LI GHTVEI GHT ARMOR AGAI NST MULTI PLE HI GH VELOCI TY BULLETS BACKGROUND QF THE
BNVENT[ON 1. Field of the Invention The invention relates to fiber

rei nf or cewloandvomb®@s having utility for ballistic resistagrastasnsisio pl e

hi gh velocity bullets, inpact absorption and penetration resistance in body
arnor, helnets, breast plates, helicopter seats, spall shields and other
applications. 2. Description of the Related Art Mddern body arnor designed
for protection against handldGHaWEGHDARMOR ddBAIRKS Bf about 1000
ft/sec (305 m'sec) is USUMUL’F!WL@Q—I{GP{”VE’EGQIW%P[ en fabrics or
non-woven sheets of fibers that are plied together 1n a tlexible bundle.
However, body arnor designed to defeat heavy rifle bullets wth velocities
over 2000 ft/sec (610 m sec) g ) j LE onpl ex construction
in order to satisfy conflict&Eag S I O by OF A Fhi ckness,
flexibility, myltiElig dFitheRBUEQfiSRNCE, transient deformation (blunt trauna)
and durability~—The arnmor nay 1 ncorporate rigid front and/ or back el enents
to deformthe bullet ofhedationoelatss entibeyreinfowmedaticlesmemgaltditgfoh as

ow densi ty relPAvg TegeeR e inaf eduS R YAIERy BLico Mhert FhsoBaarand of
ceranmics, of t enchptlioh rédistaheeh 9685 Brobr dRIIORE, Meastipihies! hopitshtéhus

offer relatively little protection against subsequent bullet hits. This
probl em i s par teétd, sppY SEm{dS asd etheiraplicabornsul | et contains a steel

penetr at or design g Ee iﬁte g : ghere are nunerous
bal I'i stic-resi st BEsth 03 6 eRElIR Ar ed in the prior art, although nost
are not dinected at pr©Moelh @odagaings tesighked forbloss tiopragaihdti Hrel- g

performance. USP 4,1 11,6097 describes a | am nat e((:i .
ammunition at velocities of about 1000 fi/sec (305 m/sec) is usually formed

from thin layers of woven fabrics or non-woven sheets of fibers that are
plied together in a flexible bundie. However, body armor designed to
defeat heavy rifle bullets with velocities over 2000 ft/sec (610 m/sec)

15 generally requires a more complex construction in order to satisfy
conflicting requirements of weight, thickness, flexibility, multiple hit
performance, transient deformation (blunt trauma) and durability. The
armor may incorporate rigid front and/or back elements to deform the bullet
or to absorb its energy. Inorganic materials such as ceramics have found

20 use in such armor because of their high hardness and low density relative
to metals. Plates and tiles, commonly used forms of ceramics, often
shatter in the process of deforming a bullet, and thus offer relatively little
protection against subsequent bullet hits. This problem is particularly

manifested when the bullet contains a steel penetrator designed to

{9
th

penetrate armor.

There are numerous ballistic-resistant constructions described in
the prior art, although most are not directed at protection against rifle
bullets or multiple hit performance. USP 4,111,097 describes a laminated
multi-layer armor comprising steel and tungsten wire mesh in a foamedd
30 plastic. USP 4,868,040 describes a three-element composite comprising a
frontal woven fabric composite, a ceramic tile energy absorbing body and a

rearward woven fabric composite. USP 5,221,807 describes an armor



mul ti-layer arnor conprising steel and tungsten wre nmesh in a foaned

pl astic. USP 4, 868, 040 descri bes a three-el enment conposite conprising a
frontal vwoenofmbissc conposite, a ceranmic tile energy alpswriseevgobssdy and a
rearward woven fabric conposite. USP 5,221 ,807 describes an
arnorconprising a frontal ceramc plate having a regular array of cells, an
I nternmedi ate | ayer having a honeyconb structure and a rear plate that may
be Keviar(c) fiber,. ceramc trix.c osite or steel. USP 5,545 455
doscribes a ri GPAPLSTSLE T CER GRATIC RlGEIA R A eSHBEAHGY T SIS ALy | t ched
toget her and caftbirhd@usd hé_y@ﬂﬁaﬁﬁ%%dh&y?%ofﬂﬂ)é@&tﬁu&! 56 e relPplcié tiathhag
fibers may be inorganic fibers. USP 5, 456, 156 descri bes _an arnor conprising

netal reinforcég cadai@ ibeneerrsupatrsaokuprsieasteelsh/8P68549485descr i bes

arigid conposi ‘ I Sl pnol it hic fr No]™ c 1St f
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conpri sing sni ghdgeahet and cynimucidedngaliydrby iaciifrobe kirdleo nties stichimaeiiversut er
surfaces by plastic films. USP 5,677, 029 describes a flexible fiber
conposi te ar nofMay b lwgﬁ@@é@%nyﬁ%ﬁﬁéﬁiﬂe@é@%@@a Ay REPRYUEARPIBYING

hexagonal shap | |t | are formed
and t he arnor ?@ef?ﬁ%%fﬁﬁ%cﬁ%ﬁ@ﬁ%th%ﬁgH@gﬁgg@?%"ﬂg@ %%E’a%?g%%i es may be
rei nforced w t kiepotilygeairigicbcompositanompfisingras madskthic 086{xd phtdesosisbeg a
body ar nor corrprisir}‘g, ceragicf di sks Jaid ﬁgt. in an imhricate pattern

sandwi ched bet REERAEIFPECHIIFSRIEPINGAY AR BLIIrapafe @ngrepfvalibscri bes
a vehicl e apmoigRf Siiirsilg GRRTEEHSTIDricHER BolhibrRAbaie $ohiBg St thdit €xi bl e
penetration-resi'stant conposite conprising woven sub-plies of polyneric or

i nor gani ¢ bal | iostérsuriases oy nisHiciilaE3, 145 B 1 describes a

o gani c 1 ber s, Usp Bo5edPeanAaterBes el BelroibbRle B ©
conprising a ceusates bbaipeisify tabaéiRRed uiiiuldranHexagenal sisspydehat at | east
10 atnospheres by a resin enclosure. . i
bodies positioned such that multiple seams are formed and the armor is
15 flexible along the seam directions. The hard bodies may be reinforced with
polymeric or inorganic fibers. USP 6,035,438 describes a body armor
comprising ceramic disks laid out in an imbricate pattern sandwiched
between layers of high strength fibers. USP 6,510,777 describes a vehicle
armor of similar construction. USP 6,127,291 describes a flexible
20  penetration-resistant composite comprising woven sub-plies of polymeric or
inorganic ballistic fibers. USP 6,323,145 B1 describes a penetration-
resistant interlaced yarn structure of high strength polymeric or inorganic
fibers. USP 6,389,594 describes an anti-ballistic article comprising a
ceramic plate maintained under isostatic pressure of at least 10
25 atmospheres by a resin enclosure.

USP 6,408,733 B1 describes an armor for multiple bullet
protection comprising a monolithic ceramic frontal element and an aramid
fiber composite substrate. USP 6,532,857 B1 describes a ceramic array.
armor comprising elastomer-encapsulated ceramic tiles spaced from one

30 another and an optional metal backing plate. USP 6,601,497 B2 describes
an armor component comprising a polygonal ceramic tile confined in a

wrapping material wherein the wrapping material may comprise one of a



USP 6, 408, 733 B 1 describes an arnor for nultiple bullet protection
conprising a nonolithic ceramc frontal elenment and an aram d fi ber

conposi t eweubstasdsse. USP 6,532,857 B 1 descri bes a cer arCT/usRe@p3saer
conprising el astoner-encapsul ated ceranmc tiles spaced from one anot her and
an optional netal backing plate. USP 6,601 ,497 B2 describes an arnor
conponent conprising a polygonal ceramc tile confined in a wapping
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an angle of |ess than ng%ﬁélhcg%ﬁ@rdg/%%gﬁg %?gggnt fi brougwﬁ .. The
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i nvention and e satls the needs net by this invention, It is
a principal objgFehé wardarhbi myenisentrictal, Bonglabodigenicicgmpasilgha ceramic, a

bal i stic-resistant and penetratign-resi Sti‘f%nt fcorrposi tes having nultiple
hit capability hegaened PRIVGHENEIOERIDAERNT TELO'SUMMARY QF THE | NVENTI ON The

[nvention 1g a balllStiGehesiid ARicildd i tRepRRems itadratoisiraptesants ol e
conprising: ‘a) a frontal [am nate conprising one or nore plies, the frontal

| am nat e havi ngratroverashisinfthestaie opitye admbraveeyey, BOMe deafitsp be sPehilivae of
unidirectional inorganic fibers..in | | deamingankn a ply
havi ng t he sanﬁ%ﬁ%&g??‘? Bh%gnq{tlglgﬁgqfﬁlﬁ%%{%f‘!tﬁp @q’ gﬁg‘n%%%ﬁsl n adj acent

needs met by this invention. It is a principal objective of this invention to

provide lightweight, ballistic-resistant and penetration-resistant composites

15 having multiple hit capability against high velocity bullets.

SUMMARY OF THE INVENTION

The invention is a ballistic-resistant and penetration-resistant

article comprising:

20 a) a frontal laminate comprising one or more plies, the frontal
laminate having at least a frontal ply comprising a plurality of laminae of
unidirectional inorganic fibers in a polymeric matrix, the laminae in a ply
having the same composition and construction, the laminae in adjacent
plies of the frontal laminate differing in composition and/or construction

25 from one another, the inorganic fibers being comprised of filaments having
a tensile strength of at least 2.0 GPa and a density of less than 4.0 glom®,
wherein the fiber direction in each lamina is at an angle to the fiber
direction in adjacent laminae; and

b) a second laminate united in face-to-face relationship withthe

30 frontal laminate, the second laminate comprising one or more plies, each

ply comprising a plurality of laminae of polymeric fibers in a network, the

polymeric fibers having a tenacity of at least 17 g/d, the network optionally



plies of the frontal lamnate differing in conposition and/or construction
fromone another, the inorganic fibers being conprised of filanents having
a tensil ewetoempsdazof at | east 2.0 GPa and a density of pceas2a0sassdo O

g/ cnB, wherein the fiber direction in4each lamna is at an angle to the
fiber direction in adjacent |am nae; and b) a second |lamnate united in
face-to-face relationship with ~the frontal |am nate, the second | am nate
conpri sing_ one Bhidfing P mgﬁ-l(er%%ﬁtri&'rﬁafe?@md Sl tife BbGR idrvinafe bairynae of
polynmeric fibers 1n a'ne he polyneric fibers having a tenamty of at
| east 17 g/d, Uleénaétbmdamlmm haviap Itye sama simpositip ppAwonstrHalian wh it eri al ,

aplylnthes nd | am,nat e bei defjned b

conposi tion and ﬁéff%ék?? SHnWr?iSEﬂn(ﬁ %rr%or}s}/rgﬁ]ﬁ%@?&%%\é@ﬁg?gﬁnggéggp :
construction of ;,bge | ami nae in adjacent plies. BRI EF DESCRI PTI ON OF THE
DRAW NGS I n the acconpanying draw ng figures: FIGURE 1 is a cross-section
of a two-ply enbodi nent of an article of the invention having one ply of
uni directional inorganic fj E 'é@ Rilﬁ WE“B‘R%WWQSO”G ply of
polyneric fibers in a seco ection of a

five-ply enbodi nent of [raﬂ-\eaéécjcmh@rqﬁng Heawing digurean having two plies of
uni di recti onal |norgan|c fibers in a frontal Ia haV|ng

di fferent conpositionsFépUEN3LS acrPeneechanPif "\é%pi%é'ﬁgpé\%&t Of@bers in a
second [am nat &, 63CH (Rl YpitbRhaflid G ply GUMARIAoABPINBaAARbEGHIPNS,

and one ply of 1 norganic am nat e iIs a
cross-sectign dforaarfievreﬁ@ﬂeyaadmmpmnf ponrcafrktarslxrea@Ecohé laminei.i on

havi ng: a) a frontal consi st n nidi rectl onal
i nor ggni c) fibers, a se%na‘\ig‘%fﬁ ‘%8%?%?? f?"? gﬁ '&bﬁg'{né?rﬂqu% and a
third ply of unifLeesitheMlertRAEAMEvd B!%ssof driigirédticrail uﬂ.‘irg@ﬁ@ﬂbers ina

frontal laminate, each ply having different compositions or constructions,

two plies of polymeric fibers in a second laminate, each ply having different
15 compositions or constructions, and one ply of inorganic fibers in a third
laminate.
FIGURE 3 is a cross-section of a five-ply embodiment of an
article of the invention having:
a) a frontal laminate consisting of a frontal ply of unidirectional
20 inorganic fibers, a second ply consisting of a titanium metal plate,
and a third ply of unidirectional inorganic fibers, the titanium metal
plate being embedded on all surfaces by the frontal and third plies;
b) a second laminate consisting of one ply of polymeric fibers; and
c) a third laminate consisting of one ply of polymeric fibers of a
25 composition or construction different from those in the second
laminate.
FIGURE 4 is a schematic representation of a process for making

a lamina.

30 DETAILED DESCRIPTION OF THE INVENTICN

The invention is fiber reinforced articles having utility Tor ballistic

resistance to multiple high velocity bullets, impact absorption and



plate being enbedded on all surfaces by the frontal and third plies; b) a
second | am nate consisting of one ply of polymeric fibers; and c) a1 third
| ani nat e wonsézisng of one ply of polyneric fibers of apcwmsesishsm0 Or
construction different fromthose in fhe second |lamnate. FIGURE 4 is a
schematic representation of a process for making a | am na. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The invention is fiber reinforced articles
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The second laminate comprises one or more plies, each of
which comprises a plurality of laminae of polymeric fibers in a network.

15 The polymeric fibers have a tenacity of at least 17 g/d. The network
optionally contains a matrix material. A ply is defined by laminae having
the same composition and construction and differing in composition and/or
construction from the laminae in adjacent plies.

As used herein “laminate” denotes a structure wherein

20  superposed sheet-like elements (laminae) are united, either loosely, for
example by sewing around their edges or at their corners, or rigidly, for
example by full areal bonding, or at any intermediate level, for example by
stapling, riveting, sewing, partial bonding, or other suitable means.

For purposes of the present invention, a fiber is an elongate body

25 the length dimension of which is much greater than the transverse
dimensions of width and thickness. Accordingly, “fiber” as used herein
includes one or a plurality of filtaments, ribbons, strips, and the like having
regular or irregular cross-sections in continuous or discontinuous lengths.
A yarn is an assemblage of continuous or discontinuous fibers.

30 As used herein, “fiber network” or “network” denotes a plurality of
fibers arranged into a predetermined configuration, or a plurality of fibers

grouped together to form a twisted or untwisted yarn, which yarns are



super posed sheet-like elenents (lam nae) are united, either |oosely, for
exanpl e by sewing around their edges or at their corners, or rigidly, for
exanpl e byofawd7oosssgal bondi ng, or at any internedi ate | ecelus2dsnsmxanpl e by
stapling, riveting, sewi ng, partial bending, or other suitable neans. For
pur poses of the present invention, a fiber is an elongate body the | ength
di mensi on of which is nmuch greater than the transverse di nensions of width
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fib k t. .S fur
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conbination with ¢c) a am nat e is stacked face-to-face with
the second | amabaive.artheniteu ﬁa@telrtaﬁa@@.tle cam@mmwntb@% adhd MRS pl i es,
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15 The third laminate also comprises one or more plies, each of which
comprises a plurality of laminae of polymeric fibers in a network not
containing a matrix. The polymeric fibers have a tenacity of at least 17 g/d,
and a ply is defined by laminae having the same composition and
construction and differing in composition and/or construction from the

20 laminae in adjacent plies;

In another embodiment, the article of the invention comprises:
a) a frontal laminate and b) a second laminate, as previously described and
united face-to-face, in combination with ¢) a third laminate, united face-to-
face to the second laminate. This third laminate also comprises one or

25 more plies, each of which comprises a plurality of laminae of unidirectional
inorganic fibers in a polymeric matrix. A ply is here defined by laminae
having the same composition and construction and differing in composition
and/or construction from the laminae in adjacent plies. The inorganic fibers
havea tensile strength of at least 2.0 GPa and a density of less than 4.0

30 glem®. The fiber direction in each lamina is at an angle to the fiber direction

in adjacent laminae.



containing a matrix. The polyneric fibers have a tenacity of at |east 17
g/d, and a ply is defined by |am nae having the same conposition and
const r uctworemas@sf f ering i n conposition and/or constr ecriuseoosnessd he
| ami nae in adjacent plies; In another7enbodinent, the article of the
invention conprises: a) a frontal lam nate and b) a second |aninate, as
previously described and united face-to-face, in conbination with c) a
third |amnate, united face-toface to the second laninate. This third

| ani nate al so conpri seld y@i@netharmrebemlimest, tegartielp AR HVEBHBPi ses a
plurality of | agi naieeg,f unidirectional inorganic fibers in a polyneric
matrix A ply i § H}?{é’ efined by |am nae having the same conposition and
construction apy gibheilinginate anigd fadd-orfaaedd @) acsrendusinaief antt) e

| am nae in adjacent plies. The inorganic fibers hav tensile strength of
at |east 2.0 GHirdiemiaateepisickgd Hca-secenyh .%%@%?"ﬁefi ber di ?ection

in each lamna is at ap anobeobaichiin Hedet BiiRsld imphsasliats: thiesl nae. | n

yet anot her “enbodi ment article of the invention conprises: a) a frontal
| ani nat e uni t eglitacetiearitacsly torprisings e piuralityaofiumidiesctianal iopraaniaifibers,

| am nate stacked face-to-face with the seco mn e ' [

the first |am RatRCBHRIYiICOBYPTRING aa‘_ian%fss{‘a&p}%@,af?ié@#@ﬁi@#%?@gﬂg'a“”t’
comprising a plifalit o licheliflinbFof@Aat fibars. TARS dtchilrarmetahplats aiching y
conprising a titaniumnetai plate, and a third ply conprising a pluraltiy
of uni di recti orlaé senongahj is dmbedded Mhallsurfaaes Ry ie Arst @ngttBird Bligend: t he

second ply is enbedded op all surfaces t f. | | A pi

i s defined Wy | Yﬁ%‘g‘%ﬁq‘?&f{)?%&m'ﬁgeg%mc@#psoagﬁ Fgﬁ%taoﬁgfe’goérﬁs&{éﬂ%ﬂdgﬁagnd Py

differing in Coéﬁbpéiﬁbhﬁg iRBEfrposkiBRHMet damstiuction fioen trentardeaé in adj acent
ers are conprised of fil arrerats havi ng a tensile

plies. The inorganic fi] ‘ oJil
strength of at ddiagantpliesGihe inawaRiGirRBEre SPMUSSHRReOSHAMNE as i n

previous enmbodi et s LhenTdbf e LF PN 4nd £8ERsiHAHR 188s tarpd.0af)om®.
As in pre\;ious embodiments, the fiber direction in each lamina is at an

15 angle to the fiber direction in adjacent laminae.

The second and third laminates of this embodiment
independently comprise one or more plies, each of which comprises a
plurality of laminae of polymeric fibers in a network. The polymeric fibers
have a tenacity at least 17 g/d, and the network optionally contains a

20  polymeric matrix material. As in previous embodiments, a ply is defined by
laminae having the same composition and construction and differing in
composition and/or construction from the laminae in adjacent plies.

It will be understood that in each embodiment the frontal laminate
faces the direction of the incoming threat.

25 Figure 1is a ¢ross-sectional view of one article 100 of the
invention comprising a frontal laminate 50 and a second laminate 60. In
the article illustrated, the frontal laminate 50 is comprised of a single ply
which comprises a plurality of laminae of unidirectional inorganic fibers ina
polymeric matrix. The fiber direction in each lamina is at an angle to the

30 fiber direction in adjacent laminae, and the composition and construction in
each lamina is identical. The second laminate 60 is bonded face-to-face to

the frontal laminate 50. The second laminate 60 is also comprised of a



angle to the fiber direction in adjacent |am nae. The second and third

| ami nates of this enbodinent independently conprise one or nore plies, each
of whi ch worrpsimsssa plurality of |am nae of polyneric fcharssodsnssinet wor k.
The polyneric fibers have a tenacity &t least 17 g/d, and the network
optionally contains a polymeric matrix material. As in previous

enbodi nents, a ply is defined by |am nae having the sanme conposition and
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the frontal | andoretecton iiseaompminads @ferticgi. ngl e ply which conprises a
plurality of |am nae of_unidirectional inorganic fibers in a polymeric
matri x. The 5fiber direfi9¥R 415 aaonstsestinnaliiewof anotheglastitle 200edffithber
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frontal |ani nat20;530sedtvel petoale 60cHmAtMHE e @!e%%@@ﬁ@ﬁb?ﬁﬂd%fth%' ngl e

' ' ' f | am nae of unidirectional polyneric
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construction in each l'am na is ident ) _ :
vi ew of andfhern@igenid tbere@ndiontditferieny evatiiices aodvpr difenghtacdnsaitadnd am nat e

anot . _ | " ons. &7 N8
‘v pi 15 30 atdescit aftd G ite SEro atosRoSlare Btnaysted s png. Bi os
10 and 20 of t hkecitidrsy tomEitHEoRam A& Qﬁéiﬁérwﬂggggﬁg%%rg%ﬁg?&ot her by

consisting of |amnae of different inorganic fi _ erent
mat ri ces gnd/ord'féﬁ?ﬁef’é%ﬂ@ neAees andiopdifterent eensddictions. 4Dawindtegosecond

lam nate 60 argofkitd BYHIR ol VTR 0 he composition and construction in each
15 lamina is identical.

Figure 3 is a cross-sectional view of yet another article 300 of the

invention comprising a frontal laminate 80, a second laminate 85, and a
third laminate 90. The frontal laminate 80 is comprised of three plies. A
frontal ply 81 consists of a plurality of laminae of unidirectional inorganic

20 fibers in a polymeric matrix, wherein the fiber direction in each lamina is at
an angle to the fiber direction in adjacent laminae and the composition and
construction in each lamina is identical. A second ply of the first laminate
82 is a titanium metal plate embedded on all surfaces by the first and third
plies (81 and 83). The third ply 83 of the first laminate 80 consists of a

25 plurality of laminae of unidirectional inorganic fibers in a polymeric matrix,
wherein the fiber direction in each lamina is at an angle to the fiber
direction in adjacent laminae and the composition and construction in each
lamina is identical. The second laminate 85 is comprised of a single ply
that consists of a plurality of laminae of unidirectional polymeric fibers in a

30 polymeric matrix, wherein the fiber direction in each lamina is at an angle to
the fiber direction in adjacent laminae and the composition and construction

in each lamina is identical. The third laminate 90 is also comprised of a



anot her by consisting of |am nae of different polyneric fibers and/or
different or no matrices and/or different constructions. Lam nate 70

consi st s wb 2007iop@gBe ply wherein the conposition and comstrrusedososssum each
lamina is identical. Figure 3 is a cress-sectional view of yet another
article 300 of the invention conprising a frontal |am nate 80, a second

| am nate 85, and a third lam nate 90. The frontal lamnate 80 is conprised

of three plies.gifgErdnta - ' ] ity of | am nae of

uni di rect i onal iﬁ%r g@ﬁ?@tﬁgbélf gsl?ﬁé)gmﬁ%?tgr?e?ia}r@'n%gtbgrfﬁjﬂ'é’gﬁéﬁogﬁﬂp?'ﬁ@eﬂzber
direction in ediers anamelyrsent matrigvghereinothefib el idiveetich reeképmniRaagiacent

| am nae and t he conpo itthOﬁPanél ccgnst_ruct,i on in each lamna is identical. A
second ply of tameangﬁg? 'QHPREEEEEDN; I8 adiagenk faimesans thel canapesitierided on

al | surfaces bydneubiicSin asch thiing id die‘?uﬁ?éim and 83). The third ply 83 of
} ;

the first lamnate 80 consists of a plurality of |am nae of unidirectional

inorgani c fPbers in a poéferdly canitofitke ahevatesint dre aftideof ther ioehidh i N each
lam na is at a%a@%l% ﬁt:é) thetfi er %i{)g,cti on in_adjacent |am nae and the
conposi tion and cons_? q P T4188e Ared jaming nEPRAUIUCIPRAS 988 dRA

l'am nate 85 i s vaom&llsadirtle SeIb08d SpRl M £5@é}aig§§%@}e§to%eace%%ﬁé:ﬂ%y of

| ami nae of unidirectional polyneric fibers i nmeric natr erein
the fiber diredh¢aminateawtatiCif nPrieterablyatheaangle Hetwtbe the fiBersdhr ection in

adj acent | am nag; . CQ sitipn d, construction in each lamna is
i denti cal . The%t%h%% t?%ﬁ{nﬁggg?@a‘ ﬁg t%%@@e@&%%?i sed of asingle ply that

consists ofioa pluralitprefbrdonm ﬁ%ﬁlé?ﬁeh@ic@h{rﬁfsﬁﬂd)ﬂ@ iRB HIBHLESTARRY S 1N a

It
polymeric matrix, wherein the fiber direction in eac amna Is at an angle
to the fiber digetiei Brengih slipbleant 2 HdaPaandandensity cbiepsshan drt glath®,

construction i Lna_i.s.Jl.dent.i .Prefe I each of the | am nates
in an article g?&t% eefﬁ%&t?ct)%néﬁ%s&{)éﬁcggﬂﬁ%a{ %gﬁé??u(}é’{: ?cﬁﬂyﬁdﬁaﬁ%)héa@ss

| ami nat e const thar Bangicen’oard infosiipreferatly, 4 asnsnastangtt euadeas ¥ 0P,
pairs relativ rline of the tamnate, or at 0/90. Preferably,

the angl e bet 3&@3 atagnqﬁﬁ&tﬁgsq fhan 3.1 glem®.
15 Some examples of inorganic fibers useful in a laminate of the
invention are listed in Table |. The abbreviation “CVD” in Table | means
chemically vapor deposited.
The plies may be constructed with the fibers listed in Table |,
singly or in combination. The filaments of different composition may be
20 combined in a single fiber/yarn, or the unidirectional laminae may be
constructed with fibers/yarns of different composition laid down parallel to
one another in regular or irregular array. A ply is defined by laminae having
the same composition and construction and differing from the composition
and/or construction of laminae in adjacent plies. A laminate may be
25+ constructed with several plies each having a different fiber and/or a
different matrix. A laminate may also be constructed with several plies
each having the same inorganic fiber and matrix but having different

filament and/or matrix concentrations.
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a) Specialty Materials, Inc., Lowell, MA
b)
c)
d)
e)

f)

Nippon-Carbon Co., Ltd., Tokyo, Japan
UBE America Inc., New York, NY
Bayer AG, Leverkusen, Germahy
Owens Corning, Toledo, OH

3M Co., Minneapolis, MN

Preferably, the inorganic fibers comprising a laminate are
chemically vapor deposited boron on tungsten or chemically vapor
deposited silicon carbide on carbon, and combinations thereof. Preferably,
the inorganic fibers comprise from 60 to 95 percent by weight of the
laminate.

The polymeric fibers comprising the plies of the second laminate
or a third laminate are preferably selected from the group consisting of high
molecular weight polyethylene, aramid, polybenzazole, rigid rod polymg’ric
fibers (such as M5® brand) and combinations thereof. ’

As used herein, the term polyethylene means a predominantly linear
polyethylene material that may contain minor amounts of chain branching

or comonomers not exceeding 5 modifying units per 100 main chain carbon



deposited silicon carbide on carbon, and combinations thereof. Preferably
the inorganic fibers conprise from60 to 95 percent by weight of the 1
| am nat e.woheopobypaeri c fibers conprising the plies of Phe/semsnsssha@ni nat e
or a third lam nate are preferably sefiected fromthe group consisting of
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anti oxi dant’s ricants, ultra-violet screenin nts
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or USP 4, 356, 138, or a ? FGIEoMRr WRIGH pdlyany o P P g SS9

st (rjuct ure, as iesotivmbds :a::ﬁgg%miﬁ%;‘qsflt@ﬁéndgsg%g% I@@é Qﬁ&m - tﬁ%ﬂ%%l%?
and jespect By darer el 0 18RSl St A rRakcardsiqne STECTRACT)
i's hereby i ”CObBI%ﬁwtﬁéhebﬁbér%frﬁéﬁﬂé@b@ntsmeomﬂbam déwlbed insSDt ’
I nconsi stent heréw th. Thggp 19élene fiber rr@/ bF Iﬁ q (lj'q by a
'[ﬁlel IFE%S?{E%\I?;&WW@% ecHSE 485866 icpadIame ﬁf@"f‘ %§? utikg e Gnder

bt SAASIRY KsRbeiSed MbhHLAOR "No. 3,004, 699 and GB No.

2051667, and especially as described in USP 4,413,110 and sold under the

15 SPECTRA® trademark by Honeywell International Inc. The disclosure of
USP 4,413,110 is hereby incorporated by reference to the extent that it is
not inconsistent herewith. The polyethylene fibers may élso be produced
by a rolling and drawing process as described in UPS 5,702,657 and sold
under the TENSYLON® trademark by ITS Industries Inc.

20 In the case of aramid fibers, suitable fibers formed from aromatic
polyamides are described in USP'’s 3,671,542 and 5,010,168 which are
hereby incorporated by reference. Aramid fibers are produced
commercially by E.I. Dupont Co. under the KEVLAR® and NOMEX®
trademarks; by Teijin Twaron BV under the TWARON®, TECHNORA®

25 and TEIJINCONEX® tra.'demarks; by JSC Chim Volokno under the name
ARMOS: and by Kamensk Volokno JSC under the names RUSAR and
SVM. Poly(p-phenylene terephthalamide) and p-phenylene
terephthalamide aramid co-polymer fibers having moderately high moduli
and tenacity values are particularly useful in the present invention. An -

30 example of a p-phenylene terephthalamide copolymer aramid useful in the

invention is co-poly-(paraphenylene 3,4'-oxydiphenylene terephthalamide).
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filaments of dpfdfrer enilabtahosi MagsllamBysencomemational, BLSI ngl e fi ber.
Uni di rectional fiber networks ma

et onal e NS T 0 GRSARe i bl RGP o
array. Felts, Draidss iy B candriye WithaRe pesmid@yc Risgrsaistat abeveesingly or
in combination. The filaments of different composition may be combined in
15 a single fiber. Unidirectional fiber networks may be constructed with fibers
of different composition laid down parallel to one another in regular or
irregular array. Felts, braids, knits and woven fabrics may employ different
fibers in different directions. A ply is defined by laminae having the same
composition and construction differing in composition and/or construction
20 from the laminae in adjacent plies. The second laminate or a third laminate
may be constructed with several plies each having a different polymeric
fiber, a different or no matrix, or a different fiber network construction. As
different polymeric fibers have differing ballistic effectiveness to projectiles
of differing velocities, it is preferred to construct the second laminate with
25  plies containing the fiber that is most effective against high velocity
projectiles nearest the frontal laminate.
Preferably, the polymeric fibers comprise from 75 to 100 percent
by weight of the second laminate, the balance being a matrix material.
The polymeric matrices employed in the inorganic fiber networks
30 preferably have initial tensile moduli of at least 400,000 psi (2.76 GPa) as
measured by ASTM D638-94b. More preferably, the polymeric matrix in at

least one ply of the frontal laminate has an initial tensile modulus of at least



fibers in different directions. A ply is defined by |am nae having the sane
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may be constructed with several pliesi3each having a different polyneric
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As different polyneric fibers have differing ballistic effectiveness to
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| am nate of the i nveatl on include thernoset allyls, am nos, cyanates,
epoxi es, phenoPf&&Mdnsat urated pol yesters, bismal ei mdes, rigid

pol yur et hanes, S"'Conﬁﬁefer@mvlth@@tr@/rést@nct@m@promdlwmmnﬁdmendﬁ | t
is inportant onIy that the matrix résin possesses t he necgaxy@/ i.nitial

tensil e nodul us. pdh@mﬁs@al apqu|re§z§twgtn Ale ENFBUSRIEC SPRRREE idr abl y,
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acrylic acid. Idd ér@l’glydﬁﬁw isvphtiesater si-(n8lepdayhlityl) pdiphie, didiZpst e,

o9 ve o, ool T iR SRS ) Aot
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epoxyoctyl) te’trahydroph’tha!ate di-(4,5 epoxydo ecyl) maleate, di-(2,3-

15 epoxybutyl) terephthalate, di-(2,3-epoxypentyl) thiodiproprionate, di-(5,6-
epoxytetradecyl) diphenyldicarboxylate, di-(3,4-epoxyheptyl)
suphonyldibutyrate, tri-(2,3-epoxybutyl)-1,2,4~ butanetricarboxylate, di-(5,6-
epoxypentadecyl) maleate, di-(2,3-epoxybutyl) azelate, di-(3,4-
epoxypentadecyl) citrate, di-(4,5-epoxyoctyl) cyclohexane-1,3-

20 dicarboxylate, di-(4,5-epoxyoctadecyl) malonate, bisphenol-A-fumaric acid
polyester and similar materials.

Most preferred are epoxy-based vinyl ester resins, such as the
DERAKANE® resins manufactured by Dow Chemical Company.
The polymeric matrices that are optionally employed in the plies

35 of the second laminate are preferably elastomers having initial tensile
moduli of less than 6000 psi (41.3 MPa) as measured by ASTM D838-94b.
A wide variety of elastomeric materials and formulations having
appropriately low modulus may be utilized in this invention. For example,
any of the following materials may be employed: polybutadiene,

30  polyisoprene, natural rubber, ethylene-propylene copolymers, ethylene-
propylene-diene terpolymers, polysulfide polymers, polyurethane

elastomers, cholorosulfinated polyethylene, polychloroprene, plasticized
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di car boxyl ate, di- (4, 5-epoxyoctadecyl) mal onate, bisphenol-A-fumaric acid
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terpol yners, pahassupdlycerpate perdicegaiopumetdialydekedoamatygners, Inc.

chol orosul fi nated pol yget hyl ene,- | ychl oro NTRR .
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resins are prefpgopedies of a laminate are determined almost entirely by the fiber content,

s and it is desirable to minimize the weight of the laminate, the matrix content
is preferably kept as low as possible consistent with the requirements of
particular manufacturing processes. The level of matrix necessary fo
stabilize the laminae and to maintain a robust manufacturing operation will
be known to the man skilled in the art.

20 The matrix resin may be applied to the fibers in a variety of ways
and any method known to those skilled in the art may be used. Preferably,
a unidirectional fiber lamina in a matrix is formed in a continuous process
illustrated schematically in Figure 4. Fibers are supplied from a creel 102
and passed through a combing station 104 to form a unidirectional network.

25 Different fibers may be arranged on the creel so a to produce a fiber
network with a periodic or other arrangement of the fibers in a transverse
direction. The fiber network is then placed on a carrier web that can be a
paper or a plastic film or plastic sheet substrate 106. The matrix
composition is applied to the fiber network at 108. The matrix composition

50  may contain a solvent diluent or it may in the form of an aqueous
dispersion for ease of application. The coated fiber network is then passed

through a pair of rollers 110. The rollers spread the matrix composition
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preferably kept as | ow as possible consistent with the requirenents of
particul ar manufacturing processes. The | evel of nmatrix necessary to

tabili the | am dt ' ' 1 f ' ' i1
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the art may be Us ef er abl a unidirectional fiber lamna in a matrix
is formed in araferdricettoube pxtrd st irdonwatistectiesmitvdthiecnated fReFNgMoEK 4

Fi bers are supplied from,a creel 102 and ' tation
104 to forma l?nﬁhéﬂrréaétsﬁeﬁ%’lc’uﬁgﬁ\é‘?ﬁt.e%ﬂvieﬁef'?n% é%&?%@f %@pgﬁr}%{?\ged on
the creel sp am{aﬁeﬂpqgg%tﬁxfcbhﬁfosﬂﬁinw kiphidiler a166s Useldl to pull thehearrier

e fi

arrangenent” of ers 1n a transverse direction. The fiber network is
then pl aced onwebcand pmpregthrongh teasysier papekbselrats ke Rrepre

plastic sheel Supstrate 10%:.Te TRLALK GATROSHH Bllef P1RRPbictriti e 11 ber

network at 108W! may contain a sol ve [uent or it

may in the forp,akiafAoseartdis gethel iaverition. ease of application. The

coated fiber network 1s then passed through a Pe%l I{?@?f ro Ier§ 110. The
rol lers spread the natAiply ebaposieriesra eihRee %preéﬁ@ep [98rs may be
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reference to the apparatus and drawings of USP 5,173,138, one prepreg '
15 rollis placed on the let off roll 11 of the cross-plying machine and a second
prepreg roll is placed on the let off roll 17. The carrier web may be stripped
from the prepreg or it may become part of the final laminate.
The fiber compositions of the prepreg rolls may be the same or
different. The prepregs (laminae) are consolidated by the application of
20 heat and pressure in the cross-plying apparatus. Cross-linkable matrix
resins are generally not cured at this stage of construction.
To construct plies of the preferred laminates with more than one
pair of laminae, the cross-plied product may itself be cross-plied, and
cross-plied again a plurality of times to produce a desired laminate
25 construction. In each cross-plying operation, the number of laminae may
be doubled. Alternatively, the second and subsequent cross-plying
operations may be done with different numbers of lamina in the prepregs to
be cross-plied. When the number of laminae becomes 100 great for
continuous roll formation, the cross-plying may be conducted by hand or by
30  any suitable means.
Finally, the plies are assembled by stacking together face-to-

face. The plies may be united by bonding under pressure and ata



A ply of a preferred lamnate is preferably produced fromcontinuous rolls
of unidirectional prepregs as descri bed above by a continuous cross-plying
oper at i onwerzpdapsiag t he net hod of USP 5,173,138 or 5, 76@CcTAS2005@83hy

i ncorporated by reference to the extewt not inconpatible herewith, or by
hand | ay-up, or by any suitable neans. Wth reference to the apparatus and
drawi ngs of USP 5,173,138, one prepreg roll is placed on the let off rol
11 of the cross-plying machine and a second prepreg roll is placed on the

let off roll 1%gmpReateds cuficiaMtk BBy B¢ Sletinppedinbrmairidresipisepreg or it may
becone part of the final |amnate. The Tiber conpositions of the

pr epr eg
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construction. I(pd?ﬂﬁﬁ%ttzpéé opfibes afd rb&ixpprekent.ed | aminates with nore than
t

one pair of |am nae, e cross-plied product may itself, he cross-plied, and
cross-pliedsagain a pl dhsl %ff‘ﬂj“eéfOfttﬁ“?rEB’ef‘BoerBH%%%:‘ ‘Qﬁbeégﬁ}%@ YFASNat e

construct i on. | S8R0NGH JAr Bk TnaRANRNLO8siskiRNy THEKpRInANGRARy MRy be

doubl ed. Alternative e secon subsequent cross-plying operations
may be done wi thuliitd.f Emenneasmieesfsvaighl efficieacy is theesaaffr etgyoy @ébserption

-plied. When the nunber  of Lani b t f ti
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face-toface. The pes may be united by bondi ng under pressure and at

at enper at ur ® subB2ici Eneferablyua éaraingte AEthegaeentiony Whay impacied Ry Mao ball,
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types of fibersiangdsmakidoty f @srakt 1006-mf/Kgcl es of the invention possess

'n heretofore unseen Remarkably, the resistance of an article of the invention to
penetration by subsequent bullets impacting in a small area remains

15 unaffected even after multiple hits. Even more remarkably, an article of the
invention maintains its resistance to penetration by multiple hits from bullets
containing steel cores designed to penetrate armor. This is in marked
contrast to articles having unreinforced monolithic ceramic elements that
are shattered by the first bullet. Preferably, an article of the invention,

20 when serially impacted by M80 ball, 7.62 X 51, 147 grain (9.53 g) bullets at
a velocity of at least 2000 ft/sec (610 m/sec) within a lateral area of 15 cm x
15 cm, has a minimum penetration velocity for a third bullet of not less than
90% of the minimum penetration velocity of a first bullet, more preferably
not less than 95% of the minimum penetration velocity of a first bullet.

25 Yet more preferably, an article of the invention, when serially
impacted by M80 ball, 7.62 X 51, 147 grain (9.53 g) bullets at a velocity of
at least 2000 ft/sec (610 m/sec) within a lateral area of 15 cm x 15 cm, has
a minimum penetration velocity for a fifth bullet of not less than 90% of the
minimum penetration velocity of a first bullet, again more preferably not

30 less than 95% of the minimum penetration velocity of a first bullet.

Still more preferably, an article of the invention, when serially

impacted by M80 ball, 7.62 X 51, 147 grain (9.53 g) bullets at a velocity of



conbi nation |ight weight and ballistic-resistance to nmultiple high velocity
bull ets. One neasure of weight efficiency is the specific energy absorption
of the | avonatmosds3t he V50 vel ocity. The V50 velocity i crthaboos@bssasty at
whi ch 50% of bullets will penetrate ttre | am nate as determ ned by M L-STD
662E. Preferably, a lamnate of the invention, when inpacted by MBO ball,
7.62 X5 1, 147 grain (9.53 g) bullets, has a specific energy absorption at
the V50 velocity of at least 100 J-nR/Kg. Remarkably, the resistance of an

article of the gtenti000 ft/sep@TEr matdoywithin & ldteerweaa obdblase x imgachaag in
a snall area remains unaffected even_after mnulti

S . le hits. .E
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m ni mrum penetration velocity for a third bullTet of not |ess than 90% of the
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o SEEL o LTPRGH g (LGS el Rl 154l Y
bal I, 7.62 X 5 &y akKifd OFfeH Br £Sverh BlillsHLfIrett $esat than\edl% of the ofiniaturh east 2000

ft/sec (610 msec) wthin a |ateral area of 15 cmx 15 cm has a m ni num
penet r at i onlovel Resiatiatioprvedogiviafia bist Pe¥elof not | ess than 90% of the nini num

penetration velocity of,a, dtrb%t"\‘,%ﬁ%@iettbg,a g?:%hﬂla?‘ﬂﬁé‘or ARk nieitidness than

95% of the m ni num penetration a first bullet. Still nore
preferably, an \apikscltés béligverl ihav & high handess ssefrthalingrgamjsaithesd in{hevBo
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penetration velggj iy, agddidlic plats Ve MdsdHk rRitedtl. NAbweess bebatse the
is fibers are arranged in unidirectional array, the fracturing of the fibers is
confined to a small distance along their lengths. Also in contrast to a
woven network where there is direct connection between fibers, the ballistic
shock wave is attenuated when transmitted through the matrix to laterally
adjacent but unconnected fibers. Thus, many fibers in a given area of the
20 frontal laminate remain intact and are available to perform the same
function of deforming and slowing subsequent bullets.

The following examples are presented to provide a more
complete understanding of the invention. The specific techniques,
conditions, materials, proportions and reported data set forth to illustrate

25 the principles of the invéntion are exemplary and should not be construed

as limiting the scope of the invention.

EXAMPLES

Comparative Example

30 A laminate panel was constructed consisting of a front plate of
monolithic silicon carbide (SiC) and a rear laminate bonded to the SiC plate

consisting of laminae of unidirectional high molecular weight polyethylene



90% of the m nimum penetration velocity of a first bullet, nost preferably
not | ess than 95% of the m nimum penetration velocity of a first bullet.

Pr ef er ablwoabemos@a article of the invention, when seri achryscomsasised by
7.62 X 39 ball type 56, 123gr. (7.97 ) (Russian AK-47) bullets with steel
penetrator cores, at a velocity of at |east 1900 ft/sec (579 msec) within
a lateral area of 15 cmx 15 cm has a m nimum penetration velocity for a
third, fifth or seventh bullet of not |ess than 90% of the m ninmum

penetration vekiggid yTi8d SAC Fidhs bldd hagtdim¥htiaeetof H&ihgmhell 8.2 ana @aB¥i cul ar
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fracturing of thgaéibah@rédfaandi asiCtavingarlkehsity sf ardeg/aong mddilus
lengths. Al'so in contrast to a woven network where there is djirect
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plate areal density of the laminate panel was 5.27 lbs/ft® (25.75 Kg/m?).
The 1.35 cm thick laminate panel was fired on in succession by
two M8O0 ball, 7.62 X 51 mm, 147 grain (9.53 g) bullets. The first bullet fired
15 ata velocity of 3081 ft/sec (939 m/sec) did not penetrate the laminate panel
but shattered the front SiC plate. The second bullet fired at a velocity of
only 1625 ft/sec (495 m/sec) penetrated the laminate panel.
Example 1 :
Chemically vapor deposited (CVD) boron fiber on tungsten
20  unidirectional prepreg tape was obtained from Specialty Materials, Inc,
Lowell, MA. The CVD boron filaments were of 0.004 inch (0.0102 cm)
diameter, and had a density of 2.60 g/cm® and a tensile strength of 3.44
GPa. The CVD boron fibers were 67 percent by weight of the prepreg tape
with the balance being epoxy resin. Thirty-four of the CVD boron
25 fiber/epoxy unidirectional tapes were cross-plied 0°/90° and formed into a
frontal laminate in a press at 121°C, and 1.0 MPa. The areal density of this
15.2 cm x 15.2 cm x 0.526 cm laminate was 2.0 Ibs/ft* (9.77 Kg/m?).
A second laminate was formed of 74 SPECTRA SHIELD® PCR
sheets from Honeywell International Inc. bond‘ed together under heat and
30 pressure, each sheet consisting of two inner unidirectional laminae of high
molecular weight polyethylene fibers in a matrix, cross-plied 0°/90° and

having an outer plastic film on each surface. The matrix was a styrene-



consisting of |am nae of unidirectional high nolecular weight

pol yet hyl enefi bers. The Si C front plate had dinensions of 15.2 cmx 15.2 cm
x 0.587 owo 2aemhosd43had an area! density of 3.76 |bs/ft2pCTRIS3®skgssa®) . The
Si C pl ate was manufactured by Saint-Q@9bain Advanced Ceram cs, Niagra Fails,
NY. It was a sintered formof a-Si C having a density of 3.10 g/cnB, a

modul us of elasticity of 4 10 GPa and a Knoop Hardness of 2800 kg/mm 2. The
rear | am nate consisted of 56 SPECTRA SHI ELD(r) PCR sheets from Honeywel |

I nternational lgwprehengpdntassiisilastitapstoesdr ravhgadsssitemodalis of et
consisting of two unidirectionai |am nae of high %ulfg V\ﬁiﬁ%ht
pol yet hyl ene fipsets4iMPa).t hee high metgcsias|veeigbhrely e ias WPer§ fdu®@ oss- pl i ed

0/90. The thic R b ' ina@ndthist had
an areal densi F%ﬁ%&ﬁ&%&gﬁgﬁ 5$'?g}!§§a ?8%?&“%%@8@5% gf ﬁ%r%gqm%%ngi tSy of
the | ami nate parebndasminaAd wassirited (©2BdE8) igbrB)face ThithelfidSlasminats tok

| am nat e panel was fired on in succession t wo MBO 11,.7. Dk MM
147 grain (9. 5§rg§t%lﬁﬁé@%a.m¢*ﬁé>ffﬂﬂ$&Veﬁ‘gPP Vf'“igr%faaé‘?a@e\‘}‘gl%é’%ﬁ%?/f%osl
ft/sec (939 qug) Rbﬁn@m penetrate the | am nate panel but shattered the
front SiC plate. ‘Pne second. bullet fired at a velocity of only 1625 ft/sec
(495 m sec) penetr at ed Thize15d4rinm#tiek panel wassanplyefiredCely Zaﬁﬁlﬁ Sialpet.

deposited (CVD), horon fjiher. on tungsten unidirectional pre e was

obt ai ned from cg@“ﬂ@-%gt@rsiteaqlé?gﬁe&\%‘?bﬂlmm, %@qﬁpﬁdﬁ@gpgﬁ filanents
were of 0.004 igghyd Qn%n%‘r‘éﬁ)e WhamRi eThe dflefRashpactntiet fyorthl dntifatg/ cnB
and a tensile strength of 3.44 GPa. The CVD boron fibers were 67 percent by
wei ght of tihe pfdpeegnehpe with the bal ance being epoxy resin. Thirty-four
of the CVD boron fiber/epoxy unidirecti q,rA% é?pes were cross-plied-0/90 and
formed into a frontal lamnate in a press a 21 0C, and 1.0 MPa. The areal

density of thig 15.2 cmk 15.2 cm ¥eldch cmlamnate was 2.0 | bs/ftR (9.77
Kg/ m2) . A secand laminate was fornmed of 74 SPECTRA-SH-ELD(+)}—PCR
Bullet No. ftisec m/sec Penetration

1 2719 829 Yes

2 2521 768 Yes

3 2379 725 No

4 2422 738 Yes

5 2336 712 No

6 2419 737 Yes

7 2412 735 No

8 2441 744 Yes

9 2391 729 No

10 2495 760 Yes

11 2400.. 732 No

The first two bullets at velocities of 2719 ft/sec (822 m/sec) and
2521 ftlsec (768 m/sec) penetrated the article of the invention. The thirql
15 bullet fired at a velocity of 2379 ft/sec (725 m/sec) did not penetrate the
panel. Therefore, the minimum penetration velocity for the first bullet was
known to be at least 2379 ft/sec (725 m/sec). Remarkably, the fifth,

seventh, ninth and eleventh bullets fired into this same panel at velocities



sheets from Honeywel| International Inc. bonded together under heat and
pressure, each sheet consisting of two inner unidirectional |amnae of high
nol ecul arwoebgits@sl yet hyl ene fibers in a matrix, crossepiriusdood/o8B+4@nd

havi ng an outer plastic filmon each ®urface. The matrix was a

styrenei soprene-styrene thernopl astic elastonmer having a tensile nodul us of
200 psi (1 .4 MPa). The high noiecul ar weight polyethylene fibers had a
tenacity of 30 g/d and conprised 80 percent by weight of the |am nae. This
second | am nat exan@ssiihan 86 %t d)iniaoe peoefratien welacity of ithefirst apiletaleot o

create a panel article o he invention having an areal density of 4.0
| bs/ft2 (19.6 l@?ﬁ@?pgé?{ﬁ?{?%@é’@%thi ck panel was serially fired on by
7.62 X 5 1 mm 147 graimpe(£HieR &ihsif@ntibAGkR! £60 hubikeins td peh&fati@fiuence
and with the results shown in Table Il below The bullets I npacted the

frontal |am natreesting htlgsshilie repaBemants Thlld Stasidardd 166190508 Tapeviettebi ti es
of 2719 ft/sec (829 .m sec) and 2521 ft/sec (768 nisec) penetrated the
article of the rﬁveecﬁlfjf‘On. The third bullet fired at a velocity of 2379

ft/sec (725 m segam@iéi2not penetrate the panel. Therefore, the m nimum
penetration velocity Tor the first bullet was knwoa%ﬁbe at | east 2379
Y O

ft/sec (725 msec). Refiaaishly vemper dqﬁqsﬁ?dgng ORfIREhoBANgI 8T ent h
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et 19, B | eaokabiito! S elrens o1 N Rosansand QLS O0ctah, dypsl ot
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with the balance being epoxy resin. Thirty-four of the CVD boron
fiber/epoxy unidirectional tapes were cross-plied 0°/90° and formed into a
frontal laminate in an autoclave at a temperature of 116°C, 344 KPa

15 external pressure and 96 KPa vacuum. The areal density of this 15.2 em x
14.0 cm x 0.526 cm laminate was 2.0 Ibs/ft? (9.77 Kg/m?).

A second laminate was formed of 112 SPECTRA SHIELD®
PLUS PCR consolidated sheets, bonded together under heat and pressure,
each sheet consisting of two inner unidirectional laminae of high molecular

20  weight polyethylene fibers in a matrix, cross-plied 0°/90°, and having an
outer plastic film on each surface. The matrix was a styrene-isoprene-
styrene thermoplastic elastomer having a tensile modulus of 200 psi (1.4
MPa). The high molecular weight polyethylene fibers had a tenacity of 30
g/d. The areal density of this laminate was 3 Ibs/ft* (14.66 Kg/m?).

23 The second léminate was bonded face-to-face with the frontal
laminate to create a panel article of the invention 1.49 cm thick and having
an areal density of 5.0 lbs/ft? (24.4 Kg/im?).

This panel was serially fired on by 7.62 X 38 mm ball type 56;
123 gr. (7.97 g) (Russian AK-47) bullets with steel penetrator cores, in the
30 sequence and with the results shown in Table lll. The bullets impacted the

frontal laminate of the panel.



di aneter, and had a density of 2.60 g/cnB and a tensile strength of 3.44
GPa. The CVD boron fibers were 67 percent by weight of the prepreg tape
with the welasmm@sdagi ng epoxy resin. Thirty-four of the G¢DUSE06035840

fi ber/epoxy unidirectional tapes wereicross-plied 0/90 and fornmed into a
frontal lamnate in an autoclave at a tenperature of 1160C, 344 KPa
external pressure and 96 KPa vacuum The areal density of this 15.2 cm x
14.0 cmx 0.526 cmlanmnate was 2.0 I bs/ft2 (9.77 Kg/n2) . A second

| am nate was formed of 112 SPECTRA SHI EEBBlg HIPLUS PCR consol i dat ed sheets,
bonded toget her under heat and pressure, each sheet consisting of two inner
uni di rectional ! am nae of [hi gh mol egul it el ght pollyethyl ene fibers in a
matrix, cross- lei’h‘?&” Tand ;}jgédlg ar OUIn‘?fseE' astl C pbhdirRioRach surface.
The matrix was [a—styrere .oopr QﬁiytyICIc Lh?lsupl agtiT elﬁéurrer aving a
tensil e nodul us—of-200 f ..ul ecttar ve1—ghi——
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| am nate was 3 |l bs/f8 2 (14.66 2/§0np) Iheﬁé&mnd | ami na¥BSwas_banded
face-to-face wifth thé frontal [1®@®nate to cA8dte a panel MAicle of the
invention 1.49 [cmthick and havigyg an dreal Gf@nsity of 5.Webbs/ft2 (24.4
Kg/ n2) . This panel ®gas serial |1392QI red jon byg8e 62 X 39 MmNl | type 56; 123
gr. (7.97 g) (Russiap AK- /) Dullgsqs WITh stggl penetratomngores, in the
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sequence and w fth—thg resutts AREL |abi g T e bul |N?55 |rrpa;ct ed the
frontal |am nate—ef—fhe—panet- u—a‘,4c H-+—The pgnet ITL,FEL& { Llle Tinvention
mai ntained its pinl etraty - "Q'Q{GIty g at—Heast—% f+/sec (582
m sec) even after nilk s ULl et2048ad belen. 1G9 intlo it EeSmm rple 3 A

frontal |am nate was forned identical to the frontal |am nate in Exampl e 2.

The areal density of thig pfarn%rllgﬁlclé BPIRAhGentAV Bt ShEBRE AMmEM
penetration velocity of at least 1908 ft/sec (582 m/sec) even after nine

5 bullets had been fired into it.

Example 3
A frontal laminate was formed identical to the frontal laminate in

Example 2. The areal density of this frontal laminate, having dimensions of
15.2 cm x 14.0 cm x 0.526 cm, was 2.0 lbs/t? (9.77 Kg/m?).

10 A second laminate was formed of 172 SPECTRA SHIELD®
PLUS PCR consolidated sheets, bonded together under heat and pressure,
each sheet consisting of two inner unidirectional laminae of high molecular
weight polyethylene fibers in a matrix, cross-plied 0°/90°, and having an
outer plastic film on each surface. The matrix was a styrene-isoprene-

15 styrene thermoplastic elastomer having a tensile modulus of 200 psi (1.4
MPa). The high molecular weight polyethylene fibers had a tenacity of 30
g/d, and the areal density of this laminate was 3.99 Ibs/ft® (19.5 Kg/m?).

The second laminate was bonded face-to-face with the frontal
laminate creating a panel article of the invention of 2.76 cm thickness and

20 an areal density of 5.99 Ibs/ft* (29.3 Kg/m?). This panel was serially fired
on by M80 ball, 7.62 X 51 mm, 147 grain (9.53 g) steel jacketed bullets in
the sequence and with the results shown in Table IV. The bullets impacted

the frontal laminate of the article.



15.2 cmx 14.0 cmx 0.526 cm was 2.0 lbs/ft2 (9.77 Kg/n2) . o A second

| am nate was formed of 172 SPECTRA SHI ELD(r) PLUS PCR consoli dated sheets,
bonded t ogeth@roosiader heat and pressure, each sheet congrstUsp@soBsstovo i nner
uni di rectional |am nae of high nol ecul2ar wei ght pol yethylene fibers in a
matrix, cross-plied 0/90, and having an outer plastic filmon each surface.
The matrix was a styrene-isoprene- 5 styrene thernoplastic el astoner having
a tensile nodulus of 200 psi ( 1 .4 MPa). The high nol ecul ar wei ght

pol yet hyl ene fibers had a tenacity of 30agleliVand the area! density of this
lam nate was 3.99 I bs/ft2 (19.5 Kg/n2) . The second | am nate was bonded
face-to-face withh the frontal |amywgbeitgreating|a panel article bf the

invention of 2. 76gGNLE ﬂ'c(.: nessysdd 0 BN gA{/8et den5|q:5érggtr§icﬂ8 Ibs/ft2 (29.3

Kg/ n2) . This pgme A BS—S r'i%d”e UI’]E—V VBO bai T, Ve}sz mm 147
grain (9.53 g) gteetjgacketed- i T 9§, Sequence 3 th—the results
shown in Table IM—THe bullets’ ,&m,\f et frontal—tan-hate—of— he
article. Table [ The 3panﬁl artd of | t he %\Ienf ion_naid 'Fl’-u ned—its mni mum

penetration vel dcitydof .at| | eakt343018| ft/8565 (920 m secNOeven after four
bul | ets had been firéd intjo it328xanp] e 49A7front al | an¥emt e was| f or med
identical to the frontal lamnate in Exanple 2. The areal density of this
frontal |am nate, having di-nensions of 15.2 cmx 14.0 cmx 0.526 cm was
2.0 Ibs/ft2 (9.77 Kg/ ni)e. aﬁéﬁﬁ%@o*@\@lﬁﬁélﬂldﬁﬁ&aﬁ%lﬁéé dsdeMimngal to the
second | am nate in Exanp ep . The areal densit this lamnate was 3. 99
| bs/ft2 ( 19.5 p@ert@)non vchmyrqi at g 304 8\(kseq (ﬁla%m/aﬁc gyeB ipdef owf
GOLDFLEX(r) mater%ﬁ rg)e Hg %Wet\é) I nternational stacked face-to-face and
sewn toget hdr &YGRuNEh&EEn dach sheet consisting of four inner

Example 4
A frontal laminate was formed identical to the frontal laminate in

Example 2. The areal density of this frontal laminate, having dimensions of
15.2 cm x 14.0 cm x 0.526 cm, was 2.0 Ibs/ft* (9.77 Kg/m?).

10 A second laminate was formed identical to the second laminate
in Example 3. The areal density of this laminate was 3.99 Ibs/ft? (19.5
Kg/m?).

A third laminate was formed of 24 sheets of GOLDFLEX®
material from Honeywell international stacked face-to-face and sewn

15 together around their edges, each sheet consisting of four inner
unidirectional laminae of aramid fibers in a matrix, cross-plied 0°/90°, and
having an outer plastic film on each surface. The matrix was a styrene-
isoprene-styrene thermoplastic elastomer having a tensile moduius of 200
psi (1.4 MPa). The aramid fibers had a tenacity of 22 g/d. The areal

20  density of this laminate was 1.14 Ibs/ft? (5.57 Kg/m?).

The second laminate was bonded face-to-face with the frontal
laminate and the third laminate was stacked face-to-face with the second
laminate to create an article of the invention 3.48 cm thick and having gn
areal density of 5.99 lbs/ft? (29.3 Kg/m?).

25 This article was serially fired on by 7.62 X 39 ball type 56, 123 gr.
(7.97 g) (Russian AK-47) bullets with steel penetrator cores, in the



unidirectional |amnae of aramd fibers in a matrix, cross-plied 0/90, and
havi ng an outer plastic filmon each surface. The matrix was a

styrenei swpresmos@syr ene t hernopl asti c el ast omer havi ngpaTiuseaisiogssamdul us
of 200 psi ( 1 .4 MPa). The aram d fidsers had a tenacity of 22 g/d. The
areal density of this lamnate was 1.14 |bs/ft2 (5.57 Kg/n2) . The second

| am nat e was bonded face-to-face with the frontal Iamnate and the third

| am nate was stacked face-to-face with the second lam nate to create an
article of theskhuentd BAdJvitBthemebhits shad irh@dbRov aMharmdletdliemsadtyd e 5. 99

| bs/ft2 (29.3 Kg/n2) . This article was serially fired on by 7.62 X 39 ball
type 56, 123 giffrontat lamingte ok pBIGIEAK- 47) bul l ets with steel penetrator
cores, in thesequence and with the resul-[tafiﬁiégpm in Table V. The bullets

i npacted the frontal |lam nate of the articlé. Table V The article of the

i nvention maintjained its|mni num pga@idiggion veloc|ty of at least 3111
ft/sec (948 mseec) even after six hullets had been firedinto it—EXqanple 5
A frontal |ani naBuliehdot or nedftisesnt i cal t sMS®E front al Henstrdienin Bxanpl e
1. The area! d ty—of—thi-s—&rggtat—tam e havig dimengi.ons of —15.2 cm
x 15.2 cmx 0.526 cmwas {2.0 Péggftz (9. 77 lég/ng) A second | ani natle was
formed of 27 sheetsoof an arampydggwoven fabrisg contai ni ng 1Bgpercent |by

wei ght of a vinyl_ester matrix resin [The fabric was a plain weave having 2
1 x 2 1 ends/ ijnch @8.27 |ends268f woven frd#81500 deni er KMOLAR(r) 29 yarn
and was obt ai negd fr\ﬁm Bafi+-day; 4.1.%. THe—at '7x restmwas DgwyChemtal Co.
Der ekane 4 11 cjontaini ng|1. 5%25,§ di met hyl -°Z,'5di (21 et hyl hexanoyl perjoxy)
hexane curing agent 5 I npriegnatygdgsf abrijc shegtss wer e st acke@oand bonded

t oget her by heating and quring the resin at 120 0Clunder- aﬁpmof 500
psi (3.45 MPa).| TheG nitilal té&ddille 948 : o
7 3331 1015 Yes
5 The article of the invention maintained its minimum penetration

velocity of at least 3111 ft/sec (948 m/sec) even after six bullets had been
fired into it.
Example 5§
A frontal laminate was formed identical to the frontal laminate in
10 Example 1. The areal density of this frontal laminate having dimensions of
15.2 cm x 15.2 om x 0.526 cm was 2.0 Ibs/ft* (9.77 Kg/m®).

A second laminate was formed of 27 sheets of an aramid woven
fabric containing 15 percent by weight of a vinyl ester matrix resin. The
fabric was a plain weave having 21 x 21 ends/ inch (8.27 ends/cm) woven

15 from 1500 denier KEVLAR® 29 yarn and was obtained from Barrday, Inc.
The matrix resin was Dow Chemical Co. Derekane 411 containing 1.5% 2,5
dimethyl-2,5di(2-ethylhexanoyl peroxy) hexane curing agent. Impregnated
fabric sheets were stacked and bonded together by heating and curing the
resin at 120 °C under a pressure of 500 psi (3.45 MPa). The initial tens{‘inle

20 modulus of the neat resin in the cured state is 460,000 psi (3.17GPa). The
areal density of the second laminate was 1.72 Ibs/ft® (9.77 Kg/m?).

A third laminate was formed of 24 sheets of GOLDFLEX®

material (Honeywell international Inc.) stacked face-to-face and sewn



nmodul us of the neat resin in the cured state is 460,000 psi (3.17GPa). The
areal density of the second lamnate was 1.72 I bs/ft2 (9.77 Kg/n2) . A
third | amvoabe/oms3f or med of 24 sheets of GOLDFLEX(r) metenisadosobisaeywel |
International Inc.) stacked face-to-face and sewnt oget her around their
edges, each sheet consisting of four inner unidirectional |am nae of aramd
fibers in a matrix, cross-plied 00/90, and having an outer plastic filmon
each surface. The matri x was a styrenei soprene- styrene thernoplastic

el astomer havi ngg éth%@@%urﬂi Megddises0Ea2R8hest cdrisistthgMitdpur Minerarami d fi bers
had a tenacity ot 2 g/d. The areal density of this |lam nate w?s 1.14

| bs/ft2 (5.57 Kg“/!mgctlowhen@é@em aRich eSS k3 rpdindearosaddied I ealf t h t he
frontal |am nat \ﬁ&g B%%é{;:é&‘n%m BFttegcp'%ﬁnﬁEeC‘t%r% BB 8s bffretbl N the
I‘ Icle O

second | am nat e eate he T'nventi1on havi ng an ar eal
density of 4. 8ﬁsd>;h©hfetﬁ (c?3. tBepgoOp@stic efstanar havhg avessiemoalulys ¢fi 260 on

by MBO bal | 7.62 147 grai, .53 t.eel d bul ts i
the sequgncé arkPi Wi f’*l’MP ﬁgmrr E@tﬂr?%‘rélﬂgﬁ%%%j Q'g%?%‘tte'/l%f 21??5@53 I eearéa} (rarp:tc!t gd
the frontal | arﬂ&%ﬁtﬁud?fthtghﬁnﬁ{été%a% 1 T@%s‘?ﬁ”5 3 q’;‘fh? j.cle of the invention

mai ntai ned its mninmum penetration vel ocit east 1950 ft/sec (594
m sec) even after e| ghfThewddoens !atarmmee\ranbcrrmdfﬂt:@ -thfacewdthpihe figntal

Chem cal |y vap ( bor n fib on, fun en u rectional
prepreg tape tﬁlar%ﬁtg‘?t Hﬁ?‘gﬁ@ﬁ I\i‘?%ﬁd ttlage%rfgce I‘f’én'\/\gh? Seﬁ/ﬁ'%lThe
CVD boron fil a”@ﬁ%ﬁaﬂéﬁb%xQéte%@@ﬂtd@&ﬂhé@n%@%n%m@ aneires) dérrdyafdeaesi ty
of 2.60 g/cnB and a tensile strength of 3.44 GPa. The CVD boron flbers wer e

67 percent oy weshtit(238 KeenPr epr eg tape with the bal ance bei ng epoxy

Cracked toget her, crosd! |1 Pala{ios 5856 ST BRAG Boh. PBZX STRER, 91T
11 cmtitani um @iaat @.88 g} stedMadideitekbelsts Wwathe sequence and thh the results

shown in Table VI. The bullets impacted the frontal laminate of the article.

15 Table VI
Velocity
Bullet No. ft/sec m/sec Penetration
1 2484 757 Yes
2 2366 721 Yes
3 2006 611 No
4 2013 614 Yes
5 2100 640 Yes
6 1965 599 Yes
7 1950 594 No
8 1969 600 No
9 2011 613 Yes

The article of the invention maintained its minimum penetration
velocity of at least 1950 ft/sec (594 m/sec) even after eight bullets had
been fired into it.

20 Example 6

Chemically vapor deposited (CVD) boron fiber on tungsten
unidirectional prepreg tape was obtained from Specialty Materials, Inc,
Lowell, MA. The CVD boron filaments were of 0.004 inch (0.0102 cm)
diameter, had a density of 2.60 g/lcm® and a tensile strength of 3.44 GPa.



pl aced on this stack to forma second ply, and an additional seventeen of
the CVD boron fiber/epoxy unidirectional tapes were placed on the stack,
cross-pliwo2047/0300 to forma third ply. The entire staekTwistévstobss4d it ani um
plate in the center was then forned i2sto a frontal |amnate in an autocl ave
at a tenperature of 1160C, 344 KPa external pressure and 96 KPa vacuum The
area! density of this 15.2 cmx 14.0 cmx 0.526 cm|am nate was 2. 86

| bs/ft2 (14. 0 Kg/m2) . The titanium plate was enbedded on all surfaces by

the frontal St A8 dalt Wahe was
o et of 105 SHECAp E%OE‘LB%? We ST Eent BN ?tﬁggﬁﬁggﬁ 9HAe 08

t oget her under thedtalamm mlegwogy resich %Iveeteamwfsihstﬁi‘ﬁ@ ksfrom \f@bef/ﬂh@ﬂ/

a7 cr ose. BTG 0108 120K e TGk LIS pP RS P T B el fce

The matrix was @orﬁéb’;ﬁégn%i Wﬁﬁﬁﬂq?ﬂc‘{rﬁ ﬁﬂa@u&rh%@@ﬂifaﬁgln@m&hﬂ:ﬁh@ﬁ@WabaVl ng a
tensil e nodul us of 200 psi MPa). The high nol ecul ar weig

pol yet hyl ene fipeeed badhis Stt@(ﬁ%m fDVﬂcﬁ sapng Rly. maar@mmcu@i@wntsﬁnm. s

| am nate was 2 f.t K f f 24
sheets of GO.DF‘B?)@? ?é?Péf/e?M)"d"?éC%'-t%léar@bnéa rqgﬁé;f]%l nc%) tﬂ% %lp
face-to-face angtosewied @get/Ber taforwnal thikteply. él‘dwntlre&ctdmlswmlthaormuﬂm ng of
four inner unidirectional |.am nae of aramdfl ers i;?é‘éa matri X, Pss plied

0/90, and havi njainindbe eenirasas then fopnsg ”étﬁceh reRi Eeinat i %?M@@ W&s a

styrenei soprene bas t e nodul us
ofy200 psi IO(l 4 tl\il%%sél}%tlsrgﬁgmmqgg %ers ha t%@ﬁ%{’:ggﬁdzﬁqg}jg The ar eal

density of tohi svdamnnaThewasalldetity lnsthis 25(Scsirx Kg/On@n x 0526 e tsonidhate
At s e R SR A Rk BB P
o 'ng' e of the 4y, t%ﬂth%afvcbrﬂgx Ay Blieabicdestaht YroptalGainds/ f1 2 (29. 3
° ) This artie A sgcegnldalam%n;tlervﬁas form@c/j gf' 16023 éP%%%’RRlslHlH%e 20, 149
PLUS PCR consolidated sheets, bonded together under heat and pressure,
15 each sheet consisting of two inner unidirectional laminae of high molecular
weight polyethylene fibers in a matrix, cross-plied 0°/90°, and having an
outer plastic film on each surface. The matrix was a styrene-isoprene-
styrene thermoplastic elastomer having a tensile modulus of 200 psi (1.4
MPa). The high molecular weight polyethylene fibers had a tenacity of 30
20 gld. The areal density of this laminate was 2.0 Ibs/ft* (3.77 Kg/m?).

A third laminate was formed of 24 sheets of GOLDFLEX®
material (Honeywell International Inc.) stacked face-to-face and sewn
together around their edges, each sheet consisting of four inner
unidirectional laminae of aramid fibers in a matrix, cross-plied 0°/90°, and

25 having an outer plastic fflm on each surface. The matrix was a styrene-
isoprene-styrene thermoplastic elastomer having a tensile modulus of 200
psi (1.4 MPa). The aramid fibers had a tenacity of 22 g/d. The areal
density of this laminate was 1.14 lbs/ft® (5.57 Kg/m?).

The second laminate was bonded face-to-face with the frontal

30 laminate and the third laminate was stacked face-to-face with the second
laminate to create an article of the invention having an areal density of 6.0

Ibs/ft* (29.3 Kgim?).



grain (9.66 g), (Russian Dragnov, LPS) bullets with steel pepetrator cores,
in the sequence and with the results shown in Table VII. The bullets

i npact ed wbeodwoosisal | am nate of the article. Table VSI p€massasisiosssao of t he
i nvention maintained a m ni num penetrzation velocity of at |east 2344 ft/sec
(714 msec) after four bullets had been fired into it. Exanple 7 A frontal
lam nate is forned identical to the frontal lamnate in Exanple 1. The
areai density of this frontal |am nate having dinmensions of 15.2 cmx 15.2
cmx 0.526 cmwas 2.0 2 ( : ] [ med
fromfive sheets of PBEPH)JC#@F p@%%%?@&%éa,Omﬁgggggg?z%ﬁgﬁefl&gf]tm?lavi ng
a KEVLAR(r) scrgrgin (Bhes §BO felt is designated PBO KR-KR from Bayrische

Wl I filz Fabrik and has an areal density of 0, 27 Ibs(/ftZ 1 .35 Kg/n2) and
an initial thi dReEs@ndPragngin LRE: Dt viilesies! BRRetiaLRIGS: BybiPher
face-to-face wt : i {iCkRs tbhe
sheets and on bsc?traﬁgg%gya&ﬂ?ﬁgf'ls(%sggi,%gngat?m% g!:lk (S %Fﬁ%gﬁgﬁb 120 0C
under a presgsurtie 6fontflQsminiaté @f 69 MPm)e. The second | ami nate has a thickness
of 10 mm and an areal density of 1.38 | /éé%l(a 75 Kg/n2) . Athird

| aninate is formed of 24 sheets of GOLDER j mat eri al stacked
face-to-face ang sewn together aroygjotfig! r edges,| each sheet consisfing of
four inner unid{rectional [laninae of aramd fibers in a matrix crosstpiied
0790, and havi ng Balatider | pl a$tisec fi | m onnwaeh surif ace Penedrationix is a
styrene-i sopr ene-styrene-thernpplastic—elasto Raving—a {enstte nodul us
of 200 psi ( 1 |4 I\/Pé). The ar2a1F%Od fibers ﬁgde a tlenacity %‘ﬁ 22 g/ d.| The
areal density ofthig Tamnaredg L. 14 TbSELEZ (5./57 Kgln2No. The serond

| am nate is bonded face-to-face with the frontal
3 2403 732 Yes

4 2344 714 No

oy
el

The article of the invention maintained a minimum penetration
velocity of at least 2344 ft/sec (714 m/sec) after four bullets had been fired

10 intoit.

Example 7

A frontal laminate is formed identical to the frontal laminate in
Example 1. The areal density of this frontal laminate having dimensions of
15.2 cm x 15.2 cm x 0.526 cm was 2.0 Ibs/ft* (9.77 Kg/m?).

15 A second laminate is formed from five sheets of PBO (poly(p-
phenylene-2,6-benzobisoxazole) felt having a KEVLAR® scrim. The PBO
felt is designated PBO/KR-KR from Bayrische Wollfilz Fabrik and has an
areal dehsity of 0.27 Ibs/ft2 (1.35 Kg/m?) and an initial thickness of 4 mm.
The felt sheets are stacked together face-to-face with polyethylene films of

20 0.35 mm thickness between the sheets and on both sides of the stack, and
the stack is molded at 120 °C under a pressure of 100 psi (0.68 MPa). The
second laminate has a thickness of 10 mm and an areal density of 1.35{
Ibs/ft* (6.75 Kg/m?).

A third laminate is formed of 24 sheets of GOLDFLEX® material

25 stacked face-to-face and sewn together around their edges, each sheet

consisting of four inner unidirectional laminae of aramid fibers in a matrix,



| am nate and the third lamnate is stacked face-to-face with the second

| am nate to create an article of the invention having an area! density of
4.52 | bs/Wb2o0q72@5d43Kg/ n2) . It is believed that this pamrelr/ushesossae al |y

i npacted on the frontal lamnate by MB0 ball, 7.62 X 5 1, 147 grain (9.53
g) bullets at a velocity of at |east 2000 ft/sec (610 misec), within a

| ateral area of 15 cmx 15 cm would have a m ni num penetration velocity
for a third bullet of not |ess than 90% of the m nimum penetration velocity
of a first bulletbsspliadfl’O08, SEEHELITBA([T dutehplastialfiing oregeeh siefecs. t Tl
silicon carbide on.carbon fibers are obtained from Speci alg\tﬁ% Mat eri al s,

Inc. The CVD Si ‘@altri')b'é:'r%Sfé(F%‘!‘edfsoﬁF’%BtW%th@@WE tig gyagip lhé‘.ﬁ’mé?rﬁi have a
tensile strengt@r@ne?ﬂ&ml@lafmgéi dedpjp .ﬁ]he?a#énqé%%rsﬁgﬁatéﬁé&t e

formed into a unidirectional prepreg using the apparatus I strated I n

Figure 3 . A DERAKANE[hS acemhdensitnyf this faminatssisrl . hdbsif® &5.68 i&/iné). nodul us
f 450, 000 i 3.1 G~ i [,i ed N i X., T CV| i G fib

8onsti tute B%I p(ercent b E%I/\%? i "85“@%% ‘?)Bgﬂg%%%géﬁt@'%%@ﬁy@b%es%%‘l?t@&-SpI i ed
0790 using the pRijha ANOROPAHIEMHAE 5 51BREY Fatd U e With #8seceingt een of

the cross-plied sheets (32 | am nae) are bonded together to forma frontal
| ami nat e, havi nigninater lextredieran astictst obthponyvesdion ravingap akganiynsity Af de@dnd
| ami nate is for@gﬂtzggzs‘n{a}:‘ RA SHI ELD(r) PCR sheets bonded together under
heat and pressure, ch's t" consisting of two unidirectional |am nae of

hi gh mol ecul ar wei ght polksysiiByée featfthizgiahel Whentdeeiaipphpatiet ¢ etfesma] C
matri x, and cross-plied 0790. Tge@g(gﬁr}]enol ecu] ar wei ght pol yet hyl ene fi bers
F

have a tenald t ylagtinaig tyy M8OTad, Adirtgraisr (Othbokaeliata at anveieaiy ofat2

| bs/ft2 (9.77 j I ] -' t i t] to
that used to foratpood s 1pIsRE Gultin bR r¥a By TBLGHX 1B, el
Si C cross- pl i edhaveetsin{béml maneatatipnarstodityrfded thiobtlfetrof nbhéesarthah ddépsi ty

of the third of the minimum penetration velocity of a first bullet.

Example 8

15 SCS-ULTRA® chemically vapor deposited silicon carbide on
carbon fibers are obtained from Specialty Materials, Inc. The CVD SiC
fibers are of 0.0056 inch (0.0142 cm) diameter and have a tensile strength
of 5.86 GPa and a density of 3.0 g/lcm®. The fibers are formed into a
unidirectional prepreg using the apparatus illustrated in Figure 3. A

20 DERAKANE® epoxy vinyl ester resin having a tensile modulus of 450,000
psi (3.1 GPa) is applied as the matrix. The CVD SiC fibers constitute 90
percent by weight of the prepreg. The prepreg is cross-plied 0°/90° using
the method and apparatus described in USP 5,173,138. Sixteen of the
cross-plied sheets (32 laminae) are bonded together to form a frontal

25 laminate, having an areél density of 2.70 lbs/ft* (13.2 Kg/m?).

A second laminate is formed of 37 SPECTRA SHIELLD® PCR

sheets bonded together under heat and preséure, each sheet consisting of
two unidirectional laminae of high molecular weight polyethylene fibers in a
thermoplastic elastomeric matrix, and cross-plied 0°/90°. The high

30  molecular weight polyethylene fibers have a tenacity of 30 g/d. The areal
density of the second laminate is 2 lbs/t? (9.77 Ka/m?).



lam nate is 1.35 I bs/ft2 (6.60 Kg/n2) . The frontal |amnate, the second
| am nate and the third | am nate are bonded together face-to-face to create
a | am natwopasmlos@B t he i nvention having an areal densi tyTafS280s564sshbs/ ft2
(27.6 Kg/n2) . It is believed that thiss panel, when serially inpacted on
the frontal lamnate by MBO ball, 7.62 X 5 1, 147 grain (9.53 g) bullets at
a velocity of at |least 2000 ft/sec (610 nfsec) within a |lateral area of 15

cmx 15 cm would have a minimum penetration velocity for a third bull et of
not |ess than 90% of t HelHidliemiReisdn&eimerg Bha\/@emdtlgiea?w%lt@.ﬂa%ft%@éﬁpet

aving thus dessribed ddial ENERLEA DL IR Rl Sl of Rt Sib Ukt dhes

under st ood that s et al nee e stri hered to bu
furt her changesslaatsddildmiaie) ans bonged taygpdisér. t eeretal @ensiby ohthestirdl ed i n

the art, all falin Wlth L the invention as defined by the
subj oi ned cl ai §$ﬂ?§4€ qu(g()?(fﬂ/ n article conprising: a) a frontal

| am nate conpri si ng Oneﬂ%fr a]?la%l'nﬁ% {90 8e&dnF RintinBld 889 BRI MrdAahfipatkal
piy conprising a plurality of |am nae of unidirectional inorganic fibers in

a pol ynmeric rrat eiexhondied tmm@réac&t@fm@tmeatﬁgaﬂamméer@aoeh@fd@enmmnt@ﬁd
construction, e | am nae ad ac, ontal |am nate
differing in co }ngpta]rbﬂreg Eow t? %’42918/%5% H@ing nic fibers being
conprised of filanments hayhagevd ©astHiepsheicdich riafly impastedZerPtHePa and a
of less than 4.0 g/cnB, wherein the fiber direction in each |lamna is at an

angle to the fi frentadiaraivetohy MﬁQahii'éJeﬁ? >q ahi HelegraimP. §§3 o badletsat 3 ani nat e
df
united face; é)l | (e’%%gnggﬁgsm é{g y@’ft/se%%%trﬁ/sezs ﬁ!ﬁ?ﬁ’[’aﬁ 2 é%%ﬁ@@ﬁf)r(' sing

one oOor nore conprisin am nae O
pol yrmeric fiber g5iom avo@tiwavie, a bieinaeh yeaeiratién belosithfor anthial b@isdof hyt of  at

least 17 g/d, t Iheessr’]cﬁan 90%/0 of the minimum penetration velocity of a first bullet.
Having thus described the invention in rather full detail, it will be
understood that such detail need not be strictly adhered to but that further
15 changes and modifications may suggest themselves to one skilled in the
art, all falling with the scopé of the invention as defined by the subjoined

claims.



optionally containing a matrix material, the lamnae in a ply having the
sane conposition and construction, the lamnae in adjacent plies of the
second | avonasmosi4Bf eri ng in conposition or constructiorcTtais20B@3udi cl e of
claiml additionally conprising a thizd | am nate stacked face-to-face to
said second |am nate, said third | am nate conprising one or nore plies,
each said ply conprising a plurality of |am nae of polyneric fibers in a
network optionally containing a matrix, the polyneric fibers having a

tenacity of at (yl\/ﬂétsits dfnfGs the Tamnae in a ply having the sane
conposi tion and construction, the | am nae in adjacent plies of the third

| am nat e diff erfi. ngniarticlerqpogirtsiran or construction. 3. The article of ciaim

2 wherein the frontal _| am pate consists of a fr -1l f i directional
i norganic fibers, 2h 33@8%%[15}5?'93 C%“Pf’%‘ﬁﬂi%ﬁ\é{éﬁg{g%'fegst’ )eé,n%aorf%édj%%d ply
of ~uni directional iwiﬂgaife‘or&élwgonw@iﬁg 4 BRIkt (f drairke ofguradiestided! on
all surfaces by said firtst and third plies, said inorganic fig: rs;belng
conprised of fil anerinergaand filgera in arpslyraesge matpx.Hheflaingeing P e}@"@% Nehd a
density of less than_4.0 g/cnB,. i | LEfsdd bi g,:@:h i na
is at an angle to t RPT ngpg)gih tﬁ%qﬁ&@qn&g&hg@gﬁteq?ar méngf;?d}%c. hleeggjrﬂi cle
of claim1 additionahkyrdeamamiiatg différing id doanposdiien ancorestricion; saidf ace
with said second lanmi nate, .said third | am ngt conpr.i si n&' onF or, mor e
plies, each said plynewamns Bpeig Reing GPRAPTES 6*? ﬁiag?vr%ofﬁa A9 AIGIY'Ect i onal
inorganic fibers i ndsqr%p{rs?gt GaARb I &P tA1%) & afdaashhA 420 Blamhadrgint he
same conposition and construction, the Iaam nae I n adjacent plies of the
third | am nate diff etherfiperniircotigoai eachliaoning dhat anenglsritc thaiflper doeghen c
fibers being conprised of filaments having a tensile strength of at |east
2.0 GPa and a densit %ﬁawﬁéammﬁ’&!‘ g/cm 3, wherein the fiber direction

in_each | am na is3t;a8:80@! 8tk ittt BaEe-i-fRel toqRe iffbntal) lacdTdte] thel nae. S
The article of claim ?[ wherein said frontal |am nate and sai d second
second laminate comprising one or more plies, each said ply
comprising a plurality of laminae of polymeric fibers in a network, the
15 polymeric fibers having a tenacity of at least 17 g/d, the network
optionally containing a matrix material, the laminae in a ply having
the same composition and construction, the laminae in adjacent
plies of the second laminate differing in composition or construction.

2. The article of claim 1 additionally comprising a third laminate stacked

20 face-to-face to said second laminate, said third laminate comprising one
or more plies, each said ply comprising a plurality of laminae of
polymeric fibers in a network optionally containing a matrix, the
polymeric fibers having a tenacity of at least 17 g/d, the laminae in a ply
having the same composition and construction, the laminae in adjacent

25 plies of the third lami'hate differing in composition or construction.

3. The article of claim 2 wherein the frontal laminate consists of a frontal
ply of unidirectional inorganic fibers, a second ply of a titanium metal
plate, and a third ply of unidirectional inorganic fibers, the titanium plate
being embedded on all surfaces by said first and third plies, said )

30 inorganic fibers being comprised of filaments having a tensile strength

of at least 2.0 GPa and a density of less than 4.0 g/cm3, wherein the



| am nat e have bal anced constructions. 6. The article of claim1, wherein
the | am nae conprising said second | am nate have a fiber network

const ructwonosmlosesed from the group consisting of wovemrcThsRdss@ssssbr ai ded,
random y oriented non-woven and uni dijoectionally oriented non-woven. 7. The
article of claim1l1, wherein the | am nae conprising the second | am nate
conprise unidirectionally, non-woven fiber networks. 8. The article of
claim7 , wherein the angle between the fibers in adjacent |am nae
conprising sai d sdébendiréetidmiateadrslaftigarisddt droadflededheéber Sireditom iarti cl e of
claim1 wherein the filapents conprising said inorganic fibers have a
tensile strength @ﬁlaétenfg@WaQJ GPa and a density of |ess than 3.4 g/cnB.

10. The articl eqofpel g ! in S S I ehildyor gani ¢
fibers have a t%’ng}h%eé}gtgpreéonf\g?ﬁﬁg? %g’tdﬂﬁgfglsl a%“%@ anéﬂﬁ!ﬁ%ﬁiﬁ%sgﬁc&ol ess
than 3.4 g/cnB. 1fadtht-face witle said sdcainch iamitede e$aid thied fanhiastencempoaipgi si ng
said inorganrc fibers have a].tensi l_‘e z}r&nq%th of at Ie%f@ 4\"0 GPa and a
density of Iess tRRF % MOE RiRs, B3chFrld RV PORIISHY 8IRVRIY QHaFERae g4 d

i norgani c fibers apgiigekieahBfAcldaMR ?inb@rsgh%a&blym_@ﬁbmtﬂg, Ble iahﬁrﬁwmégtwapor
deposi ted boron, chem cally vapor deposited silicon carbide, b-SiC, b-SiC
in a Si-O C anor phevingghesssmeEcghpos|tios-ajicestauctien, theslgminagpinadjasento. 2%

comosi 11 on, 5 enstenct s g il ideamodSfioh of 4ot spie ¢ o

of claim 1, whereiiforgahid filkes GaMFcdpassd of flafrines hadngreomankhe sgeayih
consisting of chem cally vapor deposited _boron on t;ﬁstenj chem cally

vapor deposited sidfigé st arib(Ha and alanshy CalagsdoanHagidhs WsreRdpeof . 14.
The article of cl gy LidBeSeINesA BrhiRQiIN4S ahhRAGIHE FBRF bifEctidPm 60 to

adjacent laminae.

5. The anticle of claim 1, wherein said frontal laminate and said second
laminate have balanced constructions.

15 8. The article of claim 1, wherein the laminae comprising said second
laminate have a fiber network construction selected from the group -
consisting of woven, knitted, braided, randomly oriented non-woven and
unidirectionally oriented non-woven.

7. The article of claim 1, wherein the laminae comprising the second

20 laminate comprise unidirectionally, non-woven fiber networks.

8. The article of claim 7, wherein the angle between the fibers in adjacent
faminae comprising said second laminate is from 45 to 90 degrees.

9. The article of claim 1 wherein the filaments comprising said inorganic
fibers have a tensile strength of at least 2.4 GPa and a density of less

25 than 3.4 g/cm®. '

10. The article of claim 1 wherein the filaments comprising said inorganic
fibers have a tensile strength of at least 3.4 GPa and a density of less
than 3.4 g/cm?.

11.The article of claim 1 wherein the filaments comprising said inorganic

30 fibers have a tensile strength of at least 4.0 GPa and a density of less

than 3.1 g/lcm®.



95 percent by weight of said frontal |Iamnate. 15. The article of claiml1,
wherein said polyneric fibers are selected fromthe group consisting of

hi gh nol ewol2ae7/00804ght pol yet hyl ene, aram d, 15 pol ybenzazelusoosiogssdo r od

pol ymer and conbi nations thereof. 16.31The article of claim1l, wherein said
polymeric fibers are selected fromthe group consisting of high nol ecul ar
wei ght pol yet hyl ene, pol y(pphenyl ene terepht hal am de),

pol y(2- phenyl ene- 2, 6- benzobi soxazol e), M and conbi nati ons thereof. 20 17.
The article of 4§ ‘IarL %tclé"@ferﬂﬁlhﬂ1WéiePPéédmeraﬁicU¢I$saoazrpeﬂested‘irumthé to
95 percent by WEI said second |lam nate. 18. The article.of cla

wherei n the pol yrgoip cnasnstuxg iof cbammallamaﬁar gepesiiad BprPnoEheRically P’BHPEAI

| ami nate has an ipiti nS|Ie )5, a) as
neasur ed by ASTMCP%@@%%?%TQ” Gf"l’ité b %e@ﬁ}a %%ﬁ%‘?ﬁ%‘g‘ﬁ@@%ﬁym. c
matrix in each | @1[9510% 0k @1@%@ aPk514 @% alsc_f za%cwmcb Q%TOnaP/eTl)s:ompcs&tam aner
having an initial tensil e nodulus | ess than 000 psi.

measur ed bys ASTM (B638% 32033 SBB(eCaBt8°£’ol(é bﬂ%:lél Qﬁnipoﬁmérh %‘8N3§I ‘1"@ 1rﬁ){ict ed
by MBO ball, 7.62 X 5, 1 h %ﬁ 53 g) bullets at a velocity of at
| east 2000 ft/secO@ébe%rU ‘r‘?xa E? WeRtn a lateral area of 15 cmx 15 cm

having a m ni mym peRgHK bPRIakR 10 UHeYeih@aidiriongamic fibkreareselacted fews t han
90% of the m ninum penetration velocity of a first bgﬁ(i et.21. The a tlcle of

claim 1, when serihaldrpupeoasistng sy chawieallyapgr RBBOYE] DOFPNEN WNGSEN. 147
grain (9.53 g) bullets ﬁy _)(%p%ﬁ!{igﬁé% goémcﬁv‘n L68Rfe APERHIH aRE OB RC)

within a | ateral %kpeé'glcg Vi ng amnlrmmpenetratlon
velocity fqp a thifefedrul | et of not | ess than 95% of the M ni mum penetration

velocity of a first bullet. 22. The artlc@e of cla %S@ﬁ (w
i npact ed by i mpdcT Bel aclamb clgdm 1 whegsin saigl ipor rSC ?“‘o %ts at
a velocity of al beaatefidl iighees é&éqrdmaammmm n a lateral area of 15
cmx 15 cm having
15 The article of claim 1, wherein said polymeric fibers are selected from
the group consisting of high molecular weight polyethylene, aramid,

15 polybenzazole, rigid rod polymer and combinations thereof.

16.The article of claim 1, wherein said polymeric fibers are selected from
the group consisting of high molecular weight polyethyiene, poly(p-
phenylene terephthalamide), poly(2-phenylene-2,6-benzobisoxazole),
M5 and combinations thereof.

50 17. The article of claim 1, wherein said polymeric fibers comprise from 75

to 95 percent by weight of said second laminate.

18.The article of claim 1, wherein the polymeric matrix in each lamina of
each ply of said frontal laminate has an initial tensile modulus at least
400,000 psi (2.76 GPa) as measured by ASTM D638.

»5  19. The article of claim 1, wherein the polymeric matrix in each lamina of
each ply of said second laminate is an elastomer having an initial tensile
modulus less than 6,000 psi (41.3 MPa) as measured by ASTM D638.

20. The article of claim 1, when serially impacted by M80 ball, 7.62 X 51,
147 grain (9.53 g) bullets at a velocity of at least 2000 ft/sec (610

30 m/sec) within a lateral area of 15 cm x 15 cm, having a minimum

penetration velocity for a third bullet of not less than 90% of the

minimum penetration velocity of a first bullet.



penetration velocity for a fifth bullet of not |ess than 90% of the m ni num
penetration velocity of a first bullet. 23. The article of claim1, when
seri al | y wopaetmsosby i npacted by MBO ball, 7.62 X 5 1 , pt4/isgeosiosss¢®. 53 Q)
bullets at a velocity of at |east 2002 ft/sec (610 nisec) within a | ateral
area of 15 cmx 15 cm having a m ni num penetration velocity against a
fifth bullet of not |ess than 95% of the m ni mum penetration velocity of a
first bullet. 24. The article of claim1l1l, when serially inpacted by

i npacted by 'Vl@QT{P\%léﬁiolé-cﬁ%iM1,g\réri%ﬁrgdeﬂélﬂ) i%da?:ﬁt?ﬁbg)irfﬂbubﬂe@tk‘ﬁy RIS0Dall,

vel ocity of at Teast 2000 ft/sec sec) W a lateral ‘area of 15 cm
X 15 c¢cm having a7nfh¥Xrim Edneeinatd. o gy blibeis ey angleeitn ofatdeadtOPOdtseet of

not |ess than 90% t he i ni,oum penetrati v ' foa. fi - et.
25. The article of(gicp Qpﬁ?gwmgﬁ @ 7 rfxr|e)9 ﬁ&&a&‘gﬁl‘%é@#&g&'ﬁ%ﬁm% bal I,
7.62 X 5 1, 147 granptrafoRJekitP bl £iFrdbulRt vEhotieky tdn 86% ebpe 2000
ft/sec (610 msec) within a lateral area of 15 cmx 15 cm having a m ni num

penetrati on wvel ocineipiragai penetetiopwalndiysiia st Beleiot | ess than 95% of the

m ni mum penetr ag. vel.oci Ly ' T ' im1l
havi ng a speci ?#%Orzﬁe&ég%a%fs%%h ?b‘&héétéleﬂé'{“} @é%a%%’ Iby'?@\p géféiqgfwfol%@gr ain
(9.53 g) bullets gfsaX a7 3@h (0.68 3} Kallets dtkevelblityel atdeast. 200D, ft/Sae
article of claim when serially inpacted#)%/ 7.62 39 ball type. 56

123gr. (7.97 q) (Ki38TaReARWIRN DATE] Sreh T SeBet 1BETbIAING 8 BRI o
vel ocity of at !ega%ﬁwe%%%nfv%{o%ﬁg 1604 AfTRAE) ot Mdillbgs thalnPdPhal 1R AfiniAfurd S
cnx 15 crn, having a mninmum penetration velocity for a third bullet of not
| ess than 9096 of tgemetiatiomvelquity eff mafirsDouliet] ocity of a first bullet. 28.

The 2rt1cl e o SAAD L MISh el b RaES B o182 3R PR e 0,
velocity of at |easgn 3009 {47 gafn (P59 gybemets Md hélbcity bréeast Z0tRiteEc15 cm
(610 m/sec) within a lateral area of 15 cm x 15 cm, having a minimum
penetration velocity against a fifth bullet of not less than 95% of the
15 minimum penetration velocity of a first builet.
24.The article of claim 1, when serially impacted by impacted by M80 ball,
7.62 X 51, 147 grain (9.53 g) bullets at a velocity of at least 2000 ft/sec
(610 m/sec) within a lateral area of 15 cm x 15 cm, having a minimum
penetration velocity against a seventh bullet of not less than 90% of the
20 minimum penetration velocity of a first bullet.
25.The article of claim 1, when serially impacted by impacted by M80 ball,
7.62 X 51, 147 grain (9.53 g) bullets at a velocity of at least 2000 ft/sec
(610 m/sec) within a lateral area of 15 cm x 15 cm, having a minimum
penetration velocity against a seventh bullet of not less than 95% of the
25 minimum penetration velocity of a first bullet.
26. The article of claim 1 having a specific energy absorption against M80
ball, '
7.62 X 51, 147 grain (9.53 g) bullets of at least 100 J-m?/Kg at the V50
velocity.
30 27.The article of claim1, when serially impacted By 7.62 X 39 ball type 56,
123gr. (7.97 g) (Russian AK-47) bullets with steel penetrator cores, at a

velocity of at least 1900 ft/sec (579 m/sec) within a lateral area of 15 cm



x 15 cm having a m ninum penetration velocity for a fifth bullet of not

| ess than 90% of the m ni mum penetration velocity of a first bullet. 29.

The arti ove0é7mk@sm 1, when serially inpacted by 7.62 Xc3asbalslozisype 56,
123gr. (7.sw97 g) (Russian AK-47) bulizets with steel penetrator cores, at a
velocity of at |least 1900 ft/sec (579 misec) within a |ateral area of 15 cm
Xx 15 ¢cm having a mninmum penetration velocity for a seventh builet of not

| ess than 90% of the m nimum penetration velocity of a first bullet. 30.

Ihe iU eL ool ot ) IS MRRLGETUR RS At Do ora 3R Bk vy S°
cores, having a nilsssrtharp@ddt sfahe aninielrg@dnetfatonaelduitydflafirsebulidgt. not | ess
than 90% of t he2g1 Tni%engmc eegfe(t;!g%'% I1O\r/]vh\éﬁls%0n|a%!§/mg;];ac?tefdlbrys% 62% l?:Stb'all type 56,
123gr. (7.97 g) (Russian AK-47) bullets with steel penetrator cores, at a
5 velocity of at least 1900 ft/sec (579 m/sec) within a lateral area of 15 cm
x 15 cm, having a minimum penetration veiocity for a fifth bullet of not
less than 90% of the minimum penetration velocity of a first bullet.
29.The article of claim 1, when serially impacted by 7.62 X 39 ball type 56,
123gr. (7.sw97 g) (Russian AK-47) bullets with steel penetrator cores,
10 at a velocity of at least 1900 fi/sec (579 m/sec) within a lateral area of
15 cm x 15 cm, having a minimum penetration velocity for a seventh
bullet of not less than 90% of the minimum penetration velocity of a first
bullet.
30.The atrticle of claim 3, when serially impacted by 7.62 x 54R ball type
15 56, 149 gr. (9.66 g), (Russian Dragnov, LPS) bullets with steel
penetrator cores, having a minimum penetration velocity for a third
bullet of not less than 90% of the minimum penetration velocity of a first
bullet.



