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excellent ballistic resistant properties. Mre
particularly, the invention pertains to a reinforced,
del am nation resistant, ballistic resistant

conposi tes. DESCRI PTI ON OF THE RELATED ART 15
Ballistic resistant articles containing high strength
fibers that have excellent properties against

def ormabl e projectiles are known. Articles such as
bull et resistant vests, helnets, vehicle panels and
structural nmenbers of mlitary equipnment are
typically made from fabrics conprising high strength
fibers. Hgh strength fibers conventionally used
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DESCRIPTION OF THE RELATED ART

15  Ballistic resistant articles containing high strength fibers that have excellent

properties against deformable projectiles are known. Articles such as bullet
resistant vests, helmets, vehicle panels and structural members of military
equipment are typically made from fabrics comprising high strength fibers. High
strength fibers conventionally used include polyethylene fibers, para-aramid

20  fibers such as poly(phenylenediamine terephthalamide), graphite fibers, nylon
fibers, glass fibers and the like. For many applications, such as vests or parts of
vests, the fibers may be used in a woven or knitted fabric. For many of the other
applications, the fibers are encapsulated or embedded in a matrix material to form
either rigid or flexible fabrics.

25
Various ballistic resistant constructions are known that are useful for the
formation of articles such as helmets, vehicle panels and vests. For example, U.S.
patents 4,403,012, 4,457,985, 4,613,535, 4,623,574, 4,650,710, 4,737,402,
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4,748, 064, 5,552,208, 5,587,230, 6,642,159, 6, 841, 492,

6, 846, 758, all of which are incorporated herein by
reference, describe ballistic resistant conposites
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materials such as extended chain ultra- high nol ecul ar
wei ght pol yet hyl ene. These conposites display varying
degrees of 5 resistance to penetration by high speed

i npact fromprojectiles such as bullets, shells,
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matrix, with elastomeric layers there between. The composite is bonded to a hard

plate to increase protection against armor piercing projectiles.
20
It is well known that a small pointed projectile can penetrate armor by laterally
displacing fibers without breaking them. Accordingly, ballistic penetration
resistance is directly affected by the nature of the fiber network. For example,
important factors impacting ballistic resistance properties are the tightness of a
25  fiber weave, periodicity of cross-overs in cross-plied unidirectional composites,
yarn and fiber deniers, fiber-to-fiber friction, matrix characteristics and

interlaminar bond strengths.



Anot her inportant factor affecting ballistic

resi stance properties is the ability of the ballistic
resistant material to resist delam nation. In
sanesitostmal conposite ballistic panels, thePCTVpsmN6/046869
of a projectile on the ballistic fabric |ayers passes
t hrough sonme of the layers while surrounding fabric

| ayers are stressed or 5 stretched, causing themto
fray or becone del am nated. This delam nation may be
limted to a small area, or may spread over a |arge
area, significantly dimnishing the ballistic
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The invention also provides one or nore ballistic
resi stant panels including one or nore rigid plates
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2Q henen-waya fibrovsorraps, @ad;mml@gatwawf}fgeﬁeut@qhalqppmﬂse invention
at t ehFdvides one or more ballistic resistant panels including one or more rigid

plates attached thereto for improving ballistic resistance performance, which may
also be reinforced with one or more of the aforementioned techniques. The
present inveation presents an improvement over U.S. patent 5,545,455 which does
25 not describe materials reinforced by melting panel edges, nor does U.S. patent
5,545,455 describe the incorporation of two fibrous wraps which are wrapped in
different directions. U.S. patent further does not teach structures that incorporate

outer polymer films on their panels, nor structures having rigid plates attached



WD 2008/ 105754 PCT/ US2006/ 046869 thereto. Articles
formed fromthe materials described herein have been
found to have excellent del am nation resistance and
Walbishbizes r esi stance properties, which are pcT/US2006/046869
particularly retained after being stressed by nmultiple

i npacts. 5 SUVMARY OF THE | NVENTI ON The i nvention
provides a ballistic resistant naterial conprising: a)

a panel having an anterior surface, a posterior

surface and one or nore edges, which panel conprises:

i) a consolidated network of fibers, the consolidated
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fibrous wap. 25 The invention al so provides a

bal | i st isderisEprsmanst saihilbers Bavingrmatrixicampositionthgreqa) the

havi ng oL Shnf i rf.ace.: :

o 67 BRARLGEL e AURER ey PAR S Alesl o i i
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i) at least one layer of a polymer film attached to each of said anterior and

posterior surfaces of said consolidated network of fibers;
b) a first fibrous wrap encircling the panel, said first fibrous wrap encircling at
least a portion of said anterior surface, said posterior surface and at least one edge
20  of said panel; and
¢) an optional second fibrous wrap encircling the panel, the second fibrous wrap
encircling the first fibrous wrap in a direction transverse to the encircling

direction of the first fibrous wrap.

25  The invention also provides a ballistic resistant material comprising:
a) a panel having an anterior surface, a posterior surface and one or more edges,

which panel comprises:



1) a consolidated network of fibers, the consolidated
network of fibers <conprising a plurality of
cross-plied fiber layers, each fiber layer conprising
WOi008 8Ty of fibers arranged in an array; SBETUS2006/046869
fibers having a tenacity of about 7 g/denier or nore
and a tensile nodulus of about 150 5 g/denier or nore;
said fibers having a matrix conposition thereon; the
plurality of cross-plied fiber |ayers being
consolidated with said matrix conposition to formthe
consol idated network of fibers; and ii) optionally at
Least OnFabakBligfl ArRGhodTEbel! hILALbASRAA ok 3f Ruk
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The invention further provides a method of producing a ballistic resistant material
comprising:
20 a) forming at least one panel having an anterior surface, a posterior surface and
one or more edges, which panel comprises:
i) a consolidated network of fibers, the consolidated network of fibers
comprising a plurélity of cross-plied fiber layers, each fiber layer
comprising a plurality of fibers arranged in an array; said fibers having a
25 tenacity of about 7 g/denier or more and a tensile modulus of about 150
g/denier or more; said fibers having a matrix composition thereon; the
plurality of cross-plied fiber layers being consolidated with said matrix

composition to form the consolidated network of fibers; and



WO 2008/ 105754 PCT/ US2006/ 046869 ii) at |east one
| ayer of a polyner filmattached to each of said
anterior and posterior surfaces of said consolidated

VQSBB\S%fleﬁI fibers; b) nolding the panel mtogg}ms 006ﬁ46869
e; C) enC|rcI|ng a first fibrous wap arou gI

nol ded panel, said first fibrous wap 5 encircling at

| east a portion of said anterior surface, said

posterior surface and at |east one edge of said

panel ; and d) optionally encircling a second fibrous
wrap around the nol ded panel, the second fibrous wap
encircling the first fibrous wap in a direction
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polymer filmattached to each of said anterior and
podnasgriabeomprifizgies of said consol i dated network of
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post er i @smpidiA@E Blusdliey @ftcross-plled fiber layers, each fiber layer
comprising a plurality of fibers arranged in an array; said fibers having a
tenacity of about 7 g/denier or more and a tensile modulus of about 150
g/denier or more; said fibers having a matrix composition thereon; the
20 plurality of cross-plied fiber layers being consolidated with said matrix
composition to form the consolidated network of fibers; and
ii) optionally at least one layer of a polymer film attached to each of said
anterior and posterior surfaces of said consolidated network of fibers;
b) molding ihe panel;
25  c) attaching at least one rigid plate to the anterior surface of said molded panel;
d) encircling a first fibrous wrap around the molded panel, said first fibrous wrap
encircling at least a portion of said anterior surface, said posterior surface and at

least one edge of said panel; and



| east one edge of said panel; and 6 WO 2008/ 105754
PCT/ US2006/ 046869 e) optionally encircling a second
fi brous wap around the nol ded panel, the second
Wanoesiwsimap encircling the first fibrous w apCT/lSw06/046869
direction transverse to the encircling direction of
the first fibrous wap. 5 The invention al so provides
a ballistic resistant material conprising: a) a panel
havi ng an anterior surface, a posterior surface and
one or nore edges, which panel conprises: i) a
consol i dated network of fibers, the consolidated
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bal listic resistant material conprising:
anterior and posterior surfaces of said consolidated network of fibers; and

wherzin one or more edges of said panel are reinforced by melting a
portion of said panel at said one or more edges;

20 b) an optional first fibrous wrap encircling the panel, said first fibrous wrap
encircling at least a portion of said anterior surface, said posterior surface and at
least one edge of said panel; and
c) an optional second fibrous wrap encircling the panel, the second fibrous wrap
encircling the first fibrous wrap in a direction transverse to the encircling

25  direction of the first fibrous wrap.

The invention further provides a ballistic resistant material comprising:
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anterior surface, a posterior surface and one or nore
edges, which panel conprises: i) a consolidated

Qe weditosh fibers, the consolidated network opcfiuse6c46869
conprising a plurality of cross-plied fiber |ayers,

each fiber layer 5 conprising a plurality of fibers
arranged in an array; said fibers having a tenacity

of about 7 g/denier or nore and a tensile nodul us of
about 150 g/deni.er or nore; said fibers having a
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DETAILED DESCRIPTION OF THE INVENTION

20 The inventicn provides fabric composites having superior ballistic penetration and

delamination resistance. For the purposes of the invention, materials of the
invention that have superior ballistic penetration resistance describe those which

exhibit excellent properties against deformable projectiles.

25  The ballistic: resistant materials, structures and articles of the invention comprise
at least one ballistic resistant panel, preferably more than one panel arranged in a
stack. Each ballistic resistant panel has an anterior surface, a posterior surface

and one or more edges, wherein a quadrilateral shaped panel has four edges, a
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panel has three edges, etc. Each panel conprises a
consol idated network of fibers, the consolidated
wetowsnds7sf fibers conprising a plurality of PCT/US2006/046869
cross-plied fiber |ayers, each fiber |ayer conprising

a plurality of fibers arranged in an array. Suitable
fibers for use herein are high-strength, high tensile
nodulus 5 fibers having a tenacity of about 7

g/ denier or nore and a tensile nodulus of about 150
g/d.enier or nore. The fibers have a matrix
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el @l Rty G f @Foss-bGedfited layers arecdnfpdidhated vithissidredteak r ed

to herein as a matri x conposition. The consol i dated
neCoIPRsIm i iferet e cornhifalekneiverkef §prrey Dgpendingeqn the

! am%ﬁdiﬁ;eﬂeh%gﬁagagﬁiab%nheﬁea;ﬁprfsb Qﬁ@a%@ﬂ@{aymrﬁoﬁlnw fifin

plurality o ers ctoated wWith said matrix
10corpanbed toorackanfisapd afterionbhd/postanior srpfaceref sgidaonso)idated

arranged in a substantially parallel array, and said
fiﬂgwgﬁéyga§“being consol i dated to formsaid 20
singl e-1ayer., consolidated network. The consoli dated

network may al so_conprise a plurality of yans tha
r ECo e Rt of (e N e FBRSGH YR R SPBPHEYSY nt o

a pBiwdriabf fiderin ahdYRloteAB dr ARAPOlyRAt&Hpdsition, ¥hicabri c.
For the purposes of the present invention, a "fiber"

15) s elaptomierngurigid potyyner pempasiignns refosred torbereings agmatiiki ch
i's er e r [ [ - Of
i GO PhElcph b RerbbANT (LSRR MR of e
us dayers stackezl topatbert ¢aoh fiberylayeacgmpvisited a/pluralibyesf friteys doated
circular, flat or oblong in cross-section.. :
AcBPRITYTiR epBoqon i pistersbiy GUf A Rer pirihy franeed in a
ri Eﬁ&&lixtial%t parflfel ansl, biesaid fiser Ryeds deing @EkNodidated to form said
i rregul ar cross-

20 sin%le-layer:, consolidated network. The consolidated network may also comprise

a plurality of yams that are coated with such a matrix composition, formed into a

plurality of layers and consolidated into a fabric.

For the purposes of the present invention, a “fiber” is an elongate body the length
25  dimension of which is much greater than the transverse dimensions of width and

thickness. The cross-sections of fibers for use in this invention may vary widely.

They may be circular, flat or oblong in cross-section. Accordingly, the term fiber

includes filaments, ribbons, strips and the like having regular or irregular cross-
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al so be of irregular or regular nulti-Ioba
cross-section having one or nore regular or irregular
Ivod ems/osessect i ng fromthe |inear or | ongitudi pelr/uszoos/646869
of the fibers. It is preferred that the fibers are
single | obed and have a substantially circular
cross-section. 5 As used herein, a "yarn" is a strand
of interlocked fibers. An "array" describes an
orderly arrangenent of fibers or yans, and a "parall el
array" describes an orderly paraIIeI arrangenent of
fibers or_yarns. A fiber "l ayer" desc pl anar

ar r &frgerreh yan%ﬂ%w frirrrgiang (aeHlar m&r@gelrm%ﬁﬁ%“owvmg
usegnd&r R reghlar'o? Ridehiar ﬂo@ei‘ﬁrﬁj eﬁtﬂg%cﬁn bR lﬁieﬁxrk?rrlox?gltudmal

woven or non- ven mat er | al I ber "network" denotes
a pxiupﬁthie{rjmsf If lmpwfmﬂdnmmcﬁbfersm single Jobed hnd/bave a A
fiber ne Wﬁ; % chqygmgarlous configurations. For
exa qSMI@ e ér%mor arn may be fornmed as a felt or
&not her vvoven non- vvoven or knltted or for med into a
net wor k y ot her. conv

(ﬁ tfl ong chnl " b
Acc s aHiEerenen WARY L& PER P! B gked, bRy} degeribes an
net WegeK Emgeﬂkhwmkfsw %'alﬁs Ahd'k abdrinel Qxfra)f”' dREribes¥BEerly
are co wher eby each fiber_ layer conprises
f i bearsllel arrangesent offthers oranimgn Aditien“layeradesagbes@ planar
the I a (RelTomy: ®
o BiefrBA AT YR B hoh-wRRR e o yAnE SRV B ke a B2
10 hemay ozlate d:esther bmven craraovivda matkriab nd fibexrt 'Inetwook" denotes a
fibe e mat ri x ition. As used
ner B, St Eeonaectal el BLiart s o R BPLPSWPE GpTats rigus
20 eompasEenNfFoR Téﬁalﬂ]iﬁle B¢ fibérieh yatlitaay bé fdpmed hay RltSor another
t hat have been consolidated or united into a single

uni Marsn. sen-ioven & knifled; erfaEpgd inigra negvork by jagy pdgheonyepdional
theechRkdd. )SAJEBH’?ﬁé t%la ;ﬁﬁ%u%ﬂg I%réf&f’éd‘@oﬂ%hat@ﬁ Retvolidy er

are conbi ned via dryi'ng, heating, pressure
lﬁ)r eordigntakinmta pjnratltymf diber layaps arg nmnlslacdjwhcmgﬂ' each rﬁlbelday:r
streng

t on o i R B e A a0 oy e By

t enparallel todachbtHeealdhg abinor figérdiratiin. K "dvRERidad network”
preferred teﬂgl | e nodul us of, at | east about 150
g/ ditredre descrese copsplidated combisationpiipeniayqrs mthisaidamayix

pr eé&ﬁ;ﬁ@t%n""?\s%@&f KbfeihOr Ql’n%?ekla)c&” Suchf@RerdRtucRire/ 9

or nore. used herei n
20 composed of one or more mdmdual ﬁber layers that have been consolidated or

united into a single unitary structure. By "consolidating" it is meant that the
matrix material and each individual fiber layer are combined via drying, cooling,

heating, pressure or a combination thereof, to form said single unitary layer.

25  As used herein, a “high-strength, high tensile modulus fiber” is one which has a
preferred tenacity of at least about 7 g/denier or more, a preferred tensile modulus
of at least about 150 g/denier or more, both as measured by ASTM D2256 and

preferably an energy-to-break of at least about 8 J/g or more. As used herein, the



10 WO 2008/ 105754 PCT/ US2006/ 046869 term "denier"
refers to the unit of linear density, equal to the

mass in grans per 9000 neters of fiber or yarn. As
weads/erai n, the term"tenacity” refers to tRET/US2006/046869
tensile stress expressed as force (grans) per unit
linear density (denier) of an unstressed specinen.

The "initial nmodulus"” of a fiber is the property of a
material 5 representative: of its resistance to
deformation. The term "tensile nodulus" refers to the
ratio of the change in tenacity, expressed in

ns- force d d nge st rai
0 BB R 6 B T o B by, B TP AR  Ts BlehRi®e
(I 9000 hetersRETIbELOH yafd. YASuEel ki, the @himS tdracigh 1refeh t@lthe
tensile nodulus fiber materials include 10 extended

chéinilpBresbExPrassed asercs (Sramppenwnihiingar Jensity (ispice, ofap gh
”Dhﬁé%}éhs%ﬁ SWI i ThQ o] Y& prﬁldﬁlﬂ? dﬂatfﬁd Fls tﬁ’@?x‘oger S&r d r}{atenal

ul tra-high no ecu ar wel ght pol yet and
Sul Irerpaeshmtgﬂnvemﬂ isgedisiancot @dfmmbly p"thdytle ﬁtenfllebmchJIUSAlrdcrs

SUIt ende chain vin cohol

ot bR eioc R Bl PP ReY 1 ps P delieb i o

fi lﬂerdﬁangzqh ¥ R8N Zexpadssedfias @ Eradtionsdfalie @ipind Iszsheleﬁgm ann)e
(PBO and 15 pol ybenzot hi azole (PBT) fibers and |iquid
crystal copolyester fibers Each of these fiber types

i s PQRl@EEf]? sanald l'}f thi ngtl R&isi® hoddiis fite n?a@é%lﬂfrclude

pol yet ene, pre err fibers are extended chain
10 p 0 Ieytendﬂyll ceaues)olmb@ﬁrnrfg)ermmeb @ highlwerighted, hagh mplecdasweight

0 8 BPuele fh Bhivep Ry WirRligR RS IR b Bt eufferdRErs

exhehded- lﬁélﬁml ?le&ﬂhﬂ@ér@Mpﬁl}@rop@E@ﬁberi [ thSuWe &re extended
ro i n soluti I NI N cess C S

ookt Bkl REEo! BBrE Rl eS Galaey Ry ioss, PR ch

ar @ranfig AHHL r;ﬁﬁﬁfénﬂ%e'ﬂbegysmﬁ e ﬁ]ﬁ&ﬁ@oxa@ére ('PHOPﬁldS pun

froma solution to forma g ucture, such
15de pelybenagthiazols. (EBTbﬁbeﬁ@anlmwzed candyet@deeeg @ach of

Whigele fbé 6@! S% &&eartﬁﬁrlg{rﬁd“%ﬁn ngi gﬂ. n by reference.

The nos erred po I ene ers for use in the
|nvent|on are polyethylene fibers sold under the

?n t%g%gske o] %3&%&%52 prefo rred'ﬁ%?y are extencfga Chalg tpé)lyet%ylerlrersc
having molecular weights of at least 500,000, preferably at least one million and
20  more preferably between two million and five million. Such extended chain
polyethylene: (ECPE) fibers may be grown in solution spinning processes such as
described in U.S. patent 4,137,394 or 4,356,138, which are incorporated herein by
reference, or may be spun from a solution to form a gel structure, such as
described in U.S. patent 4,551,296 and 5,006,390, which are also incorporated

25  herein by reference.

The most preferred polyethylene fibers for use in the invention are polyethylene

fibers sold vnder the trademark Spectra® from Honeywell International Inc.

11
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are well known in the art and are described, for
exanple, in comonly owned U S. patents 4,623,547 and
wh 81854 to Harpell, et al. Qunce for ouncePCT/US2006/046869
Spectra(r) high performance fiber is ten tines

stronger than steel, while also |light enough to fl oat
on water. The fibers al so possess other key 5
properties, including resistance to inpact, noisture,
abrasi on chem cals and puncture. Suitable

polypropylene fibers include highly oriented extended

CCHQ@?# scf"éo%'%l? [I]TBS E\(}:\’:HPFQ ?H'[ ?nger e?sg%lge‘rapgorr 5? s'gp]her ein
bchxﬁBSﬁl? BG.8ed BLE. palhe 4508 BT md 4 mmab Haasalou)al

fibers are described, for exanp at en

4, @uucedorounses SpegtrP bigh pmfa}%n%?rfl@ef isﬁ%P%% %PF e ?’éi n
by L& f\%l o li Ogﬂt'%ﬁcﬁ}éh o ﬂ&itlﬁﬂ%ayelr Offthd ﬁlbér?algr? %Dseécs'obtﬁf Eey

are di sc ose or “exanpl e U. pat ent " 4, 535,

5 whproberties, imvhuaiingresistenketie repast, b}DlStlﬂr@f abrasianechemigals 3(5\?1
these fiber types is conventionally known and are
wi B4 5 commercial |y available. Suitable aramd
(aromatic polyam de) or para-aramd fibers are

commercially avai] able a re describe f.or
cxape i B ega o gk
g@gﬁm wb&e & aﬁembtixhglsam@@m 413, ATEahRhAl €
rcially 20 by Dupont corporatlon unde

IOt hmcmpaweedrtmmn by rqtmqe\R(Sw}ablwcénomué efcgholi(RVt@H) fibers are
t this t
%ﬁ%nﬁeéil E)ﬁ]eaaex%lp £ E\Ueg ﬂa&ggu f&grﬁ %64 RHE Qﬁ ?’,HE;} are

ers conmer ci’a
DU RR6fpotifdeierdih By ‘r‘dfaelm:en Smfabl}@d‘ﬂ)é(cry)omtﬁln tRi’kNﬁ'lbers are

pol ybenzazol e fi ber or th e of. th .
i n@’éﬁ‘f’f%‘n OéF’éa”&lﬂFn‘r%i)cg -pfept ‘gé/g(?lg g ch é%‘&c%mfated herein by
di sl e5ed ehof o BKERTber ﬂzEesUs SnvBRioaAlPkrivwithdGeSwidely
5, 296, 185, 5, 356, 584, 5, 534, 205 and 6, 040, 050, each

15 of covhineteially @vailablsr por at ed herein by reference.
Preferred pol ybenzazole fibers are ZYLON(r) brand
fibers from Toyobo Co. Suitable liquid crystal
c Opaitabisiranid (alvatasic fpolyamide) pxrp;wct -aremidofiberhiare commengialbyn
ar gvallagle\{a%):l gx%%%éc]fng %'4r ea%/p gl %en%@%ﬂ 542. For example,

useful poly(p-phenylene terephthalamide) filaments are produced commercially

20 by Dupont corporation under the trade name of KEVLAR®. Also useful in the

practice of this invention are poly(m-phenylene isophthalamide) fibers produced
commercially by Dupont under the trade name NOMEX®. Suitable
polybenzazole fibers for the practice of this invention are commercially available
and are disclosed for example in U.S. patents 5,286,833, 5,296,185, 5,356,584,
25 5,534,205 and 6,040,050, each of which are incorporated herein by reference.
Preferred polybenzazble fibers are ZYLON® brand fibers from Toyobo Co.

Suitable liquid crystal copolyester fibers for the practice of this invention are

12



commercially avail able and are discl osed, for exanple,
in US. patents 3,975,487; 4,118,372 and 4, 161, 470,
each of which is incorporated herein by reference. The
W fRgngswat abl e fiber types for use in the presemb2006/046869
invention include glass fibers, 5 fibers fornmed from
carbon, fibers formed frombasalt or other mnerals,
Mb(r) fibers and conbinations of all the above
materials, all of which are conmmercially avail able.
Mi(r) fibers are manufactured by Magel |l an Systens
I nternational of Richnond Virginia and are
descri bed,. for. ate O74, 96
E AR SR S RO W SRR e )
I naanper2aketi4 ner,470) ekv,h oIQ/htcmflernemqurateSpﬁﬁauf b fdférynce.
preferred fibers include Mo(r) fibers, polyethylene
Spectra(r) fibers pol y( p- phenyl ene terephthalanide)
an@fhpe h)éﬂ iR @ Jeszfoguse k?r?fl‘l%%p s@rﬁ’fﬁ%ﬁ mt:lugggf%ss fibers,
Most prefera t ers conprise high stren
Shi dibers durdhgd lfmnpcﬁrm Iﬁj»trerﬁvnx‘éfbéotrlrla@aly orfatleemsinerals, Vi@

referred fibe or the
R P B IR L bR RAHES BEACPhish Hspmpuerciay
exbedidBR. oD b hkahiufRared b}hﬂﬁ%&:llaﬁ\Syﬁérﬁi Bﬂerﬂ&lﬂ)\h&l, ofa
hi gh tensil e nodulus fibher is

hi gh- strength,
wh %ecrlilrmé Wirginigrasd agedeperipads for exampley i Y-S, patgnty éﬁﬁ 8969
g}) 593985% rﬁéﬁrfﬁdartdwol £8 né?:lgl\’ bf"@hl@lfl 13619&}1‘#0r§é9 herein by

deni’er ’of nore’ and re erred ener br eak
10 abeeferesee] /Sge@ﬁca‘dyrmefeee:t eeslnnleé@uﬁ@jﬁbﬁys Aslwhzl@ne

nastunBlit sb BB s e Rl ind iy p HED L2 -

g/ (Bamobfsoﬂffol@ﬁbers pmﬁtqrr&bﬂaylyalhe fiberd Qogpisrtigh steangth, high
re, G’D refe X g.l%out 25 g/ denier or nore and
Srodplus palyg Vlfinea A@HbEEyeni er or rmore. The fibers

of the invention also have a preferred tensile nodul us

of about Sooggldenler or nore, nore preferably about

15 40T hgymesiireferred fibesp &or thapuepaass ¢fitks aventsiop azeigh-swath, high
g/ h £F a I b Idepi-er
or iR oy Bl Erac B DA B AER ety syt v LIRE)
rmlsleengﬂfh bighitoreile mefluluk &beri mm@rwmdnhalmefnavéteaacny of about

d - br.eak., of 5 J
o SO REpamat: § st G816 g g buc't 8 allen R pEmars gpe
abaptefetedkingrgd tobRiaR ofatsbul® 9/ o oW eZBAS mdbutbdiby ASTM

PCTI US2006/ 046869 i , ) _
20  D2256. In the preferred embodiment of the invention, the tenacity of the fibers

should be about 15 g/denier or more, preferably about 20 g/denier or more, more
preferably about 25 g/denier or more and most preferably about 30 g/denier or
more. The fibers of the invention also have a preferred tensile modulus of about
300 g/denier or more, more preferably about 400 g/denier or more, more

25  preferably about 500 g/denier or more, more preferably about 1,000 g/denier or
more and most preferably about 1,500 g/denier or more. The fibers of the
invention also have a preferred energy-to-break of about 15 J/g or more, more

preferably about 25 J/g or more, more preferably about 30 J/g or more and most
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preferably have an energy-to-break of about 40 J/g or
nore. These conbi ned high strength properties are
obt ai nabl e by enpl oying well known sol ution grown or

waelood/iobsu processes. U S. patents 4,413, 110, pCT/US2006/046869

10

15

20

25

4,440,711, 4,535,027, 4,457,985, 4,623,547, 4,650,710
and 4,748,064 generally discuss the preferred high
strength, 5 extended chain pol yethyl ene fibers

enpl oyed in the present invention. The fabric
conposites of the invention may be prepared using a
variety of matrix materials, including both |ow

ToREIeLDly Ve ArICHREEY ot o b 0 Tethe i T Rest fpmpined o
uSiggh RemSiihrbferi@l ake KRWbId By érﬁplbﬁﬁ% el ,kn@m solhﬁorﬂéﬁdn
to reFr esent a binder nmaterial SucC as a ﬁmsrl C

bi ¢ide ﬁbemmﬁsaﬁi UtShmterm HhAL3. 1 He4 #1031 b %8@&2 4ok %

Cco
c oﬂé%% éﬁg{‘ ég@ Z}; Ll{sgdnéé F&@ﬂ Jégcélsswﬁ‘g %Fe?%‘éed?r‘é%l} stength,
mabdmided Chaﬁupdlwhﬁenerﬁierﬂ empiwyied in the presem imveotiosi vel y

i ncl ude | ow nodul us, el astoneric materials having an
initial tensile nodulus | ess than about 6,000 psi

( 4ftheFabitAdoinRBitesivf ele iAGentiBal Halibe prepsted usiRs € Mhrddt of matrix

having an initial tensile nodulus at |east about
omatemjs ipsdpding besh loyt merlulug glastogsrigEatin wategials ardhigly

‘e ngﬁ:lﬁ@ss‘ ﬁ%x él’/'ﬁﬁatH§ %té?ﬁfse He tefrl] “@MQQ?& uﬁeh Iﬂ@re‘neirs rNell known

us neans t nodul us o asticit
meiashe &t andis us& reEeE6t 4 bxndta niatdyial, saMaswPQWMCEﬁ@Rr

o BT P hE e g ey Hhef b330 RO, ST Scomppsice

nqefermlcwmhuaedmdrﬁwmaloas offfilserpwinth eemtdrie hﬁﬁdrﬁrr‘iﬂult@ble
mat ri X corrp05| tion conp ?es a | ow nodul u
el B} MAET@ W&XF'&FWG‘VW Ydgdows moee%selaﬁomqﬂcgnateﬂals

| THAGTH 'aﬂ”anl tkfYe nfBREIS %:%s ﬁﬂaﬁ‘%&x’f@ 006 Bﬁgﬁﬁﬁ 'Nﬁ]’ae hig h?gh

t ensi nodul us, neasured at about
I\/Fraqdwbms tigidanaterindy kiiving andning@itaasie mdubls al hgst about 300 000

LR SFre) R S AU 92D AN BTN U8y il e

p rthifoa pladult, \theateat tenddOfoghdus lﬁlézﬁms Bhelvagulus ofl e%ﬁcltyms meeasured

35 18 o BT B P

glass transition tenperature (Tg) of the elastoner is
preferably | ess than about 0C, 14 WO 2008/ 105754
P ¢lssioneriomaigig Fomposition may comprise a variety of polymeric and non-

polymeric materials. The preferred elastomeric matrix composition comprises a
low modulus elastomeric material. For the purposes of this invention, a low
modulus elastomeric material has a tensile modulus, measured at about 6,000 psi
(41.4 MPa) or less according to ASTM D638 testing procedures. Preferably, the
tensile modulus of the elastomer is about 4,000 psi (27.6 MPa) or less, more
preferably about 2400 psi (16.5 MPa) or less, more preferably 1200 psi (8.23
MPa) or less, and most preferably is about 500 psi (3.45 MPa) or less. The glass

transition temperature (Tg) of the elastomer is preferably less than about 0°C,
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nore preferably the | ess than about -40C, and nost
preferably |l ess than about - 50C. The el astoner al so
has an preferred elongation to break of at |east about

VoD 2008/mi37 e preferably at | east about 100% andPE®HAIS2006/046869

5

20

25

preferably has an elongation to break of at :|east
about 300% 5 A wide variety of elastoneric materials
and fornul ati ons having a | ow nodulus may be utilized
as the matrix. Representative exanples of suitable

el astonmers have their structures, properties,

formul ations together with crosslinking procedures

S UIRGHE b?e@éilaﬁl? tHeN &ss ERYEBL ARBGHCE aff mBR!pYTBabIS AL RER: about -
Vol une he 10 section El astomers-Synthetic (John

W 156YC & TBosiestemes. a18011%4f) prefarestl glongationdobreak dfihtsast about
el %%?ne:iérapa aﬁa N le;t el%m ouf 10?)"/]?] mos? BF rqut Iﬁgsl a?nnzSOngatlon

Cross fene ol°0r'es
pohyekbybEnemmeﬂhmiBm»&copolyners, polypropylene,
propyl ene copol yners, pol ybutadi ene, pol yi soprene,
natural rubber, ethylene-propyl ene copolyners,

et wweevaﬂé@wleﬁasm@h@mtehﬁlgm Vdmﬁﬁuoﬁs%apm e rhHfalus
pol ynmers, pol yurethane el astoners, pol ychloroprene

pl awayi beiutidized 3sghe/miatnixi Repres¢riasive smgplemf suitablp elastomers

p! %%fé ﬁ%ég{rﬁ% Jggé)ro?preﬁhe?ﬁlahnlﬁﬁ%‘m td th‘epgntﬁ‘r:rossl Hgh as

di oC I ene acr
el Epﬁéc@dtBESsurmﬂdxrjlze(i iirsthb%y}o&rpedia@ﬁl’ol&ﬂﬁf $eience, Volume 5 in the

10D o PRSI Bipheie Lo WIER & Soof o s L PiebsAle

co m&&mr aas%m&wmhﬁa %atérﬁﬁnﬁaedl@pﬂlye@hymeeéras?stm@a s,
phenol i cs, % rals, epoxy polyners, styrenic
EOSu

bI Fekrethslsot, ;,che figater polyetbylone athylesoprneheness.yr ene or
ﬁ%ﬁ)pg}éfﬂaﬂ%&g@ €ne gé{]!(;:og%ﬁ?& ﬁ)@f}é}utgﬁ{ég (ﬁ)mggf)relngvﬁ?tural
mslrubbmg efiyleme- prﬂdne coriql)bmrs, emywe-mrcqiymncdcbnan@pddymmﬂs
material s
rmtpgrys S]?ge l?'ﬂlegh%dl&uet%r}e elQSEog}el% IBP gi}glp@gren&@lasnclzed
Parpbly@mywhlcyldu aaﬁgl bn@sanbr pRistici epoihynge sedknownjnigatrd
dlenegﬁand aromatic nononers. Butadi ene and

i SéBK s digprg! HF‘E?IQF)p brradigns argapmilgelasiemetseraly feqbytylene-
St 365-%1)%ren\4) Bﬁiyaér?llah':@ r}%lﬁﬁ‘t@rst arRituddkedSIoYye SRR, BbIGethers,
preferred conjugated aromatic
fluoroelastomers, silicone elastomers, copolymers of ethylene, thermoplastic
elastomers, phenolics, polybutyrals, epoxy polymers, styrenic block copolymers,
such as styrene-isoprene-styrene or styrene-butadiene-styrene types, and other
low modulus polymers and copolymers curable below the melting point of the
fiber. Also preferred are blends of these materials, or blends of elastomeric

materials with one or more thermoplastics.
Particularly useful are block copolymers of conjugated dienes and vinyl aromatic

monomers. Butadiene and isoprene are preferred conjugated diene elastomers.

Styrene, vinyl toluene and t-butyl styrene are preferred conjugated aromatic
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15 WD 2008/ 105754 PCT/ US2006/ 046869 nononers. Bl ock
copol ynmers incorporating polyisoprene may be
hydrogenated to produce thernoplastic el astoners
WevhoddoSed ur at ed hydrocar bon el ast omer segnmemwcs/usiine/ 046869
pol yners may be sinple tri-block copolyners of the

type A-B-A, nmulti-block copolyners of the type (AB)"
(n= 2-10) or radial configuration 5 copolyners of the
type R-(BA). (x=3-150); wherein Ais a block froma

pol yvinyl aromatic nononmer and B is a block froma

conj ugat ed di ene el astoner. Many of these polyners

are roduc o] rcial Krat n Pol

et Biock AP UREE R HOPOFE RRBOPIEEY Py SR Fapgpenated o
Th qrr&mak gebrhépliitio RRktomeRGradihg BatbrateiNgdrod@bbn plastbeer ed
matri x pol ymer conprises styrenic block copolyners

so|sggmM%r ¢ @olymers malersamRle tiikiosk conolyaersef dicdyneyA-B-A,

f
Pl oo TR TR M n 2R oF ftl A EEHS, |
Ss u ccbpei;zmarswf thel tymRéBApdkyMﬁO)owhtaelst/yrselrté@dimftm a@nkyvinyl
bl ock t
as g Toogrer ardBas ADRSK F e ar RS g s R0 of
f orthesk @6‘9}&% a’rlélﬁroﬂ@deﬁ\ébmyﬂerdﬁlly}ﬂyairatoﬁ Pbliyliﬁdrﬁw H(Bds;on X
preferred rig i x materia use in

i n?P@ﬁtdF%ﬁbWéméh% PicHp E{%qm@eﬁm}%‘ﬁ RuSpert e?%éwl The
5O o Breldr AR polGAENGERIUE ALACLREL VISl 6l Bder

ssessin tensi |
lOrm dhn‘. mmdevdaénKmtm@lccuﬁmamalle aroducgid by tKraton (F@lypmrs ( 6895
MPa) as neasured by ASTM D638. Particularly preferred
rigid matrix materials are those described 20 in U S
patreeferréd BigR mbdBlus ng'ld: hatrix dmerrul:pmeﬁﬂ ﬁd‘ehﬁhﬂhﬂe Iyterials
ref erence., Qpti onal cat

curl t he
rratsf‘?@(asrae‘&'ﬂ eﬁtgyp Y'§ 95@ SE}E@&{J}’“ ref"a °§ E%Roéﬁg'ﬁ)%rt %“d %i?

Wa}mefuresQ?f%HWn{%rs du@ﬁ Lyﬂﬁylte%ﬁ afdWixlyl PRhASR 2P Bhéhol
2, 5-di net hyl di - 2- et hyl hexanooyl per oxyhexane,

15berfzmyqldqbe¢imdd@1>awl bustts. Maparbearbrsefemed rigdapatrix material
c atfgll l¥S§.tl thiy vér)ﬁ%h?f%l Jthnyo%@lggé ?‘ﬂg&r&%’ gfe dérlialﬁp SMBIQ 1n carb CP

t hernose r X pol yners I mpact
baldarbeh |sarumad|cselvbnte suamfasmiaﬁry:h ethyldeasief amdmeelseﬁsmgm tulgb

I ﬁggr{sgﬁ gr%a g?}’é%’?g‘ge%?{ S{J]tlt 1)%(?576 psi 868% E\/ﬁgat) as meXsured

by ASTM D638. Particularly preferred rigid matrix materials are those described

20  in U.S. patent 6,642,159, which is incorporated herein by reference. Optionally, a
catalyst for curing the matrix resin may also be used. Suitable catalysts, by way of
example, irclude tert-butyl perbenzoate, 2,5-dimethyl-2,5-di-2-
ethylhexanoylperoxyhexane, benzoyl peroxide and combinations thereof. Such
catalysts are typically used in conjunction with thermoset matrix polymers.

25
The rigidity, impact and ballistic properties of the articles formed from the fabric
composites of the invention are effected by the tensile modulus of the matrix

polymer. Jor example, U.S. patent 4,623,574 discloses that fiber reinforced
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pol yner. For exanple, U S. patent 4,623,574 discloses
that fiber reinforced 16 WO 2008/ 105754
PCT/ US2006/ 046869 conposites constructed with

®lo28ésPIEsEC matri ces having tensile noduli | esSr/od208%/046869
about 6000 psi (41,300 kPa) have superior ballistic

properties conpared both to conposites constructed
wi t h hi gher nodul us pol yners, and al so conpared to the
same fiber structure without a matri x. However, |ow
tensile nodulus matrix 5 polynmers also yield | oner
rigidity conposites Further, in certain applications

articul ar t ho er.e a conposite nust functi
TR SR TR IR RN
neegiRikt B0DYRE(41B00 mp?mwagupeﬁomantsﬁl: Iptopktties EQRpEERPAR to
and rigidity. Accor , the nost appropriate type

of mmqsszesrféwﬂ@ﬁedﬂwﬁbl@ghﬁj@wdwus polygiets, anshadspsampagsd to the
the a&%enﬁaoe?gtr &r% %\Ll oﬁtoa rggtr& ofrlggegte rl(RU}etng'l?e rfngg’tflh&%at?&

the i nven n or to achi’eve nprom se in

Hot polpmens etstny@d Ioaves tpidap Icmnpm;ttes >Furtharrpmnhmmpphzmylons
conbi ne ]b 8 m)dul us and fﬂ B?E i,erl als to

f or PRI Ypse ??ﬁore%%ﬁsmuﬁ REtioRAn pOtE antoalistt g,

t hesthRturmthtes Qhert enebBdddn sugéricﬁ’ RE BinkfiBiedfbadidélc Fd3Rtance and
consol i dat ed networks of fibers of the invention are

wel Tigidignodecardinglyethe most apREpPERLE tyngof mafrixpalynenie e usedy
exaggi @zgghéhe”dﬁﬁ é)ﬂ‘fi‘t'ie Péesofjaﬁlc‘i n@q% %A&d fAtJn? ﬂ‘% fgtg'dbs %?g)e

rred e iments o
10 nvmmentmm Im belebtal dchLet/e Teangsomisam bmhpmpmiles acwmdrle s|gix

asack rality of discrete, pa

F hatorammartion e sryterbr oy gt fafe SRS BireTTh fom
st agkiagle nRaet E@ﬁposam @43 disopssed a@mettH@fmeﬁomﬂe Righ
herein, the term "di scret panel s ‘descri bes separate

andsterngthifihers 394 kkq %ons%ieﬁg POV o ORR PT Hie lﬁwtl%erea@”

| degdvifih thart 360 aRiftheer deYoH bad) BJr @kanfle GRTIS NAatdn@N Of
di screte panel’s positioned one on top of another forms

13 st.62k37 ﬂdﬁ%ﬁa&d&ﬁé&”& top surface, a bottom
surface and one or nore edges. In the preferred
embodi ments of the invention, the ballistic resistant
mat krthapreferrel atdbosmneotsroémeshmntlon e teallistic resistano Materiale

O ARRL 2l A2 Sl PANEl  BL e g e
pr eépkakiaedietiBrRBOHberé sthéked BpetheS ofld SE10BIE aRRARE! As used
20 herein, the term “discrete” panels describes separate and distinct panels, each of
which may or may not be identical to each other, and wherein a combination of
discrete parels positioned one on top of another forms a stack, which stack has a
top surface, a bottom surface and one or more edges. In the preferred
embodimerts of the invention, the ballistic resistant material or ballistic resistant
25  articles comprise from about 2 to about 20 discrete panels, more preferably from
about 4 to about 12 and most preferably from about 4 to about 8 discrete panels.
Panel dimensions may generally vary as determined by their desired usage, with

individual panels in a stack preferably being substantially similar in size and
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Panel dinmensions may generally vary as determ ned by
their desired usage, with individual panels in a

stack preferably being substantially simlar in size
w3o0kA034€) 2008/ 105754 PCT/ US2006/ 046869  shap&T/vs2006/046869
smal | panel may have di mensions of approximately 10" x
10" (25.4 cm x 25.4 cm), while |large panels nay have

di mensi ons of approxi mtely 60" x 120" (152.4 cm X
304.8 cn). These dinensions are exenplary and not
intended to be limting. Preferably, each panel of

said stack conprises a consolidated network of 5

h I t t f fib g N
2 P e Pa Bk BR< e of aftagre LR R 2R em
I ay£ps.q ) wisileNgrga pild Mely hy Rave afmdnkidfs 6f appfoxieasdlyl 60” & 120
subst anti al I% &Jara | el array. Accordingly, panel

t hi ARABs8 X\$04.8 gah eT*zﬂw Jimsaiensare eremplary Adrbetrinigrded to be
fi bl%ltm?y ﬂe?’erhtny céra é{%te??f saf?il st céé)dn{m{::séag P%oﬁ%hﬁh@&a otfﬁwglfk of

optionaFf " outer ayers an ness
St h eﬁlfqrs which nmssb«mmjnertw@k@ﬁ §ibevs aprapristd a phuralite of cross-plied

ed enb of the invent.io the fiber.s
o P P EOR bR PombrSag AR SHELOE ok ettt g
wei gbtta@fally peranergpag. Aecormglg gahelftRicRidsy will @éﬁeaduwepend
79 to about 91 % by wejg of the conposite, and

or coha BRYb S FbsHBLRS adoroodiediaime wdhie hicknegtiot agfional
t heo 8B eh Payerdiahdd tﬁehﬁcmg@mh@srsm{dtéeedhdqursﬁbewéﬁs

conposite being sald matrix conposition or
Iconmbi nati on of said matrix and said pol ymer filns.

Th | .tion clude fill.ers such

2o Rt RS e R ol b b ot from

or arlsayt oo \dlibwt @5%ztedwightf ltHeu:bmpoﬂ&t mstedsre feradlyafrorabele
cure sl%/t 8&% as i.s we kno in the art

t
The9t ?4t§n°°otﬁb%§s S FQIPPLiter m?ﬁﬁer ably from about 83

ant b a8t B9 by U@ PRt Df telohpasitel BRR theSOnBiniHY porslif oftthe
Irganox(r) trademarKk, connerC|aIIy avai | abl'e from G ba

1 5Sp eSOMBOBIE bedrtesH RS X COMpRitan a3 combmation ef saishmatrix and said
pﬁeﬁc}ﬁﬁﬁér%&{ Ji‘ﬁtgﬂgt?&(c'b)np&scfﬂ'& &15} atd i%%fuﬁe fillers such as carbon
(et hyl ene-(3,

5- chlackeor Isill'rby,lmay Hcyedtend¢dmhlnaﬂg)mmbhh¢m)l¢anizleﬂ bgenlémral
R, P PRl B S Pk RSP
Onem#fix BBhBositiddahay RMBESnclERRCAtiLaXYRAOt 4Rts, such as those sold
20 under the Irganox® trademark, commercially available from Ciba Specialty
Chemicals Corporation of Switzerland, particularly Irganox® 1010 ((tetrakis-
(methylene-(3,5-di-terbutyl-4-hydrocinnamate)methane)).

In general, the ballistic resistant materials of the invention are formed by

25  arranging the high strength fibers into one or more fiber layers. Each layer may
comprise an array of individual fibers or yarns. The matrix composition is
preferably applied to the high strength fibers either before or after the layers are

formed, then followed by consolidating the matrix material-fibers combination
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conprise an array of individual fibers or yarns. The
matri x conposition is preferably applied to the high
strength fibers either before or after the |ayers are
wonnsdosmhen fol |l owed by consolidating the neRGT/HS2006/046869
material -fi bers conbi nati on 18 WO 2008/ 105754

PCT/ US2006/ 046869 together to forma nultilayer

conpl ex. The fibers of the invention may be coated

with, inpregnated with, enbedded in, or otherw se
applied with said matri x conposition by well known

techni ques in the art, such as by spraying or roll

oat i ol uti i ap ofth S|t|on on
fi btggerlgfﬂ?? z a glsa mjl o’ll?yg codn;bém 'fsh g'befsng e&nﬁentlon réa‘} be coated
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to @0at1Hé9§ol?§6W&ftﬁé HE@lX%H?BQh&d"&xt@BS&%UHQ&S BILWE] by

before or after renoval the solvent fromthe fiber
{i f dnysign @tludneecbmqueﬂfm applingyék ceating o thg fibietsamay Yearsed,ng

t echnj que) Suc n s are we h [

10 PREE ol e TR e PRt e B Betoll &P Rl e
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Wi th the chosen {r“xegf? gltlon prefe%r@E

subsmenal of thesolvegbrom dhefibes (E usiag ths conygnuonah eglrspinging fiber
' ndfo\ﬁhﬁ%ﬁéeﬂdqﬁ@f §uckﬁeéﬂn@cyue99remﬂ KABRhiFelagn of the

cmatri X terial’, the individual fibers in [ayer may or
1¢ray not be bonded to 15 each ot her prior to

cons e! algal% Eéti%rr]l \My C:nrlg %? ?1al %@Eel‘a%{} c%g S a?f‘eag%l !?1Jfa%e of the

fibe a ers her And us ng
as ﬁbmhomatsadlt}f lhb ehasen iﬁaema‘ @hrpoatloqurqublyssbmntiahys

i nvent.i on refe abI [ it
oncoipg Br s ne st O Hindod el (St ing e g ightion
Si Nt e hAd B mateRASOE irinéi@shl Fib&§ In layte ny¥9Tdf malythot Febonded to

gr eferred enbodi nent of the invention, the I ayers
ongch othenpror0 coRsplidation puhish cangeliarip Hyiteg myltiple fiber or
| ay pef

confim Bye Yy Pranhe et 08l £ s SRl Y ke Ric R

al oagn;msncsmfmlne inféntien pdiferaly comprisSagdesktywé woagmeesnonf
such uni

ot Hoy Bt 5t W el B e g RO Paolj Sl b
i ndhativetkalln tHeliRéfetred @hBodithent of the invention, the layers comprise non-
20  woven fibers, each individual fiber layer of said consolidated fiber network
preferably comprising fibers aligned in parallel to one another along a common
fiber direction. Successive layers of such unidirectionally aligned fibers can be
rotated with respect to the previous layer. Preferably, individual fiber layers of
the composile are preferably cross-plied such that the fiber direction of the
25  unidirectional fibers of each individual layer are rotated with respect to the fiber
direction of the unidirectional fibers of adjacent layers. An example is a five
layer article with the second, third, fourth and fifth layers rotated +45°, -45°, 90°

and 0° with respect to the first layer, but not necessarily in that order. For the
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the conposite are preferably cross-plied such that the

fiber direction of the 25 unidirectional fibers of

each individual |ayer are rotated with respect to the

\fvg%fs/w?lk ection of the unidirectional fiber$&Qfys2go6/046869
jacent |ayers. An exanple is a five |ayer artlc?

wth the second, third, fourth and fifth | ayers

rotated +45, -45, 90 and 0 with respect to the first

| ayer, but not necessarily in that order. For the 19

WD 2008/ 105754 PCT/ US2006/ 046869 pur poses of this

i nvention, adjacent |ayers nay be aligned at virtually

any angle between about 0 and about 90 with respect

to nunwsmfgms ENeRton, ﬁdjbeeqm layeremay bp aligned ghyrthally anypagle

A
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10MRYabbe: 2k8abb@d 500 morapieditsbly &l dbeat 10289 000, Ané more
particul arly preferred enbodi nent of the | nvent |

t hmfpr@bwsfrcsm Rbats 20 Faaho8t Aor mase yers s ey be dasiisd 1 verious

%éﬁ&}lgggﬁrl Cc matri x conposition using one of the
abo ni ques, followed by arranging a plurality

of fibers into a non-woven fiber |ayer. Preferably,

IC ggll? ;I(P?chu]taﬁly E)Fefirre% ?rhbgﬁ‘?ﬁe'ﬂ gﬂﬁg mrg/gm fon! 818 ?il%glisg)? the invention

and are arrange
15s hesd fidst &ﬁt.ﬁlmﬂya‘n @éstdrhdrizrsatiix covhpasitionhsingiodne bfthambove

aI i gned su antl a aral | el ne .anot her al o a
R A e 08 P PR T RO R e

pr qéf%’i abxleYeufB?* iRedul FibkRrara FYsitloR@Fhext Wand in contact with each

uni directiona fiber layers whereby the fibers are

sulssheaand aie [ayrangsdtietg sheet-ke areaypaf fibers inpunplotiettibers. aron
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pr e
20 Conventlona] methods are preferably followed to form at least two unidirectional

fiber layers whereby the fibers are substantially coated with the matrix
composition. on all fiber surfaces. Thereafter, the fiber layers are preferably
consolidated into a single-layer consolidated fiber network. This may be achieved
by stacking the individual fiber layers one on top of another, followed by bonding
25  them together under heat and pressure to heat setting the overall structure, causing
the matrix rnaterial to flow and occupy any remaining void spaces. As is
conventionally known in the art, excellent ballistic resistance is achieved when

individual fiber layer are cross-plied such that the fiber alignment direction of one

20



consolidated into a single-layer consolidated fiber
network. This may be achieved by stacking the
i ndi vidual fiber |layers one on top of another,
WOl 20eesishby bondi ng 25 t hem t oget her under heRET/E§2006/046869
pressure to heat setting the overall structure,
causing the matrix material to flow and occupy any
remai ni ng void spaces. As is conventionally known in
the art, excellent ballistic resistance is achieved
when individual fiber |layer are cross-plied such that

. the fiber alignnment direction of one 20 WD 2008/ 105754
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yans are arranged to forma S|nq | ayer, the yarns
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cross-plied ini a similar fashion, followed by consolidation.
20
Suitable bonding conditions for consolidating the fiber layers into a single layer,
consolidated network, or fabric composite, and attaching the optional polymer
film layers include conventionally known lamination techniques. A typical
lamination process includes pressing the cross-plied fiber layers together at about
25 110°C, under about 200 psi (1379 kPa) pressure for about 30 minutes. The
consolidation of the fibers layers of the invention is preferably conducted at a
temperature from about 200°F ( ~93°C) to about 350°F (~177°C), more
preferably at a temperature from about 200°F to about 300°F (~149°C) and most
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Sui t abl e bondi ng conditions for consolidating the

fiber layers into a single |layer, consolidated

network, or fabric conposite, and attaching the

Aol dor@kiswol ymer  film |l ayers include conventp@figd2odko46869
known | am nation techniques. A typical |am nation

p: rocess includes pressing the cross-plied fiber

| ayers together at about 25 110C, under about 200 psi
(1379 kPa) pressure for about 30 m nutes. The
consolidation of the fibers |layers of the invention is
preferably conducted at a tenperature from about 200F

bout 350F 7
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wi Il correspond to the thickness of 15 the i ndividual

fibers. Accordingly, preferred single-Ilayer,
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to be undersiood that other film thicknesses may be produced to satisfy a

20  particular need and yet fall within the scope of the present invention.

Following the consolidation of the fiber layers, a polymer layer is preferably
attached to each of the anterior and posterior surfaces of the single-layer,
consolidated network via conventional methods. When a stack of panels is

25  formed, each individual panel of the stack preferably has a polymer layer attached
to each of its anterior ant posterior surfaces. This polymer layer prevents the
panels from sticking together prior to molding the panels of the stack together.

Suitable polymers for said polymer layer non-exclusively include thermoplastic
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20 particular need and yet fall within the scope of

the present invention. Follow ng the consolidation of
the fiber layers, a polyner |ayer is preferably

WOt 2081068758 0 each of the anterior and posteri oPCT/US2006/046869
surfaces of the single-layer, consolidated network

via conventional nethods. Wen a stack of panels is 25
formed, each individual panel of the stack preferably
has a polynmer |ayer attached to each of its anterior

ant posterior surfaces. This polyner |ayer prevents

the panels from sticking together pri or to nol ding
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con ons o
heat and pressure to cause the layers to combine into a unitary film. The

20 individual layers are positioned on one another, and the combination is then
typically passed through the nip of a pair of heated laminating rollers by
techniques well known in the art. Lamination heating may be done at
temperatures ranging from about 95°C to about 175°C, preferably from about
105°C to about 175°C, at pressures ranging from about 5 psig (0.034 MPa) to

25  about 100 psig (0.69 MPa), for from about 5 seconds to about 36 hours,
preferably from about 30 seconds to about 24 hours. In the preferred emb.odiment
of the invention, the polymer film layers preferably comprise from about 2% to

about 25% by weight of the overall panel, more preferably from about 2% to
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heat and pressure to cause the layers to conbine into

a unitary film The 20 individual |ayers are

positioned on one another, and the conbination is then
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t hi cknesses may be produced to satisfy a particular

need and yet fall within the scope of the present
I N\ BedofdAnce with the invention, the panel or stack of panels described herein is

20 reinforced by at least one of various techniques. In one preferred embodiment,
the panel or stack may be reinforced at one or more edges where fibers may have
been trimmedl or cut during manufacturing. For example, the panel or stack of
panels may be reinforced by stitching at least one edge of one or more of said
panels with a high strength thread, or by melting the edges of the panel or stack of

25  panels to reinforce areas that may have been frayed during standard trimming
procedures. Stitching and sewing methods are well known in the art, including
methods such as lock stitching, hand stitching, multi-thread stitching, over-edge

stitching, flat seam stitching, chain stitching, zig-zag stitching and the like. The
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In accordance with the invention, the panel or stack
of panels described hereinis 20 reinforced by at
| east one of various techniques. In one preferred
woloeki0Eni, the panel or stack may be rei nf oPCEUS2006/046869
one or nore edges where fibers may have been trinmmed
or cut during manufacturing. For exanple, the panel or
stack of panels maybe reinforced by stitching at
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20  mold or solid metal frame can be heated using an oven or mounted in a press
which has hzating and cooling capability. The mold or metal frame will press and

mold only the edges. Melting conditions, such as temperatures, pressures and
duration, will be dependent on factors such as the number of fiber layers or panels

and their thicknesses. Such conditions would be readily determined by one

25  skilled in the art. A panel or stack may also be both stitched and melted at one or

more edges.
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of the one or nore discrete panels, or by nelting the
edges of the entire stack of panels under heat and
pressure. Edges may be nelted, for exanple, using an
wedgensio8rkd or using a solid netal frane, e.g.PCca/se06a46869
netal picture frame. The edge 20 nold or solid netal
frame can be heated using an oven or nounted in a
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20  Each of the first and second fibrous wraps preferably comprise a consolidated
network of fibers, the consolidated network of fibers comprising a plurality of
cross-plied fiber layers, each fiber layer comprising a plurality of fibers arranged
in an array; said fibers having a tenacity of about 7 g/denier or more and a tensile
modulus of about 150 g/denier or more; said fibers having a matrix composition

25  thereon; the plurality of cross-plied fiber layers being consolidated with said
matrix composition to form the consolidated network of fibers. The wraps may
be similar to, identical to, or different than the material which forms the panels,

and may be the same as or different than each other.

26




preferably encircles the panel or stack in a wapping
direction transverse to the wapping direction of the
nearest underlying fibrous wap. 20 Each of the first
wodomsaeosd fi brous waps preferably conpri se PET/US2006/046869
consol idated network of fibers, the consolidated
network of fibers conprising a plurality of
cross-plied fiber layers, each fiber |layer conprising
a plurality of fibers arranged in an array; said
fibers having a tenacity of about 7 g/denier or nore
and a tensile nodulus of .about 150 g/denier or nore;
said fibers having a matrix conposition 25 thereon;
the plurality of cross-plied fiber |ayers being

coris diei pleferell evhbddimentadf theabvensiorg (bmlnahé firsoand ecmal fibroime

consol i dat ed net r a

S e 18 breSe S Shch ai igenighl Frefrablayibé DRapiapacria
Matc8iipAbes\WBated SPECTRARNGINBEPEfiters, ardifid fBdts B G Agers,aNB®
as or different than each other. 26 WD 2008/ 105754
SpcTiverspBesd §aamdtherglgss fi h@rsmyéqneﬁheés@l peliesirtifiberss Paypropene
| MBS R 8 LB SO S
wWr afmﬂnan gompt sa:rSRBCTm‘;Smlekb soatabfabric, wEﬁTd?dh(mljma(tlldMBE)

fi , ' b PBO . Nb fib . E
andee 29| e PR meprp e St B laves Sy ELTe:
f i DEtetnatddp|siipleodinted Tdersichh BE Wr@be&ﬂtaur@lectﬁdlﬁ%f theQandls or

conmbi nation thereof. The w apping material may

10f yrothes prticlssp i e PoEEHRMbOTIMEH} of the mwamamhwf the first and
felsdoh »@?;gsﬁﬁrgl’eﬁ@ Oc%ﬂalpﬁée mﬁﬁ{a[él Mcﬁ'@sls&xhea- BSersiopr ous

wWraps pre I'se mu er str tur
Al tuaiductadmglly alngngtl é‘lbcnsam adpzfralbémaycmd ﬂzrefevwbd@pqmdclie mhe

al | dlrectlons ane artlcles
e BT o o BB SrRlon Re B P oo e BB o e
- finsd erandlmgsdafeeﬂ@h off thpsecpiceivapaMogt prefepdtbilg ehenfirlst fifrbes

| ayers ros lied |ayers. of ni di ectlo

I33] |V§ﬁ%€i"4 6 rﬁ“%W"‘B&PéPﬁ%ﬁ“ B 9/”‘%? an B?@F"éjr‘%%qu
enGik&ldast he panel or stack such that the encircling
direction of the first wap is at an angle to the
encircling direction of the second wap. Mst

P KA L oo B o A e
perpp&fﬂdblg unlu@rporadied dehd mohgmer layers are not incorporated. If the polymer
20  layers are incorporated, wrapping is not necessarily required, as long as another
form of reinforcement is used. In general, wrapping is not required when the
edges are melted. When incorporated, the first fibrous wrap and optional second
fibrous wrap should be wrapped around the panel or stack after the panel or stack
is molded into a desired shape. Generally, single or multiple fibers, i.e. in form of
25  atape, can be wrapped on any shape article. The wrapping is preferably
conduced using methods that would be readily understood by one skilled in the

art, such as with filament winding machines for flat and symmetric pipe type
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Generally, both said first fibrous wap and said
second fibrous wap are preferably incorporated if
the polyner |ayers are not incorporated. If the
wolwyisaos7s£0 | ayers are i ncorporated, wappi NQgTRSIs/046869
necessarily required, as |long as another form of
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(240F) and pressure (100
20 In another embodiment, the invention also provides one or more ballistic resistant

panels including at least one rigid plate attached thereto for improving ballistic
resistance performance, which may also be reinforced with one or more of the
aforementioned techniques. Such a rigid plate may comprise a ceramic, a glass, a
metal-filled composite, a ceramic-filled composite, a glass-filled composite, a

25  cermet, high hardness steel (HHS), armor aluminum alloy, titanium or a
combination thereof, wherein the rigid plate and the inventive panels are stacked
together in face-to-face relationship. If a stack of multiple discrete panels is

formed, only one rigid plate is preferably attached to the top surface of the overall
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psi) (689.5 kPa)are applied, followed by cooling to
roomtenperature. 20 In another enbodi nent, the

i nvention al so provides one or nore ballistic
woe@iasvss panel s including at | east one ri gi RCTUS2005/046869
attached thereto for inproving ballistic resistance '
performance, which may al so be reinforced with one or
nore of the aforenentioned techniques. Such a rigid
pl ate may conprise a ceramc, a glass, a netal-filled
conposite, a ceramc-filled conposite, a glass-filled
conposite a 25 cermet, high hardness steel (HHS),
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present invention are particularly useful for the formation of delamination
resistant, ballistic resistant "hard" armor articles. By "hard" armor is meant an
article, such as helmets, protective plates or panels for military vehicles, or
protective shields, which have sufficient mechanical strength so that it maintains
25  structural rigidity when subjected to a significant amount of stress and is capable

of being freestanding without collapsing.
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rigid plate may be nolded in a single, |ow pressure
aut ocl ave process. After formation of the delam nation
resistant, ballistic resistant fabrics of the 20
wovenioosy they may be used in various appli @iriugd®e/046869
The fabric conposites of the present invention are
particularly useful for the formation of del am nati on
resistant, ballistic resistant "hard" arnor articles.
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protective plates nay al so be nade via conventionally
known t echni ques and conditions.

Garments of the invention may be formed through methods conventionally known

20  inthe art. Przferably, a garment may be formed by adjoining the delamination
resistant fabrics of the invention with an article of clothing. For example, a vest
may compris2 a generic fabric vest that is adjoined with the delamination resistant
fabrics of the invention, whereby one or more of the inventive fabrics are inserted
into strategically placed pockets. This allows for the maximization of ballistic

25  protection, while minimizing the weight of the vest. As used herein, the terms
“adjoining” or “adjoined” are intended to include attaching, such as by sewing or
adhering and the like, as well as un-attached coupling or juxtaposition with

another fabric, such that the delamination resistant, ballistic resistant fabrics may
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Garnments of the invention may be fornmed through
nmet hods conventionally known 20 in the art.
Preferably, a garnent may be formed by adjoining the
wel2a08/10558 on resi stant fabrics of the i nventR@HUSAA6N46869
an article of clothing. For exanple, a vest nmay
conprise a generic fabric vest that is adjoined with
the del am nation resistant fabrics of the invention,
wher eby one or nore of the inventive fabrics are
inserted into strategically placed pockets. This
allows for the maxim zation of ballistic 25
pr OJLP‘EBBélﬁ'rbe by x%m@vﬁﬁlmréﬂnrige YedorWeied QﬁlcgoﬂcﬁlﬁhlﬁgsFabncs
erein,” the terns "adjoining" or "adjoined
ar eusethingfotteid. gtfhxnbdﬂ:stuu@wtlka@hmh@ Sh@ﬁl!ﬂ; Neﬁsawth@\ﬁaﬁ@ems
or _adhering_.and att ached
couff Prr?ge 9f 8&9& Ea!”écﬁc’ d\ﬁngﬁlo ﬁenf emo UI e ™ such
t hadonipasitiee! Raidnati¢ledlikeamRindiaad, arhod airé $tafaaw19$mtearﬁ¢om
fabrics nmay 30 WO 2008/ 105754 PCT/ US2006/ 046869
%ptﬁaéfhcélqsy‘gb‘é“@h@l‘?lk? APAUEX FQBRASHIRE: vest or ot her
article of clothing. Fabrics wused in formng flexible
structures like flexible sheets, vests and ot her
gar Frerttadlistiaresisaneé proppitips dre deteuningdoysingaitandarsd testingg a

| ow tensil nodul LI 0] jti . | S
bR BB e sFCPRPBIHA sl Bibebe
f abwallessic 'dsmﬁ@s_;_tas h%rgﬂﬁoﬁl@ REploy aD2ckdlibes, momtdeforming steel
osi tion e. ba tic resjstance rtie
l%e?g?grﬁ%éﬂf spesifigd §’F'§h&§?f&“?5é§'ﬂ ﬁ’enﬁ?‘b*c@gﬂg@%“ Mﬁa are
Wel Ass'émmmm tRQirR rhay ﬁwbe%mk&wnﬁm@w bt S{ED rﬁﬁl X
bal I 1st1€ conpo S|tes conmonl y enpl oy a 22 calibe

n o n%m o withrgild steed Iplmpﬁnﬁtr@tgmtghbﬂ 23 gmn)ffpléwme MlhtSTD-
h
a6 SR TR proTELE, Raichit rorBafiodls Bring horel yelogiy .,

bul medssrifg/scensramdXmo@ingrthe mplded pankebifos testihg. pi n
lagenet rator (weight: 123 grain) follow ng ML-STD 662F
tandard procedures, particularly for setting up a

firTRgprbREm-] poweebppdntetstaudﬁea@mmagf 5§thﬁmélsafd>ﬁnally
nmounting the nol ded panel for testin

D OEESTRAD e e mGHOR YElgR i 1ish S0t hepproigetles
*HEHAE o SR 1 OPRSHBRAN L 1 o
Vso value. As used herein, the "penetration resistance” of the article is the
20  resistance to penetration by a designated threat, such as physical objects including
bullets, fragments, shrapnels and the like, and non-physical objects, such as a
blast from explosion. For composites of equal areal density, which is the weight
of the composite panel divided by the surface area, the higher the Vs, the better
the resistance of the composite. The ballistic resistant properties of the fabrics of
25  the invention will vary depending on many factors, particularly the type of fibers

used to marufacture the fabrics.
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penetrate the: conposite while 50% are stopped by the
shield, also known as the V50 value. As used herein,

the "penetration resistance” of the article is the 20
WwOShaliasee to penetration by a designated thriggiys26060hss69
as physical objects including bullets, fragnents,
shrapnel s and the |ike, and non- phyS|caI obj ects, such
as a blast from expl osion. For conposites of equa

areal density, which is the weight of the conposite
panel divided by the surface area, the higher the V50,
the better the resistance of the conposite The

bal listic r stant opert,.es f t he br 5

D peletbtites b e fRtioRf P SR Cahof ped irtel el singfiis an
parihdieatb2sfnond BferipiRréenfifivelagers. UsaehranRile) iRAbwEShe
the fabrics. 31 2008/ 105754° PCT/ US2006/ 046869 The

f ainates pelymeneorniteniche lovisr die dendstiengsht Howersr gedqw a critical
st rb%ﬂ@%ﬁen&ﬁ? fle bsail sﬁg u:lnafslo?ég du@ﬁn’t}?ﬁrg{gr a{te}?eﬁ Qgtth ﬁnd

streng et ween ayers rul
5I ovassenttih;eof areitles, xughais wrvest, amdratse mesults hwsed@@éﬂonghgnbond

¢ naiy of P S Hes, PR Pisdurted sriiBiment SRcasi iRk Tor

rratsalra(nimtﬂbbmatanas ) @S}smm,y@csfhnead (O°®|Oe)8uonﬁg|1§‘;bticﬁﬁis a
vest, and also results reduced long term

durpaffpllapwt 5P tohauty 17 1B{fE40 83 hg/tnh)egoef’ Tagpepifesistance, more
at 1%&1%9&56 18%t15/?t?‘ $ Sf%Vm 8%5&%%&}eriﬂlpﬁfleast

t

naterla Q ér hi el configuration

10i s abpmteorwalbdf&(htmdl@m) about 0. 17 Ib/ft2 (0. 83 kg/ n)
good fragnent resistance, nnre preferably at | east

o s fQioie nd i esgaplen S (NGB SRR e 7

follow ng; non-limting exanples serve to illustrate
the invention: 15 EXAMPLE 1 A control, 12 "X 12"
15(30. 48 cm x 30.48 cn) tesEXAMPAE Lias nol ded under heat

andy E’&ﬁ’x%fl? Li"ze‘Xbe”S(W% % 3@)848| AREst R&Hel %Eﬁgfé%é luhder heat

Shi'eld foll'owng ‘a 0,90 alternati
or iaed pressunby ﬂthrécmgﬁ&jhayfgs pﬁW@ (Shudztbfdﬂlpwé‘rgeﬁeﬁ 1995

the lt?linat\igjﬁtber 05%6? 4 I aI hggrB)l ing H;Q %gﬁ:ﬁeﬂ BI¢ eat‘ql gsl?e Qa%(

pr eﬁ fakeeial for l(lﬂnmtéuﬂtQSO"iH’(I BS 6) dl fdipled dl ap@lPing SH0 par

10 (3447 kPa) molding pressure for 10 minutes in a mold kept at 240°F. After 10
minutes, a cool down cycle was started and the molded panel was pulled out of
the mold onc= the panel reached 150°F (65.56°C). The panel was further cooled

down to room temperature without any external molding pressure.

25  For testing, MIL-STD-662F standard procedures were followed for setting up a
firing barrel, velocity measuring screens and mounting the molded panel for
testing. An AK 47 bullet (7.62mm X 39mm) with mild steel pin penetrator
(weight: 123 grain) was selected for measuring the ballistic resistance of the

panel. Several AK 47 bullets were fired on the panel to measure the Vs, wherein
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m nutes, a cool down cycle was started and the nol ded
panel was pulled out of the nold once the pane

reached 150F (65.56C). The panel was further cool ed
WOwA3(1857bom t enper at ure wi t hout any ext er nal PGRUVEP4{46869
pressure. 25 For testing, ML-STD 662F standard
procedures were followed for setting up a firing

barrel, velocity nmeasuring screens and nmounting the

nol ded panel for testing. An AK 47 bullet (7.62mm X
39nm) with mld steel pin penetrator (weight: 123

grain) was selected for measuring the ballistic

resy §§sﬁtﬂgeehl9f Aﬂ%vh.dwo% of baR¥E wnh st%aﬁa?m lof §liSetyRA1E
fired on t anel to neasure the wherein 32 WO

2008 057the pmrmsmowﬁcfnﬁ@e@ per\ﬂsemdk(&SHem:(xsetmdch at

whi ch f b D% f Jbull
porterra et re perreron e Bh AL AP ety Rl duiohe
( 3&lanpeti 2@ ge:. veIOC|ty spread. Care was taken not to

shoot the panel at |least two inches fromany of the
cl anped edges. 5 The panel started showi ng severe

del@gimnad) 'sﬁﬁe@%wﬁﬁ%’@ﬂl%'d@ﬁnﬁﬁanbﬁm spabli&d of lgﬁers htrdrotle

bullet was fired o the panel Care was taken to
shdust buHet wasxtredomtb gte fanelaare avas takeintocshogiabe pext bullet in an

Sélsa?erye\gl-gt e\q, was, {ﬁ\;ttdg a{nhna? { g?tl%rr tﬁ@t;érs]tgo (1|ognt ?e(ile ‘ihl%e aga:}%s
10 ekxAMRY ForZ2hdfatitireadd dathihatipmmelds wer e nDIded under
heat and pressure. Each panel consisted of 17 |layers
10of SPECTRA(r) Shield, stacked and sandw ched between
thin sheets of LLDPE fil npkaMpwng a 0,90 alternating
fiber orientation. The 15 nolding process included

pr dieent? ‘r‘i@ 1&4panelstvegk motdedmndar ihedt anfbpremrq:i Eash@anelt

240505008 Lo by o AR 04 AR SR s QLR ARG i veen

m HMhebeetgoufg_gstbl’lﬁ?ﬁk?mgcglywirfg aso08 bkmrhaidlngrbdr bientatiwind diie
5 egﬁé{él&\é\%%gggm | ?fﬁeté]eotfmgtelg& stac olf Criﬁc’ate%n f?or 15 falltre]:se lats
240°F, followed by applying S00 psi molding pressure for 10 minutes in a mold
kept at 240°F. After 10 minutes, a cool down cycle was started and the molded
panels were pulled out of their molds once the panels reached 150°F. The panels
were further cooled down to room temperature without any external molding

20  pressure.

The four molded panels were stacked over each other and wrapped with four
layers of SPECTRA® Shield. The first layer was wrapped from side-to-side
followed by another wrapping layer in a transverse top to bottom direction of the
25  panel, followed by wrapping again from side-to-side, followed by wrapping
another layer from the top to the bottom of the panel. After wrapping, the 4-panel
stack was transferred into a sealable bag and a vacuum was applied. The bag

under vacuum was transferred to an autoclave where heat (240°F) and pressure
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were further cooled down to roomtenperature w thout

any external nolding 20 pressure. The four nol ded

panel s were stacked over each other and w apped with
woubos/1bayers of SPECTRA(r) Shield. The first B@ayen006856869
wr apped from side-to-side followed by another

wrapping layer in a transverse top to bottomdirection
of the 25 panel, followed by wapping again from
side-to-side, followed by wappi ng another |ayer from
the top to the bottom of the panel. After w apping,

the 4-panel stack was transferred into a seal abl e bag

cuum v ed T
e i R TR Bl B vy D05 ol BRI R he -
Pr gfaaelIstick a2 20618/ 1dRferadrePEWa PR (A GLOA6MGRe atddddve and
psi) were applied for 30 mnutes foll owed by a cool

doWﬁmé\’F@I feom e8¢t he 4- panel stack reached room
tenperature, it was pulled out fromthe autoclave and
renoved fromthe bag. 5 For testing, ML-STD 662F

Sst diod tastings MIE £BILIP 66 Fustedarprogrdures fwsre follpwed frapitingiup the

f b

Lt SABEE, Soc K hOR bl IRAREALL o RERE R ARSITRHE! ek
Eﬁ&ﬁpﬂebﬁinl]; Sl?ﬂlaAl@ Bxanipié | ein Afdafz] bellflce l&tae seléaed faseafusrurmg Ithe
t he all1stic r | ance o0 e u W a - pane
st delistezssistaae gihs g@'@/ viapRsd frragel Staak W&fﬂﬁ@ﬁ@fﬂ e hred
ne%%@%én@?to\fg’&sur@%eev WeSark Wﬁ?fhk&@ﬁotﬁ@s%@ﬂk pah@ aPRER kwo

at least two 10 inches fromany of the clanped edges.
10Thenghas &pmdiny of e ciamengd sdgesr e del ani nati on or

separation of layers after firing several bullets
onto the panel. 15 EXAMPLE 3 A control 12 "X 12" test
paridle pame dn‘ahcd sbbw pslere detmtinatiod opsepamtie oblayat afiéri firgng
40 la%érs of 'S r) Shield following a 0,90

P CT
al tSEYSRlulgs PPRdRe B%knt ati on.  The nol di ng process
i ncluded preheating the stack of material for 10

m nutes at 240F, followed by applying 500 psi nol ding
5pressure for 10 minutes i 20 kept at 240F.

Af %Eorﬁrgﬂ 31 441188 o Pndn@QasIRHe LNk LhedPindSirédshit by abidking
40 layers of SPECTRA® Shield following a 0°,90° alternating fiber orientation.
The molding process included preheating the stack of material for 10 minutes at
240°F, followed by applying 500 psi molding pressure for 10 minutes in a mold
20  kept at 240°F. After 10 minutes, a cool down cycle was started and the molded
panel was pulled out of the mold once the panel reached 150°F. The panel was

further coolzd down to room temperature without any external pressure.

Next, 3” x 57 x 0.1” (7.62 cm x. 7.62 cm x 0.254 cm) ceramic tiles were mounted
25  on the panel using a thin polyurethane adhesive film. Care was taken that all
ceramic tiles were lined up with each other, touching adjacent tiles completely

with no gap between tiles. Next, a row of tiles was installed in a similar manner,
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panel was pulled out of the nold once the pane
reached 150F. The panel was further cooled down to
roomtenperature without any external pressure. Next,
WO 280840954" (7.62 cmx. 7.62 cmx 0.254 cnm) QEITAIS2006/046869
tiles were nmounted 25 on the panel using a thin
pol yur et hane adhesive film Care was taken that al
ceramc tiles were lined up with each other, touching
. adj acent tiles conpletely wth no gap between tiles.
Next, a row of tiles was installed in a simlar
manner, 34 WD 2008/ 105754 PCT/ US2006/ 046869 but with
. 5" . offs t hat .j.0i nts cattered i,n
b o T o RRog P Bl B SlG B EP BRI on ] the previpus
tesbwqgcathqﬁ&p-GGZF standard procedures were
followed for setting up the 5 firing barrel, velocity
nmeasuri ng screens and nounting the nol ded panel for
te in Jetir | 4
sl e oy ML S8 KBTM Forbesdifts A ELIBHE] B 3G up e
5t hefirpgroatre], Sevatyahedsudihgedcseenedns hountidg tre mdsiéecppmael for

with the_ ceranic tiles :facing,the b

S SO BE P dy s AR AL BRI SHEguE o oG the
shaqliistibeesRaned ofthe h@@s ISe bl bulleld 8ref fired oA e gaheltwieh the
cl anped edges. 10 The panel started show ng severe

del c&mmgtlle@ racingdhe bletsa T he) N siovas| mgpsired gn therpapglcCarg jwas ¢
bu'tlal?e'h W?t% s@xbétggeuﬁefhkpattléﬁgt R kres ﬁ’g}?‘ni C m&%@eﬁ Qdges.

shoot the nex in an area
KHeIan1nated After the test was conpleted, the pane

exa ed,f.or .the faiJure and del am pati pn node.
e PRl s yvigg v A aSEiPRlaRSh hORv R he
h edirstutletdl:Rwed 6nto E&Cﬂhnﬂaﬂﬂe was @dkeh & $dothe Abktlbap&ris an
of SPECTRA(r) Shi el d, staf% q}and sandMAchsd bet ween
t higFagiueh wagpot delapnatqd. (e thedgit gs sorpplel§d dhe BMSaAhg

fi Rgbmilel BHtRd fallre 2h8 BeldRitEAbAlAGe. Pr 0cess i ncl uded
preheating the each stack of material for 10 m nutes

15at  240F, followed by applying 500 psi nolding
pressure for 10 mnutes igyapRIh

Four 12 “X 12” panels were molded under heat and pressure. Each panel
consisted of 10 layers of SPECTRA® Shield, stacked and sandwiched between
thin sheets of LLDPE film following a 0°,90° alternating fiber orientation. The
20  molding process included preheating the each stack of material for 10 minutes at
240°F, followed by applying 500 psi molding pressure for 10 minutes in a mold
kept at 240°F. After 10 minutes, a cool down cycle was started and the molded
panels were pulled out of their molds once the panels reached 150°F. The panels
were further cooled down to room temperature without any external molding

25  pressure,

The four molded panels were stacked over each other and 3” x 3” x 0.1” ceramic

tiles were mounted on the assembled panel using a thin polyurethane adhesive

35



kept at 240F. After 10 m nutes, a cool down cycle was
started and the nolded panels were pulled out of
their nolds once the panels reached 150F. The panels
wenesfitg7sdher cool ed down to room t enper at ur e paTIUSRM06/046869
any external nolding 25 pressure. The four nol ded
panel s were stacked over each other and 3" x 3" x 0.1"
ceramic tiles were nmounted on the assenbl ed panel
using a thin polyurethane adhesive 35 WD 2008/ 105754
PCT/ US2006/ 046869 film Care was taken that all
ceramc tiles in lined with each other, touching
-adjf‘”f\%e@&e t\f\’ag ?a?(er? ﬁgpél%e%rxlc%ésl?n {?e Pn &%ﬁ BhfeH t&ﬁclhﬁfg

installed ina siml

rraramjacent blek complately itlbho g4 Riweenitilesf Negt, asowbh ates was

j oi, nt scattered in ¢ i son ta the vi.ou
U gt PR B8 YR A el el oI ar
Cels@iflefed WREoMbARBE (b tAY pfeidtis tod/&fceragfic SRECTRA(T)
Shield. The first |ayer was wapped from side-to-side

5fol | owed by another wapping |layer in a transverse

to H‘hg st%%fea 'Fajqéfl r“ﬁ&tde& 19(~a§ Qﬁ\g@&ﬂ? fo‘.uI l%éé? §F§PI§UTRA®

appi ng rom SI -to-si wWr appi ng
an Shiedd. 'ﬂha)‘]lest ldyemimpﬂid frcmpsxtic}tct-hée fmdibtzvedrby)ﬁncnhm
panel . .After .wra

Fr aieini i o AT SL P dp LT et OE o ARl b

apMirhifing apAm feRe sidBaesidy,FoNewedEISvTapiad Siotlier ¢/t fommhe
aut ocl ave where heat (240F) and pressure (100 psi

10wetep todhhatiom efghe panehiAfisr weappisei BigAdans) skeck ¥@p trer%ﬁm ed
Cy%t@ a sEAMifc f)&fa.nﬂ a%&ﬁ]m shasdblied. eﬁfehfag uh8@&@Vacuum was

tenperature, | l ed out fromthe autoclave and
r enmusferredzo fan amocllavse Whge h% (2410é1§)tamd gresNrtUQﬂ[Dse GEFe

fs It I%F bedg'glpi oclenu\}eél?sl& we}c) g(&l ciNe cg& ér?ctettflgg p%.'ll?el tst?a(n g

ring r'eens and*noun
th eea%éiﬂ’@&ﬁi témpamate, &tvae pullddasut fremtthagutoctavel dndirerhoved
mple 1, an AK 47 bullet was selected for neasuring
15¢ hér(’E'Ot BaRS-i stic resistance of the fully wapped
panel . Several bullets were fired on the panel with

ceram c facing the bullets, and the V50 was neasur ed.
CafFer tgstings AHEPTD-662F standard procedures were followed for setting up the

firing barrel, velocity measuring screens and mounting the wrapped 4-panel stack

for testing. Similar to Example 1, an AK 47 bullet was selected for measuring the
20  ballistic resistance of the fully wrapped panel. Several bullets were fired on the

panel with ceramic facing the bullets, and the Vsp was measured. Care was taken

not to shoot the panel at least two inches from any of the clamped edges.

The panel showed no separation of layers after several AK 47 bullets were fired

25  on the panel.

The results from the above Examples are summarized in Table 1 below:

36



not to shoot the panel at |east two inches from any of
the cl anped edges. The panel showed no separation of

| ayers after several AK 47 bullets were fired 25 on
woeogsaosZbs The results fromthe above Exanpl e<Tarse006/046869
summari zed in Table 1 below. 36 WO 2008/ 105754

PCT/ US2006/ 046869 TABLE 1 Exanple Material Wapping
Areal V50 (fps) Comment Density (psf) (lb/ft) |
One Mol ded No 3.5 2022 Del am nated Panel : (17.09
(616.3 after first 68 layers of kg/nR) nisec) shot
SPECTRA(r) Shield 2 Four Ml ded Yes 3.6 1980 Pane
Panel s, each (17.57 (603.5 holding after 17 |layers of

kg/m2) misec) 5 hits SPE )1 Shield 3 One Ml ded
No 3.95 1930 Del am nat ed — (19.28 (588.3 after
irst 40 | m-seec) _shot SPECTRALY)
S| Examie I xoRBTAT o GRPGET| | sl | V30 () | Comment
Density
(psf)
(Ib/ft%) ‘
1 One Molded No 3.5 2022 Delaminated
Panel. (17.09 (616.3 after first
68 layers of kg/m?) m/sec) shot
SPECTRA®
Shield
2 IFour Molded Yes 3.6 1980 Panel
Panels, each (17.57 (603.5 | holding after
17 layers of kg/m?) m/sec) 5 hits
SPECTRA®
Shield
3 One Molded No 3.95 1930 Delaminated
Panel: (19.28 (588.3 after first
40 layers of kg/mz) m/sec) shot
SPECTRA®
Shield,
"x37x0.17
(Ceramic Tiles
4 Four Molded Yes 4.05 2342 Panel
Panels, each (19.77 (713.8 | holding after
10 layers of kg/m?) m/sec) 4 hits
SPECTRA®
Shield,
3”x37x0.17
Ceramic Tiles

5 While the present invention has been particularly shown and described with
reference to preferred embodiments, it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

10 which have teen discussed above and all equivalents thereto.
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4 Four Mol ded Yes 4.05 2342 Panel Panels, each (19.77
(713.8 holding after 10 |ayers of kg/n2) nisec) 4
hits SPECTRA(r) Shield, :3"x3"x0.1" ~~eranic Tiles
BWOwpsIesS®he present invention has been parti RETAFS2006/046869
shown and described with reference to preferred

enbodi nents, it will be readily appreciated by those
of ordinary skill in the art that various changes and
nodi ficati ons may be nade w thout departing fromthe
spirit and scope of the invention. It is intended that
the clains be interpreted to cover the disclosed
enhwﬂ&qggg Jihese alternatives 10 which have been

di scusse ove and all equivalents thereto. 37 WO
20018/ A belliSic RETaNSABOLY 0aBBtdng:\What is claimed is: 1.
A bal listic resistant terial conprising, a) a panel
v RG2S PAHPE R SOt TR & BT RiTeds A o R iR ees
OnaNMEhB@kBuﬁﬂgﬁﬁs whi ch panel conprises: 5 i) a

ers, the consaolidate

consol i dat ed networ k of
Snet wor k b3 qusgés;aée }(ng ibegs, éhepqqu%{]dlageg nsWork of fibers

Cross- plc'oﬁlgx1§1h§§rpldrﬁ}fff)ﬁcroﬁaﬁﬁdff'b?ﬁﬁyér@éﬁd’h fikeP TRl Si Ng
a plurality of fibers arranged in an array; sai

fibers mamtpngnaa ptleaiaz pf fjbens arednged m‘angtrdmsaeirﬁbyrs haying a
and a tensth eoﬂ%%u '}‘Jg/dgr{lerao?%%tre &n%oa S’s’ oIy du?us of abgl? 150

said fibérs having FiX COnposl o Herson:
10 pl ur gydenier of mOfeosaﬁd ﬁbereHa\ﬁmgaemairamnﬁ)obaomgaereon the

10 onsol | LMY RERST RIGHIERT Bests bERREPTRPH ot Y@ std B
layer ofcompB&lidi R fofnh [H@c@ﬁ%ﬁ&ﬁ@&nét@o&aéf befs; &/ d
anterior and posterior surfaces of said consolidated
net wor k igft lepssenelayer of a polymer film attached to each of said anterior and

posterior surfaces of said consolidated network of fibers;
b) a first fibrous wrap encircling the panel, said first fibrous wrap encircling at

15  least a porticn of said anterior surface, said posterior surface and at least one edge

of said panel; and

c) an optional second fibrous wrap encircling the panel, the second fibrous wrap
encircling the first fibrous wrap in a direction transverse to the encircling
direction of the first fibrous wrap.

20

2. The ballistic resistant material of claim 1 which comprises a second fibrous

wrap encircling the panel, which second fibrous wrap encircles the panel in a

direction transverse to the direction of said first fibrous wrap.

25 3. The ballistic resistant material of claim 1 wherein said first fibrous wrap and
said secondl fibrous wrap each comprise a consolidated network of fibers, the
consolidated network of fibers comprising a plurality of cross-plied fiber layers,

each fiber Jayer comprising a plurality of fibers arranged in an array; said fibers
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b) a first fibrous wap encircling the panel, said

first fibrous wap encircling at 15 | east a portion of
said anterior surface, said posterior surface and at
WO4818/1637184 edge of said panel,; and c) an optHG@HEH2006/046869
second fibrous wap encircling the panel, the second
fibrous wap encircling the first fibrous wap in a
direction transverse to the encircling direction of

the first fibrous wap. 20 2. The balli.stic resistant
material of claiml| which conprises a second fibrous
wrap encircling the panel, which second fibrous wap
engjalink @ SerdabRy OEMBLL 7 gdanercbr kfRed A &ﬁ@l@&ﬂ&mﬁg drabdraso
direction of said first fibrous wap. 3. The

balg/desier or moss; said fibershedpg amaisix C@rravagn W@eqoa the phrglity of
first f f]

corfpr 2oL RS s i on ot B HAE3A rl  Lp ARniE i
Conﬁo&kﬁakﬁdﬁnehmakbfﬁbmiibers conprising a plurality

of cross-plied fiber |layers, each fiber |ayer
conprising a plurality of fibers arranged in an array;

said ’lfHetB%flétng’?ésf‘é\QnthQ@M{Q;ﬂféﬂn ?We#&?%@b%ﬁ&ﬁ@pnses

having a tenacity of about 7 g/denier or nore and a

t eresiongolidaigd ingsvork oflbseg wmslmcongpl@@mdewt\mrk b fibers semnprises
L: prﬁvra[‘@\ﬁlf n%sg g%fsﬁﬂ)e{f Ilaggﬁ%%%ﬁ hb(%}r] je Fg«grﬁg&ubé ?ﬁlurallty of

corfibeld atahgs Watshbssamdllyrpdrallekanwrpo& tion to form the

consol i dated network of fibers. 5 4. The ballisti.c

10 esi stant material of claim| wherein said panel

CONPITIRAAIIR1E RRRRNt MaleRsl of GRIHQ rmn@fcoﬁruﬂmwa pafadiby of
consol i dated network of fibhers conprises plurality

of diycerie pq;leISeaaraﬂg%'en a|siagle dhichesiack hﬁii pEap %@@p a bottom
co r@{f{acse' 489 ofe Bl bR e{dg? 2fd whitPfFs® ﬁ@lroﬁﬁu&%darﬁ'drbgﬂonal second

substanti ally paral array. 10 5. T
r esﬁtsolazm/rapamemi@at leaft acpaation of seiditethswfaeprshiddsttam surface
rete agnels arranged in a stack,

15p a@ﬁ g{g%l?n%5§e°?tsalgssurface a bottom

6. The ballistic resistant material of claim 1 wherein at least one edge of said

panel is reinforced.

20 7. The ballistic resistant material of claim 1 wherein each edge of said panel is
reinforced by stitching said panel at each with at least one thread, which thread
comprises high strength fibers having a tenacity of about 7 g/denier or more and a

tensile modulus of about 150 g/denier or more.

25. 8. The ballistic resistant material of claim 5 wherein at least one edge of said

stack is reinforced.
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surface and one or nore edges, and which first fibrous
wrap and optional second fibrous wap encircle at

| east a portion of said top surface, said bottom
WwWohigaes7545 and at | east one edge of said st @gkwsBos/046869
The ballistic resistant material of claiml wherein at

| east one edge of said panel is reinforced. 20 7. The
ballistic resistant material of claim1l wherein each
edge of said panel is reinforced by stitching said
panel at each with at |east one thread, which thread
conprises hi gh strength fibers having a tenacity of

den 0 ensi dulus o
ab ut higg "é?‘dféfﬁﬁs%P{’B?‘eH@ g“‘a'é%s W%‘e’e‘fheea‘”"bg‘iri)%e ofppid's ack i
r eséififorded byRtiRhinglsaidfstack ai acibedi Vi ab leabt dne @gbad) Mich
edge of sald stack is reinforced. 39 WD 2008/ 105754

PCHres T asHe strensthriiheryving sitenaciteel abount &/HeRienqral
of n‘r‘tJfr@Em 2teffIf rﬁbd'hh%iadg *Ab&ﬂ%o gfdexﬁ@tj & n3drack is

reinforced by stitc g said ack at each edge with
Sat | east one thread, which thread conprises hi gh

S TG R BB FORR Bl B B

NMDIs&id stabk &Q-rexﬁftﬁcdﬁéﬁﬂmeiﬁmg:a p(ﬁ'ﬁd)rsdifaﬁé st%kta&fsmabné)f)r mb@i m
5 wherein said one or nore edges of said stack are
r eicfi$Sr ced by nelting a portion of the stack at said
one or nore edges. 10 11. The ballistic resistant
material of claiml wherein said fibers conprise a
lormtlér ICh¢ baBsticgesisfantmeigriah ef @maubwwm sgidi frhgrsgfomprise a
oI age(il%gse?&%dnf{&g It% sér&{)do:{ﬁnglgt%% o%’e tel"?l 1{16)8?@’{&11 fibers,

enzazol e
polayaami fiberk, ﬁwyl&nzazpblfybetshpdlm@l h&bb:p:l h‘tblaal, padlgarhidb ébars,

ol yet hy] ene n ate fib rylonit:rile
D BBt iene erap A fers gl FutecPRHBRbeRt o s
fi PefacrRditGRITIVeR, lidild ElyBer sopoldester TibersDalbdsi fifetstand carbon

0
resi stant material of cla|n1§ wherein said fibers
15codpenisse

12. The ballistic resistant material of claim 1 wherein said fibers comprise

polyethylene fibers.

20  13. The ballistic resistant material of claim 1 wherein said matrix composition

comprises ar. elastomeric composition.

14. The ballistic resistant material of claim 1 wherein said matrix composition
comprises a thermosetting composition.

25
15. The ballistic resistant material of claim 1 wherein the matrix composition

comprises polystyrene-polyisoprene-polystrene-block copolymer.
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pol yet hyl ene fibers. 20 13. The ballistic resistant
material of claiml1l wherein said matrix conposition
conprises an el astomeric conposition. 14. The

wakbosatirss resi stant material of claim1l wher eoT/I52008/046869
matri x conposition conprises a thernosetting
conposition. 25 15. The ballistic resistant materi al

of claiml| wherein the matrix conposition conprises

pol yst yr ene- pol yi sopr ene- pol ystrene-bl ock copol yner.

40 WD 2008/ 105754 PCT/ US2006/ 046869 16. The ballistic
resistant material of claiml wherein each of said

fiber . layvers.are . cross-pnli-ed. a 90 angle r i

to ond B SRR et ARG dFHaf] oBeieh AR P Bl s e
fi hesssiphiy@at a 90°khgleAelbivel tb Siei longiaginal fibee dedtionlof each
formed fromthe ballistic resistant material of claim
1. afpcenhfigan lpyet i ¢ resistant article formed fromthe
ballistic resistant material of c¢claim5. 10 19. A
ballistic resistant article forned fromthe ballistic

5r esli7s tAabdllistmtresistant agicle formédir@n tirthalljstip sdsistant ingterial of

rescl stalnt article formed fromthe ballistic resistant
mateP P of 15 claim 8. 21. The ballistic resistant
material of claiml| wherein said polyner filmlayers

conprise a pol yol efin ol 1 de, | yester, ,

pol S bt resitaerisla Sored Trom s iafiste st gptegial of

COR@iymer or conbination thereof. 20 22. The ballistic

resistant material of claim1l wherein said polyner
Wfilmlayers conprise linear. |ow density polyethyl ene.

19. A ballistic resistant article formed from the ballistic resistant material of

claim 6.

20. A ballistic resistant article formed from the ballistic resistant material of

15 claim 8.

21. The ballistic resistant material of claim | wherein said polymer film layers
comprise a polyolefin, polyamide, polyester, polyurethane, vinyl polymer,
fluoropolymer or a copolymer or combination thereof.

20

22. The ballistic resistant material of claim 1 wherein said polymer film layers

comprise linear low density polyethylene.

23. A ballistic resistant material comprising:
25  a)a panel having an anterior surface, a posterior surface and one or more edges,
which panel comprises:
i) a consolidated network of fibers, the consolidated network of fibers

comprising a plurality of cross-plied fiber layers, each fiber layer
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23. A ballistic resistant material conprising: 25 a) a
panel having an anterior surface, a posterior surface
and one or nore edges, which panel. conprises: i) a
wonsehbHd ed network of fibers, the consol i dgicgais2006/046869
network of fibers conprising a plurality of
cross-plied fiber layers, each fiber |ayer 41 WO

2008/ 105754 PCT/ US2006/ 046869 conprising a plurality
of fibers arranged in an array; said fibers having a
tenacity of about 7 g/denier or nore and a tensile
nodul us of about 150 g/denie:r or nore; said fibers
having a matri x conp05|t|on t hereagn; the Iurallty of

Cross- pICP'@H“FPbéPI“FaA%?% ihsEs ATEnessiia &N AHAY; é?.l‘ dyffbers haxing
matrix %%8?}3 g@%&&lé% mow‘ﬁ\d%%‘ﬁs% hﬁﬁhﬁg o@%awiko

of fi bers; t1onal | east one | ayer of
pol yner g!dehm art meuchmld ﬁbnerehayllng:ﬁf matax gomapsivon thlerean,dhe

t f d | i dat ed
Fiber s Pyaiy of 688 isn T it iron EaqialRo & Dpac

sant er i Okompéditasitro@brmsaik dofahédied tetwarkfof fistrsf adar ous
wrap enC|rcI|nﬁ t he Eanel ?Id first fibrous wr ap
enci r cl ingpignalipal lgagt pncdayss o # BolYmeH filangtipchs oepgl of seid

surfaceq,8ai xdanﬁgy'égt@ﬁér%ﬁrﬁééﬁfofl&?d oIl iGRALorRBE BLSE

of sai d panel an optional second fibrous wap
endi rcleasagne tigid ;ptatreattacludddo Swaotedof $usfaceisf saidpanel;
terng ;\‘t;’lést ?grot ug %vrf I erng:}nrcélgr{ fu? ﬁa;neyvé?? g{:stt ﬁgro%ls ]&v?%;%enc];rch%g( at
1 0f | héUSspotiampof shid aderiof Berfdaal shidplokterisrasatfadendnid arbdastronakdge
gla|n123 fa{ther conprising at |east one |ayer of
pyitrBenetsianth at t ached to each of said anterior and

po&ﬁ; &h bﬂfon%%et@ﬁﬁ?or@ﬁs wiap kfkifeARS Ak i e RRLWP ﬁBroQ§ wrap
fibers. . The ballistic resistant nateri al

cl anmc:lz@g Wm ferht fibypuswanap @bﬁ@rﬁcgerstr@ssere@mhe ﬁmd@wbms
VW%B_CSPD%I rf?lL'iﬂgtﬁlﬂﬁu whi ch second fi brous wap

encirc ane a direction. transverse to the
15di recti on of sald flrst fibrous wap.

24. The ballistic resistant material of claim 23 further comprising at least one
layer of a polymer film attached to each of said anterior and posterior surfaces of

said consolidated network of fibers.

20 25. The ballistic resistant material of claim 23 which further comprises a second
fibrous wrap encircling the panel, which second fibrous wrap encircles the panel

in a direction transverse to the direction of said first fibrous wrap.

26. The ballistic resistant material of claim 23 which comprises a plurality of
25  discrete panels arranged in a stack, which stack has a top surface, a bottom
surface and one or more edges; which at least one rigid plate is attached to the top

surface of said stack, and which first fibrous wrap and optional second fibrous
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26. The ballistic resistant material of claim 23 which
conprises a plurality of 25 discrete panels arranged
in a stack, which stack has a top surface, a bottom
wonb@aes7and one or nore edges; which at | eastPaamgs2006/046869
rigid plate is attached to the top surface of said
stack, and which first fibrous wap and opti onal

second fibrous 42 WO 2008/ 105754 PCT/ US2006/ 046869
wap encircle at |east a portion of said top surface,
said bottom surface and at |east one edge of said
stack. 27. The ballistic resistant material of claim

¢ o1 WHBRAR AL LR0FborRBFp R0 hurbRl taidboR BTtk and a lea
cl ainmed offseidsstackat | east one edge of said panel is
reinforced by stitching said panel at said at | east
one edge. 10 29. The ballistic resistant material of

cl 143 vullistiSicBistht he@Eil 0P ORine dYXherkinSAildhst diRRGke bfSsaid
reinforced by nelting a portion of said panel at said
Sat Ragelds reifercedige. 30. A ballistic resistant article
formed fromthe ballistic resistant material of «claim
23. 15 31. A ballistic resistant article formed from

t he28bdlheibslikiGe resisiast materistaf elainal3 wherenl aleusfe e8ge of i
bal | i tlc S ant rrater f. cl.aj rein said
. BBy FatiErerd b ebRe Sid PaneLly s AL Betint Bk . "

gl ass, a mstal-fllled conposite, a ceramc- f|IIed
conposite, gl ass-filled conposite, a cernet, hig

Iharidndds bé‘thé'é‘F resigiapimaterigl of it A vhergin at |1qaatrﬂr19r%iser ofasald
baqu%m& {eEniche Wmen ng% poﬁld;s%tf@m el Qtrsqmﬁ '1415& éhe ed

Istic resistant teri al conplsmg for
at | east one panel having an anterior surface

pos{.ery § I
DO rA RS 468 A RRReLho TSRl ?%mg%@@%%ﬁﬁw

condomi23at ed net wor k of fibers conprising a plurality
15of cross-plied fiber layers, each fiber |ayer

31. A ballistic resistant article formed from the ballistic resistant material of

claim 26.

32. The ballistic resistant material of claim 23 wherein said at least one rigid
20  plate comprises a ceramic, a glass, a metal-filled composite, a ceramic-filled
composite, & glass-filled composite, a cermet, high hardness steel, armor

aluminum alloy, titanium or a combination thereof.

33. A method of producing a ballistic resistant material comprising;:
25 a) forming at least one panel having an anterior surface, a posterior surface and
one or more: edges, which panel comprises:

i) a consolidated network of fibers, the consolidated network of fibers

comprising a plurality of cross-plied fiber layers, each fiber layer
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43 WD 2008/ 105754 PCT/ US2006/ 046869 conprising a
plurality of fibers arranged in an array; said fibers
having a tenacity of about 7 g/denier or nore and a
wenaishes7sodul us of about 150 g/ denier or noOPET/USA06/046869
fibers having a matrix conposition thereon; the
plurality of cross-plied fiber |ayers being

consolidated with said matrix 5 conposition to form

the consolidated network of fibers; and ii) at |east

one | ayer of a polynmer filmattached to each of said
anterior and posterior surfaces of said consolidated

network of fibers; h di ng the .panel i nt. n :
arti cl e“OTBRTIERRE PIBH?‘}VQ‘@H@{SF&M%%BE BRUE 5?58&?8@#8“? ha
nol ded RaRGh: of$Bbl 7 d/ddmter bl RbfUSd WieRile AOdEIE bf &Hounpso
at Least a portion of said anterior surface, said

post er i Biderigy graperepsatd fbers havingra ragEx seryRosyfongthergon; the
panel ; e I I i f i DI RMS
wrap ar g@ﬂ%@ ﬂf;&z&%ﬁﬂg%g ﬁggﬁe ,srk%lllﬁd ggocl@%%e?? glr%@srgwr gp
Senci r ¢l compdsitenftd fertn the bersakdamdanstwark af fiberscandon
transverse . to, the encircling.directian of the [fi

(1 br ous ThaA o 5ue? BER BSnPORD AREAAIP o R apfefibr and
CONpr i Spékerfl Shrfades H0satd asMdatel nbrworisoffitps; ar ound

the panel, the second fipbrous wap encircling the

fi lb_Q;WOHiIE&‘BﬁgaW H_BO pmargicleq ection transverse to the
engy é&hﬁﬁ‘% adgl{s?ﬁsﬂoeglwpip i lhe mbldbd PInRl SRk fibrdls FRap
The” met hod of ¢

aim 33 further conprising reinforcing
10at ehambing arleasta gertion of sad anterimeirfacgpaidipnstenier $tsticoand at
cl ?i m 33 Eur(t) ler, cor rAdSi ng formng a stack of a
pl P E §O&st O SBICRePet &%anel s, which stack has a top
sulj astonally Beirting & sechatfbramtwiaparoand hermold@bpandly €,
whi ch stack is nol ded agd enﬁ' rcled wwth.sajd first
f i B79nd iRjonp wasRensEElngAs FsbEbiRYS YTaBrie S irgrtion Y
at eedsiclgRMetiidbfAfe £3i fbrb@Pwapr f ace, said bottom
15surf ace ang at | east one edge of said stack. 44
34, The method of claim 33 further comprising encircling a second fibrous wrap
around the panel, the second fibrous wrap encircling the first fibrous wrap in a

direction transverse to the encircling direction of the first fibrous wrap.

20 35. The method of claim 33 further comprising reinforcing at least one edge of

said panel.

36. The method of claim 33 further comprising forming a stack of a plurality of

discrete panels, which stack has a top surface, a bottom surface and one or more
25  edges; which stack is molded and encircled with said first fibrous wrap and

optional second fibrous wrap around at least a portion of said top surface, said

bottom surface and at least one edge of said stack.
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WO 2008/ 105754 PCT/ US2006/ 046869 37. A nethod of
producing a ballistic resistant material conprising:
a) form ng a panel having an anterior surface, a
W@ 20einesai4 surface and one or nore edges, WwhiPEH/US2006P46869
conprises: i) a consolidated network of fibers, the
consol i dated network of fibers 5 conprising a
plurality of cross-plied fiber |ayers, each fiber
| ayer conprising a plurality of fibers arranged in an
array; said fibers having a tenacity of about 7
g/ denier or nore and a tensile nodul us of about 150
9/ SN Gy o'?ﬁfo%;uci%@'a@afli‘s@@fe%stlaﬁt%ﬁ&izﬁ cORbrisidg: |
conposition thereon; the plurality of cross-plied
f i deforniay e psnebbaviog aroasaidr durfasd, apasterionsuifagaend gneiqy more
CO%EPSitL%ﬁth formthe consolidated network of
f i e WhIGhPanehCoRSEnal |y at | east one | ayer of a
pol ymeriy h cbisoBddt@radolkdf €iden, thé ceiblidataireeworarof fibeks
posterior surfaces of said consolidated egﬁork of
5fi ber s;canprigmediphgakipiof ﬁ%?ﬁ%?‘;ledcf)b%{ae/%fé’rﬁa&g ibgr lpyehst

- one rigig pl - ' Ay 0dai® Bbls AR igied
panc : Lo Sfie ek oL BB o Py i B T eE
t he nol weatitpafighout & giddniki ersmorkiand atensilg mpdulanef abent vg

at | east,,a.portion of, said_a r1.0F Ld..
post eri %{Fe'g%rquboée’ﬁﬁlg ar rsq\aégég nl%)a?fgx éogﬁggeﬁgﬁns@%é&’ the
panel ; @0AI18)ofeRss-plied fiverdaeisbelngrgnslidaed ndthfshidmoasx

wrap around the | ded panel, the second fibrous wa
10 enci r cl $ampPOsHEN {9 thg &ﬂa@?%ﬁéﬁtwk ﬁtofgl?qr?é@f‘ on P

L ransvegs sey; ief 6l 4 pilyrir R lak@che@to b1 of said
first f?%&33@“%%g§%§§§$mﬁﬁegné?ﬁ%d of claim37 further
conpr i santerioaand pesterion serfacayefrsaigfconsobidatedaetwork pffibers;
at&g&h&ﬂg&&:%%%p of said anterior and posterior
surtades orc 8ara consolidated network of fibers. 25
39¢) aflaehingiitHemdt afe rididplate33 theLantdnior surfaep of siidwgpolded panel;

engjrcling a.second fibrous.,wap. around th el
15 ¢ n) SEEBHE 55t e e e molged mpet syd i FfRs arer
W aikidclingat 16Hst £pdrtiomof dadEN @108 Surfade tshid poBRibEdurfage and at
direction of the first fibrous wap.
least one edge of said panel; and
e) optionally encircling a second fibrous wrap around the molded panel, the
second fibrcus wrap encircling the first fibrous wrap in a direction transverse to

20  the encircling direction of the first fibrous wrap.

38. The method of claim 37 further comprising at least one layer of a polymer
film attached to each of said anterior and posterior surfaces of said consolidated
network of fibers.

25
39. The method of claim 37 further comprising encircling a second fibrous wrap
around the panel, the second fibrous wrap encircling the first fibrous wrap in a

direction transverse to the encircling direction of the first fibrous wrap.
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45 WD 2008/ 105754 PCT/ US2006/ 046869 40. The net hod of
claim37 further conprising reinforcing at | east one
edge of said panel. 5 41. The nmethod of claim 37
waonrodsans7eonpri sing formng a stack of a pl ur #ATIES2e0H/046869
di screte panel :;, which stack has a top surface, a
bott om surface and one or nore edges, and encircling
said first fibrous wap and optional second fi brous
wap around at |least a portion of said top surface,
said bottom surface and at | east one edge of said
stack. 10 42. The nethod of claim 37 wherein said at

| east one rigid plate conprises a ceramc, a glass, a
netal -filled conposite, a ceramc-filled conposite, a
gl atds-Theindtled afeigaSi7tferthen carepnisittg reinfgbinp at Waw ose edge of
steel, arnor alum numalloy, titaniumor a
comBidP2Pflon thereof. 15 43. A ballistic resistant

mat eri al conprising: a) a panel having an anterior

surface, a posterior _surface and one or nore ed
Swhi O Thamsthadofistain 84 fusther somprising forming @ sHek b Rluzﬁ“ty of

f ' bcﬁ§c§ete h%%lf%ﬁﬂl agf‘hfsdaf t@@Qch OJot gfnk%% face %Q one or more

npri si a plurality of cross ayers,
eaoeldgés bn&redciaryldarg saglofimst fiity pusgwrap pmdmmionalysecxfndfﬁhmeusswrap

of Gt Iy RheRiair ot w8 PR Rues T Ak one

aqugeAEQujgﬁmenler or nore; said fibers having a
matrix conposition thereon; the plurality of
10cr oss- plied fiber |ayers being consolidated with said

”Ht{zl &h%%&mmxagm% »&rﬁrefus)gam sth&sp&ﬁ%@.a fRteednipabaar K

bers; and i1) optionally | east "one |ayer of a
poI opragric,fai dlass 2t metehBled cwmypasite, @ﬁererancdﬁll@moermowe a1gkhss-

Etlél erglcgélﬁgg ef %geen%ep f}xlg%é}larddngéggl?’egf, a%reaﬂxrrﬁ]igtxm%%y,q{tamum or
a combination thereof.
15
43. A ballistic resistant material comprising:
a) a panel having an anterior surface, a posterior surface and one or more edges,
which panel comprises: |
i) a consolidated network of fibers, the consolidated network of fibers
20 comprising a plurality of cross-plied fiber layers, each fiber layer
comprising a plurality of fibers arranged in an array; said fibers having a
tenacity of about 7 g/denier or more and a tensile modulus of about 150
g/denier or more; said fibers having a matrix composition thereon; the
plurality of cross-plied fiber layers being consolidated with said matrix
25 composition to form the consolidated network of fibers; and
ii) optionally at least one layer of a polymer film attached to each of said

anterior and posterior surfaces of said consolidated network of fibers; and
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WD 2008/ 105754 PCT/ US2006/ 046869 wherein one or nore
edges of said panel are reinforced by nelting a
portion of said panel at said one or nore edges; b) an
wonosnaed7sd i rst fibrous wap encircling the pataysS28iodescs
first fibrous wap encircling at | east a portion of
said anterior surface, said posterior surface and at

5 | east one edge of said panel; and c) an optiona
second fibrous wap encircling the panel, the second
fibrous wap encircling the first fibrous wap in a
direction transverse to the encircling direction of
the fir i b Skl irstant
mat or 1 ar S EP R A8 Sl BT A pe PR RIMORED By itk

di scr et popmnelf said parehgtesdidi ane @r gosecddgesphi ch st ack has a

und 8 R &R B Mop 28 oBbend B REROGpERRE™
r eicRiedling dt Rist AoFtioAD 8ail @hitbii G buffhces &didlpdidetidh s@facs ahdlat

one or nore edges. 15 45. A ballistic resistant

Sar tl¢ast encfedgerplisafd panek Aed bal | i stic resistant materi al
of ' : b $hdifclih® fHe Ph1! h@bdcbfid fiblos
fr&%hr?h@%éﬁeféﬁ%&?@%t)ant] nla ere?al of claim 494.(55%
47 endidingald first fitronsewiag ima tlirentior framsversé toctha emgiztfng
wherein said at, Least one layer of a polyner film is
pré@?ﬂf*“ﬁébegﬁghggvﬁvg?ic resistant material of claim
43 wherein said second fibrous wap 25 is present. 47
WD 2008/ 105754 PCT/ US2006/ 046869 49. A ballistic,

10 e s (Tha balhigticresigtantapaipral of flgim 43 which spraprises giphyality of

ANtk Bﬁx@fsfa?ﬁﬁ eddn RORLIEMHAh stk haS £t RRS a BbuJRY ©
edges, Ich a%wel conprises: 1) a consolidated

netsudade aofl ofii¢ bemere edpes, whersiol saidane dr metegseks effsaid paaglare

reinforced by melting a portion of said panel at said one or more edges.

15 45. A ballistic resistant article formed from the ballistic resistant material of claim
43.

46. A ballistic resistant article formed from the ballistic resistant material of claim
44,

20
47. The ballistic resistant material of claim 43 wherein said at least one layer of a

polymer film. is present.

48. The ballistic resistant material of claim 43 wherein said second fibrous wrap

25  ispresent.
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5 conprising a plurality of cross-plied fiber |ayers,
each fiber layer conprising a plurality of fibers
arranged in an array; said fibers having a tenacity
wb 2008Q08754/ g/ denier or nore and a tensil e nMOETIE2006/046869
about 150 g/denier or nore; said fibers having a
matri x conposition thereon; the plurality of
cross-plied fiber layers being consolidated with said
matrix 10 conposition to formthe consolidated network
of fibers; and ii) optionally at |east one |ayer of a
polyner film attached to each of said anterior and
pOStery Ok Sur e ' ol i dat ed networ k of

fi glgréb%ljsﬁgr%s%?asn?nﬁf rf?ag%ognp&}%gx “encircling the panel,
Saiajla pared havihddroanterivt srfRB.Cd podteribPsudface drlasie od nvod édges)
of said anterior surface, said posterior surface and
at WhedRang) foMpEises’ 15 of said panel; and ¢) a second

fi br ous ;i @R sHiGiel Gktvidgk b eheR Bl condoliBae@ RN bERIRNS

wrap encircling the first fibrous wap in a direction
5t r ansvefemprisng hplueabigy efcarosaplied fibertlaysrs, edchtfiber lagerr st
fibrous : Tigol I.SE1G.LesLSE. '
o "ot 08 sing EpRfbt ol dlabadin Bl Y, 80 (RRAHal B o
panel s anadnggabon 7a/ddndee lor motd aild azérsidk nfodslua of aut 150
surface, ,a bottom surface and one .or nore. edges,
wher ei nBSapIEr efﬁaorsfsa%ﬁt’%ersew_g@ PAIEE CAMBATHEIT Begon; the
rei nf or pRELIRY of Bbdstpl@d HbBARYerPBLiY conddifiaRan@th @Ald makid
one or nore edges. 25 51. A ballistic resistant
10art i cl ecorapapeipnfte &rm the censplidaed netwaerk o fibers; apdt er i al

of o1 2 ) optfnatPar 1B CORIAMY BY 2o R ARAANCAIABRES o 34ia

A ballisti'c resistant art
bal | i st amteniersand pasterioratidadeabf aid ainsdlitateB GetviBk offfilers;
bal ki ti resistant. material of .¢cl.aim 49 wherein said
at by &Rt fibrls pagpeiseling the pansl, said firs fbrats 7ap EREURRNE g
least a portion of said anterior surface, said posterior surface and at least one edge
15 of said panel; and
c) a second fibrous wrap encircling the panel, the second fibrous wrap encircling
the first fibrous wrap in a direction transverse to the encircling direction of the

first fibrous wrap.

20 50. The ballistic resistant material of claim 49 which comprises a plurality of
discrete panels arranged in a stack, which stack has a top surface, a bottom
surface and one or more edges, wherein said one or more edges of said panel are

reinforced by melting a portion of said panel at said one or more edges.

25  51. A ballistic resistant article formed from the ballistic resistant material of claim
49.
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52. A ballistic resistant article formed from the ballistic resistant material of claim

50.

53. The ballistic resistant material of claim 49 wherein said at least one layer of a

5 polymer film is present.
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