nm ammejatkeoraviandlie secondend prefefess gathod dgli@injectigatmeld $he tngsiedi es

identify appropriate TPP conposite materials to use for eac f | ead
proj ect %/ I epéwﬂﬁ/Pﬁwg&g@HFr%ﬂWt@ So@hé%gratt ﬁi‘% ’3@@?‘2&@015?@?6‘2’{% ?{@%c@lre e

wei ght and.speci § | | ; 1&uRb di nensi onal
measur errenfasci'%gtogﬁé ﬁ%lg%%y %%%@%ﬁrg%g? %@g%??t?gﬁbgﬁfrggbﬁlSV%aglﬁgyS Aver age

Wei ght and Specific Gravity of Injection Mdlded Conposite Projectile Cores
Conmposite Projectile Core Material Average. Projectil eAverage. Specific Core

Vi ght (g) Gravit brate drivwigstsMheowianh pojttiR et ygedtion mbldst omer
- Tungsten Pomdggg%%%%?%gl\lya%%nr 12(r) - Tun(gstenﬁPj(l)e\%dler vm'tYIﬁS. 2510. 2

Stai nl ess Stteat SPippeieaild abiee verCmgtion meoldedfrent ¢ack cfshe nefakweyideh gand
Neasur elge r]tstsainless steel fibers) polymeric binder composite mixtures shown in Table 4. FIG. 13

shows a picture of an injection molded projectile core, a lead projectile core, and a

copper jacketed lead projectile core.

The single cavity 7.62 mm projectile core injection mold may be medified into

15  a multi-cavity mold to allow for more economical production of larger quantities of
TPP composite projectile cores. It is also recognized that high volume production
projectile core injection molds rﬁay be utilized with the formulations of the present

invention. Such molds, for example, may contain about 32 cavities.

20 Currently, a copper jacket is cold formed onto the core. While this method
may be suitable for the present compositions, another method is to heat the projectile
core above room temperature but below the meld temperature of the polymeric binder
(approximately 100 to 150 degrees C) prior to insertion of the core onto the copper
jacket. This in effect would change the cold forming process into a hot (or warm) .

25 forming process. Because the polyx'neric binders are thermoplastics they will become
much more ductile at the warmer temperature allowing for improved forming of the
projectile core into the final desired bullet shape. The second method is to change the
shape of the injection molded core to more closely resemble the final copper jacketed
bullet shape. This allows the molded projectile core to be cold formed into the final

30  copper jacketed bulled shape with less deformation of the TPP composite material.




Conmposite Projectile Core Material Average D aneter Average Length

(i nches) (inches) Nylon 12(r) - Tungsten Powder0.2401. 26 Pol yester El astoner
- Tungsten Powder0.2421.27 Nylon 12(r) - Tungsten Powder w thO.2411.26 -
Stainl ess Steel Fibers -32 Conpression tests are perforned by placing the
projectile core on a flat plate in an Instron testing nachine oriented
vertically with the tip of the projectile core up. A second flat plate
attached to the crosshead of the machiAk-allows the projectile core to be
conpressed between the two plates by the testing nachine. The projectile
core is 5 tested to failure. A |l exXAMPEELtl e core is al so conpression
tested for conparison to the TPP conposite cores, allow ng a conparison
bet ween conpressive strength, andp.jediibi€opds €ach core. FIG 14 shows a
vertical drop conpressive inpact test that provides a 10 qualitative

assessnment of inpact, resistance for each of the TPPR i ; i a

projectile cor eroiggle) ie Sb‘l‘t?r)%j?lg(f?ﬁ tlrhﬁ p&%?‘étslfweﬁﬂgn b‘%%‘j‘“gegfﬁm?%é hgtrlgﬁ ieedlrfso ’pl aced

In a stand.g . Opyat 896, dukRNee daligraminuriiion. TRAGS sukeke dodf. 626 | b,
§Ehed o7 cabl'e

which is att that passes around pulley 7 is released from
cal i br at edadaeisg hliResiRIGSN 26 B.80dre Glesigd Aravaings i@ 7.62 ners . anEn@gtians-apd astiow

si de-by-side comparison pictures of each,15. candi date TPP osite.
material cowpanedesign swdies. ASUFK dgpieR Gislies é‘g’ﬁgﬁ’af‘%‘?rf)watesﬁgag%f’r?%oélte
greatest inpact resis 26 BRI CorBBidedlest. t est ed. Thi's
qua|itativ§B§E§%§§§%%%9?%§P@§%E§ ?ﬁggﬁthe aédigﬁan of stainless stee
fibers substantially increases the inpact resistance of the Nylon 12(r)

tungsten powder conposite materials. K Th | on 12(r),co site .materi al
i th and wit houTakleai ahews the avqragy B@d%ct@o%ﬁpwgﬁé Sk‘%éPg%ﬁ?n%é‘” 12d o

better, than th ead. .projecti | At BE 1A ecfilgei r
ori gi n’a(f sﬂ?}ﬂ‘é?’ S&?Wéggehadgfa% dhﬁ?r{é%n?ﬁnﬁ%eﬁ{egda tspftragjt ectil gérggggfse%srﬁ{)w nor e
def or mati ogydfebban the Nylon 12(r) conposite cores, but the Nylon 12(r) cores
tend to shed material at higher inpact |evels. The -polyester el astoner
projectile cores show about the same deformation as the | ead cores but

fragment at all drop heights. 25 Table 5
Average Weight and Specific Gravity of Injection Molded
15 Composite Projectile Cores
: e ; Average. Projectile  Average. Specific
le Core Material .
Composite Projectile Core Core Weight (g) Gravity
Nylon 12® - Tungsten Powder © 576 11.0
Polyester Elastomer - Tungsten Powder 5.57 10.4
Nylon 12® - Tungsten Powder with 5.25 10.2
I Stainless Steel Fibers
Table 6

Composite Projectile Core Dimensional Measurements

Composite Projectile Core Material Average Diameter  Average Length

(inches) (inches)
Nylon 12® - Tungsten Powder ' 0.240 1.26
Polyester Elastomer - Tungsten Powder 0.242 1.27
Nylon 12® - Tungsten Powder with 0.241 1.26

Stainless Steel Fibers




Ballistic testing of projectile cores is acconplished by testing the

vel ocity and pressure (ANSI/SAAM nethod) fromtest barrels. Chanber
pressure and velocity neasurenents are nade sinultaneously, and individual
val ues, nean values, extrene variation of individual values, and standard
deviation are neasured. Al so neasured is - 33 accuracy fromtest barrels,
bullet integrity and fouling, function and casualty of amunition,
penetration, and tenperature stability. PPdfectile Core Testing 5

Prelim nary exam nation and testing was perforned on the prototype
injection nolded Qompestion estare petfanmediyplasingtbe projetids ¢cak ohehfta iptite ino
that of the lead cores.. Visual exam nat.ici S .\/\gre madg of sections of

proj ectiles t¥ Hstrer HisHRS Maching opeptad veftica B(O‘P”(S thetin PH e TR cebile SPEEUP- Ndne
of the examn j LI i i

D nensi onal rr%gglﬁcg gﬁéttg aﬁgﬁ}%t}m% ?gysgg%eﬁﬁgﬁén ate ﬁ;@g?g&g? EE{B s%)%gg]ie core to
stability of bdeorhpmsssd datwrendbe tywolpjaterbyctheitading mankpesi Tiee pmjeetileadose is
Lengt h and di aneter asurenents were nade on randonly sel ected prqjectile
cores from e%eRddp fulvge pAdlead projectio Fre dn Ao SPIprasspa testads for camparigpn to
presents the gli.rEis| : u r : .

conposi te nmat @'Fi al sb(gﬂgévxsét @)@é%féﬁg é §i %e%s#g%%%ag@ ghich 5&5'9 % égrgﬁgﬂr]fj 2(‘ancdti on
nol di ng. The sibauias 6f ea@hdoteengt h neasurenents were consistent with only a
1to2 mls difference between individual projectile cores. Each of the
three conposite materials had simlar dianmeter and | ength neasurenents .
with the polyester elastonmer having slightly |larger dinmensions than the
Nyl on 12(r) conposFitesi4 Ahbwsf a tveeticahtdzop atsnptEssdleowmphctest siat i priseides a

havi ng smabl | er di mensions than the design draw n s%eci fications of Q.245

i nches i nUdi aFHAEAVE A8SeESERs qf HERaS TesisieRefyfef. eaphiof 1Rl R2h COwPoRKeamaterial
rojectile c Y| i e t bi1LS ! e a

1I‘O i nal comoﬁ?&éc%%ﬁésydﬂgioggﬁégk% : Y%he’?hnégérso ar{% c%/og 6%’\%8#9# ﬂg!l ?étr?ﬁ ggti on

nol ded proj eciblited oareconseste NvASUr A1 impatt thgss et il 6i5clbgaidht ¥ a@facledcld
conposite materials was 25 determined, Table 5 presents the weight and

speci fic gravéable othat pessemaranachpellayet isl relepwwddeom calirated height posiyensrs of 6,
o e ComosLicyl Safbke F6Ecs B 6D BIFSRILeE b BoSSbhed FRRIAP

powder pridducéandidareOTRR tdohfposied Ena€éeiP@Sinpered to lead. A visual comparison material

showed the greatest impact resistance of the composite materials tested. This

qualitative assessment indicates that the addition of stainless steel fibers substantially

increases the impact resistance of the Nylon 12® tungsten powder composite

materials. The Nylon 12® composite material with and without stainless steel fibers

20  appear to perform as well or better than the lead projectile cores (retain the same or

more of their original shape) at each drop height. The lead projectile cores show more

deformation than the Nylon 12® composite cores, but the Nylon 12® cores tend to

shed material at higher impact levels. The polyester elastomer projectile cores show

about the same deformation as the lead cores but fragment at all drop heights.
25

Ballistic testing of projectile cores is accomplished by testing the velocity and
pressure (ANSI/SAAMI method) from test barrels. Chamber pressure and velocity
measurements are made simultaneously, and individual values, mean values, extreme

variation of individual values, and standard deviation are measured. Also measured is



30 materials wth specific gravities ranging from10.0 to 10.63. A w de
range in physical -34 properties was achi eved dependi ng on the type of

pol ymeri c bi nder system enployed. The tungsten powder/polymneric binder
conposite materials showed physical behavior ranging frombrittle to
highly ductile. The flexural strength of the conposite materials ranged
from509 to 12,990 psi, the maxi num fl expral displacenent ranged from 0. 02
5 to 0.46 inches, and the flexural nodufus ranged from16.2 to 2,531 ksi.
St ai nl ess st eel fi bers were successfully added to two tungsten

powder / pol ywemwraqy fondéest dumshs i udleh igpeilyi nd dofiagmiunstipg %“dt EAuAY e

physi cal Bgﬂ@glétgoga?r}ae{}%&lra&?%un%e[e grtaturgglgégld un5| | e bars and projectile

cores were jec PR M sing 46% by vol une tungsten
powder and 10% by vol unme stainless steel fibers in a polyneric binder.
Tensile test results show that the Nylon 12(r) tungsten powder conposite

materi al s ired tensile physical properties for projectile
core 15 ap%?? egﬁ%oér:l&s]'%'ﬁ%ﬁﬂgddl tion of stainless steel fi bers produced a

S|gn|f|cant |ncre%se|n tensile strenth and f the Laon 12(r

tungst en powder PEelipBaYxamiation And tastRgAYaS: %Qgé H’é’ﬁ?tYB "v%‘?t‘tqnf:al)
drop '”paCHnJlﬁe%“é]r{? FecRIROMSES Idﬂéémﬁm £} Hﬁ}er&%éﬁavxb%“?&%ﬂag%f@ﬁ’é’%% cBRFposi te

materials Wt Wt hout stainless stee bers 20 equal or superior
i npact st r érigiah exdntinattoRpeere dndde dfesactionthod ;il\lyjleariesl@( determimyEtaap voadsnposi t e

material with stain]ess stee| flber owed t.he hi ghe, resi.st ance of
t he corrposmpéosﬁﬂﬁtféPbﬁF@ gxistede g Nogst n@?PéPdeBWg"éffeﬁoﬁhgﬁﬁgl@ybY?i =i

conposi tes and.. g pas ﬁ&qg poﬂﬁ{eng[}{?al %é ShaholeSwet ¢&ldef 't@eEieth?xlu}{QEfHe

~“birnder co 051t erials can be easi y m xed together and I njection

mol ded 10si rigmé&tsondpsEbittiyx b gheanmgseh chiomgles/gollymera binddb composig mpredhlsens
were encountered wth tungsten powder vol urre rati os, as high at 54% and a
stai nl ess dweagth gndyliametge magﬁremg%s Ware made SnarndRmly oislested tRial cRBIE foges

projectile mérg‘q?%é‘n‘%sﬂﬁm J&éﬁe&{) &on %rslftca teliafd ?Sbléﬁgé&%nt‘é%é’df?ﬁeng%r%'ty

probl ens or mal procedure was use

nmeasur e t hendash@mest @Eultshe projectile cores, -35 a visual exam nation of

t he sectioned cores showed the appearance of an even distribution of netal
powder and fibers in the polynmer matrix.

15 All three of the composite materials showed excellent dimensional stability after
injection molding. The diameter and length measurements were consistent with only a
1 to 2 mils difference between individual projectile cores. Each of the three composite
materials had similar diameter and length measurements with the polyester elastomer
having slightly larger dimensions than the Nylon 12® composites. All of the materials

20 showed mold shrinkage having smaller dimensions than the design drawing
specifications of 0.245 inches in diameter and 1.033 inches in length. This indicates
that the projectile core injection mold will have to be adjusted accordingly once a final
composite material is selected. The mass and volume of the injection molded projectile
cores were measured and the specific gravity of each composite materials was"

25  determined. Table S presents the weight and specific gravity of the candidate metal

powder (and fiber) polymeric binder composite projectile cores.

Eleven thermoplastic injection moldable and two thermosetting polymers were
successfully mixed with tungsten powder producing projectile core composite

30  materials with specific gravities ranging from 10.0 to 10.63. A wide range in physical-



EXAMPLE |V Tungsten/ Nyl.on 12(r) and Tungsten/ Nyl on 12(r)/ Stainl ess Steel
Conposites for Use 5 as Projectiles: Bullet Assenbly and Testing Two
conposite materials were devel oped for use in projectile assenbly as
illustrations of the uses of the conpositions of the present invention.
These materials included a tungsten/Nylon 12(r) conposite and a
tungsten/ Nyl on 12(r)/stainless steel conposite. Stainless steel fibers
(0.125" long, 75 micron dianeter) were-déed in the 10 second conposite to
provide a 4% increase in flexural strength and 8% increase in tensile
modul us. TheropkRiesSas hetievenishanding bnghd tyee wpelyimatis buwas systen employrd.ng
each conponent in a Brabender-type m xer and then grinding the terials
into parti cThetungiee powegLPNMATE g’rﬁ‘d%?ﬁfﬁ%‘?sft@ Waéer&lgffﬁﬁ”‘?‘ﬂu%s'ﬁﬂn YRAn the

stai nl ess steel S] ' L5, | i as
not to darraifélglnﬁgpog? g‘é{tfeﬁ ng”gf Bl&%gee ?héﬂ%r%a#%?gtglcgqﬁgoﬁﬁéﬁﬁ[ﬁgtltﬁi% are
put in a drifped BomPd00s12,990 psi, theanakimiimofiguucet elisplaceient rangest frain 0.62f ed
into a hopper and injection nolded to final sha g C(%'régi were nol ded by
Gate Mold, tn@46 irRbesanktwedlexymal modplussangsg f £4p tkS&1 ug was

approximately 20 seconds. This tinme nmay be significantly reduced if a
multi-cavity nold is used. In addition, the anmbunt of waste materi al

(material that cures while in_20 the runner syste y al sg be elim nated,
substantial |y reSteless usteel cBigrs jwerg ngceess Heﬂi‘{}gt eﬁ% o?w\‘?al Yeeyste

mol d is used, Hozéeo f{%er'ct %inﬁe{ ?éﬁﬁlg%it%hgg%ﬁ? R m&eRdd 48T ethreeOpANiical for

the i nitedPRY roj ec requi or this evaluation. Table 7 25
Candi dat e PpejRetds!d Yol dse HONUFANCTIRER Df ireesille QrSOVPRSITEeSATIERI ALS
Texas Research Inst. Non-Toxic Material #1 Tungsten/(lilg ozrb 12(‘;[%1 Texas
Resear chO | ninjectinpmotded esingad @i byl volum iHgSieB RPRIFFH AN )9y Slung staless; e

Initial pOStstfe?ﬁ%m%ﬁsgiﬁ%l i {]é é:r%ntgiﬁ@ér. i nspections of the cores yielded sone

significant cores manufactured by TRl denonstrated excel |l ent
-36 uniformty in terns of core |length and di aneter. However, there was
significant anount of variation noted in the core weight. Average wei ghts

of both conposi U&Rnsile test results show that the Nylon 12® tungsten powder composite
materials possess the required tensile physical properties for projectile core
15  applications. The addition of stainless steel fibers produced a significant increase in

tensile strength and modulus of the Nylon 12® tungsten powder composite material.

A qualitative assessment of vertical drop impact results showed that the Nylon

12® tungsten powder composite materials with and without stainless steel fibers had

20  equal or superior impact strength when compared to lead. The Nylon 12® tungsten
composite material with stainless steel fiber showed the highest impact resistance of

the composite materials tested.

Both tungsten powder/polymeric binder composites and tungsten powder and .
25  stainless steel fiber polymeric binder composite materials can be easily mixed together
and injection molded using standard mixing and molding equipment. No mixing
problems were encountered with tungsten powder volume ratios as high at 54% and a
stainless steel fiber ratio of 10%. Visual examination of the molded projectile cores
showed excellent surface finish and no void or porosity problems were identified.

30  Although no formal procedure was used to measure the balance of the projectile cores,



were bel ow the 320.3 grain requirenment. The tungsten-Nylon 12(r) conposite,
al t hough close to the requirenment, averaged 31.3 grains while the
tungsten-Nylon 5 12(r)-stainless steel conposite was significantly lighter,
averaging 27.5 grains. Part of the-reason for the |ow weight was the core
overal |l |ength, which, although consistent, was approximately 0.052 in.

| ess than the recommended | ength due to post nold .shrinkage. If the
stainl ess steel conposite cores were ndPded to the recommended |ength the
correspondi ng wei ght woul d be 30.8 grains, nuch closer to neeting the 10
requi rement ishhe eRhiRRion GRUGe {Rfiohdie cuasi dbived the mmieghance hdwey even was
the use of regrind material during the nolding process. Regrind material
cones f r ondisthibuorcemetahpeweddraind ieestin ierROAYMeT MHEXr unner syst em of t he
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properti espgf &Qﬁ@!&&i‘z@%ﬁhm?gs@&mym 128/Stahlesy SdellGompasitdsifoxtise v,
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el i m nat ed'rlluﬁlcrjﬁﬁmrs ioE tik 1{1?%5 Qf\thd gbrﬁpoéﬁﬂins [Of RIREpreSons i1R¥hA6n. a THadeiBatgadle type
nol d were used, although initirally nore 20 expensive, would help to

el i m nat e mBlded cesngfteadlyn M®eadnglosdarndg tngstewNylangl 2@istaindess  steel
However, if these cores are tQ be el ed, .t he tungsten,and nyl y be
separ at ed gompPeifiey Stialesypigeltidhers é-@d@&n@%‘i@%ﬁ%@gﬂ? se Bgedgféttﬁgcore
cmaterigls are ;shown | RO 40F G re 308 AUl GredEand BT alreas ighows a
conparﬁ%on?“@?dfﬁe%§§g$gggghg§§€¥g§l&%fghts an%adié%nsigﬁs' fof éaéh

sanpl e as epEPamedulue tThe plddsen Sransnusintwumgothe nipteriady eongistapinmixineheach Scor e
Factor in the far right colum is a cur%l ative to t he. erc‘giﬁfage

tal of
di f f er encecompenguéin £ HrabedeaPeSRIFST a1 Fh‘?‘Br%’i“SWgefﬁﬁ ”(E)%%“aéso LN F g

Fepr eaont s Tha B or b B o T e e s ons.
-37 Tabl e §1&arie 14} pEAsioraabarehateniabed 8¢ hotstoMuTizRe Abe Dedl fibern. PreElieTH
15  materials are mixed, they are put in a drier for 24 hrs. After the drying process, the
material is fed into a hopper and injection molded to final shape. Cores were molded
by Gate Mold, Inc, Round Rock, TX. Processing time for each slug was
approximately 20 seconds. This time may be significantly reduced if a multi-cavity
mold is used. In addition, the amount of waste material (material that cures while in
20  the runner system) may also be eliminated, substantially reducing unit cost, if a hot

runner system or valve-gate mold is used. However, this type of mold was not

considered economical for the limited number of projectiles required for this

evaluation.
Table 7
25 Candidate Projectile Materials
MANUFACTURER DESIGNATION COMPOSITE MATERIALS

Texas Research Inst.  Non-Toxic Material #1 Tungsten/Nylon 12®
Texas Research Inst. . Non-Toxic Material #2 Tungsten/Nylon 12®/ Stainless Steel

Initial post mold quality control inspections of the cores yielded some

significant findings. The cores manufactured by TRI demonstrate.d excellent



VI GHT SCORE (i n.) (grams)FACTOR Requirenment 0. 1800. 5102. 074 0 .019 Average
Measurenments Lead (Control)0.1750.5032.06716.8 Non-Toxic Materi al

#10.1810. 4572. 02613. 3 Non- Toxi ¢ Material #20.1810. 4591.789.24.3 * Length
and dianeter are given as basic dinensions:- Final configurationis
determined by core weight. 5 Bullet Assenbly One-thousand (1,000) 5.56 mm
MB55 projectile cores nmanufactured from each of the materials described
above were delivered to Lake City Arrry%rmunition Plant in June 1996.
These cores were assenbled into 5.56 mm cartridges. Assenbly 10 incl uded

j acketing thigor@antyes. teérms rofngre Hengluldndt dipmeted | Beweveg, Hiere véasr sienifigantcases.

Assenbly was conducted on a Waterbury-F |, Bul | et . '
currently BeioHg efeatiatign noEsLInnE;coF WF%%?&YG%%%@%%@%%%@@ I()%gers(eBAM

initially hand, fe ng,t %M, i unt ' [ ret
bul I et was “ﬁ?%gﬁlc%g.t &Tﬁ%i@% | nialgja&g%ﬁéehé V\E}rlée tl?nhgg%eﬂ%?b?z?c? %ﬁr?gq{\ogﬁf)’er
EL : : eI gm - ag%@mgél%@@ké )ﬂlle% Iﬂéqmiﬂghﬁnﬁgwemgbd/ 313 praxsessile SherphegstefNilooenbl ed
were randomy collected and inspected fo ' d di '
Chrougru 16insien gy PPBOBES WeARETHEI GRS BEHENRS, S rtn SBLST nyl on
osite, e ed | ' i
he BAM 1 o 1o PE YR GE SRl wht g DIEGHERTionkhh, Ficks WTRONS, Uty 1

meeting al lydi prsiieraly 0899iinentest thanitht eeqnesened dengthaluketedpost meklenbl y

-probl ens. The | #2 sanpl e, the tungsten-nyl on-stai t eel [
was then uibdnka,ggaiIrﬁ,thmotaiaﬂblqsélﬁ%ﬁ‘t”gp“?@éﬁeecq){iﬁsd%’e‘fseog‘lf’w&gséimiﬁsfgcw%gg%%sI f)r&

et PSTLETE NS BRI 16 Tl GRS B
-appr oxijgat gkYuiknfendl! FheprikAbPYaisBEor thedutistomeintweight, however, was the use of
regrind material during the molding process. Regrind material comes from the excess
material which cures in the runner system of the mold for each part produced. This
excess is then reground, mixed, and reintroduced into the molding process. During

~ this process the physical properties of the nylon, such as density, are altered

15  significantly, resulting in variations in the final product. Both of the problems noted
with these cores (length and weight) may easily be corrected. By modifying the mold
cavity, overall length may be increased as required, and by using only virgin nylon
material, the variation in weight will be reduced or eliminated. Also, if a mold with a

hot runner system or a valve-gate type mold were used, although initially more

20  expensive, would help to eliminate any excess (waste) material during the molding
process.-.- However, if these cores are to be recycled, the tungsten and nylon may be
separated and only the tungsten re-used. Inspection results for both core materials are

shown in FIG. 304, FIG. 30B and FIG. 30C.

25 Table 8 shows a comparison of the average measured weights and dimensions
for each sample as compared to the dimensions shown on the core drawing. The
Score Factor in the far right column is a cumulative total of the percentage difference
between the average sample dimension and the corresponding drawing (requirement)
dimension. Therefore, the lowest scoring factoring represents the closest similarity to

30 the desired weight and dimensions.




Upon conpl etion of bullet assenbly, a 10%inspection was perfornmed on a 5
random sanpl e taken fromeach |ot. Bullets were wei ghed and neasured for
overall length, boattail |ength, dianeter, ‘ogive profile, cannelure

| ocation, point diameter, boattail -profile, as well as point and boattail
concentricity. The TRI #1 sanpl es showed a hi gher degree of weight
variation. Wth the 10 TRI#1, 7% of the inspected parts wei ghed 60. 2
grains, 0.1 grains below the mninmm \ﬂéi7g'ht while the TRI #2 sanple had
only 5% within requirenents. The remainder of the latter sanple fell bel ow
t he mini mum wei ght, averagi ng 58.2 grEible8whi ch was expected due to the
use of regrind material during the ml di rocess. 15 Overall length
measur ements reveal ed that &% é'é‘%?‘%%%%ﬁﬁf@ﬁ@fs contai ned between 6 to
21 parts that e— 00005t Q- 00 a oV ngt

requiremen T g?%a” | engt %’sﬁén&?ﬂe g@%@r@ﬁgnd \é/ﬁ\vférﬁed;lallhle Wi {Sh(i:(n)RCl;Eover nment

control limts, with each sanpl e show ndimpout as(graois)vari HAKGFHORs t he
control. Qther di nensi onal characteri-stics—suech-as—diampter Cg: ve—and
boattail pRefuilemencannel ure 200-18Ration, 088 poi AL7HESELRr typically are
measured with various go/no go gauges. Upon inspection, 100% of each
sanple net the ogive profile and cannel yr 1 LgQui rements. A
sumary of the weight and di nensional c g?a{#g?%%sf[ﬁ?gnsl are shown in the 25
Tabl es bel pwq @gatAl) the scorepfiastor showitdat the BO6Tom of edbl table is
the cunul ative total" of the percentage difference between the ayerage
measur ed dNoesixorMatema! #he coPA85pondi n§-4rawi ng d?M8fsi on. 1A3Pable 9,
t he average val ues, for. pgint boat t aiyl ,sgoncent r i Gty were dtothis
A oMl A", B8y 5 i Gb 3dde

- cumul at i veNeBt des concOntri cities are 0.0 in- and not the
val ues showm TTI T, BUF i SRm ol %8 Ji6 RSBANc dhenklenACERRT ablfpuFRIdN®. | N
Table 4, only a go/n 0-go criteria was used during the inspection. The

per cent agedéebrmiaspbesoefwagith material that fell in the no-go category -39
IS shOV\?. As before, the |l owest score factor represents the cl osest
simlarfty to the desired weight and di mensions. Table 9 Inspection

Resul ts Di el dsserly 1 TR #2Cont r ol

One-thousand (1,000) 5.56 mm M855 projectile cores manufactured from each

of the materials described above were delivered to Lake City Army Ammunition Plant
in June 1996. These cores were assembled into 5.56 mm cartridges. Assembly
10 included jacketing the cores, forming the bullets, and loading into cartridge cases.
Assembly was conducted on a Waterbury-Farrel Bullet Assembly Machine (BAM)
currently being used for M855 projectile production. Core samples were initially hand
fed and the BAM adjusted until a dimensionally correct bullet was produced. The
remaining cores were then put into the hopper and fed automatically into the assembly
15 process. Samples of assembled bullets were randomly collected and inspected for

weight and dimensions throughout the assembly process.

Another sample used was the tungsten-nylon composite, TRI#1, developed by

the inventors. No adjustments were made to the BAM from the previous sample. This

20  sample ran exceptionally well, meeting all dimensional requirements while presenting
no feed or assembly problems. The TRI#2 sample, the tungsten-nylon-stainless steel
compasite, was then used. Again, no adjustments were made to the BAM and no feed

or assembly problems were encountered. Bullets met all dimensional requirements,



Wei ght 61. 70058. 20062. 400 (61.8 1.5 grains) Over-All LengthO.9160.9140.908
(0.923 - 0.030 in.) Length of BoattailO.1060.1060.107 (0. 110 - 0.010 in.)
Poi nt Concentricity0.0040. 0030. 004 (0.005 in.) Boat t ai | : )
Concentricity0.0010. 0000. 000 (0.003 in.) Score Factor5.0610.735.72 5 Table
10 Fixed Gage Inspection Results Percentage of Sanple Qut of Specification
Limts Characteristic TRI#1 TRl #2 Contg | Diameter 31 53 0.0 (0.2245 -
0.0006 in.) Qgive Profile 0.0 0.0 0.0 %‘annel ure Location 0.0 0.0 0.0
(0.485 - 0.010 in.) Point Dianeter 2 3 7 (0.040 - 0.022 in.,) Boattail
Profile 1(@dwko&, Ghdweight 2R4% TRUF20G0El¢snwEreStrpreximately 3-418r381s belgv ¢hey7

requirement.

Upon completion of bullet assembly, a 10% inspection was performed on a
5 random sample taken from each lot. Bullets were weighed and measured for overall
length, boattail length, diameter, ogive profile, cannelure location, point diameter,

boattail profile, as well as point and boattail concentricity.

The TRI#1 samples showed a higher degree of weight variation. With the

) 10  TRI#1, 7% of the inspected parts weighed 60.2 grains, 0.1 grains' below the minimum
weight while the TRI #2 sample had only 5% within requirements. The remainder of

the latter sample fell below the minimum weight, averaging 58.2 grains which was

expected due to the use of regrind material during the molding process.

15 Overall length measurements revealed that samples of each material contained
between 6 to 21 parts that were 0.0005" to 0.005" above the overall length
requirements. Boattail lengths on the other hand were all within Government control
limits, with each sample showing about as much variation as the control. ~Other
dimensional characteristics such as diameter, ogive and boattail profile, cannelure

20  location, and point diameter typically are measured with various go/no go gauges.
Upon inspection, 100% of each sample met the ogive profile and cannelure location

requirements.

A summary of the weight and dimensional characteristics are shown in the

25  Tables below. Again, the score factor shown at the bottom of each table is the -
cumulative total of the percentage difference between the average measured dimension
and the corresponding drawing dimension. In Table 9, the average values for point
and boattail concentricity were added to this cumulative total since the desired
concentricities are 0.0 in. and not the values shown in parentheses, which represent
30  the acceptable maxima. In Table 4, only a go/no-go criteria- was used during the

inspection. The percentage of samples of each material that fell in the no-go category
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Thi s _includes wei ghi ng

each cartrifffensiRASUri ng overalfrigngt h, angrmppasuri ng heaghdq shoul der

| engt h. The_inspection show

| nspect i on Weighhe TRI#2 conposite &Hed appr o%i4% el y 50%83%4Q0he 15
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whi ch was due to the | ow projectile weight.

Ten cartrigOgasAbiieaghh type were al¥E6 wei ghed Ofiidan el ect r 808 scal e for
wei ght  verjofgzatd.0%0 infEST PROGRAM 20 Cartridges nmade from | ead and each of
the conposif gs i B B#attaifnd TR # 2 0,106 0.106 0.107

(0.110-0.0101n.) ,

Point Concentricity 0.004 0.003 0.004

(0.005 in.) _

Boattail Concentricity 0.001 0.000 0.000

(0.003 in.)

Score Factor 5.06 10.73 5.72

5
Table 10
Fixed Gage Inspection Results
Percentage of Sample Out of Specification Limits

Characteristic TRI#1 TRI#2 Control

Diameter 31 53 0.0

(0.2245 - 0.0006 in.)

Ogive Profile 0.0 0.0 0.0

Cannelure Location 0.0 0.0 0.0

(0.485-0.010in.)

Point Diameter 2 3 7

(0.040 - 0.022 in.)

Boattail Profile 100 100 0.0

(0.2245 - 0.0006 in.)

Score Factor 1.33 1.56 0.07

Cartridge Loading

10 Prior to final cartridge loading, a sample of 15 cartridges were loaded using

each core type to confirm that the selected charge weights would be effective under

the production assembly conditions.

This is standard procedure for all loading

operations. After the initial pre-load, pressures and velocities were found to be high.

Charge weights were then adjusted and a second pre-load showed the pressures and



were then subjected to a series of tests to assess the interior, exterior
and terminal ballistic.performance of each material candi date. Throughout
Phase I, the current 5.56 mm MB55 cartridge was used as the baseline
(control or reference) for assessing performance. Testing was conducted at
three locations: Lake City Arny Amunition 25 Plant, Naval Surface VWarfare
Center, Crane, and the Armanent Technology Facility (ATF), Picatinny
Arsenal . Testing conducted by LCAAP i nddOuded El ectronic Pressure, Velocity
and Action Tinme (EPVAT) as well as dispersion at a 600 yard range. Both of
these testg¥gi& PBEuctgatdé. hall bultddSkdre thal dssemBied) int@ M8 Erbarendges 70F)
-41 tenperatures. EPVAT testing was used to identify the pressures the
proj ecti | essingitee standpusc plate tl@acam&ﬁqwaawehéadfl}’léﬁ? LELE LFESas WeBH4as the
correspondin el oci tj achi eve | Le:di i -est ig1g. | a true
i ndi cat i onpr(?gel}/aﬁ‘é’olﬁ}arll%) g?%a‘ﬁ%seu%;é fgﬁ\gﬁg %@ch@&ﬁiglto E%ﬁ%&?if ps?tgé |d?%mtc€/ﬁ iri ng
flight and:pupbd QEhisaréidvrobéwuf acture. 5 El ectronic Pressure, Velocity
and Action Tine Test Results of the EPVAT test are shown in Table 12. Data
obtaineéd fromthis test included casenbuth pressure, port pressure (the
pressure at a md-point in the barrel a[bgoi’ioarable to the gas port | ocation
on autonmatic weapons), velocity at 7&" ©ttomthe 10 nuzzie, and action
time which is the time from prfmllgﬁmmrgng\&ﬁ& peak port pressure is
obtained. Both TRI conposites net all the requirenents for pressure,
velocity and action tine at each of the three tenperatures. It is also
interesting to Roopellanbat WES4FL40499Mi ch had the | argest wei ght

vari ation, denoPsiméated a IvalIoC9GN704/435 ation simlar to that obtained with
the control sanple. In addiprhpélldm Cleaee WelghthYGragsyure and velocity, a

][?I I : zgf \rM;)1[=r] R ecmarer, Wi Gl ¥Wesa SCr ol ed Ilggaa_ch SRO(Fin X5 Pre-Plogged 25
break-up or . Thr oughout ‘Iie test there 2@5 no evi dence lproj ectiles
yawi ng or BB&thi ng unst abl &/-3Thi s i ndi cat @t hat the ther .expansi on and
contractionCeftrelhe  material%2at the extreddZt enper at ur edVone FriE‘r‘&I i gi bl e.
Al'so, {he , . . .

break-up. -42 T plo% cjognpletion of loading, all cartridges were subjected to a 100% gage and

weapbo [ -UT U U >

weigh inspection. This includes weighing each cartridge, measuring overall length, and
measuring head to shoulder length. The inspection showed no defects with the TRI#1
composite. Inspection of the TRI#2 composite showed approximately 50% of the
15 - cartridges to be under weight, which was due to the low projectile weight. Ten
cartridges of each type were also weighed on an electronic scale for weight

verification.

TEST PROGRAM

20 Cartridges made from lead and each of the composites TRI# 1 and TRI# 2
were then subjected to a series of tests to assess the interior, exterior and terminal
ballistic performance of each material candidate. Throughout Phase I, the current 5.56 -
mm MB855 cartridge was used as the baseline (control or reference) for assessing
performance. Testing was conducted at three locations: Lake City Army Ammunition

25  Plant, Naval Surface Warfare Center, Crane, and the Armament Technology Facility
(ATF), Picatinny Arsenal. Testing conducted by LCAAP included Electronic Pressure,
Velocity and Action Time (EPVAT) as well as dispersion at a 600 yard range. Both of
these tests were conducted at hot (+125°F), cold (-65°F), and ambient (70°F)



EPVAT Test Results CASEMOUTPORTVELOCI TY @A\CTI ON SAVPLEHPRESSUR78' Tl ME
PRESSUREE (psi) (fps)(nS) (psi) Requirement Anbient55,000 (max)13, 0003, 000
403.0 (max) (mn) Hot/Cold< 7,000 psil2, 700< 250 f-ps var. var. from ~

anb. (mn) -

fromanb. avg. avg. TRI#1 (Average of 20 rounds fired at each

tenperature) Anmbient 49,531 13,861 3,0210.897 Hot 53,592 14,215 3,1030. 883

Col d 44,192 13,461 2,8800.932 TRI #2 (Average of 20 rounds fired at each

t enperature) Anbi ent 46, 86413, 7523, 0090.892 Hot 49, 98414, 1403, 0890. 884
Col d42, 46413, 3402, 8600. 937 Control (Average of 20 rounds fired at each

t enper at u

fed)pebatBt. AV AT tdBing a3y 5843 i D8 HIE Pres05s 3h8 PEFed ddsOw 20

Col d43, 42713, 0292, 8660. 933 Di spersion Testi ng,gﬁ?lé)itg‘gersi on tests were then

conduct ed

sadliersechtambion damehsieromng BHRdURE Ay CPEEPIRAINgt WlPGitiesa

v-slide. Eagh.ofi SRR A8 (afh BRRARS BL MichidR Bt HRHPdSorflahedlof the

10

15

20

rounds in terms of stability during flight and uniformity during manufacture.

Electronic Pressure, Velocity and Action Time Test

Results of the EPVAT test are shown in Table 12. Data obtained from this test
included casemouth pressure, port pressure (the pressure at a mid-point in the barrel
comparable to the gas port location on automatic weapons), velocity at 78 ft from the
muzzle, and action time which is the time from primer indent to when peak port
pressure is obtained. Both TRI composites met all the requirements for pressure,
velocity and action time at each of the three temperatures. It is also interesting to note
that the TRI#2, which had the largest weight variation, demonstrated a velocity

variation similar to that obtained with the control sample. In addition to recording

pressure and velocity, a rolling witness paper, which was scrolled after each shot; was

placed 25 ft. in front of the weapon in order to record any instances of projectile
break-up or yaw. Throughout the test there was no evidence of projectiles yawing or
becoming unstable. This indicates that the thermal expansion and contraction of the
materials at the extreme temperatures is negligible. Also, the TRI composites‘showed

no evidence of projectile/core break-up.



prior to this test and were qualified wth MB55 reference amunition. Two
record targets consisting.of 10 rounds each were fired fromeach barrel at
anbient,. hot (+125F), and cold (-65F) tenperatures with both TRl sanples
and the control 10 sanple. Ammunition was tenperature conditioned for 4
hours prior to firing. Wather conditions were clear, approximtely 53F
wth 3 to 8 mle per hour winds. After qualifying the barrels, each of the
four test sanples were fired, followed4by the control sanple. This
procedure was foll owed at each tenperature. The control lot was fired | ast
to serve as a final check to assure Tiwglega2were no equi pnent mal functions -
43 during the course of fire. uirements for MB55 di spersion testing
state that the horizontal and \I%BqVA@aTeSSB&ﬁ'H&?d deV| ation nust be |ess

than 6.0 i-~~—fer—a—30—+oynd ng NThis
test however, 10 round tmmie F’g] 3 nstea _gli-g ou‘%ggg%gets due

to the avai | abSAMPBLEf cartri son was hen ma t ween
each of the sanple cartri 8§FS the §Dar M558kt ri dges assess

t he performance of each prot(is)pe. After firing was conpleted, results
obtained wth each barrel were averaged separately (Tables 7 through 9)
and then c viRehdn@ oODbtain an overall average. These overall val ues,
shown in Tablggnidft t hroughs ddowee thep,00sed as3j000 #4kis f B0 (caxpari son.
The score factors shown in these tablesrmﬁje 10 determ ned by cal cul ati ng-

t he percent f nce betys best f or mer ch other sanple.

In this casecpI t?]é 1gest perfo merdg ngﬁbver gfgsg;lrrgsgﬁcwed the small est
di spersion in the categor${ é‘f"ﬁcj‘ vaI ua These cateégories included nean
radi us, horizontal standard &¥iation, vertical standard deviation, and
extrenme spread at each of the three tenperatures. Results obtalned at each
t enper at ur TREH(Avssreeld 20oionds fireth abpdy temperdy é‘ﬁﬁf the best gverall
perforner. Thimbieas acconpl i4988d by addi8¥d t he scéi@ factors Q:%é)cul ated at
each tenperatiste (Table 19).53E8¢h sanpllé,24&s t hen3rl@8ked accd&hg to this
final score vwiglg the | owest sicie receildiatd the hi g8t rankih®321t is
interesting to note that both TRI sanples which showed the | argest

di mensi onal T##) %\}e@ﬁ' o b 20Nh RIS irad v e£ch Rngerecncepded the performance of

the 20 standa ES cartri d;gﬁ%4 More iyt ant |y, 3tdoe extrenen.8emmper at ures
(-65F and +1 d no sigpy i}pant ef1f4ep40 on the3gg|9f or mancep g4t he

sanples. This uld indicat
t he cores vvasc%l’i\@t enough to &5

Control (Average of 20 rounds fired at each temperature)

t the 1t3h§£{dral expangpon or compgaction of

Ambient 48,927 13,584 3,008 0.891
Hot 54,105 13,816 3,101 0.870
Cold 43,427 13,029 2,866 0.933

Dispersion Testing

5 Dispersion tests were then conducted using a M700 receiver and two accuracy
barrels mounted in a v-slide. Each of the barrels had approximately 1,250 rounds fired
prior to this test and were qualified with M855 reference ammunition. Two record
targets consisting of 10 rounds each were fired from each barrel at ambient, hot
(+125°F), and cold (-65°F) tempen;atures with both TRI samples and the control

10  sample. Ammunition was temperature conditioned for 4 hours prior to firing.
Weather conditions were clear, approximately 53°F with 3 to 8 mile per hour winds.
After qualifying the barrels, each of the four test samples were fired, followed by the
control sample. This procedure was followed at each temperature. The control lot

was fired last to serve as a final check to assure there were no equipment malfunctions



adve__rsely affect the fit between the core, jacket, and penetrator. -44
Tabl'e 13 600 YARD AMBIL.ENT TEMPERATURE DI SPERSI ON RESULTS SAMPLE NO.
RDS. MEAN HORI Z. VERT. EXTREME RADI USDEV. DEV. SPREAD. (i n.)

FIRED(in.)(in.)(in.) TRI#1 105. 564- 305.4721. 85 Barrel 352420

107. 387. 354. 6023. 70 Aver age: 6. 475. 825. 0322. 77 Barrel

352723105. 015. 112. 9316. 25 106. 444.905. 2717. 35 Average: 5. 735.014. 1016. 80
TRI #2 107.457.284.1722. 45 Barrel 35242@3%06. 845. 585. 2520. 00

Aver age: 7. 156. 434. 7121. 22 Barrel 352723106.794.436. 29 107.564.97-7.0924. 25

_Aver age: 706,069 WMkl RAQArBALORS. 0889 dipeRRIN Rk(i524R0that th
104. 864, oadi&@gfa 38§A\7erage R My mpeiun i at the

horizontal and vertical standard deviation must be less than 6.0 in. for a 30 round
target fired at a 600 yard range. For this test however, 10 round targets were fired
instead of 30 round targets due to the availability of cartridges. A comparison was

5  then made between each of the sample cartridges and the regular M855 cartridges to
assess the performance of each prototypé. After firing was completed, results obtained

with each barrel were averaged separately (Tables 7 through 9) and then combined to
obtain an overall average. These overall values, shown in Tables 10 through 12 were

then used as the basis for comparison. The score factors shown in these tables were

10  determined by calculating the percent difference between the best performer and each
other sample. In this case, the best performer was whichever sample showed the
smallest dispersion in the category being evaluated. These categories included mean
radius, horizontal standard deviation, vertical standard deviation, and extreme spread

at each of the three temperatures. Results obtained at each temperature were then

15  combined in order to identify the best overall performer. This was accomplished by
adding the score factors calculated at each temperature (Table 19). Each sample was

then ranked according to this final score with the lowest score receiving the highest
ranking. It is interesting to note that both TRI samples which showed the largest
dimensional variation during manufacture, also exceeded the performance of the

20  standard M855 cartridges. More importantly, the extreme temperatures (-65°F and
+125°F) had no significant effect.on the performance of the samples. This would
indicate that the thermal expansion or contraction of the cores was not enough to

adversely affect the fit between the core, jacket, and penetrator.



Barrel 352723107.274.517.4225.15 106. 725. 276. 9627. 95
Aver age: 6. 994. 897. 1926. 55 -45 Table 14 600 YARD H GH TEMPERATURE (+125F)
- DI SPERSI ON RESULTS SAMPLENO. RDS. MEAN HORI Z. VERT. - EXTREME
RADI USDEV. DEV. SPREAD FI RED(in-)(in.)(in.)(in.) TR #1 108. 208. 614. 9030. 30
Barrel 352420 109.377.317.2324.10 Average: 8. 787.966. 0727. 20 Barrel
352723105. 224. 094. 3314. 35 105. 305.422.9317. 20 Average: 5. 264. 763. 6315. 77
TRI #2 1010. 328. 298. 5230..15 Barrel 35242 105. 745. 074. 0115. 55
Aver age: 8. 036. 686. 2722. 85 Barrel 352723104: 894. 053. 8515. 10
105. 494. 714. 4210. 85 Average: 5. 194. 38X abke1 23 97 Control 1011.6413. 207. 0345. 65

Barrel 352420 o< ARD AMBIENT TEMPERATURE DISPERSION RESULTS
MEAN HORIZ. VERT. EXTREME

SAMPLE NO. RDS. RADIUS DEV. DEV. SPREAD (in.)
FIRED (in.) (in.) (in.)
TRI#1
Barrel 352420 10 5.56 4.30 5.47 21.85
10 7.38 7.35 4.60 23.70
Average: 6.47 5.82 5.03 22.77
Barrel 352723 .10 5.01 - S5.11 2.93 16.25
10 6.44 4.90 5.27 17.35
" Average: 5.73 5.01 4.10 16.80
TRI#2
Barrel 352420 10 7.45 7.28 4.17 22.45
10 6.84 5.58 5.25 20.00
Average: 7.15 6.43 4.71 21.22
Barrel 352723 10 6.79 4.43 6.29
10 7.56 4.97 7.09 24.25
Average: 7.18 4.70 6.69
Control _
Barrel 352420 10 9.82 7.60 8.63 29.55
10 4.86 4.06 4.38 16.30
Average: 7.34 5.83 6.49 22.92
e Barrel 352723 10 7.27 4.51 7.42 25.15
10 6.72 527 6.96 27.95

Average: 6.99 4.89 7.19 26.55




1014. 648. 9315. 4446. 45 Average: 13. 1411. 0611. 2346. 05 Barrel
352723107. 387. 155. 0023. 30 107. 866. 465. 9721. 00 Aver age: 7. 626. 805. 4822. 15 - 46
Tabl e 15 600 YARD COLD TEMPERATURE (-75F) DI SPERSI &N ‘RESULTS SAMPLENO.

RDS. MEAN HORI Z. VERT. EXTREME RADI USDEV. DEV. SPREAD (i n.)
FIRED(in.)(in.)(in.) TRI#1 108. 107.387.5731.75 Barrel 352420

107. 906. 806. 1022. 35 Ayerage:8.007.096.§§27.05 Barrel 352723

. 107. 405. 736. 7325. 05 103. 723. 442. 6010.”75 "Aver age: 5. 564. 594. 6717. 90 TRI #2
107. 095. 546. 0722. 75 Barrel 352420 105.154.67 _4.8421.60

Aver age: 6. 125. 105. 4622. 17 Barrel 352TabloBt 673. 565. 7720. 30

106. 915. 386. 0835 Vi Rp R T EMPIR ATORIE 61239 BISPERSION RESULTS

MEAN HORIZ. VERT. EXTREME

SAMPLE NO. RDS. RADIUS DEV. DEV. SPREAD

FIRED (in.) (in.) (in.) (in))

TRI#1
Barrel 352420 10 8.20 8.61 4.90 30.30
10 9.37 7.31 7.23 24.10
Average: 8.78 . 7.96 6.07 27.20

Barrel 352723 . 10 5.22 4.09 433 1435 -

10 5.30 542 2.93 17.20
Average: 5.26 476 3.63 15.77

TRI#2
Barrel 352420 10 10.32 8.29 8.52 30.15
10 5.74 5.07 4.01 15.55
Average: 8.03 6.68 6.27 22.85
Barrel 352723 10 4.89 - 4.05 3.85 15.10
10 5.49 4.71 4.42 10.85
Average: 5.19 4.38 4.14 12.97

Control
Barrel 352420 10 11.64 13.20 7.03 45.65
10 14.64 8.93 15.44 46.45
Average: 13.14 11.06 11.23 46.05
‘\' Barrel 352723 10 7.38" 7.15 5.00 23.30
10 7.86 6.46 5.97 21.00

Average: 7.62 6.80 5.48 22.15




106. 586. 114. 1418. 80 Barrel 352420 107.536. 246. 2623. 55
Aver age: 7. 066. 175. 2021. 17 -Barrel 352723106. 583. 457. 1024. 50

108. 507. 205. 9720. 80 Average: 7. 545. 336. 5422. 65 Table 16 5 CUMJULATI VE AMBI ENT -
TEMPERATURE DI SPERSI ON RESULTS SAMPLEMEAN HORI Z. DEV. VERT. DEV. SCORE

RADI US (in.)(in.)(in.)FACTOR TRI #16. 105. 414. 564. 03 TRI #27. 165. 565. 714. 59

Control 7. 165. 366. 844. 82 -47 Table 17 CUMJULATI VE H GH TEMPERATURE DI SPERSI ON
RESULTS SAMPLEMEAN HORI Z. DEV. VERT. DB\ - SCORE RADI US

(in.)(in.)(in. )FACTOR TRI #17.026. 364. 853. 36 TRI #26. 615. 535. 203. 20

Control 10. 388. 938. 355. 12 Table 18 5 G4t AS| VE COLD TEMPERATURE DI SPERSI ON
RESULTS SAMPLEMEAN

600 YARD COLD TEMPERATURE (-75°F) DISPERSION RESULTS
MEAN HORIZ. VERT. EXTREME

SAMPLE NO. RDS. RADIUS DEV. DEV. SPREAD (in.)
FIRED (in.) (in.) (in.)
TRI#1
Barrel 352420 10 8.10 7.38 7.57 31.75
10 7.90 6.80 6.10 22.35
Average: 8.00 7.09 6.84 27.05
Barrel 352723 . 10 7.40 5.73 6.73 25.05
oy 10 3.72 3.44 2.60 10.75
Average: 5.56 4.59 4.67 17.90
TRI#2
Barrel 352420 10 7.09 5.54 6.07 22.75
10 5.15 4.67 4.84 21.60
Average: 6.12 5.10 5.46 22.17
Barrel 352723 10 5.67 3.56 5.77 20.30
10 6.91 5.38 6.08 21.70
Average: 6.29 4.47 5.92 21.00
Control
Barrel 352420 10 6.58 6.11 4.14 18.80
10 7.53 6.24 6.26 23.55
Average: 7.06 6.17 5.20 21.17
Bairel 352723 10 6.58 3.45 7.10 24.50
10 8.50 7.20 5.97 20.80
Average: 7.54 533 6.54 22.65
Table 16
5 CUMULATIVE AMBIENT TEMPERATURE DISPERSION RESULTS
. - MEAN HORIZ. DEV. VERT.DEV. SCORE
SAMPLE RADIUS (in.) ~(in.) (in.) FACTOR
TRI#1 6.10 5.41 4.56 4.03
TRI#2 7.16 5.56 571 4.59

Control 7.16 536 6.84 4,82




HORI Z. DEV. VERT. DEV. SCORE RADIUS (in.)(in.)(in.)FACTOR

TRI #16. 795. 845. 753. 69 TRI #26. 204. 785. 693. 33 Control.7. 305. 755. 843. 77 Tabl e
19 Overall Dispersion Test Results CUMJLATI VE SCORE FACTORS

SAVPLEAMBI ENTHOTCOLDTOTALRANK TRI #14-. 033. 363. 6911. 082

TRI #24. 593. 203. 3311. 123 Control 4. 825.123. 7713.715 10 Term nal Ballistic
Testing The Naval Surface Warfare Center, Crane, IN, conducted testing to
assess the termnal perfornance of the4¢artridges incorporating TRI# 1 and
TRI #2 conposites against sinulated hard and soft targets. Data obtained
fromthese tests was used to identifyamey7shortfalls or inprovenents of
the candi date cartridges as conpared to the 15 standard MB55 cartridge. The
termnal balli sKIWIHSAEIVEE&BI&H&EMREM@URE]BWBERSW)NQBESW&'IQ)ft Target s

1) 20% Ball j e =.l 58 ' R w3 0
meters 3) 20% Ba||IStIC gemf’rlﬂ behiH 9 .-- I'ass .’*a rret sORE 200
Bal l i stic gSAMPREhehi ndRADIYS §inak 45(18dqr ees abl i(# aFALGBORet er s

5) 20% Bal | ITRI#t gel atin be’hDﬁd a PASGT686ést at 300 48iers Har@.3@mrgets 1)
Det er m ne RRI¥aNge agai nst6.42. 7 nm al usisBum pl ate 20 Det er m 3e2¢R50 r ange

agai nst 3.5 dgRtATO plate 038 8.93 8.35 5.12
Table 18
5 CUMULATIVE COLD TEMPERATURE DISPERSION RESULTS
MEAN HORIZ. DEV. VERT.DEV. SCORE
SAMPLE RADIUS (in.) (in.) (in.) FACTOR
TRI#1 6.79 5.84 5.75 3.69
TRI#2 6.20 4.78 5.69 3.33
Control 7.30 5.75 5.84 3.77
Table 19

Overall Disp_ersion Test Results

CUMULATIVE SCORE FACTORS

SAMPLE AMBIENT HOT COLD TOTAL RANK
TRI#1 4.03 ' 3.36 3.69 11.08 2
TRI#2 4.59 3.20 3.33 11.12 3
Control 4.82 5.12 3.77 13.71 5

10  Terminal Ballistic Testing
The Naval Surface Warfare Center, Crane, IN, conducted testing to assess the
terminal performance of the cartridges incorporating TRI# 1 and TRI#2 composites
against simulated hard and soft targets. Data obtained from these tests was used to
identify any shortfalls or improvements of the candidate cartridges as compared to the
15  standard M855 cartridge. The terminal ballistic tests conducted included the

following:



3) Kevlar(r) Helnmets at 1,000 neters* 4) 8" concrete blocks at 100 neters
* Test was conducted at 50 neters wth downl oaded cartridges. Ballistic
Gelatin at 10 Meters Soft target testing against 20% ballistic gelatin

bl ocks 10 positioned at 10 5 neters fromthe weapon was conducted with
each sanple. Prior to testing, blocks were tenperature conditioned to 50F
for 36 hours and calibrated using the BB penetration criteria. This
criteria states that a .177 caliber BB at48x velocity of 595 15 fps should
penetrate the block to a depth of 1.5 .25 in. The weapon used for the test
was a ML6A2- Exgri Thegephi ch was shoul der fired. Velocity for each round
fired was 10 recorded at a distance of 15 ft. fromthe nuzzle. After firing
each test round, pe&hdialliticgalatiept O metess wel | as the length 12 and hei ght

13 of the te rar ity 14 .we asured. Four valid rounds of each
cartridge typ mr%oﬁ'?gﬂlﬁ'cﬁePBHﬁhfgg%ePe bnsidered valid if the projectile
fragnents and jjhe opdi BAli%R \belayin BEKiRd GQd B4s8 €300 indters t he bl ock and did
not contact the cavity forned froma precedi 225 shot. These 15 neasurenents

are illustrated) i n20%@Ballistic galatinbekind hutneglass (€5 Feprees abligwiky) @880 meters

closely matched th formance of,. the r renc 55 cartridge in terns
of cavity di maﬂsi 02@9 "I’%‘ctgﬁét’?%ﬂﬁé ﬁﬁ)&ﬁgaes‘ttaﬁ%&@ﬂ%?ésst match in terns
of penetration depth. The TRI#1 and. TRI#2 sanples -49 averaged 13.4 in.

and 12.2 in. of penetration, respectively. Score factors were determ ned

by totaling thHaal®negees val ues for penetration depth and cavity di nensions

and then cal culati t he percent ditferg ce ggl;tween he | argest total and
totals for thel) ref&ieEmng ngs g2t 42 (PGP RAC t hat the | ar gest

cavi ty di mensi oS il GalRsPrahia B JRSHAOVATO e Tabl & 20 10 Neter

Bal listic Gelatin Test Results Tenporary Cavity Sanple Rd No. - Vel

@Penet r at i onMVEX). VaXeSao®dlelihetstat DONO meters* ) Di a. (i n. ) Dept hFactor (fps)(in.)
4) 8" concrete blocks at 100 meters

* Test was conducted at 50 meters with downloaded cartridges.

Ballistic Gelatin at 10 Meters
Soft target testing against 20% ballistic gelatin blocks 10 positioned at 10
5 meters from the weapon was conducted with each sample. Prior to testing, blocks
were temperature conditioned to 50°F for 36 hours and calibrated using the BB
penetration criteria. This criteria states that a .177 caliber BB at a velocity of 595 + 15
fps should penetrate the block to a depth of 1.5 .25 in. The weapon used for the test
was a M16A2-E3 rifle which was shoulder fired. Velocity for each round fired was
10 recorded at a distance of 15 ft. from the muzzle. After finng each test round,
penetration depth 11 as well as the length 12 and height 13 of the temporary cavity 14
were measured. Four valid rounds of each cartridge type were fired. A round was
considered valid if the projectile fragments and the entire cavity were contained within
the block and did not contact the cavity formed from a preceding shot. These

15 measurements are illustrated in FIG. 31.

Results showed the TRI#1 cartridges most closely matched the performance of
the reference M855 cartridge in terms of cavity dimensions while the TRI#2 provided

the closest match in terms of penetration depth. The TRI#1 and TRI#2 samples



TRI# 1 13 08113.94.28.0 2309815. 44. 48. 2 3308014. 55. 05.5 430749. 85.27. 3
AVG308313.44.77.21.19 TRI#2 13 04113. 05.87.8 2309010.85.47.0

3305912. 56. 08. 7 4302512. 46. 28. 4 AVG 305412.25.87.91.16 Lead 1307312.95.06.5
23 0709.04.77.0 3308511.95.16. 8-4310412.45.08.1 . AVG 308311.54.97.11.28 *
Bul | et core broke skin of gelatin at back end of block 10 Ballistic Gelatin
at 300 Meters This test was conducted in the sanme manner as the 10 neter
gelatin test with the exception of thestarget range which was increased to
300 neters. In addition, this test consisted of only three valid rounds
per cartridge tvp pr.0j Ile aTo W AV2 e ] L
Doppl er Raﬁ‘ge(a%e)\és é%qg'Re%ngﬁ '? g'tzo*] ' t}ég ptg gést%axgpg%S g%@tl)je?l gsve& %Lgac?%r\!%ﬁge 21.
-50 Tabl e 3dteRRifedVby estalipy the atéragdSedlats for Pesdtrafienulepth FTahpavityrdim@amidnsy

Sanpl e RdVet @ npacPenetrati onMax, Max. Score No. 15 Ft.t Vi Ig(Peéath Si n.)Di a.
(i n. ) Dept haid thenRalstlating thesnaregss fifferenes beswesothe gessgoteh and totals for the

2299921531£rlén§§ﬁigg5 'sgmples. This method assumes that the largest cavity dimensions indicate

5  the best performance.
Table 20
10 Meter Ballistic Gelatin Test Results

Temporary Cavity
Sample RdNo.® Vel@ Penetration Max. Max. Score
- 15Ft. Depth (in.) Dia. (in.) Depth Factor
(fps) (in.)
TRI#1 1 3081 13.9 4.2 8.0
2 3098 15.4 4.4 8.2
3 3080 14.5 5.0 5.5
4 3074 9.8 5.2 7.3
AVG: 3083 13.4 4.7 7.2 1.19
TRI#2 1 3041 13.0 5.8 7.8
2 3090 10.8 . 5.4 7.0
3 3059 12.5 6.0 8.7
4 3025 12.4 6.2 8.4
AVG: 3054 12.2° 5.8 7.9 1.16
Lead 1 3073 12.9 5.0 6.5 '
2 3070 9.0 4.7 7.0
3 3085 11.9 5.1 6.8
4 3104 12.4 5.0 8.1
AVG: 3083 11.5 4.9 7.1 1.28

* Bullet core broke skin of gelatin at back end of block

10  Ballistic Gelatin at 300 Meters
This test was conducted in the same manner as the 10 meter gelatin test with
the exception of the target range which was increased to 300 meters. In addition, this
test consisted of only three valid rounds per cartridge type and projectile velocity was
obtained with a WEIBEL Doppler Radar system. Results of the test are shown below
15 inTable 21.



33 013276916. 33.67.9 AVG 3027236114.63.37.31.11 TRI#2 13038200312.02.78.0
23027204012. 02. 78. 7 33037214314.53. 55. 2 AVG 3034206212. 83. 07.31. 21 Lead
130402129. 15. 84. 08. 0 23045208216. 33. 58.5 33070217715.63.88. 1

AVG 3052212915.93.88.21.00 Ballistic CGelatin at 300 Meters Protected by
PASGT Vest 5 This test was conducted in the same manner as the 300 neter
gelatin test wwth the addition of a PASGI Kevlar(r) vest which was
positioned directly in front of the geb@tin block. The results of this
test are summari zed below in Table 22. In this test, the nmaxi mum average
penetration depth of the |ead core prpjgehbil € was net or exceeded by each
of the sanples tested. -51 Table 22 Ballistic Gelatin Protected w PASGI

Vest @ 300m Tenporary Cavi3oy Matep BallRdidebGel@inpgxsPBemisat i onMax..Max. Scor e
No. 15 Ft.t_Vel Depth (in.)Dia—{-A)DepthFacter—(fpsFpsHnr)—TRH#E

12976207612. 83. 43. 5 22990209113. 83. 34. 7 32994209]7&4p6)4u‘516334/1ty
AVG 2987208813. 53 74 91. \Jﬁéé 2 130 72102 620 23020317513 §2,06. 5 33
019217413, dampl l2’“92 "é;‘tl‘};‘i

Dia. (in.) Depth (in.) Factor

(fpS) (fPS)

TRI#1 1 3068 2162 13.2 34 8.3
2 2999 2133 14.5 3.0 58
3 3013 2769 16.3 3.6 7.9

AVG: 3027 2361 14.6 33 7.3 1.11
TRI#2 1 3038 2003 12.0 2.7 8.0
2 3027 2040 12.0 2.7 8.7
3 3037 2143 14.5 3.5 5.2

AVG: 3034 2062 12.8 3.0 7.3 1.21
Lead 1 3040 2129 - 158 4.0 8.0
2 3045 2082 16.3 3.5 8.5
3 3070 2177 15.6 3.8 8.1

AVG: 3052 2129 15.9 3.8 8.2 1.00

Ballistic Gelatin at 300 Meters Protected by PASGT Vest

5 This test was conducted in the same manner as the 300 meter gelatin test with
the addition of a PASGT Kevlar® vest which was positioned directly in front of the
gelatin block. The results of this test are summarized below in Table 22. In this test,
the maximum average penetration depth of the lead core projectile was met or

exceeded by each of the samples tested.



Lead 13031209711. 04. 34.1 22988205314. 54. 010. 6 33001208613.32.74.1 _
3007207912.93.76.31.09 AVG Auto dass (00 onliquity) with Ballistic
Gelatin at 300 neters 5 The purpose of this test was to docunent the
effects of autonobile w ndshield-glass on bullet integrity and penetration
depth. Initially, the glass was positioned at a range of 300 neters at O
degrees obliquity, or perpendicular to the line of fire. The wndshield
consi sted of single |ayer autoglass, 05219" thick. In addition, a gelatin
bl ock was placed 18 in. behind the glass. Three valid rounds were fired
with each 10 cartridge type. For thig jRSh @ round was considered valid
when the point of inpact was not less than 2.5 in. from another bull et

i npact and the tenporgyiNsti@GelatindPebteqtd w/PREGT Hest @300mof a cavity fornmed
froma previous round. Results of this test are —sumrarizedi-nTable 23.
The TRI#1 sanpl es achi eved the greatest penetraféfipoepiCuvitghi | e the
cavities produced by the | ead_proj ectl | es er han t he
cavities SamploducRd wi Yol @nelBpaer Bepgiraiion | al sg st ed PREEC one or
two projectiles ofNamachls Fype tiYelgneepth (ipdn Dipdér) wi Depthe gFacter
Cavities in the gel ati n(ﬁps@ck (fpsle then based on the infadt of these

f ragnent s——552For Lm-,- (75)110 Ty § 1est, ziie aut g glass was
reposition t 45 degr ﬁ i&rwty(ﬂp of th :glass td ted away from
the nuzzle). Resul t23 Ps a n Tabl g, 24. In this '
test, the TRWI sa ol e é’@ﬂﬂp\m . owed
closely by the | eA&’(‘proﬂéﬁﬁl I e%0881'he TI%%& and | 8atl 5 prd-2ctil eb1dl so
produced the largest cawvities of all the sanples tested. In addition, all
~of the proreghi | es testagifragpeost ed upti0i npact 20th the.glass. I n one
instance the TR #2 sampggfragpented ime numerqus pi ecessand could not be
recovered. Table 2?3 Aut goghasso (L Obligupty) withsBallisgpc Gelatin at 300

are ri zed’

meters Tenmporary Ry ty 3501 2150 12.9 22 6.5 1.17
Lead 1 3031 2097 11.0 43 4.1
2 2088 2053 14.5 4.0 10.6
3 3001 2086 13.3 2.7 41

AVG. 3007 2079 12.9 3.7 63 1.09

Auto Glass (0° Obliquity) with Ballistic Gelatin at 300 meters

5 The purpose of this test was to document the effects of automobile windshield
glass on bullet integrity and penetration depth. Initially, the glass was positioned at a
range of 300 meters at 0 degrees obliquity, or perpendicular to the line of fire. The
windshield consisted of single layer autoglass, 0.219" thick. In addition, a gelatin
block was placed 18 in. behind the glass. Three valid rounds were fired with each

10  cartridge type. For this test, a round was considered valid when the point of impact
was not less than 2.5 in. from another bullet impact and the temporary cavity did not
impact any part of a cavity formed from a previous round. Results of this test are
summarized in Table 23. The TRI#1 samples achieved the greatest penetration depth
while the cavities produced by the lead projectiles were slightly larger than the cavities

15  produced with the other samples. It was also noted that one or two projectiles of each
type fragmented upon impact with the glass. Cavities in the gelatin block were then

based on the impact of these fragments.



Sanpl eRdVel @ npact Penetrati onMax. Max. Score No. 15 Ft. Vel .Depth (in.)D a.
(in.)YDepth (in.)Factor (fps)(fps) TRI# 113 011200611. 02. 56. 2

23088208510. 42. 58. 0 33007199711. 52. 09. 0 AV3035. 202911. 02. 37. 71. 12" TRI #2G
299520168. 02. 06. 0 1 2302120237.52.56.5 3301019859. 32.58.5

AV300920088. 32. 37. 01. 34 LeadG 2981201510.44.08.5 1 23017205510. 03.08.0
33058206212. 02. 510. 0 AV3019204410.83.2'8.81.03 G 10 - 53 Table 24 Auto

dass (45 bliquity) with Ballistic Geltatn at 300 neters Rd Vel @I npact
Penetration Max. Max. Score

For the second part of this test, the auto glass was repositioned at 45 degrees
obliquity (top of the glass tilted away from the muzzle). Results of this test are
summarized in Table 24. In this test, the TRI#1 sample achieved the greatest
penetration depth, followed closely by the lead projectiles. The TRI#1 and lead

5 projectiles also produced the largest cavities of all the samples tested. In addition, all
of the projectiles tested fragmented upon impact with the glass. In one instance the
TRI#2 sample fragmented into numerous pieces and could not be recovered.

Table 23
Auto Glass (0° Obliquity) with Ballistic Gelatin at 300 meters

Temporary Cavity
Sample Rd Vel@ Impact Penetration Max. Max. Score
No. 15Ft. Vel. Depth (in.) Dia. (in.) Depth (in.) Factor
(fps)  (fps)

TRI#1 1 3011 2006 11.0 2.5 6.2
2 3088 2085 10.4 2.5 8.0
3 3007 1997 11.5 2.0 9.0
AV 3035 2029 11.0 2.3 7.7 1.12
G: :
TRI#2 1 2995 2016 8.0 2.0 6.0
2 3021 2023 7.5 2.5 6.5
3 3010 1985 93 2.5 8.5
AV 3009 2008 8.3 23 7.0 1.34
- G:
Lead 1 2981 2015 10.4 4.0 8.5
2 3017 2055 10.0 3.0 8.0
3 3058 2062 12.0 2.5 10.0
AV 3019 2044 10.8 3.2 ‘8.8 1.03
G:

10



Sanmpl eNo. 15 Ft. Vel . Depth (in.)D a. (in.)Depth Factor (fps)(fps)(ln )

TRI #11300420485. 23. 04. 0 2300220656. 03. 54. 5 3304220579. 02. 76.

AVG 301620576. 73. 14. 81. 00 TRI #21302119635. 02. 03. 5 2301120064. 71.43.5
330191996 AVG 301719884. 8%1. 73.51. 46 Leadl3 02120696. 04. 05.0 23

02120415. 72. 25. 0 3302820566. 02. 45. 3 AVG 302320555. 92. 95.11. 05 R50 vs. 12.7
mnm Alum num Plate 5 Set-up for this test included a 5.56 nm accuracy barrel
and Rem ngton M/00 receiver nmounted i-b3a v-slide. The target plate was
rigidly nounted at 0 degrees obliquity to the weapon. A Doppler radar
tracki ng systemwas al so used to recqrge 4 0j ectile velocity, acceleration,
and tinme of flight fromthe nuzzle to target. For this test, Arny
penetration critepiuso ﬁhzssstﬁé@c()hhquﬂhyb\wiah@llﬁﬁb;tGdﬁyincaté@ﬂmqeo‘f the target
10 plate qualifies as a co L[Pgene ratlon Im@ Itssovved al |
sanpl es aclfirEurde IeY‘ﬂr@ Path ohe UG th at"arge 3? 350Nt ers so
the target was rep(B\Eﬂtl -at Vb5 ndleptly (ingy tI?fF‘s('PdngPePflhe Kagten sanpl e
achieved 5 CPs for 5 rou(ﬁ[bs)fl réosiwhil e the MB55 cartridge)achi eved 3 CPs

for 6 rou”mﬂreu meg get ﬁ@tnen Royed DbacKgto 36 greters. Al this

range, the 2 sagp after fd)ur roun§j§ 15 fijed. The TRI#1
sanpl e achi eved CPsZfor und 0 ired.

f'be target Iat as then noved

fired. Based on tW¥€Ge raQlfits, 205 R50 ﬁa7nge for %bch sar‘hﬁ ewakoo
det er m ned. TRl2 TRI #2 3021 1963

2 3011 2006 4.7 1.4 3.5
3 3019 1996
AVG: 3017 11988 4.8 1.7 3.5 1.46
Lead 1 3021 2069 6.0 4.0 5.0
2 3021 2041 5.7 2.2 5.0
3 3028 2056 6.0 2.4 53

AVG: 3023 2055 5.9 2.9 5.1 1.05

R50 vs. 12.7 mm Aluminum Plate

5 Set-up for this test included a 5.56 mm accuracy barrel and Remington M700
receiver mounted in a v-slide. The target plate was rigidly mounted at O degrees
obliquity to the weapon. A Doppler radar tracking system was also used to record
projectile velocity, acceleration, and time of flight from the muzzle to target. For this

test, Army penetration criteria was used which states that any cracking of the target

10  plate qualifies as a complete penetration. Initial results showed all samples achieved
complete penetration (CF) of the target at 350 meters so the target was repositioned at

355 meters. At this range, the TRI#1 sample achieved 5 CPs for 5 rounds fired while

the M855 cartridge achieved 3 CPs for 6 rounds fired. The target was then moved

back to 360 meters. At this range, the TRI#2 sample had no CPs after four rounds
15  fired. The TRI#1 sample achieved CPs for 6 rounds fired. The target plate was then
l'noved back to 365 meters where the TRI#1 sample achieved 2 CPs for 6 rounds fired.
Based on these results, the R50 range for each sample was determined. The TRI#2

and M855 cartridges each achieved an R50 range of 355 meters. The TRI#1 sample

had the greatest R50, 363 meters. Muzzle velocity and V50 velocity, which is the

20  impact velocity at the R50 range were also determined for each sample. Results of this

test are shown below in Table 25. The score factors in the right side column were



and MB55 cartridges each achieved an R50 range of 355 neters. The TRI#1
sanple had the greatest R50, 363 neters. Mizzle velocity and V50 vel ocity,
which is the 20 inpact velocity at the R50 range were al so determ ned for
each sanple. Results of this test are shown below in Table 25. The score
factors in the right side colum were -54 5 determ ned by cal cul ating the
percentage difference between the farthest R50 range (363 neters for the
TRI #1 sanple) and the R50 range for eaéf-other sanple. As in the previous
tables, the | ower sore factor indicates better performance. Table 25 R50
vs. 12.7 nagddiddsnciiba@bengSeaepabbinadeedifatenvelbetidey RbFaftacsy® 0masger e
Factor Velocity (fps)(fps) TRI# 1304719633 631. 00 TRI #2. 3056 910.3531.02
Lead3060200435%tero forrbe TRI#1 sampleyandi the REP sangedpreach othgfsampte. (s Biihe

equi pnrent used for,this,test he previous test
agai nst th%reé‘PH?ﬁaj?h’ﬁﬁ %Fflﬁ%?r S?\ﬁegéf%?g%d?&p a{)t%gteﬁg%gogﬁgélc%al |y positioned at
10 600 neters fromthe weapon. Cartrirdgr2snere then | oaded and fired single
shot. After each shot the target was inspected and the shot was determ ned
to be valid or invalid. ToR5€ vsoks7 semedluprnug Platashot had to hit the
plate not Il-e A - om-thREefReates e —sSuppor 120 SUge 0 t he
plate. For Sa8Wl¢alid shBEzzlehe p b Ve jeiyn, Ra0Raneq oP OIS AU was
assessed. This proced peat e ith each sanple. After firing the 15
test rounds, the tar gé%{e%rca qgsﬁ/as ingpg sed until the R50 range was

est abl i shed.TRAgai n, the39dadre factot®3in the ri @B side col uldd o. were
determ ned by cal cul ati n% the percentage di ffereg‘se bet ween t1 farthest
R50 range arndltthe R50 ra @éGfor eachl%ltoner sanpl®€’ As in the evi ous
‘tables, a lquer score facfgp indicatggpetter perfggrmance. TaQlg 26

R50 vs. 3.5 mm Mild Steel Plate .
The set-up and equipmént used for this test was the same as used for the
previous test againsf the aluminum plate. The target plate was originally positioned at
10 600 meters from thé weapon..' Cartridges were theén loaded and fired single shot. After
each shot the target was inspected and the shot was determined to be valid or invalid.
To be considered valid, a shot had to hit the plate not less than 1 in. from the nearest
hole, support, or edge of the plate. For each valid shot, the penetration, either full or
partial was assessed. This procedure was repeated with each sample. After firing the
15  test rounds, the target range was increased until the R50 range was established. Again,
the score factors in the right side colu=mwmere determined by calculating the
percentage difference between the farthest R50 range and the R50 range for each other

sample. As in the previous tables, a lower score factor indicates better performance.

Table 26
20 R50 vs. 3.5 mm Mild Steel Plate
Sample ' R50 Range Score Factor
TRI#1 710 m 1.25
TRI#2 620 m 1.43

Lead 680 m 1.30




20 RS0 vs. 3.5 nm M Id Steel Plate Sanpl eR50 RangeScore Factor TRI# 1710
mL. 25 TRI #2620 ml. 43 Lead680 ni. 30 -55 Concrete Bl ock Penetration The
objective of this test was to conpare the penetrati.-on perfornmance of the -
test cartridges when fired into conerete blocks positioned at a range of 50
nmeters from the weapon. Targets consisted of regular 2-core concrete

bl ocks rigidly nmounted on 5 top of a target platform Blocks were held in
place with a 1/4" steel bracket positiefgd over the block and bolted to
the platform Six valid shots (2 per block) were fired with each type of

cartridge. I dvalid if it inpacted a core not
R s LY ST Py

previ ously t was nore than 1.5 in. fromthe edge or
center of the Ulleckbjedtmelofahistths wasto campare dipepenatrplias patorplagte b the

enetrated the front wall _of .the 10 t The onl 0 | es t

(F:)orrpl et el y tpEfaitrides wis i HF%H!%O\R@PcéeEeﬁ’égg‘tsé’ﬁa‘é‘PﬂFqnaéM %4%{%‘%?%68%3 [Qr?“bf t he
6 ds f I

or oduced t HEE MBSOl ATRENATS CBRY ccltrd BIRECE RouRRARYE o

This test wap o«f@mdigstt;ﬂﬁifdrm CRIvplay @entdi&:ldamr;ﬂmermﬁcael/df stehlebraelstt ppsitpeat i | es

and standard prol ectiles when fired at Kevl a (r) e nbat hel nmets at a
range of 1,®30thefleckand olied tothe platdermy, odixvakd Sbtoésr{':fé{ g‘ﬁ@ﬁbwﬁf?sﬁrﬁﬂd’ﬂgh at a

el hang o e Bl | A Mdl%lal SohARLEANEA NP iflibpREGPAOLLI HoP DI

reduce the foun require es were

downl oaded ﬁr@wsuﬂyllsﬁ’éteanﬁhﬂe bul&Owaeteke Hahdch tiy &brrathz&dge oekfter bamlge It
was determ ned that the 5.56 mm MB55 type bullet woul d have a residual

vel ocity ofblaghr Basmef &k e gartigse sampes pampletely pragiraigd thefrent welhof the

-cartridges vver ade r eto
the |arge Fﬁ?unt SPng’r%rgjegta{é@%gP%H%?ebgé %&a esﬁ}%:%cl)% V\ﬂggertgggﬁggésgr%%&el | ant
l'oad, proj egbidchle; ¥ I Pl 6lr@@n@ffﬁwdcﬁwawm@m@rpenetaambat iMnatdtage TREH2
standard cartri dges Five valid 25 rounds of each type were then fired at

t he hel met . sa@pée prodneeddhe trasttdasagpl e was fired at the front, top, back,
|l eft side, and right side of the helnet. Inpact velocities for each

Kevlar® Helmet Penetration at 1,000 Meters

15 This test was conducted to compare the performance of the test projectiles and
standard projectiles when fired at Kevlar® lined combat helmets at a range of 1,000
meters. For this test however, targets were positioned at a reduced range of 50 meters
in order to increase the hit probability and reduce the number of rounds required for
this test. Cartridges were then downloaded to simulate the 1,000 meter velocity at a

20 50 meter range. It was determined that the 5.56 mm M855 type bullet would have a
residual velocity of approximately 261 mps (856 fps). To achieve this velocity,
cartridges were loaded with 3.8 grains of Bullseye powder. However, due to the large
amount of free case volume resulting from the reduced propellant load, projectile
velocities showed slightly more variation than the standard cartridges. Five valid

25  rounds of each type were then fired at the helmet. One round of each sample was fired”
at the front, top, back, left side, and right side of the helmet. Impact velocities for each
of the samples were within 3.5% of the desired velocity of 261 mps. Overall, the TRI
#1 and TRI#2 samples achieved the best results, penetrating the helmet at each of the
five orientations. The lead projectiles on the other hand, achieved penetration on only

30 3 of 5 shots even though all impact velocities were within 3.5% of the desired velocity.



of the sanples were within 3.5% of the desired velocity of 261 nps.

Overall, the TRl - #1 and TRI #2 sanpl es achi eved the best results,
penetrating the helmet at each of the five orientations. The |ead -
projectiles on the other hand;- achi eved penetration on only 30 3 of 5 shots
even though all inpact velocities were within 3.5% of the desired velocity.
-56 Table 27 Kevlar(r) Helnet Penetration at 1,000 Meters Sanpl ePoi nt of
Mizzl e | npact Conpl ete |npact Vel ocity-(fps) Vel ocity (nps)Penetration TR #
1Top281271Yes Back265254Yes Rt. Side266253Yes Lft. Side252243Yes

Front 272260Yes AVG 267256 TRI #2Top27T26&YES Back278268Yes Rt. Side262252Yes
Lft. Side292278Yes Front 270260Yes AVG 276265 LeadTop280270Yes Back276265Yes

Rt. Side268260No Lft. SKeabr@Mdvimes Henetrationsy lfORMetey8263 Soft Recovery
Test

Sample Point of Muzzle Impact Complete
Impact Velocity (mps)  Velocity (mps) Penetration

TRI#1  Top 281 271 Yes
Back 265 254 Yes
Rt. Side 266 253 Yes
Lft. Side 252 243 Yes
Front 272 260 Yes
AVG: 267 256

TRI#2 Top : 277 268 Yes
Back 278 268 Yes
Rt. Side 262 252 Yes
Lft. Side 292 278 Yes
Front 270 260 Yes
AVG: 276 265

Lead Top 280 270 Yes
Back 276 265 Yes
Rt. Side 268 260 No
Lft. Side 279 267 Yes
Back 262 252 No
AVG: 273 263

Soft Recovery Test

5 This test was conducted to obtain information on the condition of the

projectiles after being fired into a simulated target berm. The target berm in this case
consisted of sandbags which were positioned 100 meters from the gunner. A witness
panel was placed behind the sand bags to determine if the projectiles completely
penetrated the sand bags. After firing 15 to 20 rounds into the berm, the sand was
10  sifted through a screen and the projectile fragments were recovered and photographed.

New sandbags were used for each sample tested.

The TRI#1 and TRI#2 cores did not demonstrate the same high degree of
fragmentation after impact. A larger percentage of these cores were recovered both

15  within the jackets and in pieces separate from the jackets. The TRI#2 cores



5 This test was conducted to obtain information on the condition of the
projectiles after being fired into a sinmulated target berm The target berm
in this case consisted of sandbags which were positioned 100 neters from
the gunner. A witness panel was placed behind the sand bags to determ ne
if the projectiles conpletely penetrated the sand bags. After firing 15 to
20 rounds into the berm the sand was 10 sifted through a screen and the
projectile fragnments were recovered and-pBot ographed. New sandbags were
used for each sanple tested. The TRI#1 and TRI#2 cores did not denonstrate

the same hi ghefeghe fifhg. frFaAGERAE ’Rbhamtafio®y werpieh .cofpaidgrr theevagifuage of
t hese cores were recovered both 15 within the jackets and inlqpi eces

separ at e frothresheld disktetvslueT N TRV} 2asc detesming@ bie ghe wiyinedcan (Gagéerence of
Particul ate oncentra]é‘idons v%ge then conpared to the Maxi mum threshold
limit val uesCOMFMAenLdYRPRA SISty t he Anerican Conference of Gover nment
I ndustrial Hygienists. 5 Prelimnary anal ytical data showed sone
significant findings. First of all, the |ead emissions fromeach of the
four testScartri dfeclisamgy esalysigab deledihowmed tsomeagigniiasantriindings. ofirsthef 4ll, ttheit  of

t he standard, service cartridge, T LV for lead, is 0,05 [nB., Results
Shousd o | 1630 FERSeRt AT GAh 1 olome HEs sy iR Fre Wtk CreunE 1o

appr oxi mat el : ' . ROt mak NINS Vet t 10
fromthe tes%‘p@'g?ltn%gfége g‘@é?}?gg’g tg%%?%g#?r/é%ﬂ% %325%9@/ n8. At hougéﬁa?ﬁi S

still excee0D5t hg/MTL\Restilhesteowesl shen teail caraberdratiods dtany rthefseivieed cartridges ons.

Also, silica, which is a primry cenponent of e, nylon used i.n the TRI
sanpl es, was2¥eRgkd FPratimatelyte Me/a i thEmss t}}eergéjisﬁ aﬁhi GERFENHARONMNYtted
Laboratofy d h n it fn%hlnfur hawdndehis Iskipn,
and ni ck£ fgr}o?n \%ﬁeﬁsﬁesggﬁ}gﬁﬁ%ﬁewﬁﬂ%‘af égfm%%c {ewi?garrp e. Néﬁ-%gd%&rsgﬁ
Mat eri al s Evakesetls oie RITidvicthest Rya RegaeableertuaionErfelegy emisSmins.Ri Alge, $ib¢d, onal

Laboratory (ORNL). The, objective of this effor V\%sr?gﬁ evalluate, in dgt ail,
the properti &dich i@ RYBP%GPMPPS}‘?mé)rfdh%P)QBPI“F?‘{/mo eridH- 2RI, wigb detegted at
proposed to : I L.l @,C . a d ted
at ORNL to cgﬁ% H%gtrl] t%%i%@rﬁ%%@cwﬁ*'gwéﬁgﬁg é'sta %%QM%%E?\?WM
descri bed i ncbhichtraf@iardf. sulfis diegidey irbn,amdddcisl tfll hal dekss theeMdItV €or each

15  sample.

Non-Lead Core Materials Evaluation Conducted by Department of Energy -
Oak Ridge National Laboratory (ORNL)
The objective of this effort was to evaluate, in detail, the properties,
20  formability, and stability of non-toxic materials proposed to be used as projectile cores.
A laboratory study was conducted at ORNL to compliment the larger manufacturing
and testing effort described in this report. Issues such as density hardness, elastic
behavior, and chemical compatibility were examined. The following presents a
summary of the results from this study.
25
Mechanical Properties
Samples of each material were tested in compression to determine strength,
modulus, and elastic behavior. A load was applied to the ends of the core samples at a
rate of 0.02 in/min. Load versus displacement information was recorded along with
30  information about the deformation and failure of the material. Hardness was then

measured in Brinell B using a drop hammer technique with a large diameter ball. Four



behavi or, and chem cal conpatibility were exam ned. The foll ow ng presents
a summary of the results fromthis study. 25 Mechani cal Properties Sanpl es
of each material were tested in conpression to determ ne strength,

nodul us, and el astic behavior. A |load was applied to the ends of the core
sanples at a rate of 0.02 in/mn. Load versus displacenent information was
recorded along with 30 information about the deformation and failure of the
material . Hardness was then neasured in Bfinell B using a drop hammrer
technique with a |arge dianeter ball. Four -57 denonstrated the |east
amount of fr afepdpstiratey tiod least andunt ofifphgibilitySef ell abe sanmpitses SeferaltshmpRs of
cartridges were recavered while reasgnably stil] .intact. Lead projectile
fragments corfi‘F%etcéH”éB‘?sr?ﬁ?rPF?FOBFTCFMét’e%i’@@&sﬂdﬂtaﬁead chunks 5 which
nost closely resenbled the TRI#1 fragnents. The table bel ow shows the
average wei ght of the seven |argest recovered core fragnents of each type.
The TRI#2 proj ectlidadsprojettilaepmgets contised etlmially dfgagies piedasamdokadbhunkbe
sanples tested.., Although this test was conducted with a |imted nunber of
rounds under Whightrast dosslyr mserabled sheli iRIghTagmeanss. nepepiablgnbalemi shawis ahe of
how easily r et rl 0w 0 | i-n rposes. A
nmass conpari gagz%P’aEF avtp%{gh tr gfg(t)ﬂvgg%’egah g%rgf%c&elx\weelrei)?%%n%?é@gﬂxg og heg\c/\lglfl ‘TiﬁFe

28. Tabl e 28 PRERagejcbhiles &f aResgy eemellrthé Gahést Gndsk agr@INthe dafApRis N8dted.
Sanpl eAver age Mass of Recovered Fragnments Score Factor gGr ains) TRI#
129. 41. 68 TRIAphnyeh 1thpoteste axas 7copduaed Mt exiimitel membeof rgendscurdensightly

testing was cgndu t.the, ARDEC Arrmagent Technol o Faci . . Thi.s, test
assessed t he Lé%gggg%ﬁ&e{lﬁ' 1065,?1 |scnﬂ|2}yac§eeanelﬂfrﬁ‘§§i'°&n§ ifot)”o?ﬁs?%éec(?&?r?{?]?E&%ee@ate"g]s
: 10 will be for recycling purposes. A mass comparison of the recovered projectile
fragments is shown in Table 28.
Table 28

Average Mass of Recovered Projectile Fragments (Grains)

Sample Average Mass of Recovered Fragments Score Factor
(Grains)

TRI#1 29.4 1.68

TRI#2 49.4 1.00

Lead 37.9 1.31

15 Toxic Fumes Test
Toxic fumes testing was conducted at the ARDEC Armament Technology
Facility. This test assessed the gaseous and particulate emissions from the cartridges
when fired. For this test, an M16A2 rifle was mounted in a hard stand enclosed in a
sealed chamber. Five firing trials were conducted using each of the five cartridge
20 samples. For each trial, 30 rounds of ammunition were loaded into the magazine and
fired into water trap 21 in ten 3-round bursts with 3-5 seconds between bursts. Gas
and metal concentrations were monitored during the firing and for a 30-minute period
after the firing of each trial was completed. Sampling points were located 6 in. to the
left and right of the buttstock as well as directly behind the buttstock. These locations

25  which are illustrated in FIG. 32, were chosen to simulate the position. of the gunner's



when fired. For this test, an M6A2 rifle was nounted in a hard stand
enclosed in a sealed chanber. Five firing trials were conducted using each
of the five cartridge 20 sanples. For each trial, 30 rounds of amunition
were | obaded into the magazine and fired into water trap 21 in ten 3-round
bursts with 3-5 seconds between bursts. Gas and netal concentrations were
nonitored during the firing and for a 30-mnute period after the firing of
each trial was conpleted. Sanpling poi?s were located 6 in. to the |left
and right of the buttstock as well as directly behind the buttstock. These
| ocat i ons m&stifeinehtsavere itdded iy tht @dlished Fr@s s8tjonsemethriecsmelm of thesinaghiat e t he
position. of the gunner's -59 neasurenents ken on the polished cross
sections camples aad shectvedre yaeesuetertng aveg%‘ge b e al&'ﬂﬁe%{ [Rechaiea) PrORATIES wer e
t hen avera q] Caﬁgglated mechani cal properties are shown below. 5 Table
29 Sunnarjg%f(ﬁ% aht cal Properties of Non-Lead Materials Sanpl eDensity

(g/ cc) Conpressive Conpressive Hardness Strength (ksi)Mdulus (Msi) (Brinel

B) TRI #110.35 +0.8110. 09+0. 021. 01 +0.12165. 7+50. 2 TRI #28. 80+

1.139. B4+0. 410. 79+0. 08145. 8+39. 1 Pb-§3bleBH10. 94. 14. 090 (approx.) * Used a
reference materi aI | n_addi E.M)n tolctapﬁ o%ﬁ?&(ﬁ’N(ﬁlbiegéM&teﬁaﬁf conpr essi ng

the materials to a‘f'ﬂ 5¥ eren ressures were studi ed.

Three speci of e h terial re 10 ed to.a diangte 0. 224"
at pressurege“b‘?Sle gﬁ(ﬂgffﬁ) ksﬁ‘e ffws, PRV ei ghit s measur ed
prior to conpressi on_ Parts were f ! S
appl i ed to T#h ends &0.36He. 81;arrpI1@ 09Th@090ad llvﬁb *aBdlzl ed Lﬁﬁ?r*i% punch
nmovenment stERIgRd and 880 +hieh3 hel d9.74r B4kecondg9 Vhed t hel4o&d 38k renoved
“the part vmse¥,rgexdi at el yoej ected, wet.ghed and neddured. SPOdppsoxer e
nmeasured dgai n Lo L PUT.AREESHh@Figr to assess the tinme dependent elastic

(r)eggo? ieom(‘) 4t Pﬁln”ﬁ]dft dél 0 the%%feiﬁtﬁdll%rﬁfe%fs offfonifEssiy thd niRRlIER & 1Rared

diameter at different pressures were studled Three specimens of each material were

10  pressed to a diameter of 0.224" at pressures of 50, 60, and 75 ksi. Each specimen was
weighed and measured prior to compression. Parts were inserted into a die and a load
was applied to both ends of the. sample. The load was applied until the punch
movement stopped and was then held for 5 seconds. When the load was removed the
part was immediately ejected, weighed and measured. Samples were measured again

15  four weeks later to assess the time dependent elastic response of the materials. The
diameters of the TRI#1 samples expanded 0.02 to 0.04 in. while the TRI#2 sample

diameters increased approximately 0.02 in. over the four week period.

Table 30
20 Recompression Densities
Sample Density Density Density
(50 Ksi) - (60 Ksi) (75 Ksi)
(g/cc) (g/cc) (g/cc)
TRI#1 10.36+0.36 10.55+0.28 10.43+0.17

TRI#2 8.57+0.31 9.02+0.31 8.51+0.58




di aneters increased approximately 0.02 in. over the four week period.
20Tabl e 30 Reconpression Densities Density Density Density Sanpl e(50 Ksi)
(60 Ksi) (75 Ksi) (g/cc)(g/cc)(g/cc) TR # 110. 36+0. 3610. 55+0.2810. 43+0. 17
~TRI #28. 57+0. 319. 02+0. 318. 51+0. 58 -60 Chemi cal Conpatibility Core sanpl es
were al so exposed to chem cals which would likely be encountered during
manuf acture, handling, and processing. These included water, acetone,
i sopropyl al cohol, and ethyl acetate.-bfdi vidual cores were wei ghed, 5
measured, and visually exam ned prior to exposure. Sanples were then placed
inal5 nhdRlarasmitivigycontaining 10 nml of the solvent. After 24 hours
of subnersion the sanples were renoved, dried, weighed and vi sual
exani ned. Sanpl @srewsampleh ewereqalsok leypesed uttmeshgairatsoviieh aterldi Blely ée days

arier uhl o (TR AN SATRLCSvere OB, A 9R00R0C ML Al VR L I
Cest resul TR aPe S R T L e s ot b Tty
Resul t 5 AGEIfNE, Sadpisedliyi dxaminédipgior Ve expriswes. gbemphes white then placed in a 15
mL Nalgene bottle containing 10 mL of the solvent. After 24 hours of submersion the
samples were removed, dried, weighed and visually examined. Samples were then
quickly resubmerged for an additional 4 days after which time the samples were again
weighed and examined. Overall, in terms of weight change and surface texture,

10  solvents had little effect on the TRI#1 and TRI#2 samples. A summary of the chemical

compatibility test results are provided below.



(24 hrs.) (5 days) Change (grans)(grams)(grans)(grans)
TRI #12. 0482. 0482. 0480. 0. TRI #21.81 11.8111.8110.0 Surface Change No change
‘No change ETHYL ACETATE: Sanple-lnitial Wight Wight Wight Wight (24

hrs.)
2.013

(5 days) Change Surface Change (granms) (grams) (grans)(grams) TRI#1
2.014 2.013 0.0 Slight discoloration TRI#2 1.775 1.775 1.776+0. 001No

change | SOPROPYL ALCOHOL: Sanple Initial W.ight Wight Wight Wight (24

hrs.)
1.918

(5 days) Change Surface Change (gslans) (grans) (grans)(grans) TRI#1
1.919 1.920 +0.002

Table 31
Chemical Compatibility Results
ACETONE:

Sample Initial Weight Weight Weight Surface Change
Weight (24 hrs.) (S days) Change

(grams)  (grams) (grams) (grams)

TRI#1 2.048 2.048 2.048 0.0 No change
TRI#2 1.811 1.811 1.811 0.0 No change
ETHYL ACETATE:
Sample Initial Weight Weight Weight Surface Change
Weight (24 hrs.) (S days) Change
(grams)  (grams) (grams) (grams)
TRI#1 2.013 2.014 2.013 0.0 Slight discoloration
TRI#2 1.775 1.775 1.776 +0.001 No change
ISOPROPYL ALCOHOL:
Sample Initial Weight Weight Weight Surface Change
Weight (24 hrs.) (5 days) Change
(grams) (grams) (grams) (grams)
TRI#1 1.918 1.919 1.920 +0.002 Surface washed out
TRI#2 1.849 1.849 1.849 0.0 No change
WATER:
Sample Initial  Weight  Weight  Weight  Surface Change
Weight (24 hrs.) (S days) Change
(grams)  (grams) (grams) (grams)
TRI#1 2.016 2.015 2.016 0.0 No change

TRI#2 1.832 1.831 1.832 0.0 No change

Conclusions & Recommendations

5 Projectile performance was evaluated based on existing requirements, where
applicable, or on the basis of the best overall performer during a particular test. Score
factors were then assigned to each candidate for each test. No score factors were

given for the Kevlar® helmet penetration test due to the variation in projectile



Surface washed out TRI#2 1.849 1.849 1.8490.0No change WATER: Sanpl e.
Initial Weight Weight Wight Wight (24 hrs.) (5 .days) Change Surface
Change (grans) (grans) (grans)(grans) TR1# 1 2.016-2.015 2.016 0.0 No
change TRI#2 1.832 1.831 1.8320.0No change Concl usi ons & Recommendati ons 5
Projectile performance was eval uated based on existing requirenents, where
applicable, or on the basis of the best overall perfornmer during a
particular test. Score factors were tben assigned to each candi date for
each test. No score factors were given for the Kevlar(r) hel net

penetrati . I cait, L I j i 5 V. id 88

resul ti ng%%}céc%§%sh%§]rﬁghg cft(ra(gﬁ pérf%ptae?}lgﬁ{] ptlr:(?]bae?élgjs @Hé\;ﬁ%i hwgif% ? eﬁ%ﬁéd: Eaer%%unna}al

per f or mancgrfoffnh®de. t £B¢r teglingawac corppleteddthetsaeres ovare sotaled ent arapedenind ar e
presented in the tables below, The first.table provides oppari.son of

a c
the di mensinofigl tablesi oW ¢ v D6 figshdabler Rrovidady 2, Somppiieg pf 4P dineRong ¢ h
respect to specificatio di L r [ $1S. C : shows
a conpari slgﬂﬂ%gfuti’ h%ta %ﬁ I%logcisi %%E%$W%r%r@g}é gt?lggerg‘gl&lﬁcrg I Ej:tt% eg hﬁcgghgr al ,
the best p@EhfeRsiom Sehliirdniings. baltle sédoad tablef shonans eonphadgnr vf hthd teilistier t he

smal | est di spersion or achieved the nost signjficanf target e,ffeaﬁj%s_ in
terns of spdrformanegerf daphgendidatsar dn tgangel. Benbest aRq‘Eﬂ'i‘.“erfomBé%‘écP U he

t est d d and t ' t had . T t - Ny
1501y comOSiaaie sHereRedrdnruE A8 Fpaf (il or Riedved whOShaR I 0N
ﬁf f glr S MBye QKRR thrpst diftetstifdring Of soft Raght daniageiof Batdamgei peletrdion. ough

‘handl 1 ng,

10 Based on the tests conducted and the scoring methodology used, the TRI#I
tungsten-Nylon 12® composite is an acceptable substitute for lead antimony. Any
future efforts may expand on the testing already conducted and include rough handling,

weapon compatibility, and barrel erosion testing.

Criteria TRI#1 TRI#2 Control

Core Dimensions 133 24.3 16.8
Bullet Inspection 5.06 10.73 5.72
Bullet Inspection (Fixed Gage) 1.33 1.56 0.07
Total (Dimensions) 19.69 36.59 22.59

15



weapon conpatibility, and barrel erosion testing. CriteriaTRI #1TRI #2Contr ol
Core Di nensionsl13.324.316.8 Bull et Inspection5.0610.735.72 Bull et

| nspection (Fi xed Gage)1.331.560. 07 Total (D nensions)19.6936.5922.59 15
-63 Tabl e 32 Final Score and Ranking CriteriaTRI #1TRI #2Cont r ol

D spersionll. 0811.1213.71 Gelatin @10ntl. 191. 161.28 Celatin @

300mlL. 111. 211. 00 Cel ati n/ PASGT Vest1.131.171.09 Cel atin/Auto

d assl.121.341.03 CGelatin/Auto 3 ass (45p%. 001.461. 05 R50 Al

Pl atel. 001. 021. 02 R50 Steel Pl atel.251.431.30 Recoveryl.681.001. 31 Tot al
(Bal l'i stics)?20.5620.9122.79 5 EXAMPLETYbfe®zpoundi ng Processes Two
conmpoundi ng processes are applicable for the production of high density
conposite materials, nanel y bat qubrsage’smmgaamgcontl nuous proce55| ng.
Batch proce . C and
cont i nuous 1Crmme55| ng ut| lizes a si W@Iél or doubTRI#Z:r ew Control

conpoundi ng=gxtTuder—Tachime: mqmnﬂrh‘g—ﬁﬁﬁ‘ggs_lm_rgwmce

t ungst en pomﬁgpf WI on 12(r) conposite ‘material is déscribed below Batch
Compoundi ng GER6E & 100 The first step pflothis process is to prepare a
tungsten powder mXxture

Gelatin @ 300m 111 1.21 1.00
Gelatin/PASGT Vest 1.13 1.17 1.09
Gelatin/Auto Glass 1.12 1.34 1.03
Gelatin/Auto Glass (45) 1.00 1.46 1.05
R50 Al Plate 1.00 1.02 1.02
R50 Steel Plate 1.25 1.43 1.30
Recovery 1.68 1.00 1.31
Total (Ballistics) 20.56 20.91 22.79
5 EXAMPLE V

Compounding Processes

Two compounding processes are applicable for the production of high density
composite materials, namely batch processing and continuous processing. Batch
processing utilizes &*‘Brabender or Banbury type batch mixer and continuous

10  processing utilizes a single or double screw compounding-extruder machine. Each
compounding process used to produce tungsten powder/ Nylon 12® composite

material is described below.

Batch Compounding Process:

15 The first step of this process is to prepare a tungsten powder mixture
comprising a 2 to 40 micron particle size. Then, stainless steel fibers are prepared with
a length of 0.125 inches and a diameter of 75 microns and Nylon 12® fine powder

material is prepared with a 0 to 80 micron particle size.



conprising a 2 to 40 mcron particle size. Then, stainless steel fibers are
prepared with a length of 0.125 inches and a dianeter of 75 m crons and
Nyl on 12(r) fine powder material is prepared with-a 0 to 80 mcron :
particle size. -64 A Brabender or Banbury batch mxer is heated to the nelt
tenperature of Nylon 12(r) (480 degrees F) and a neasured quantity of

Nyl on 12(r) powder is introduced into the batch m xer and allowed to nelt.
Meanwhi | e, the tungsten powder m xturé&4and stainless steel fiber are
heated to 480 degrees F. 5 A neasured quantity of tungsten powder m xture

is gradual ly adgefrdhenddi€or BidRiy ba{ch) miRf & hadted Ro tihe it Enplr@re Wt i |
the required material mx ratio 1s achieved. Then, a neasured quantity of

st ai nl ess Nyleel 17® b@R0i deggeeadbnlahy aduesired quastityunfySiydon 12@wvpewddylion

12(r) mxture in the batch m.xer yntil the r ired. hi densj t 1

compbs! 1. WHORHGRIING e PEEh GRS agf AIRVEES TG MAHePRAgh (BN ErA Ehhposi ¢ o
material i :fed i Bt0iAeS GBI bFiiBted (HB0 dab@las densi ty conposite nateri al

is extruded as thin dianmeter rod fromthe extruder into a gquenching water
bat h. T™he cool ed solidified high density conposite nmaterial 15 extruded rod
is fed fromthe quenching bath into a pelletizer, which cyts the extruded
hi gh density coﬁ’p%i‘sﬂ‘éedng‘t‘aéﬁt‘ithlofrt‘b%sf‘?‘?t Bo%‘iqr I r@p%qrefﬁgrwaﬂgtagdgcféott &n

sut tabl & f Qion! 1912kl iRALhAI6h RixcP WRAFHERAUALE nlREridTRIE TS & Iﬁghilgved.

;
conposition’into a variety o apes. 2 ti nuous npoundi n rocess:
The tungst erhepoavihtsasursd gumtitg of Stainledsistéeb fiber, isgyraldisily adddd® (o theptuagdsten ar e
prepared according to the specjfications described for the batch .
conpoundi nEepesEdEen AlG enixpure gthe batchonwres Wit elhiec suirgtolygh density

"~ compou ingggé%hgggﬁyﬂgﬁﬂéggkﬁga@ﬁg&gq' 25 to the nelt tenperature of Nylon
: u

12(r) (480 rees sten powder m xture and stainless stee
fiber are heated to 480 degrees F. A netered quantity of Nylon 12(r) powder
and tungsten powder m xture is introduced into the front end of the

conti nuous conpdbaditenighudpasity pompesiiedaatamnl dy st intoya serepigigaiden goader

m xture anHigﬁtd%rimsnftly%sé%np%gi?eerlnageirigleirs ekt%u&%da%qhi'n%gmétgre ro'd(\}?om the extruder into
' a quenching water bath. The cooled solidified high density composite material

15  extruded rod is fed from the quenching bath into a pelletizer, which cuts the extruded

high density composite material rod into pellets. The pellets are then suitable for

injection molding or other methods for molding the composition into a variety of

shapes.

20  Continuous Compounding Process:
The tungsten powder, stainless s’ ekidiber, and Nylon 12® powder are prepared

according to the specifications described for the batch compounding process above.

A single or double screw continuous compounding-extruder machine is heated
25  to the melt temperature of Nylon 12® (480 degrees F). The tungsten powder mixture °

and stainless steel fiber are heated to 480 degrees F.

A metered quantity of Nylon 12® powder and tungsten powder mixture is
introduced into the front end of the continuous compounder-extruder. A metered

30 quantity of tungsten powder mixture and stainless steel fiber is added into the



conti nuous conpounder-extruder at one or nore fill ports |ocated down
stream on the conpounder until the required high density conposite
material m X ratio is achieved. The high density conposite material is
extruded as thin diameter rod fromthe 5 conpounder-extruder into a
guenchi ng water bath. The cool ed solidified high density conposite nmateri al
extruded rod is fed fromthe quenching bath into a pelletizer which cuts

t he extruded high density conposite matesial rod into pellets. EXAVPLE VI
10 Tungsten Conposites for use in Recreational Applications Fishing

Har dwar e Lecgb%tlﬁu&ﬁe#%p%hn@ér-eﬁxﬁﬁﬁsat %rng of hl{orrg A rt§ 16t ddGwl %frbﬁﬁ§ Qfle

fi shing haradware applicatiron o e prese Invention IS | from
a commer ci addnffun@ér tidtidpedquited high m@ty eatdpqsmsemtmzﬂ @ik cattnisgehieteal.
wildlife, as well as |akes, rivers and streans. Mdst 15 sinkers are from
about 1/32 to about 1/2 oz., and have been traditionally nmade of | ead.

Al ternative com@@‘#&g&r@%ngﬂ&f@u EE Pral 6] NS B8P T, kBBl Brl 00

powder / pol yner corrpounds ave, ovvever i sa vant age

of havi ng | gsspianstédsuderninto b ausndiingewvaebbdtki Ghepoofdd selitlifiet iieH dersity whi ch
may offer negative clues to the fish.  Fishing applications include, for

exanpl e, ] i gimegdite matarial wgngmigod tsrigdh Iffl@al the\quienehing bath inte| 4 pelletiaer, whieh ght ed
hook k hottomb Th t
vent or s reietRaCHRREh i SEhEo AR R PREERIS: | Dr g et ungst en

powder/ Nyl on 12(r) conposite. These weights, which have a density of about
11.0g/cc, are shown in FIG 24. -66 Hobby Applicati ons Hobby Applications
represent a further use for the i nsEXAMEBEPSkiti ons. For exanple, nodel

trains engines depend on having the maxi num possi bl e engine weight to

preventjovheel sl i ppaamesibh@Sanposdics 66 wetn Farpdabndl Applicaterd e and space
inside 5 these snall m)dels is limted, so that high density is inportant

i n obt ai ni nngEnl ﬁ§§ v('frq overal | wei ght in scale with the nodel
proportlons % ranes nol ded fromthis material are one application.

A so. | add on” veL ot s, e Bl RIS PLESSL I 1.8 U RS LI e ot
\(/:\glngﬁ'[ cial lynavahliabbg olfﬂ‘?cdpr@%?linvtsﬁ@dmlsa@éi’f ARME c8finftibil-afioh RaddpsiRe
since lead poses a toxic danger to wildlife, as well as lakes, rivers and streams. Most
15  sinkers are from about 1/32 to about 1/2 oz., and have been traditionally made of lead.
Alternative compositions for sinkers include brass, steel, and iron powder/polymer
composites. Such compounds have, however, the disadvantage of having less density,
and thus give a bulkier profile to the lure, which may offer negative clues to the fish.
Fishing applications include, for example, jigheads, worm weights, crankbait weights,
20  split shot, weighted hooks, jigging spoc;ns, bait walkers and bottom bouncers. The .
present inventors have constructed jigheads and worm weights utilizing a tungsten

powder/Nylon 12® composite. These weights, which have a density of about
11.0g/cc, are shown in FIG. 24.



10 that is nade of tungsten powder/nylon and has a density of about
11.0g/cc. EXAMPLE VII Alternative Tungsten Conposites Applications

Radi ati on Shi el ding 15 Tungsten is an excellent radiation shield materi al,
but is difficult to work with in solid form The injection noldable |ead
repl acenent according to the present invention solves this problem since
the material may be used to formradiation shield parts for all nenbers of
t he medi cal x-ray and gamma ray equi préiet- i ndustry. This high density

mat eri al has t he advantage of superior structural strength when conpared 20
to | ead. ALpIftalichd @l may be used to manufacture clothing used by
radi ati on gﬁstry wor kers for protection agai nst the effects of ionizing

radi ati on. Test of, Sheet Materia ol r|aI S erial
of tungsten con%gw é\pﬁﬁ‘fagﬂof’%f%pr%efl e? r<'§1}(E:)eerd'>é gﬁsﬂaﬁlﬁllgsée fofORR Séyonsg?t il m
with 6 pieggsd Au@&qin@fns\éﬂgmwgeﬁeha@mﬁsmﬁ th maRinfin? pobdMsIBRAgind ReeigANP! es
of the present i'nvention wefe conpared to [ead of 0.125 |nches thic The

sanpl es wetepreventadieat dippagnd Thess éngings mmdwﬂtb@édoeﬁ@dle%@e@@e@lrﬁ@ﬁ t he

at or i 4 OSoTAL RSOk EReh 50 Abaiis g ke Rpreals i PP eéﬁé}ﬁaﬁn'% X as

set forth gboyewad 1@s§éﬂé Rhitfli tRY nfsei y@peﬂroylsofm%mrﬁmmn@mwﬂ?&h
0. 150 inches of sheet lead. In another exanple, material 0.50 |nches th| ck,

and conpr imtenig! afeeomwhpphca@@) Adsoypladd-aint Iweights madssofstheepresértvanatenal set
forth above, eId r oxi mat e.shi el di U|valen 87 _inches
of sheet Ié’é?él Hlt‘?‘*’g i mg t@“é?‘@‘?%cﬁ‘gts ﬁ‘?lﬁlgaﬁn?fy leeﬁx&ﬂe} 72|5

form had s & é&mgrcﬁﬂylavalast&qxa@&oﬁ A tRER d- @Jp%r D vith ARa Grek 2nciches
of lead. In other tests, “sanples of e conposites of the present vention
wer e t g&t echat isGndderoftthegstenesideningleh apd bpes demsgy afabadildtlgder. shi el d
conponents. Sanple Al was a tungsten/Nylon 12(r) non irradiated conposite;
sanple A2 was a tungsten/Nylon 12(r) conposite irradiated with 38400

Roent gens; sanple Bl was a tungsten/Nylon 12(r)/stainless steel fiber,
non-irradi ated conposite and sanpl BEXBMREE W t ungst en/ Nyl on
12(r)/stainless steel fiber conposite irradiated with 38400 Roentgens.

Alternative Tungsten Composites Applications
Radiation Shielding

15 Tungsten is an excellent radiation shield material, but 1s difficult to work with
in solid form. The injection moldable lead replacement according to the present
invention solves this problem, since the material may be used to form radiation shield
parts for all members of the medical x-ray and gamma ray equipment industry. This
high density material has the advantage of superior structural strength when compared

20  to lead. Also, the material may be used to manufacture clothing used by radiation

industry workers for protection against the effects of ionizing radiation.

Testing of Sheet Material of Polymeric Material

Sheet material of tungsten composite materials were placed on a piece of x-ray

25  film with 6 pieces of lead of varying thickness' up to 0.25 inches. The samples of the
present invention were compared to lead of 0.125 inches thick. The samples were
irradiated, and the film was developed and assessed for the ability of the samples to

prevent film fogging.



15 Sanples A, Bl, A2 and B2 were conditioned at 25C and 50% RH for a
period of 48 hours in an environnental chanber prior to testing. The
sanples were then tested in'a universal testing nmachine using a crosshead
control nethod. The results are presented in Table 33. 20 Al B1A2B2 File
Nunber L6- 67322L6- 67324L6- 67323L6- 67325 Tensile Strength

(psi) 6, 3067, 2577,0887,698 Yield Strength (psi)5,517*6,694 El ongation-0.5
in. (9-1.0-0.5-1.0-0.5 * Sanpl e broke @efore the yield point was reached.
Putty I n another exanple, a polyurethane resin putty and tungsten powder
are mxed W than,actiMaser mapktiatho 250 eifcked fHickmaad f t@upridigy rTht eNylh. A
representative fornulation 25 for the putty conprises 2100 grans of

t ungst en paa@érolys@anixfassetfoathiabpve; had aFbielding squivadensy of dperoximaselzdlatgr ans

f TECHTHANE 425 | h | ific. ' = 1.11). Th
Fi nal i xt 6F & WRsnan TR eaauPryPeate oot oo me <l P tidtang! ans
of putty I %oﬁ})éﬁg%\’\‘ietlb¥lé9 1982 RpH whell SRS sRA0AKHE 2 dev Fordindbowd! hRIRM O

cure at room tenperatu O her "thernosetting nmaterials include fhose

listed §n TRahkpproxtnaesdhitrliigee@bvaldnchelf Ovii87Tiattee af4héet dead. pbdbirthlemample
thernoplastic materials that can he fille ith.the tungsien p er
oSt | onsdt i chseish Ak JHE o foragrd S aieBRc B alrare BF fetveen
t her noset r'%{ hedbfl present invention. -69 Table 34
Thernnplasggéﬁwg e%ﬁgﬁngﬁgt can be used in the conposites of the present
I nvention Acrylics Honopol ynmer and Coppol ynmer Acetals Acrylo
nitril e-Butadi ene- Styrene ) ) )
In other tests, samples of the composites of the present invention were tested
10  for their mechanical properties as radiation shield components. Sample Al was a
tungsten/Nylon 12® non irradiated composite; sample A2 was a tungsten/Nylon 12®
composite irradiated with 38400 Roentgens; sample Bl was a tungsten/Nylon
12®/stainless steel fiber, non-irradiated composite and sample B2 was a

tungsten/Nylon 12®/stainless steel fiber composite irradiated with 38400 Roentgens.

15
Samples Al, B1, A2 and B2 were conditioned at 25°C and 50% RH for a
period of 48 hours in an environmental chamber prior to testing. The samples were
then tested in a universal testing machine using a crosshead control method. The
results are presented in Table 33.
20
Al B1 A2 B2
File Number L6-67322  L6-67324  L6-67323 L6-67325
Tensile Strength (pst) 6,306 7,257 7,088 7,698
Yield Strength (pst) 5,517 * 6,694 *
Elongation-0.5 in. (%) ~1.0 ~0.5 ~1.0 ~0.5
* Sample broke before the yield point was reached.

Putty

In another example, a polyurethane resin putty and tungsten powder are mixed

with an activator, which cures to form a flexible material. A representative formulation

25  for the putty comprises 2100 grams of tungsten powder (specific gravity = 19.35)
mixture blended into 300 grams of TECHTHANE 425 polyurethane prepolymer
(specific gravity = 1.11). The final mixture has a specific gravity of about 6.3. For



Thernopl astic Fluoropolyners |ononers, Polyan-ddes Polyam de-im des

Pol yacryl ates Pol yet her ket ones Pol yaryl Sul fones . Pol ybenzi m dazol es

Pol ycar bonat es Pol ybut.yl ene Terepht hal ates Pol yether ini des Pol yet her

Sul fones Thernopl astic Polyimdes Thernoplastic Pol yurethanes

Pol yphenyl ene Sul fides Pol yethyl ene Pol ypropyl ene Pol ysul fones Pol yvi nyl
Chlorides Styrene Acrylonitriles Polystyrenes Polyphenyl ene Ether Bl ends
Styrene Ml ei ¢ anhydrides Pol ycar bonat®8s” Pol ynmet hyl Met hacryl ate

Pol yoxynet hyl enes Mnsanto, Dow Chem cal, Borg Warnar Chemnicals Cycol ac
tradename 0dej 600 gBarpplof euttgos Inoxed pathy1Q gydmsleh ETHACHURE$00 Suratiye and

tradename f Pr DuPont Product
allowed to cure at room temperature.

Other thermosetting materials include those listed in Table 34 and Table 35
5 below. Table 34 lists possible thermoplastic materials that can be filled with the
tungsten powder compositions of the present invention. Table 35 shows examples of

thermoset materials for use in the present invention.




Nyl ons Condensation product of aromatic diamnes and trinellitic anhydride
Pol yhydr oxyet hyl met hacryl ate Amoco Performance Products Amoco Performance
Products Hoechst Cel anese Lexan nmanufactured by G-E. Val ox nmanufactured

by GE  GCeneral Electric Conpany

Advanced Materials G ba Geigy

Cor poration Estane Line B.F.Goodfich, Texin Line Bayer Ryton, Phillips
Petrol eum U trahi gh Mol ecul ar Wi ght and Low WMl ecul ar Wei ght, Hoechst
Cel anese Phillips Petrol eum Anbco Perf@rmance Products B.F. Goodrich Dow

Chem cal Mbbil Borg Warner Chemnicals

Arco Chem cal Conmpany Gener al

El ectric Conpany 5 - T@blecdd ahi3bmoplastichEatdalVahat ¢al be ubalincan be used in
the conposites of the presfeicompysitdsio?thdpléskst ivakaododa Conpany  Am nos

Aneri can Cyanam d
Acrylics

Homopolymer and Coppolymer Acetals

Acrylonitrile-Butadiene-Styrene

Thermoplastic Fluoropolymers
Ionomers

Polyamides

Polyamide-imides

Polyacrylates
Polyetherketones

Polyaryl Sulfones
Polybenzimidazoles
Polycarbonates

Polybutylene Terephthalates
Polyether imides

Polyether Sulfones
Thermoplastic Polyimides
Thermoplastic Polyurethanes

Polyphenylene Sulfides
Polyethylene

Polypropylene

Polysulfones

Polyvinyl Chlorides

Styrene Acrylonitriles
Polystyrenes

Polyphenylene Ether Blends
Styrene Maleic anhydrides
Polycarbonates

Polymethyl Methacrylate
Polyoxymethylenes

Monsanto, Dow Chemical, Borg Warnar
Chemicals Cycolac tradename Major
Supplier

Coflon (polyvinylidene fluoride)
Surlyn tradename for DuPont Product
Nylons

Condensation product of aromatic diamines
and trimellitic anhydride
Polyhydroxyethylmethacrylate
Amoco Performance Products
Amoco Performance Products
Hoechst Celanese

Lexan manufactured by G.E.

Valox manufactured by G.E.

General Electric Company

ICI Advanced Materials

Ciba Geigy Corporation

Estane Line B.F.Goodrich, Texin Line
Bayer

Ryton, Phillips Petroleum

Ultrahigh Molecular Weight and Low
Molecular Weight, Hoechst Celanese
Phillips Petroleum

Amoco Performance Products

B.F. Goodrich

Dow Chemical

Mobil

Borg Warner Chemicals

Arco Chemical Company

General Electric Company



Cyanat es Dow Chem cal Epoxi es Bi sphenol A type epoxies and acryl kate

nodi fi ed epoxies wth aliphatic and aromatic am ne curing agents, C ba
Gei gy and Shell Phenolics Resol e and Noval acs Ccci dental Chem cal

Unsat ur at ed Pol yesters Ashl and Chem cal Bisnal ei m des G ba Gei gy

Pol yur et hanes Pol yet her and Pol yester pol yurethanes Silicones Dow Corni ng
Corporation Vinyl Esters Ashland Chem cal Corporation Urethane Hybrids

Ur et hane Acryl ates and uret hane epoxi es’05 A specific exanple of using
Tungsten powder with a thernosetting Epoxy is as follows. 27.7 grans of
Tungsten powder was WehgRRed, iThetmdsak MareRdlsifht &fi Beusedibsequently 5.0

granms of Epon 8111 of an AbSsitRYrkh EHr KRN VRS el ghed into anot her
contai ner to which was i me amél¥gt§%s‘ 3]'(5 gr5 graﬁs o? Shel |l Epi-Cure 3271.

Then 3.6 gr &Ewgf t he m xed epoxy a Saﬁanr%% g;?nt was added to the 27.7 10
grans of Tel e C-8 Tungsten powde Yand t he epoxy were hand
m xed, pl acedMB¥Sween two Tefl on shé’éf“'s“céﬁ yé‘Pqnb‘Q/ed to cure overnight. A
f1exible sabpinetesf Tungsten powder Rpypihemisal produced. Foam 15 A

pol yur et haneEpadxgésd f oam can al so be Bisphdualedtypsiepgxichandarplssatet i ons of the
present invention. The foam was pr oduskfitdupoacts iwitl alipBatgr ansarofmafiel edyne C8
Tungsten powder to 109.9 grans of Pragmwnrﬁglagamg Gibd GHiyBand®Hetinent and
the m xturepyn 3&“ rred. Next 120 qte@@ieaﬁawowmmgewmhﬁéaﬂo A

conponent slurry s pproxi mately twenty
seconds. T@%Ta \{;r?%d%gyets@?s ed 20 é%ahgo# g’licr?gr It quickly rose and was

tack free wiBPHM ‘°mnutes The t rn1y di stributed

r was .unif.0
t hr oughout t?@y\prggmpeqt i's envision eﬂ}ﬁrag‘ﬁ g’Sﬁ?ﬁ 94%‘&8{*1 8% may be
senpl oyed in Silipteder capacity as deflPowé §osnas(REIBAERIY ei n. The hi gh

density foanViayl Esteisnd utility in no%@bméﬁ?dlewqﬁ gerematiRinmi ng, in radiation
shi el di ng anUrethdre Hybtes - 71 Urethane Acrylates and urethane epoxies

5 A specific example of using Tungsten powder with a thermosetting Epoxy is as
follows. 27.7 grams of Tungsten powder was weighed in a beaker and set aside.
Subsequently 5.0 grams of Epon 8111 of an acrylate modified epoxy was weighed
into another container to which was immediately added 0.5 grams of Shell Epi-Cure
3271. Then 3.6 grams of the mixed epoxy and curing agent was added to the 27.7

10 grams of Teledyne C-8 Tungsten powder. The powder and the epoxy were hand
mixed, placed between two Teflon sheets and allowed to cure overnight. A flexible

sample of Tungsten powder epoxy was produced.

Foam

15 A polyurethane rigid foam can also be produced using the compositions of the
present invention. ‘The foam was produced by adding 238 grams of Teledyne C8
Tungsten powder to 109.9 grams of Premium Polymer 475-20 B component and the
mixture was stirred. Next 120 gramis of Premium Polymer 475-20 A component was '
added and the slurry stirred for approximately twenty seconds. The slurry was placed

20  in a container. It quickly rose and was tack free within two minutes. The tungsten
powder was uniformly distributed throughout the foam. It is envisioned that the foam
material may be employed in a binder capacity as defined elsewhere herein. The high
density foam will find utility in noise and vibration damping, in radiation shielding and

the like.



Slurry In certain other enbodinents, the conpositions of the present
invention may be enployed to produce a high density, |ow viscosity slurry.
"Such a slurry nmay be enployed in |ist systens of deep subnerge rescue
vessels or renote operated vehicles, 5 in a manner simlar to the current
uses of nmercury therein. In present systens nercury is transferred between
spherical chanbers to cause list to port or starboard or to change the

di stance between the center of buoyancy’7land the center of gravity. The
list system of such vessels involves the transfer of 10 approxi mately 2800
pounds of gﬁf ry between a reservoir which is low and centered athwart
ships and t er?gort and starboard w ng tanks which are | ocated 45 above the
hori zontal and s céraain otliebembaddimenisothsicomposifipns aflthe peestrs inventiopmeayibeal and
equi pped wth a_ diaphragm which i.s actuated by hydraulic fluid to

di spl ace t KBPIRYEE IR yProfHes a%@ﬁ?&%ﬁ% ?%‘ﬁk‘gscgﬁl ¥185'§t edUER WSS a8 18 ¢l ose

proximty fefr?lpgldégd fPf: %gsté’rﬂg oP&éetpls%le%Fg%%%b v%&]?%r&%embf};eoﬁé?hﬂéd 3RBiclese

struct ural erve as the aft support for the personnel pressure
capsul e5 Thea ks sahitarco troairet bses bf Ber¢uny therin.si de di anet er st ai nl ess
steel tubing and the nercury can be transferred between the reservoir and a
wing tank in 45 seconds representing a flow of about 25gpm 20 Wen such

systems were degj %P%om t%g]gr eerX@-g X1§ faghted Qet?@er{ Yehelids %Ihﬁxfnbé’risdco dafide such

wei ght nodul ati on wever, t Ic nature of mercury nmakes it an

extrenel y gz siausr fatoaiddr foachahiié theplistmasdetviencke aented dBburgtneeards
needed. U. S. atent No. 5,349,915 (i ncorgor&t ed herein by Lefere ce)

descri bes thmgstten dfagraxity.n Bhe dighaYgemnosaeh vesselsyingolyes dheergisternkldi um
for deep subnersibl.e 5.1h It P L 1hVERtdeRfk &Y OVi de
a hi ghqgenfﬂ’?xg’&aﬁﬁ%ggp é PO ET | aI gﬁﬂﬁat{ewnéeyo{)rggé&ggg @g&g&v{gﬁg tIa drer:\e\ IUm f or

trimand | ipftway stigdBnd SeGlbrt aRIRadiohidRingnayks@hichnid Buard 43ttabore bhgh
density slurry conprising solvents, suspension agents, surfactants and
| ubr i cant s.hoTienthl gt afefasioniboaed ay pegsitdg.  Pillethp tenks fre 3pherisaband 6AUIRESA be i n

A S I S R S A
exanpl es i nghail&l tanks are located between and in close proximity to the center and aft
15  personnel spheres, the skin and the structural rings that serve as the aft support for the
personnel pressure capsule. The tanks are connected by 1.25 inch outside diameter
stainless steel tubing and the mercury can be transferred between the reservoir and a

wing tank in 45 seconds representing a flow of about 25gpm.

20 When such systems were designed, mercury was thought to be the ideal fluid
for such weight modulation, however, the toxic nature of mercury mak‘es it an
extremely hazardous material for this purpose. Hence an alternative is needed. U.S.
Patent No. 5,349,915 (incorporated herein by reference) describes tungsten balls in a
tube of hydraulic fluid as a weight medium for deep submersibles.

25

The compositions of the present invention provide a high density composite
material that may be used as a weight medium for trim and list systems. Such
compositions may be configured into a high density slurry comprising solvents,
suspension agents, surfactants and lubricants. The high density material of the present

30 invention may be in the form of high density balls or in the form of a powder mixture in

the slurry.



castor oils, tricresyl phosphate, pol yoxypropyl ene ether glycols,

pol ynet hyl phenyl sil oxane, fluorosilicone, paratherm NF, therm nol,

dynal ene, tribolube F-219, perfluorinated hydrocarbons, fonmalin 1818
perfl uor pol yet her, Voranol 5070 5 perfl uorpol yether, Voranol

per fl uorpol yet her 5004, and Voranol perfluorpolyether 2004. These fluids
exhi bit good viscosity, conpatibility, and volatility and are conpatible
with stainless steel, tungsten, Teflon;73ynthetic rubber and Viton. The
surfactant of choice may be anionic, cationic or nonanionic in nature. 10
Silicon and fILummﬁb&b@mnﬁ‘&uﬁ&acﬁgn&sannyﬂam$obbéwenpﬁmyeﬁamﬁheindn@sten
conposites of the present invention may be er fo rnla
bal I's. Pol y#&el ©i semwmmwmgowy@mw@de £ A0, (5 ‘%@HP‘E&XB
balI's to reg #ga%ef Mg b ORcdad éﬁﬁthﬁl&t‘r NE, Wi fidopr r@nglgﬂé/d% 9(3‘%@' PRS9, 9' yCO
diols and mePamcne 1 ormal deh conposi'tions are cand ates as

encapsul at i epfudtmbeHdi &ly@rochﬁodnl aforeatianpl &y pérﬂnmy)ol&@ﬂtgrt uvigstheln poT@er
(2-4 micron) are mxed with 1008 60wt. notor oil (s eC|f| ravity 1.1)
and 800§ baterfasarpolnether, aVOIIaanspéfcfliUPmPl}gert%ﬁﬂ pQ04, gangh Vorgn arPelyBber nent |

3509 tungst po ans e 8 case :
oi | (speci f 4 Qﬁ\eﬁ/(ﬂ% d%) e’mét?{é (9@ ? %&gi Irlgs il 1té/“a91]d g(’l%w %rbec

gravity 6. %mp%hble%tﬁﬁﬁnﬁ@dm@eﬁlmhgﬁén aIrHﬂloﬂEstlﬂﬂﬁEc ditbet axktitand cl ai rred :
herein can be nade and executed without undue experimentation in |ight of

the present disclosure. Wile 25 the conp05|t|ons and nethods of this

i nventi on have endscribdlnterrr% r ef rrede odi nts
e CAnjorlt. G

wi ||
be apparent to t taggqf| chojpey Far'at onsnamo nemétﬁ%ﬁ ied to

the conposi §iliQh anddBiaPssi AN siiffadiiifts Sla§REsoWe driiplbita. Sﬂfk&@ﬁgﬁe@éomﬁds@d% of
t he method described herein wi thout departing fromthe concept, spirit and

scope of tha"uhn\peeﬂenbmvemmen@pém inj pewday, form agj in| thbéorawab?élm Pelsmegert ain
agents which 30 re bot che nd si ol ogi ca
SUbet tut econearufian aguhese g e BeuPer RhvTe el hbr et I
resul ts wouhd Bg-AChieyeg: é‘%ﬂltﬁé sl dyco didls SHPSldMbE Foddehyde
nodi fi cati gllns apggrent torrthﬁés skl Iéd I?IY[ he art are deened to bey W thin
the spirit,cagapicandreqoodeptdidites heencapaidtions matétils.
15
In an exemplary slurry 700g tungsten powder (2-4 micron) are mixed with
100g 60wt. motor oil (specific gravity 1.1) and 800g ballast material 1 (specific gravity
6.3). In another embodiment, 350g tungsten powder (8-10 microns) are blend with

50g 80-140wt. gear case oil (specific gravity 1.1), and 400g of ballast material 2
20  (specific gravity 6.3).

All of the compositions and methods disclosed and claimed herein can be made
and executed without undue experimentation in light of the present disclosure. While _

25  the compositions and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations

may be applied to the composition, methods and in the steps or in the sequence of

steps of the method described herein without departing from the concept, spirit and
scope of the invention. More specifically, it will be apparent that certain agents which

30 are both chemically and physiologically related may be substituted for the agents

described herein while the same or similar results would be achieved. All such similar
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pol ynmeric binder into a tungsten powder/polyneric binder m xture, and
pelletizing the tungsten powder/pol yneric binder m xture into a conposition
having a specific gravity less than 11.0. 2. The nethod of claim1 further
i ncluding the steps of nolding the tungsten powder/pol yneric binder m xture
into a conposition having a specific gravity of at least 11.0. 3. The

met hod of claim| wherein the step of nolding conprises injection nolding.
4. The nmethod of claim1l, wherein the tungsten powder further conprises: a
first group of particles having sizes of between about 2 mcrons and about
8 mcrons; and a second group of particles having sizes of between about
20 microns and 40 mcrons. 5. The nethod of claim4, wherein the first
group of particles further conprises:
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about 4 microns; and a.fourth group of particles having sizes of between
about 4 microns and about 8 nicrons. 6. The nethod according to claim1,
wherein the pol ynmeric binder conprises at |east one of cellulose,
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CLAIMS

1. A method for manufacturing a high density composite, comprising the steps of:
providing a polymeric binder,
providing tungsten powder,
heating the tungsten power to approximately a melting point of the polymeric binder,
mixing the heated tungsten powder with the polymeric binder at approximately the
melting point of the polymeric binder into a tungsten powder/polymeric binder mixture, and
pelletizing the tungsten powder/polymeric binder mixture into a composition having a

specific gravity less than 11.0.

2. The method of claim 1 further including the steps of
molding the tungsten powder/polymeric binder mixture into a composition having a

specific gravity of at least 11.0.

3. The method of claim 1 wherein the step of molding comprises injection molding.

4. The method of claim 1, wherein the tungsten powder further comprises:
a first group of particles having sizes of between about 2 microns and about 8
microns; and

a second group of particles having sizes of between about 20 microns and 40 microns.

5. The method of claim 4, wherein the first group of particles further comprises:

a third group of particles having sizes of between about 2 microns and about 4
microns; and

a fourth group of particles having sizes of between about 4 microns and about 8

microns.

6. The method according to claim 1, wherein the polymeric binder comprises at least one
of cellulose, fluoro-polymer, ethylene inter-polymer alloy elastomer, ethylene vinyl
acerate, ionomer, nylon, polyether imide, polyamide, polyurethane, polyester

clastomer, polyester sulfone, polyphenyl amide, polypropylene, polyvinylidene
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fluoride or thermoset polyurea elastomer, acrylics, homopolymers, acetates,
copolymers, acrylonitrile-butadinen-styrene, thermoplastic fluoro polymers, inomers,
polyamides, polyamide-imides, polyacrylates, polyatherketones, polyaryl-sulfones,
polybenzimidazoles, poplycarbonates, polybutylene, terephthalates, polyether imides,
polyether sulfones, thermoplastic polyimides, thermoplastic polyurethanes,
polyphenylene sulfides, polyethylene, polypropylene, polysulfones,
polyvinylchlorides, styrene acrylonitriles, polystyrenes, polyphenylene, ether blends,
styrene maleic anhydrides, polycarbonates, allyls, aminos, cyanates, epoxies,

phenolics, unsaturated polyesters, bismaleimides, polyurethanes, silicones,

vinylesters, or urethane hybrids.

7. The method of claim 1, wherein the step of providing a polymeric binder further
comprises the steps of
freezing the polymeric binder, and

grinding the frozen polymeric binder into particles.

8. The method of claim 1, wherein the step of molding further comprises the steps of:
molding the tungsten powder/polymeric binder mixture into a projectile having a

specific gravity of at least 11.0.

9. The method of claim 8, wherein the step of molding further comprises the steps of
molding the tungsten powder/polymeric binder mixture into shot having a specific

gravity of at least 11.0.



