RESTRAI NED BREAST PLATES, VEH CLE ARMORED PLATES AND 5HELMETS BACKGROUND OF
THE | NVENJbQUWsHoEslp OF THE | NVENTI ON  10Thi s invention pelaisssislofsskabri c

| am nat es havi ng excellent ballistic resistant properties. Mre
particularly, the invention pertains to a reinforced, delam nation
resistant, ballistic resistant conposites. DESCRI PTI ON OF THE RELATED ART
15Bal listic resistant articles containing high strength fibers that have
excel l ent properties agai nst defonnable projectiles are known. Articles
such as bullet resistant vests, helnets, vehicle panels and structural
menbers of mlitary equi pnment are typically nmade fromfabrics conprising
hi gh strength fibers. H gh strength fibers conventionally used include

pol yet hyl ene fibers, para-aram d 20fi bers such as pol y(phenyl enedi am ne

t erepht hal am de), graphite fibers, nylon fibers, glass fibers and the |iKke.
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 enqapspik ANGED BREAYEPIATHS) VEHTELH XARVROREDHLATES AND ei t her
rigid cr flexible fabrics. 25 Various ballistic resistant constructions are
known thit are useful for the formatlEMBiSarticles such as hel nets,
vehi cl e panels and vests. For exanple, U S. patents 4,40: 3,012, 4,457, 985,
4,613,535, 4,623,574, 4,650,710, 4,737,402, 4,748,064, 5,552, 208,

5,587, 230, 6,642,159, 6, 84AERGRGLNDHOF TEIE RNVERTIONWI ch are incorporated
herein by reference, describe ballTistic resistant conposites which include
hi gh strength fibers nade frommaterials such as extended chain ultrahigh

nol ecul ar Wc—i;l &Mmm% conposites display varying degrees of
5resistance-%§L— tgh speed inpact fromprojectiles such as
bul | et s,10s hettiSinvediicaRBRtesad thbkid Qarhink@s hivihg eXcBhteballidtic refithnt s 4, 623, 574
and 4, 748,064 di scl ose sinple conposite structures conprising high strength

fi bers enbeddentrties. Aors|pagicyiasky; the ppxentiqn pertains to a reinforced, delamination

resistant, ballistic resistant composites.

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,



10U. S. patent 4,650,710 discloses a flexible article of manufacture

conpri si ngoaosysaki ty of flexible layers conprised of IpicghisSéosRidsd,
ext ended chain polyolefin (ECP) fibers. The fibers of the network are

coated with a | ow nodul us el astoneric material. U S. patents 5,552,208 and
5,587,230 disclose an article and nethod for making an article conprising
at | east one network of high strength 15fibers and a matri x conposition
that includes a vinyl ester and diallyl phthalate. U S. patent 6,642,159

di scl oses an inpact resistant rigid conposite having a plurality of fibrous
| ayers which conprise a network of filaments disposed in a matrix, with

el astoneric 4,&%6634,15hiéﬂe?08e5 SREA30, '6I;fe1291(5|9p®,841 492, %, $orith8dall of ewhivhr d pl at e

to increase protection aj i erc prolectlles 20 It is well
known t hat ewm%%ﬁ%ﬁ%am&yorje e eéarebept@ﬂ&npa@%st@}t&empeytqsm%| ly

di spl acing f t, f I t enetration
resr stance i nogrs bt FER (8 o el A e b e P

exanpl e, i npogh mmﬂechlm:m@xt pojyatyleng Tebd cahpasiteedisplhpnagingrdegeet bfs are

the tightness .of a 25fi ber ave, periodici of crgss-overs in cross-plied
uni di r ect orfﬁ?‘s%‘prfBé’ie{‘eégauo\iag’b% ef B%Pacéléﬂﬁné?rgle“ﬂli%é?c hias bujlefer friction,

matrix charagkgd 'sﬁItan?é af@thd Iiteer | am nar bond strengths. Another inportant
factor affecting baflistic resistance properties is the ability of the

ballistic resistant naterial to resist delam nation. In conventional
conposite b listic p ct ,of tile on the hallistic
fabric |ayer rﬁé%@@@ ﬁﬁ@ﬁ@ﬁts“ @n@g qod 4 1‘@3}%?@ fiﬁlfﬁSF’é”’%ﬂF COTRBTIGg fabric
| ayers are ssrurueﬁl%&%f%{ réﬁ%{ i %rgﬁ?e% tmg aﬂbédgem&mlaﬁ?!ﬁne ic hRaaTE

del ami nated. This may be limted to a snmall area, or may
spread d¥er @Sl patgm 4516%)517 10sdigpioses e diekibje atticlenif atannfacturecdmnprisisg & c

resi stance pro rti e mater. d r edyci ng s apilit
Wt that and ¢ PORRETestble b Ersspipse) aiiieh ishetyenmachmimaatieln al so
known to ocqurpgsibars’ Ghblibefofth AdtROrkShE Bbatedditha bl $hddqisesi st ant

materials into 10desired shapes or sizes, causing trimed edges to fray,
and t her eby ecbastmmrm ipatagalt HéSspatnits 5ﬁ§2,ﬁﬁ&lalhrh5 5B328@ diselobsamartielepr operti es

o e Mot er SO L, LhEre, S R Dol L he 20t R Rolue ech o
probl emys Trﬁ:beﬁ &Rlethatrix composition that includes a viny! ester and dially! phthalate.
U.S. patent 6,642,159 discloses an impact resistant rigid composite having a
plurality of fibrous layers which comprise a network of filaments disposed in a
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.



15i nventi on provi des del am nation resistant, ballistic resistant materials

and arti oy@goégidtssare reinforced by various techniques, pciflseghed@ssd i t ching
one or nore ballistic resistant panels with a high strength thread, nelting

the edges of a ballistic resistant panel to reinforce areas that nmay have
been frayed during standard trinmm ng procedures, w apping one or nore
panels with one or nore woven or 20non-woven fibrous waps, and

conbi nati ons of these techniques. The invention also provide:; one or nore
ballistic resistant panels including one or nore rigid plates attached
thereto for inproving ballistic resistance performance, which may al so be

rei nforced wAhdtherigportanifaetopifféchiag dhbisearRistaadepropetianisqtesbilihef pr esent
inve rition tgr esents an i nprovenment over U.S. patent 5,545,455 which does
25not descr i tBe ballistq fesistant @ianlélr@éGSI%ﬂemlﬂ@tH@ dasenveatigeal copppsifoes U, S.

W apped | n TR RO RErbREL P BRI GERe ST b IRAR HH8RZ 2 " e
structures tthﬁiugh@@n@é@ﬁt}&tl@y@ytvﬁﬂe quumarngffhlbrﬁaslamsbfbeétfes@aml s, nor

structures having | ates attached thereto. Articles forrred fromthe
material 9 de%@rqhswah%n& hemnigeayss dscome dedlaminatedy J hisddameation@asni nat i on

rest stance ikl oS bl £33 ANCSHRLABEL! e I GlnBlauRRTLi cularly

retained after elngs ress Iple’inp OF THE

| NVENTI ON Tdimmgmaglthecmnmue\rem&oa pbdpeltiettof che rstefhlanid reaheing ak
conprising: a).a panel having an anterior surface, a posterjor surface and

one or nore abalifw 40 Withstapd Blﬁd@lpa‘éd}f‘m‘llglé@ projeqtiles. Sl grlaminasionieekior k of
fibers, the consqhidaled aedy Jﬁf@ gfng hg’e% Sf ﬂa@ﬁ&@ééﬁhﬂ%ﬁ I%IE'F %' ty of

cross-plied Tiber layers, eac ayer  conpri sing y of fibers

arranged0i n desired shapes Gasigksf dansihg tﬂimmed@d@esttelﬁxasu stnyi tbéreapwhprﬁngéldgm er or
nore and a tensile nodul us of about 150 g/derjier nore; said fibers

havi ng a matth¢ stabibigpang ballisticiresstanss; propsatss of the ‘inf‘S‘?“élf A@P@@sngbr, ithege £ i ber

l ; t to f th
Layers beln S%g?%frnlgﬁ%%ﬁ?o%ﬂé&{ea%ﬁh Uik biobichREoMPosi ti on to form the

The present invention provides a solution to these problems. The present

15 invention provides delamination resistant, ballistic resistant materials and articles
that are reinforced by various techniques, including stitching one or more ballistic
resistant panzls with a high strength thread, melting the edges of a ballistic
resistant panel to reinforce areas that may have been frayed during standard
trimming procedures, wrapping one or more panels with one or more woven or

20 non-woven fibrous wraps, and combinations of these techniques. The invention
also provides 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



ii) at |east one layer of a polyner filmattached to each of said anterior
and post ewpeoosgdsfsaces of said consolidated network of fclparssgososddyo a fir st
fibrous wap encircling the panel, said first fibrous wap encircling at

| east a portion of said anterior surface, said posterior surface and at

| east one edge 20of said panel; and c) an optional 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. 25The invention also provides a ballistic resistant materi al

conprising: a) a panel having an anterior surface, a posterior surface and
one or nor e thetgos  Aihles florpreddiong thepnaterals descripehhereinduaive egrefdundtoror k of

fibers, th | i dat twork of fib lural ity of
cross. pl | oa rberca EGLEbmBale rdlpes afURIEIRE I Sg soBAMbIY of i bers
arranged i n @apatitdyrly fddifled ARSMRingAYeQdd By hRGHE ipas about 7 g/ deni er or

nore and a tensile nodul us of about” 150 5 g/denier or nore; said fibers
having a matrix conposition thereon; the plurality of cross-plied fiber

| ayers being consolidated w ﬁi @.t]cl_l{é jtion to formthe
consol i dated network of fib ; ==+ : ally at |east one |ayer
of a pol ymerrHelihienabh ped\eakstaoaBRdi rdist@ftintht@id @6mpFisiapd posterior surfaces
of said consolidated network of fibers; 10b) at |east one rigid plate

att ached t o %) heasgltheringransuotetiac surfice sapasteumn elrface@nd ané or siore ¢dgeus wr ap
encircling tt}? anell‘ . sai.d first fibrous wap encircling at |east a portion
of said ant eVigh PUIS FUBRNISCSSni o posterior surface and at |east one edge of

sai d panel :, and j),cGhsofBatePhétRRA oSEERE dhd LR RRWEACITetNg t he
panel , the second fi brous wrai‘)i 15encircling the first fibrous wap in a

di recti df transveoswrismgtamuratity ofcrossepligd fidet lapers.afach fiberflayst fi br ous wr ap.
The invention further. provides, a sfethod of producing a, hallistic resistant
material conpris icﬁal.pnﬁg’ﬁ)a ngﬁaﬁ{ynﬁerﬁ aé'ﬁ?élge(g‘r?eanm} S%%\Bg’ﬁré ha¥ing At eri or
surface, a post erkfikits ot AR 7&dknier or more and a tensile modulus of about 150
g/derier or more; said fibers having a matrix composition thereon; the
plurality of cross-plied fiber layers being consolidated with said matrix
15 composition to form the consolidated network of fibers; and
ii) 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:



one or nore edges, which panel conprises: i) a consolidated network of
fibers, twewemesisudated network of fibers conprising applrwsadoetoycsed
cross-plied fiber layers, each fiber layer conprising a plurality of fibers
arranged in an array; said fibers having a 25 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 thereon; the plurality of cross-plied fiber

| ayers being consolidated with said matrix conposition to formthe
consolidated network of fibers; and 1ii) at |east one |ayer of a polyner
filmattached to each of said anterior and posterior surfaces of said
consol i dat ed net vipa kosoliflatbe network bf fiba$, dhancpnisbled apeahedtworkt af febersar ti cl e;

c) encircling a first. fibrqus,w aroun he nol de nel , said first
fibrous wap 5endPRFHg aazﬁlwa@&s?fp%osaaﬁ'ﬁaéﬁe liay%réi*iﬁ‘g]&ﬁg%rﬁ%’? surface, said
posterior surfac : ity28¥ j el inPRt i onal |y
encircling a sec%r?g{b?lisgl%odtfgal\%;lgp a;t%%m? %éﬁfo#‘dggd@bgaﬁglﬁ!a&tsr?g‘)lgg?:ond

fibrous wap encitemdcirpgf abt {7ig/denieriob mons avd afensite modilngcf abont t ¥hnsverse to
the encircling direction of the first fibrous.wap. |0 The invention still
further Brovi des EAMHATRBEF: SECRI by e BRRRPU TR arab R er | o
conprising: a) ‘:);Qﬁnﬁh fRrRR30fied FBY 18Gerd BeifR tofdoNHated WithGSid AatPiQSt €ri or
surface and one or nore edges, which,” panel conprises: 15i) a consolidated
network of fi ber sompheitions firndthe echsobidated ketwiork ofiEhess;@odpr i sing a

lurality of cross-pl.ied, fiber |ayers, .each fiher layer, conprisi, a
P ural ity of 1 baDebtprdlyics oISl pLs Polmicn Mingatie 46 D of Boani ty of

about 7 g/ deni er Qreri¥Phfd phferforisEAades 8 SR BbAsS 1@ tedRAWOr SPGB deni er or
nore; said fibers having a matrix conposition thereon; the 20plurality of

cr oss- pllled H)iablkeastioay eigyl pleferattacheddo thedmtertdr wintfacesdisaidpaneli x conposition to
formthe conﬁolijd ed net wor k. qf beerS' araq. .
¢) a first fibrous wrap encircling the panel, said Tirst fibrous wrap encircling at
least a portion of said anterior surface, said posterior surface and at least one edge
of said panel; and
d) an optional second fibrous wrap encircling the panel, the second fibrous wrap
15 encircling the first fibrous wrap in a direction transverse to the encircling

direction of the first fibrous wrap.

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
plurelity of cross-plied fiber layers being consolidated with said matrix

composition to form the consolidated network of fibers; and



ii) optionally at |east one |ayer of a polyner filmattached to each of

sai d ant e§p0hosAashspost eri or surfaces of said consoli dat egrRebie/olssed
fibers; b) nolding the panel; 25c) attaching at |east one rigid plate to

the anterior surface of said nolded panel; d) encircling a first fibrous

w ap around the nol ded panel, said first fibrous wap encircling at |east a
portion of said anterior surface, said posterior surface and at | east one
edge of said panel; and e) optionally encircling a second fibrous wap
around the nol ded panel, the second fibrous wap encircling the first
fibrous wap in a direction transverse to the encircling direction of the

first fibrous w dp.at ®hbeonenx@nbl @ polhee fikh QuhdiRd t@edbhl Jfissidianterd hisd ant
material conprising: a) a _panel having an anterior surface, a posterior
surface and one dioSiBiPEsWEsesOf saifl eansolidatqd nepworkiafdibers;) a consol i dat ed
net wor k of fy . e ] efd. network of fibers conprising a
plurality ofﬂ)%?(gglg-gtgp'l%%gplﬁlg%%rg algfe%rs, each fiber layer 10 conprising a

plurality ofc)khditlingarfirafoud Wrapmréuridate nivdded pahblessd Riay ifdeoud vrgpaci ty of
about 7 g/denier_or nore and a tensile nodulus of about 150 g/denier or
nore; saPd fenpEslngRhlgastp Borfar of said antsuer surfaee, sridmesisrior usfage anddti t y of

cross-pliedf] A -hej. ng. solidated with said matri x conposition to
formthe co&é%??%ra%%é%ﬁg%lﬁ raﬁ'gb %?i bers; and 15ii) optionally at |east one

| ayer of a pbloptiemallyientirdingacdechd ﬁb@amrafsjar@@icpkhamcﬂaédqfanandaepost erior
surfaces of said consolidated network of fibers; and wherein one or nore
edges of saisacqpdritirows wrapengireJingedhe Bist fibraus \gapindircsion sansverss tpanel  at

said one or tﬁé@gﬁﬁﬁﬁggﬁégwﬁm @@{h@l{a{ﬂ WM rst fibrous wap encircling the

panel , said wrap encircling at |east a portion of said
anteriorlOsurface, said posterior surface and at |east one edge of said

panel ; and chhedfvedBibh QiR lfurfiRE RFvides ArdtRo b Ao @itGhd £ bAINStid Reiskanel , the
second fibrous wap encircling the first fibrous wap in a direction

transverse tieateniad cempripioBi ng 25direction of the first fibrous wap.

a) forming a panel having an anterior surface, a posterior surface and one or more
edges, which panel comprises:
15 i) 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 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



The invention further provides a ballistic resistant material conprising:
a) a panelohays/tog7san anterior surface, a posterior surf aceRIEHcONEOI NOre
edges, which panel conprises: i) a consolidated network of fibers, the
consol i dated network of fibers conptising a plurality of cross-plied fiber
| ayers, each fiber layer 5conprising a plurality of fibers arranged in an
array; said fibers having a tenacity of about 7 g/denier or nore and a
tensil e nodul us of about 150 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 consolidated network
of fibers; ag)dpliBhally copirciongd segond fibeas vrgnaroliad/ the nedlded paleynes il m
attached to each, of said anterjor and posterior surfaces of said

consol i dat edeRMdBPRUSHTN sirsling 1y figstifjhrays wrap in g dirgstis EREYSTES ong t he
panel , sal d b 6ilirdihp UG HnEARL FiftdudG A, | east a portion of said
anterior surftace, sa posterior surface and at |east one edge of said
panel ; and 15c) a second fibrous wap encircling the panel, the second
fibrous W apTigngiérntion ot previtled & balfisthy i@sistand gtetial cdntbrisipt | on transverse to
the encircling direction of the first fibrous 'wap. DETAI LED DESCRI PTI ON
OF THE | NVEN®R@Rneld@THg an-aptgstor urfacsy dposiesipr sumadecand oimp 05 mossedgssi ng

superi or bal‘!vtfﬁ%ﬁi gne%{;]?%ﬁggsi on and del am nation resistance. For the

pur poses of t Aven materials of the invention that have superior

bal i stic penetr & h@ondotidhiel aBswrEesfibirhahé bafelidieChet@sill &f fibegxcel | ent
properties agai nst deformable projectiles: 25The ballistic resistant

materials, structipmpsisingn plurality efscregs-plicd fibaylapensorach dibpr layer at | east one
bal i st 'El(f) resist %%nﬂgﬁgh la-gl?faﬁf&aﬂﬁ\fs %gg[sn%eé han, g 5 ae}gg’llrbf:rasrhra@ﬂm gd in a

stack. Each bal listi ant” pane an anterl ace, aposterior
surface and one aendthty@fabgiey, g/ddidrarr Mdke aAhdB4 tanbidd Moahlus bAgRat psthel has

four edges, a )
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
15 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

wherein 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:



triangl e shaped panel has three edges, etc Each panel conprises a

consol i dayedesgiowyk of fibers, the consolidated networlpc@fushadeicses
conprising a plurality of cross-plied fiber layers, each fiber |ayer
conprising a plurality of fibers arranged in an array. Suitable fibers for
use herein are high-strength, high tensile nodulus 5fibers having a
tenacity of about 7 g/denier or nore and a tensile nodulus of about 150

g/ denier or nore. The fibers have a matrix conposition thereon, and the
plurality of cross-plied fiber layers are consolidated with said matri x
conposition to formthe consolidated network of fibers. Depending on the
enbodi nent , &) hpapdmealimgnmanteriot heface anpostesor atrfdceast onger mayeedgof, a pol yner
film 1lO0attached to each of said anterior and posterior surfaces of said
consol i dat edVHet Bk cFPPRIBer s. Each discrete panel of the invention
conprises a singlie; L@ﬁ's%ﬁdat&?ﬂé@oﬂgﬁﬁ?ge ?%Mm@olﬁ’éatéd RS fﬁﬂ%rsa astomeric
or rigid polyner ctonposition astoneric or rigid polyner
conposition is rebmplnemgtamlhmhgl of cm&s@lwdtﬂbev(laymrmash fibarlayeFhe consol i dat ed
network of fibers corrprlses a lity of fjber |ayer %ta ked t oget her,
each fiber |ayer SOBWHEINGiARIUR 181 dr er%%rra&ge# i T 3 SR PAVISRAG et 11 X
conposition and

substantial ly paﬁérﬁ%ﬁ?%g%l%(oélfl?%dég&gglpgﬁ??%@;é1e§5§}1ee?1{s]5%5ellg§gf%ygﬁg%) q dated to
formsaid 20 singdenidrayetore;caiusiibercbdveng maawde dompdsgionchaobn;did ed net wor k
may al so conprise a plurality_ of t hat, are ¢ w th such a matrix
conposi tion, forr?é‘éfalo é"sﬁﬂ}%ﬁ%fﬁgﬁrs %w%ﬁ‘%nsaﬁaate WBISAINAHX nto a
fabric. For the is an el ongate
body the I ength Qgéﬁg?@érﬁg g%oppmﬁﬁgﬂa?tgd]}r{rﬁg’wg&e%l?%sr tﬁan t he transverse
di mensi dis of wi di)lpeonhllyht idasese. lajknef apolgrmesﬁhhlaaadledfto tadherfsaidor use in
this invention may var del e Ci at oblong in
cross-section. E‘?F'GF}H/E)‘YMQOSt?r s’r"rél?‘yﬁ?g?gaﬁc?rﬁe % n‘FtWIOQﬁ‘Bf;# IS:r i bbons,
strips and tdy% ﬂrbtkfﬁ)nl?@sv\!vﬁg eh@i%ll%}h@f)ade'{ rssﬂtﬁ@trﬁ%essara SRELEA They may
al so be of regul ar or gul ar I'ti-1obal cross- sectl on having one or
nore regul arleastapomleglmlfamd lanteeisr prricechidmpsferionsurfeee land etleasbioné edggi t udi nal
axis of the f.iher s preferred that the fibers are single | obed and
have a substoéﬁ‘l“gé’lap‘i} %‘?drcul ar cross-section. 5 As used herein, a "yant is a
strand gk inj Q%é&ﬁﬁ?%réds%aﬁenéfhllnértﬁ@yaneﬂmebmﬁ%uQ érﬁélr@ﬁx‘lgﬁngenﬁ‘nt
of fibers or yans, and a "parallel "array"” "describes an orderly parall el
arrangenent thf fifst Herss mag/mrmd;lrecxxoﬁ tromsvet'se dy the"endizclong dieestion pf thaar

arr angement fo goven or non-woven fibers or yanms. As used herein, a
"fabric" st rous ‘wrap

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



10 may relate to either a woven or non-woven nmaterial. A fiber "network"
denot es awplzu(s;;allosisy of interconnected fiber or yam | ayepgr/iA2d0shessenet wor k
can have various configurations. For exanple, the fibers or yam may be
formed as a felt or another woven, non-woven or knitted, or fornmed into a
networ k by any ot her conventional technique. According to a particularly
preferred consolidated network 15configuration, a plurality of fiber |ayers
are conbi ned whereby each fiber |ayer conprises fibers unidirectionally
aligned in an array so that they are substantially parallel to each other
along a common fiber direction. A "consolidated network" therefore

descri bes a toanglokhapead gahe(tbasbtlhmteidgcs ofc. fEabhapariediymnpriwistarcoaml'diatwt rix
conposi tion. her le | structure refers to structure
50 Pomposed TEPERT SOt tonsigRlad BeSiarbEF e EhESTHAE 2RhvE B atn
consol | dat edrs g bk S, ok FiBEH 18ydiBhlBiYing LIpHEh & fBkrs aRgel | dat i ng”
it is meant {hgtﬁt?] at X mgtelrla and&‘zalclﬁg di vi uaI ffsber ?ayer are
conbi ned vi andn yirag, Smmbla fr'nlg:rs fmam hgeinpre bighrstrength phigh tdmisilamiodnlus her eof |
to form sai | e unjtar As used herein, " hi rengt h, high
Lensil o Soddits v Gig gt it RaRertr g avd adenslnamdrBis S ot ol oast
about 7 0/ dGBbR( 1 0le/dWRA& or Ind?é. CHRE FiBEks WENS) b AdmlSich hrehifdad about 150
g/ deni er or nore, as neasured by ASTM D2256 a preferabl’y an

ener gy- t o- brtkapluddlityaof ¢resssplicdlfchet @ ed/age consoindated with sasidandtex ei n, the term

"denier" refers ta the.unif of lj.near den eq t he SsS in grams
ror"6600 meamposifion fpiaimihe SonshliRE! ndBaR eners Benshline i Ponaci 1y
refers to tQﬁlﬂo@%édtQh§b£ﬁ§§m§§ﬂNrﬁﬁ?@&nﬁﬁsefa@'le%gt c(rﬁrl%)of QEIE;IJH{&% Ith! near
density (denier) of an unstressed specimen. The "initial | us

fiber id0thattpcheddo B}chodf saidreaatezror ahd p@sterramselsfm af saié cosblidated r esi st ance to
deformation. The, t tensile nodulus” refers to the ratio of the change
in tenacityn® %F@gégﬁsu n granms-force per denier (g/d) to the change in
strain, expressed as a fraction of the original fiber length (in/in).

Par t.i cuI arly suitable high-strength, high tensile nodulus fiber materials

i ncl ude 10eHaehdisdrethpeanal pichg oivention ¢anisss asiungh: -lagerh¢qgisblydated ent ed, hi gh

nol ecul ar wei et h |l ene fibers cul ar uI tra h nol ecul ar

et gt pol y QERYrkRB EbFsaY af St phrBRol T ampoR OB BE  porypr opyl ene
fibers. 1Al sQstimcaRl# rﬁgﬁ@p@yﬁ@ﬁ@lﬁﬁpd‘éhwnﬁs F@éﬁ‘éﬂ fMerddh PR Rlatrdt bers, extended
chain polyacrylonitrile fibers, paraaramd fibers, polybenzazole f| bers,

such as pol ygbmpesisiaz.olke Q@B@daimnel'&pdd qftﬁhtrzmdmmzsw e plupBity of fiber s and
liquid cr yStlayers s?:?c%l d ?oge er, eact:)he figer layer rgom];)rlslng a plurality of fibers coated
with said matrix composition and preferably, but not necessarily, arranged in a
substantially parallel array, and said fiber layers being consolidated to form said
20  single-layer, consolidated network. The consolidated network may also comprise
a plurality of yarns 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-



these fiber types is conventionally known in the art. In the case o f

pol yet hylwwpeoospioeisgr red fi bers are extended chai n pol yephyhgpes/ olig¥s ng
nol ecul ar wei ghts of at |east 500,000, preferably at |east one mllion and

20nmore preferably between two mllion and five mllion. Such extended chain
pol yet hyl ene (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 froma solution to forma gel

structure, such as described in U S. patent 4,551,296 and 5, 006, 390, which
are al so incorporated 25herein by reference. The nost preferred

pol yet hyl enesettidieBhely @hayuiisd baoflifregulavarttgar ranki-lpbhlkesRydeetivh havirgy s sol d
under the trademark Spectra(r) from Honeywel |l International |Inc.

Spectra(r) fan§er moraragulasior Ikggslan 19bes prriccaing fromythgrl meareerdpngibging] or
exanple, in po! W.n r e 064 to Harpell,
et al. Omcea&? or g%ﬁ‘égs' @gag{ef%r{e%%ﬁﬁfé ﬁ%"é?%%ﬁﬁ@%g"% ?é’é(r?ﬂigvseaten tines

st ronger t hanbsh@ellly ciidilaecdbssectibght enough to float on water. The fibers
al so possess ot her key b5properties, including resistance to inpact,
noi sture? abrasion chenicals and puncture. Suitable pol ypropyl ene fibers

i ncl ude high ient ed . ' P d ks
descrbed [P EREER T 758 SRR ERbIRE RUE 0 M e B £V
reference. SyttéribAreangemyivi of¥iberl cohals, {dd\d Patallel hesyw RE@ibdean bidedd, for

exanple, in U S patents 4,440,711 and 4,599,267 which are incorporated
herein by r dfaeallshasangsmentef fEbepopryansy | fiper layer | geasybesiapdanarar e di scl osed,

f le, | 4 7 ' 1S d. inb
ot oronce, - EaERedRel R IERh pEnol e ot bk A o R e i el

15comreri0i almay @ toadither a Suivembl somwavenimterislreX fiberdvkyasrk Udgnooss a
para-aram d fibers are commercially avail able and are described, for

exanple, in l_llk‘rS!itY[ﬂfti@ﬁfCOB{lW fzbey of payp layersph @P%&"éwpi“l cagdiay¢ YAENEny | ene
terephthal ar@oﬂﬁéuxfa{i&mtr %xﬁﬁﬁle%g%‘ﬁgﬁ%r 9m£fl5¢afoln¥xed as a felt or another

woven, non-woven or knitted, or formed into a network by any other conventional
technique. According to a particularly preferred consolidated network

15  configuration, a plurality of fiber layers are combined whereby each fiber layer
comprises fibers unidirectionally aligned in an array so that they are substantially
parallel to each other along a common fiber direction. A "consolidated network"
therefore describes a consolidated combination of fiber layers with said matrix
composition. As used herein, a “single layer” structure refers to structure

20  composed of one or more individual 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  Asused 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



20 by Dupont corporation under the trade nanme of KEVLAR(r). Also useful in
t he practweeo@iiosfzus 1 nvention are pol y(m phenyl ene i sopbtrhabealodse f 1 bers
produced commercially by Dupont under the trade name NOVEX(r). Suitable
pol ybenzazol e fibers for the practice of this invention are conmercially
avai l abl e and are disclosed for exanple 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

i ncorporated herein by reference. Preferred pol ybenzazole fibers are
ZYLON(r) brand fibers from Toyobo Co. Suitable licuid crystal copolyester
fibers for the practice of this invention are comercially avail able and
are di scl osetdim f'denigX acfptsdo theunis o linsar demsity, 898t 50 8 7mass in gaNBART and
4,161, 470, each of whi i s incorporated.herein hy referepce. . The other
su tabl e 1 Ea00gose b Bber Gotolh AR B Bt e et B T e e B ase 1 ber s,
5 fibers fOft@Eéi'lefsix‘éﬁeﬁc?fé?,@éB, asifbR(SrahRy PR AnitNARAORSSIY (RhiePfdTah M neral s,
MbO fi bers and conbi nations of all the above nmaterials, all” of which are
commer ci al | yuratressedbposimérs $he i“betial nsodulusind s Aibeis dht prpptigel 4 mateSgkt ens

I nternational of Richmpnd, Virgini nd are .described,. for,exanple, in U S
batent o 5. 6 pEpGenetegas sesatieda @ity H e e RGO on ' s

i ncor por at edohRs @tiB o thel MaREELmABERIty %qgfdséédqalgwn@fo%ee dr@eniet R2d)ol NCl ude
Mo(r) fibers, polyethylene pectraég) ibers, pol y(p-phenyl ene

t er epht hal anthelehangadn pedin,(gxpreissadydsarfeaction of therzighiat Gherdengh (infibkrs. Most
preferably, the fibers conprise high strength, high nodul us pol yet hyl ene
Spectra(r) fibers. 15The nost preferred fibers for the purposes of the

i nvention ar%rﬁélﬁmysi'diﬁﬂﬁtm%h-ﬁk@@tﬂ, Bh thiRsi RDEMHUNE fepet BReGthiCingiube

pol yethyl ene fibers. As stafed above, a hi h-strenath, hi gh tensile nodul us
fiber i glOonesxinided cheis palyplefihdibersd sucbrpadiighly ofieraesh ighrmgledelai weight nore, a

preferred tensil.e nodul us of. about . 150. g/ deni er or. r nd a preferred
Ener gy- ¢ o- brishe NSRS g gy it bie sl el BeBs kRS0 mooss.
I'n the prefemdegir£RRAdhMBAllaObeibRelyPreilléneTibetNEAlsS Batdbl &/ areextei@ed | ber s
shoul d be about 15 g/denier or nore, preferably about 20 g/denier or nore,

m)(rj e pref er abain pohponyl2écoobibirarexendebehaimpelyzasglonitileffihertopgraabout 30

g/ denier or nore,..The fibers of the inyenti al so ha referred tensile
modul s of - BN S5 gPliBararSls 1o, M R Be RSB IR 400 o1 dent o
or nor e,|snorglvkar&hREzae(YBEPALErs 2R0liguid @RiIsR cOfolyated fibBRI Eabl 6f er abl y

about 1,000 g/denier or nore and nost preferably about 1,500 g/denier or
more. The fitg@eéihﬁftymhélsiqwmtm@#l}amm@\lbe@l’t-preferred ener gy-t o- break of
about 15 J/g or nore, nore preferably about 25 J/g or nore, nore preferably
about 30 J/g or nore and nost preferably have an energy-to-break of about
40 J/g or nUh&he Jda@sep&?ah'yleﬁa, phéfafesfib&H afclexPpna@e®ERdie folgelylehésai nabl e by
enpl oyi ng wel |l known solution grown or gel fiber processes. U S. patents
4,413,110, Aayug malezulay waghtypyat l&aﬁé@Q,g@%,prmfp@bb/,%A@a,st aneggilign andand

4,748, 0% gemngr%%ré%ragiys&e?@gentt% rgflﬁénegr{deﬁvehrhgnor%gu%ﬂ%thc]nded 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 under the trademark Spectra® from Honeywell International Inc.
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5ext ended chai n pol yethyl ene fibers enployed in the present invention. The
fabric cownpaseges’saf the invention may be prepared usi n@Ca/usa006A46869Df
matrix materials, including both | ow nodulus, elastonmeric matrix materials
and high nmodulus, rigid matrix materials. The term "matrix" as used herein
is well known 10in the art, and is used to represent a binder material,
such as a polyneric binder material, that binds the fibers together after
consolidation. The term "conposite" refers to consolidated conbi nations of
fibers with the matrix material. Suitable matrix materials non-exclusively
include | ow nodulus, elastoneric materials having an initial tensile

modul us | esSSpeptaa® fibostareweld dnpwn i the ag avpaye desprabasd, §ir exBmpleuitus, rigi d

et ey il RL A bl A0 B P kRl 00, 000 P
t hroughout , (liRe & JirtE Syt @a@ B pesforBate fbepisTEitines sednget ahi city as
nmeasured by ASTM 2256 for a fiber and by ASTM D638 for a matrix material.

20 An el ast oteshivhilesisol light engigdite ifloat erayaten nbhe Beersialvappssess ahersyyneri c
and non-polyneric materials.. The preferred. el astoneri ¢ matrix composition
conpri seg a Hf%f%*dm‘ﬁ?‘ r§§‘ts'8‘ﬂ‘éer@d%?te?’logﬁre’ﬁg’rasf%%w%aéss%%dcof this

invention, guh&dodul us el astoneric material has a tensile nodul us,
nmeasured at about 6,000 psi (41.4 MPa) or |ess according to ASTM D638
testing procedures. Preferably, the 25tensile nodulus of the elastoner is
about 4, 000 psi, (27,6 M | es I referab about. 2400 psi (16.5
MPa) or |es ,ultﬁ{’)]%é’oB'rpé(?pé'j%'ﬁgﬂ})eiszlaéuggﬁlgﬁgcﬁfn zf)x{%lda?oléas",l and nost
preferably ipp ene{BCPP) fibers 45 d&Reibedin WSS FateJthm ¥, 195 whiichrisi ti on
tenperature (Tg) of the elastoner is preferab | ess than about OC, nore

pr ef er ally tiheorpessisd higeein bibeaferenceo Suitabld pabainyprlepkeldBVyOHR Sibersigeh about -
50C. The el ostoner, al so has .a refe j h f at | t
obout 5o% v aiERPe PR Y B S e BOAREA 8% 581 RERB P 2oy e an

el ongati on tifcdppéiated Beredt by Rfierenb Bulitable @%h a&y&n%i@@%’\m)' fibers @k el astoneric
materials and formnul ati ons having a | ow rmgul us may be utiljized as the

matri x. Reprdisstaseditfovexamplenin bsS.dfatent #536:087 .avhish éniaeerpprated heran py

strictures, operties, [ i . 1 j rossl i pki pr ocedur es
sumari zed irﬁfefﬁge'Eh%%lcq%peesai %)%%b%g%lsf?rlg‘r?etngglﬁaeﬁrycﬁe'{&“&)oﬁ@rfaéé g)l(c!e:l}gt he
10secti a8 ElcaaintFEiaBy Sydilabrt i ¢ (John Wley & Sons Inc., 1964). Preferred

| ow nodul us, elastoneric matrix materials include polyethyl ene,
cross-1linked pol yet hyl ene, chol orosul fi nated pol yet hyl ene, ethyl ene

copel YT, SR AN T0 LSRN, PRS0,
et hyl ene- pr epyiléearli £6 dedceibpd) fyr@ample, in U.S. patent 3,671,542. 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 polybenzazole fibers are ZYLON® brand fibers from Toyobo Co.

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

12



15pol ysul fide polynmers, polyurethane el astoners, polychloroprene,

pl astici zgg e ¥isky! chl cride using one or nore plasticipg@fik28dddliesas € wel |
known in the art (such as diodyl phthalate), butadiene acrylonitrile

el astonmers, poly (isobutyleneco-isoprene), polyacrylates, polyesters,

unsat urated pol yesters, polyethers, fluoroelastorners, silicone el astoners,
copol yners of ethylene, thernoplastic 20el astoners, phenolics,

pol ybutyral s, epoxy polyners, styrenic bl ock copol yners, such as

styrene-i soprene-styrene or styrene-butadi ene-styrene types, and other | ow
nodul us pol yners and copol yners curabl e below the nelting point of the
fiber. Al so @nehenciallyl asaitabld awdse disclobat forremtumplealisl). So patohts 3¢B7 53187,

el astoneric i.al s W e qr re t hernopl a 25 Partlcularly
useful are bﬁt@%ﬁ%ﬁ %Céﬂg#@bﬁ%g}e @dn%qrg‘g‘é?%lé‘ﬂ?“?/l’ﬁﬁ CIEPSmat i c
nononers. Butadi ene and i soprene are preferred conjugated diene el astoners.

Styrene, vinyl toluene and t-butyl styrene are preferred conjugated
aromati ¢ nohensher. suBhlle fibeotypésyioe nse ihrtb@prpsnnairiwegtitpminyllsle[gtasmﬁbcm,y be

hydr ogenat ed.t o rod e t he ners h V|n satu ed
hzdr ogar on %t?eé%? ng??é{’i‘?r& I?lb‘?"ﬁéjo a%&pr FréISt ® ) ock
copol yners ofpdrighd dRebifatBndof Mkt abewﬁ%ﬁteﬁ RO%‘IYHP%ﬁlcﬂfaré REyAB) © (n=

i
2-10) or radial configuration 5copolyners o type BA) (x=3:150)
wher ei n A i savailihlecM5® Gbera apohgwifagtired by Maget amBysteres Irmerdat&naisoﬁ bl ock

f j d di | ast . f th I d d
conmerct al | Byt T BTN A GO SIS HEEES FEABR, t he
bul letin " Krﬁ@@ﬁs%hsm@fslsasadd%&doweach%@\@ﬁc@é 1ncU§€orrHE§thefyi@f))e”ed matri x

pol yner conprisés styrenic bl ock copolyners sold un 10 the trademark
Kr at one l1@ommeferénst) {jpmﬁdﬂdof@defblgred(ﬁmremcﬂmiey%é@sﬁbeﬁy pbbreﬁxghlanm gh nodul us,

igid t mat ul he ein i ematerl uch as vinI
e Ter pol ymaPeEraR e, BRSlphelilet Bl Rig R R Ay P A RS2 R xt ures of
pol yners suaiknasbiddxaydle PSS, RIS ﬂbﬁ!rdbw IR 8dBpiide AL HRIN %Bcghrml dehyde

and pol yvinyl butyral. A particularly preferred ri g| d trix materl al
modulus pol’ yethylene Spectra® fibers.

15 The most preferred fibers for the purposes of the invention are high-strength, high
tensile modulus extended chain polyethylene fibers. As stated above, a high-
strength, high tensile modulus fiber is one which has a preferred tenacity of about
7 g/denier or more, a preferred tensile modulus of about 150 g/denier or more and
a preferred energy-to-break of about 8 J/g or more, each as measured by ASTM

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

13



for use in this invention is a thernosetting polynmer, preferably soluble in

carbon- ogphoss/e&isyi ated sol vents such as net hyl ethyl pkeludpes/odszdo
possessing a high tensile nodul us when cured of at |east about |x 106 psi

(6895 MPa) as neasured by ASTM 1)638. Particularly preferred rigid matrix
materials are those described 20in U S. patent 6,642,159, which is

i ncorporated herein by reference. Optionally, a catalyst for curing the
matrix resin nmay al so be used. Suitable catalysts, by way of exanple,

i nclude tert-butyl perbenzoate, 2,5-dinethyl-2,5-di-

et hyl hexanoyl per oxyhexane, benzoyl peroxi de and conbi nations thereof. Such
catal ysts arpeefesablyclavie yn esedyitorbomkjofinbditd Jig drmoree Miessatonitated x pol ymers.

25 The rigidity, inpact and bal listi r rties f the artjcles forned
fromthe fag?glgstgeggg!dgrppgge%qrep E'“ria:t?&elgi‘? 0Yipg Wel lkoopa OBYIonIgEO YR ns| | e
modul us of td?%e 3&94e¥W@rs tp;%tse&(@f@ B, gg4§7lﬁ fiﬁéoﬁ Q237984 discl oses

that fiber rein conposi tes corstruct torfefic matrices
havi ng ten5|4,@23rﬁﬂumc»50,é'$@ ahdhdy748J064 gerddly disdusg the, peéferrkdPhigh Baemstls,uper i or

bal i sti¢ proper es co ed baoth to conposites constructed wi th higher
nodul us gol ﬁfgfr"é &36&%‘8%5?@3 e{n@?qyggngtgﬁé)rqspgtépvmtl,ogct ure without a
matri x. However, | ow tensile nodulus matrix 5polyners also yield | ower
rigidity conposites. Further, in certain applications, particularly those
where a conpldei mlaimwmpdshes:d)ﬁ the inventiat inayh¢ prepardet! iusing @ varidtystfmettixir al
nodes, there is. uperi or nbi pation of hallistic resistance and
ri gi di ty. ACRFTR ﬁdpfju ‘PEZ ﬁ’ﬁ@‘(‘”ﬁ (;étpg‘eflﬁﬁ@“é’lf mgrisanddligher to be

used will V%éfdxﬁl‘f‘s‘)ﬁgﬂf rﬂgtr&rlnétpl‘?algélﬁfr% t&in Shhiikk s bR AR {Iw1 kAR ¢ he

fabrics of the 10rnvention. In or to achieve a conprom se 1 n bot
propertil@s, imtledrt, abd & usad ta vepmsarpcasinndanmam;alcsunibammpdﬂgnienbtbmdnndul us and
hi gh nodul us mat ma single matrix, conpgsition, As di gcussed
Rbove. i he. Tl Bt Brds he HhPiso gt agencaslBoRn d e T SARBPRIS: ed

net wor ks of réfeﬂetb%oﬁétohﬁ%d'CBM%H{ahQﬁ’s S foefehlth h&%n&%é’c%laghtalﬂ@d are
further described, for exanple, in U S patents 154,623,574, 4,748,064 and
6, 642, 159. Irrlattlhmqméaﬂsammewwmb@diy mehids lof rrtddelusmlmnd)mctmq miztegialsal | i sti c

resi st ant terial ri s a, st f scre anel s,
e “hore ¢ taningae iSRAERS Ry BT B SRt Rhantiat 3RS b Bl acked
toget hens ongodilus ARidthat@AMs R&Ving AR & densile modulus at least about 300,000

psi (2068 MPa), each as measured at 37°C by ASTM D638. As used herein

throughout, the term tensile modulus means the modulus of elasticity as measured

by ASTM 2256 for a fiber and by ASTM D638 for a matrix material.

20  An elastomeric matrix composition 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

25  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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20herein, the term"discrete" panels describes separate and di stinct

panel s, a&xORo@108tsHch nay Dr may not be identical to ea®lTaiSR@w/ 040

wherein a conbi nati on of discrete panels positioned one on top of another
forms a stack, which stack has a top surface, a bottom surface and one or
nore edges. In the preferred enbodi nents of the invention, the ballistic
resistant material or ballistic resistant 25 articles conprise from about
to about 20 discrete panels, nore preferably fromabout 4 to about 12 and
nost preferably fromabout 4 to about 8 discrete panels. Panel dinensions

e L oL b B o SR i
shape, A, STeddechafipleiMmbas 1k BRRAIEAN AbngdRBH X biEBk SF 1481 a0 (25,4

cmx 25.4 cm, rge pan nmensi ons of approxi mately 60"
x 120" (152. 20%mure3fdfetibtynt.leabhatsomt d00PBRad arst preferable hpd ar glosgationot
intended to be lim¢ting. Prefe |y, each panel of said stack conprises a
consol i dat ed!© ?Wf@t&as%b%‘e} %/mei ch consol i dated network of fibers
conprisessa plurality of cross-plied fiber layers, each fiber |ayer
conprising a plurality of fibers arranged in a substantially parall el
array. AccorAiwideé yariggan£elastbmekio ameerials dnddemeulatidng hdeipgrndowmaodwdusnunber of

fiber layers incorporated, along with the thickness of optional outer
pol ymer | ayeP8y heutiss atsﬁ]Pec‘K‘ﬁ%‘s RAPISRuIaNY S SRS of sBARIC FlatpBss wraps. 10

In the pref eﬁd@é%h&ﬁaﬁfém@gggﬁ%{ﬁéaefohﬂﬁﬁa&ﬁsqggetgﬁi@ BR5siinkifel er ably

conprise fromabout 70 to 95% by wei g e conposite, nore
preferably fprocedabssumatarized abthetEnedclofpdiarei Ryttymerf Sdidree cBolpomi % i,thand nost
o ; ) ,
Fermi ni g potebhenEBp cpie SEuBHBOIP R VB Ag otk e mbo 0 P ERBOIY T on or &
conbi nati on ! i Wk ivb Bt lil¥ conposition
may al so mc’ﬁg?jlga.%lq} ersér?s&uc ﬁézﬂég}ﬁ;iﬁx lggélyg@lselnﬁt‘g%sfm%ﬁgﬁbe ext ended
with oils, opolyslylere, cholomsulfimdted polyathiylene, qleylend abpolymetrsl oxi de or
radi ati on cur(ﬁ Séstems as |s well known in %ﬂe art.. The matrix conposition
may further PHGITRRECNG, PIOPYIENE SAROIYYER ROLYRRdienes PolyiseRreBs ™ under t he
| rganox(r) t i i . i i Chem cal s
Cor por at | on Py SEnFBBIeRt Bondly ] CRAL biopTefe DB pSRABAIFE,

((t et r akli5s ( netlysplfedeepol Bnérs dhol ywrethaneyd astorhgrdy mody ahbaopitees, mdastiaized ) . | n
general, the hallistic resistant materials of the i ntion are fornmed by
S5ar r angi ng RS IRVIGHCEEE USRS ARG PTJBPES AFRGaRdh AramsFlL KROWRin \aglr o, Each

llayer may  (such as dioctyl phthalate), butadiene acrylonitrile elastomers, poly (isobutylene-

co-isoprene), polyacrylates, polyesters, unsaturated polyesters, polyethers,
fluoroelastomers, silicone elastomers, copolymers of ethylene, thermoplastic

20  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.

25
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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conprise an array of individual fibers or yans. The matrix conposition is
pr ef er ablyoap@/joedst 0 the high strength fibers either betens20k0afsker the
| ayers are formed, then followed by consolidating the matrix

material -fi bers conbination together to forma multilayer conplex. The
fibers of the invention may be coated with, inpregnated with, enbedded in,
or otherwi se applied with said matrix conposition by well known techniques
in the art, such as by spraying or roll coating a solution of the matrix
conposition onto fiber surfaces, followed by 5drying. Oher techniques for
applying the coating to the fibers may be used, including coating of the
hi gh nodul usmpnrauers.ddiock gerol¥ére incotpsirating pohgsdprérermaybehylrbganateddot o a

hi gh tenperature retchi operati.on, either. pefore or .after renoval of
the st vent APaebERioplsRe eRRShEls BV ne b RS R et no. 11 ber
formng tec %Fﬂ@%.- TIRUSIly &S iy BEaSmBleQrivitbdk dopeMherdof e tletA-BLA, The
application of the matrix material preferably coats at |east one surface of
the fibers onulishlnek eapotymére ot thesype (Mdd)i (ne 2-dBpargrdiabennfiiguestionabl y

bstantical | ti ti h of the individual fibers.
Fol | owi ng. tePDBIeT Sk PORPRC TRt TTADREAT & £ ekt F @0b o ber s i n
layer may Orar&RytididbnSRePHAAS s 4 Block RofAdbnligaRid d@clsdecalasm%&@my bgat i on,

whi ch consolidation unites nultiple fiber or 'yarn layers by pressing
t oget her andhésggiohgnars asyrddused renimferdiaiysby Kiatorf Bilyinersadifosione$Xof t he

nat ar o corGORERAithn 1 M HEas R LshoPloohOlbaa, St PYRLr et wor k. 11

the pref errafdof pRastd®RbtrRX pdlyifer YHMstLRyrehd D1 dRYRPSlyRRIPIIIS BndteN- 20woven
fi bers, each individual fiber |ayer of said consolidated fiber network

pref er adly dberpradesnarly Kiratoa®scommegniely prodpeediby BrateroPelymerot her al ong a
common fiber direction. Successive |ayers of such unidirectionally aligned
fibers can be rotated with respect to the previous |ayer. Preferably,

i ndi vi dual fprbRfred BYAHodflud, Figi CRBRPRIhAterids sdinle{epsiaMtude Aserifki ed such
that the fiber direction of the 25unidirectional fibers of each individual

| ayer are rcugh asia vinyhestespobeneros atsh’éelfe'rtbé&di@erté@qlﬁ apolymerandiadadi r ect i onal
[L0ers o, PShARFRL oL HSh o MY i b BHUBIRE g2l 1 5, e
respect 150 tfh@ndliéttie hAd polyvinyt butplal. RepAES@AIY Yrefdirddadid Alat®t matedial t he
for use in this invention is a thermosetting polymer, preferably soluble in carbon-
carbon saturated solvents such as methyl ethyl ketone, and possessing a high
tensile modulus when cured of at least about 1x10° psi (6895 MPa) as measured
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-
ethylhexannylperoxyhexane, 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. JFor example, U.S. patent 4,623,574 discloses that fiber reinforced
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purposes of this invention, adjacent |ayers may be aligned at virtually any
angl e betywpepsasy 00 and about 90 with respect to thepl-@nr@hédd@idzgs fiber
direction of another |ayer. A preferred exanple includes two |ayers with a
0/90 orientation. Such rotated unidirectional alignnents are described, for
exanple, in U S. patents 54,457,985; 4,748,064; 4,916, 000; 4,403, 012;
4,623,573; and 4,737,402. The fiber networks can be constructed via a

vari ety of well known nethods, such as by the nethods described in U S.
patent 6,642,159, which is incorporated herein by reference. It should be
understood that the single-layer consolidated networks of the invention may
general |y i nadnstsitesonsuradied with etastsiseriel madcdsdipeing, terssile matulilléssabout 2 to

about 1500, re preferab from about 10 to 1000, and nore preferably from
about 20 to %&tj@@@aﬁ&(ﬁmﬁﬁyé&ﬂ@gﬂmﬁmcmeﬁw cogatedriody

appl i cations i I j ion, the
T bers of t neer s Refbirfols @l e B BOBAR RN o cOMBarelVEE P2
conposi ti on sagiefibed BRu@hret vichoal a weatiti:e Hioweyeg ow fraisilowdulig natriangi ng a

plurality of fibers_ intq a non-wven fiber |ayer. Preferably, .individual
fibers are pRYYMFSALE W {ows rigdity Pmpasitet (Fufiher iR serpin ApRlicaboNs: ar e

arr anged i nt 6, 5068k: hokew Al Dnfbsid AEGTubdiotTh BBl dif- e S © al | gned
substantially parallel to one another along a common fiber direction.
20Convent i onatuctredlmaedes atherepis aéeeled blsypdrivr combihation bDballistic resistancetand

unidirectional, fiber |ayers whereby the fibers are substantjally coated
with the mtrﬁglﬂltﬁoﬁﬁ%filﬁlg{)’nﬂ}?ﬁn%t PPRIOBE3te SYReroA ardrix pplymenia ke useine fi ber

| ayers are , | L i t.dated fiber
net wor k. Thp@ﬁ%@@%@g%@z@éﬁ@g@%g{ gfcl{fli%ntg bt%t@g’%l(ﬁl_ I @%%eaﬁgﬂ?%éfrtg ayers one
on top of0 aniavéeion. Tobtdewedadhjevb ardimpgordise ireboth pegichéss, andabléreatixand

pressure to heat setting the overall structure, causing the matrix nmateri al
to flow and @@eﬂ?ayloawaw%&lm h‘@}{‘i‘b‘i"&‘@ﬁﬁ@é‘é‘d hygh medylpnpaterialsiafenn known in

the art, excgl: L SEL G L eSh Shi i i g wi dual fiber
| ayer are (:regésl}s1§1 g?‘?a@%t g%@h&ﬁtﬁ%ﬁ ‘f\ﬁggg"fsgeedrgoé)?lg’ghﬁgoﬁglag??g{:{thl@g% of one |ayer
i s rotated aitreagthditgtsandithércomsshdated hawbhia ofifibers odltheginnentiondire eelli on of

anot her | ayer. For exanple, a eferred sfructure two fiber |ayers of
t he i nvent iyolﬂlown in the artn,%ng are qur)tEler c?escr?bed, or example, Qla[?.s.patents y

15 4,623,574, 4,748,064 and 6,642,159.

In the preferred embodiments of the invention, the ballistic resistant material
comprises a stack of a plurality of discrete panels, i.e. more than one single-layer,
consolidated network of fibers stacked together, one on top of another. 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 panels 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
embodimernts 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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positioned together such that the |ongitudinal fiber direction of one |ayer

IS perpengpludsiiosis@ t he | ongitudinal fiber direction of pphaseédeRlsskayer. 5
In the nost preferred enbodi nent, two |layers of unidirectional |y aligned

fibers are cross-plied in the 00/900 configuration and then nolded to form
a precursor. The two fiber layers can be continuously cross-plied,
preferably by cutting one of the layers into |l engths that can be placed
successively across the width of the 10other layer in a 0/90 orientation,
formng what is known in the art as unitape. U S. patents 5,173,138 and

5, 766, 725 descri be apparat uses for continuous cross-plying. The resulting
cont i nuous tsweppl H ssallpenelmay havetdimansiensvd approximasely 1081xI 10Xi(Rh4am ayer of

ti i al, bet | y.. dy .to f th e
Struciurer (RESAH: P TRE e ey SHRe T I sRRep Ry 807 Reigl avey.
The 15t wo- pl 1 53URmAR 36AMI ) THeREMmEhbibR ark Rk SnplasCil Rt Bli&Rfed 1o Bk acked in

multiple plies and then subjected to heat and pressure in order to formthe
fini shed shalpmitingd Peeferablyh eadhemaneofsaidystask comprinescesmanlidatei metwarki of, when a

| it f . d to,f i | | o L b
P anged Suni Bea i ARG Sk oS PHPsE Aty SRp S Ro! T owed by
consol i dat i offher 28 emy ehchititer RERHEEpEMEA plupdiRy bPfib&GORgMed@t hng the fiber

| ayers into a single layer, consolidated network, or fabric conposite, and
at t achi ng t hwbsipniidiyaiargls] gmay. Aedondinglyepanel thidkness witirgeeerallpdepend known

| am nation techni ques. typical. | am nat.i gn pro s,lnclud ressing the
cross-plied M %’SPQV‘%Z%?%AEEE% EhefcdPod guglo T’itgg,ﬁe mgésﬁaﬁoygo psi
(1379 kPa) psaspolfindiQhycadamd thdhibkesd 65the Fik® af®@5s8hd GdtduRMvraps. t he fibers

| ayers of the invention is preferably conducted at a tenperature from about

200F ( -43C) to about 350F (-177C), nore preferably at a tenperature from
about 200F t bout. 3Q0F ,(-.149 nd _nosit r ef er abl ate rature from
Sbout 200F (18 Beeridamtoding §°,fﬁ§rraV%v?w& B ﬁ)gﬁ,péefﬁaﬁhgm{@g@nbsi (-172
kPa) to aboudbolffD RsdolBdYE bl Baightlof tHetoiposild) ndi® PrPérabigiiddn abtiy be

conducted in an autoclave, as is conventionally known in"the art. 5 Wen
heating, it 1%topbest Y% by weight pEthewomprsits andmostqusismblnfremi abeuiod3 f | ow

wi t hout conpl Y ting. ver ner.al if .the matri.x material is
caused to %P? ,Bg?t_e@% i’\//‘e’v:a %hf :af&i?ecg%lp gg\seeufvétﬁidlé/?egﬁﬁlp%BO?ISnfoé|t i t he _
conposi ti8, Wompsité béing saT@inateix B&hEdsiedn drsa @MBIndIRAlFdainarighh€ kdidg poi nt,
nore pressure i s ttypl cally required. ) :

polymer films. The matrix composition may also include fillers such as carbon

black or silica, may be extended with oils, or may be vulcanized by sulfur,

peroxide, metal oxide or radiation cure systems as is well known in the art. The

matrix composition may further include anti-oxidant agents, 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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10The consolidation step may generally take from about 10 seconds to about
24 hour s.wblowesy®sis4t he tenperatures, pressures and ti megcarus2@ensgssad | y
dependent on the type of polymer, polyner content, process and type of
fiber. The thickness of the individual fabric layers will correspond to the
t hi ckness of 15the individual fibers. Accordingly, preferred single-I|ayer,
consol i dated networks of the invention wll have a preferred thickness of
from about 25 pmto about 500 pm nore preferably from about 75 pmto about
385 pm and nost preferably from about 125 pmto about 255 pm Wile such

t hi cknesses are preferred, it is to be underscood that other film

t hi cknesses toggthéreto foxml a edtilapersampidxy EheXtheay ¢fi thel irventieeniaphel cgated f al |

within the scope of the present invention. Follow.ng the consolidation of
the T ber 1 yhampreazaeg R ERpeddaidn: i otiarie pPieE R i FRRE n of +he
anterior an | LRR&S : S « r | ed network
vi a convent ?((:)n rﬁ;{eof[nﬁérdxgéﬂ When gelgr%lg%% llz%&éﬂéﬁé?%yﬁsbyzsgm%%gach

i ndi vi dual pamathg efolulien sf thekmairie cempbdisrorhasto dibposurfaees, faljmveddiyt ached t o

each of its anterior ant posterior surfaces., This polyner |ayer prevents
Lhe panels {H8HEs (GMAR| RYTEE5S (HAPPIIES Crting Mg TR Mk e RSt t he ot ack

toget her. SUhtRBIG BRYITEN e hith MathfuPSHATES; (baYRer WRREXS fisiry ey 1 ncl ude

thernoplastic and therhosettihg polyners. Surtabl € thernoplastic polyners
non- excl usi vaibjectedyto bdighetempemture swetchihg opgeretign, esheai teforagr efterpol yol ef i ns,

ol yam des, pol yesters, pol yurethanes,..vi.nyl polynmers, fluaropolyners and
(F:)o- %ol ymer s %ﬂ‘d’\/’ﬂ]l ofit &gﬁqﬁiﬁ%gbﬁﬁ’egﬁef ﬁg'\é/séng %RQB%/@FIPH?‘H%!@RIENQE@%S? ef erred.

The preferr eg RoledRiduUR).| Such tRRIqHes ¥ We&nolRNy kiddd i ng exanples of
pol yet hyl ene fil r%s are | ow density polyethylene ?LDPE), | i near | ow density

pol yet hylllene (LLDPE), |inear nedium density polyethylene (LMDPE), |inear
very-| ow densi t ol yethyl ene (VLDPE), |inear ultra-|ow densit

pol yet hyl enrelﬁleL{HBEE‘)t?'/mlﬂ é"\e el "f‘?fteﬂ%;l W%%Fﬂ?ﬁ'e??é‘ts(qll oneIrefie het he npst
preferred pofiyeed ByYLRewitR el dAoken mbtrkaBhpodidbh eirBRepdly LUbStaRRAINTET S

non-excl usively include thernoset allyls, aninos, cydnates, epoxies,
phenol i cs, westing pa¢redppddtingsach of thhimdividedl fibdess Follogiing the lappltcatibanes,

oD BB et PR B Y SR R 1050, e
herein, & pal¥Rethet bﬂi@? toRehsIREH A WHIBT conalidaRes unites multiple fiber or
yarn layers by pressing together and fusing as such coated fibers. The fabric
composites of the invention preferably comprise a plurality of woven or non-
woven fiber |ayers that are consolidated into a single layer, consolidated fiber
network. In the preferred embodiment 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 composite 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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15 The polyner filmlayers are preferably attached to the single-Iayer,

consol i dafygdonelowayk using well known | am nation techni ge@fss200¢Rhdsad | Y.
| am nating is done by positioning the individual |ayers on one another

under conditions of sufficient heat and pressure to cause the |layers to
conbine into a unitary film The 20individual |ayers are positioned on one
anot her, and the conbination is then typically passed through the nip of a
pair of heated lamnating rollers by techniques well known in the art.

Lam nation heating may be done at tenperatures ranging from about 95C to
about 175C, preferably from about 105C to about 175C, at pressures ranging
from about Spyrposgs oDthISHveRin, adjacthalgeds nidybepdighed &t vidudiiyagny ahgle from
about 5 seconds to _about 36 hours, ,preferabl%ﬁfrom about 30 seconds to

about 24 houbeWwesnaboyel pangkaboped) aribhErsprshio Be lengatudingbibsr ghirectioneotnol yer

filmlayers y j % i.ght of the
overal |l pane ,0 gg@@%r%ﬁ%@@&éﬁﬁ%@%@g& E‘g}é i;agé}sgﬁgﬁo %%&Pﬁggﬁ " by

wei ght of t hSuchwetatdd unpdireetiondl dlipmatntpnefdesatbey, for exanZple tia UL3%atdihe per cent
by wei ght of the polymer filmlayers will generally vary dependi ng on the
nuber ofS 1 b bOPRFEHS. 068 Aoks O0We 4N A5 sdranddh T (26 Thediver
consolidatio : i 1 8 phed herein
s Stwo separiratks Ml B8 oBRUUIRS vl Plick ARl e e A 0
consol i dat i ométhads destiilsd iatl&f. pdtent 6e64#2(I30] whigh id @chpoitabharéintbye art. The
polymer filmlayers_are preferably very thin, having &rleferred | ayer

t hi cknesses §feréncenitabapid be usdenstyod geat thestuglenigyenspnsoldatednetwotksidf om about
> 10 pmto ?g@oﬁvetﬁﬁorpmagg%égﬂg in gg% ?ﬁ rMbécrro‘Pg}o?%’-BHEd Bé/@:‘g] &Rpgbout 9 pm

The thickne ein ayers w correspond to the

t hi cknesl® ofabohe2 taabout 860, nfaré preferatilg Condabagt Y0 tpt @0eandnhosd ngl e-1 ayer,
consol i dated networks of the invention will have a preferrg? t hi.ckness of
fr om about zye&esrﬁ wirapAbeusbtonbout Al & perstlatestasymay badesHed forMrigrs t o about
385 pm and r@?]icg{ogger ably 15from about 125 pmto about 255 pm While such
t hi cknesses e preferred, it is

In a particularly preferred embodiment of the invention, the fibers of the invention

15 are first coated with an elastomeric matrix composition using one of the above
techniques, followed by arranging a plurality of fibers into a non-woven fiber
layer. Preferably, individual fibers are positioned next to and in contact with each
other and are arranged into sheet-like arrays of fibers in which the fibers are
aligned substantially parallel to one another along a common fiber direction.

20  Conventional 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



to be understood that other filmthicknesses may be produced to satisfy a
parti cul ayvone@osrsd yet fall within the scope of the presenis2e08/086369 on. | n
accordance with the invention, the panel or stack of panels described
herein is 20reinforced by at |east one of various techniques. In one
preferred enbodi nent, the panel or stack may be reinforced at one or nore
edges where fibers nmay have been trimred or cut during manufacturing. For
exanpl e, the panel or stack of panels may be reinforced by stitching at

| east one edge of one or nore of said panels with a high strength thread,
or by nelting the edges of the panel or stack of 25panels to reinforce
areas that rayer irarptatéseasranfangleevithivespasy tosthe fidlerr alignmientrlinestion of etkethers .
Stitching and sewi ng nethods are |1, known in.the art . .includi ng nethods
such as | ocROE; tORFRUPP Rahbrefiried Smsiyre T v Hbgr Ryt of hedsiyOnover - edge
stitching, floglioAEPiBosther leh Meht tkBhinklidd FiBbMWrechbf oZ 88k Biédishi ng and the
like. The type of thread used to stitch stitches enployed in the preferred
enmbodi ment s psfpenfisulantcethe ilengitudipal/Aber divieckédnof theiother lafen abl y conpri se

t hreads of said high strength, high nodulus fibers having a tenacity of
about 7 g/denier or nore and a tensile nodul us of about 150 g/denier or

nore as desgp kwoﬁwﬁeﬁre@aﬂbmfr@n{éM@ta@é@wfymm@mdxﬁﬁ%%ﬁgm&&&s
pol yet hyl ene fibers, nost preferably conprising poldéet yl eéne. The threads

may conpri sa@rqiemss-pliedninithe /9 raontigyration andithdn meddedgo dorn apregurson

mul tifil ame a as described in U.S patent 5,545 455, which i.s
ncor por at od e BTep Y STeh Br e opLeisRe PRk preiGRBy RHRARS  ches
enpl oyed mayhd/Ryrs Wtd @dngths!thatG8A BE PlackdsiReERIVERL dcBsks HRSWRItIRDE Be _
applications, the anount of 10stitches enployed is such that the stitches

conpr i sd01 essher fayar w90 owcotatioheforming whet isgknovar intthears 1$ waitapd. f i br ous
the consol | AP el 7 i 13F of SIPe A dbsekBrapera iRty RGP uShstEe milti pl e
i ndi vi dual | plyiag tTHRessudmpedohtiffiodst ol birgersre 6K tHER belPounkdiihtenadilt o j oi n
t oget her each of discrete panel together. 15
with a layer of separation material between each ply. When ready to form the end
use structure, the roll is unwound and the separation material stripped away. The
15 two-ply sub-assembly is then sliced into discrete sheets, stacked in multiple plies
and then subjected to heat and pressure in order to form the finished shape and
cure the matrix polymer, if necessary. Similarly, when a plurality of yarns are
arranged to form a single layer, the yarns may be arranged unidirectionally and
cross-plied ir 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 irclude 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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Alternately, the panel or stack of panels may be reinforced by nelting the

edges of Whe,a@sR,y nore discrete panels, or by neltingpthasesidfsssed the
entire stack of panels under heat and pressure. Edges nay be nelted, for

exanpl e, using an edge nold or using a solid netal frane, e.g. a solid
metal picture frame. The edge 20 nold or solid netal franme can be heated
using an oven or nounted in a press which has heating and cooling
capability. The nold or nmetal frame will press and nold only the edges.

Mel ting conditions, such as tenperatures, pressures and duration, wll be
dependent on factors such as the nunber of fiber |ayers or panels and their
t hi cknesses.prdamblyandempenatireviramcbost 2004 itd gbabe 28O (RéA1 16Y), amdeat5ski | | ed

o A e S TE AR GouRS e ARl el o1
the panel ore Rl mAgBe condR¥edif aﬁ%ht'&El%(r?,i%g ié’é’on%ﬁtpdﬁawlkﬁ@\bﬁ’ yPne or mnore

panels with one or nore” woven or non-woven rous waps. In the preferred
enbodi nent dhe afhe i nvention, the panel or stack of panels is reinforced
with a first fibrous wap 5which encircles at |east a portion of said
anterior 5surface, said posterior surface and at | east one edge of said

panel , of atyh&Rflaite AN IANLRIMATTORK GHHeREBed BN ARIWRNEGaCe and

at | east one edge of “sald stack. Additionally, a secon rous wap may
optional | y eooiplattle midengadewear, gehaeKy of theanatis noatenial iheaubéd ®tmdli,br ous

wrap. As used herei.n, when it is.described that a fiyst.fjbrous wap and
ooy onal 10SEERYA il BaS g i st i¢ e taRbese p RIS UhERER h oonal of

sai d stack iga&Q0154 Sy %@atE@tch?stf‘thﬁ{%r ﬁdiﬁdmo?é’ﬁ@sshMH\%bd%iy%e&&lf‘ed?Ut er

surfaces of the top anhd bottom panel's of the stack be touchi ng the
wraps. 11fi anidelensadidbtoh stepmagfgendrally take fromoaboub hesesondstioabavidi4t i onal

fibrous wra&s ma furth%lél ge wra%ﬂged ar ound heﬁganel or séack encircling
said first fiPHPods® W' " aIA S LA TSR MR AT i PsPdent pased on
the balli St'oﬁ&th@f}%@bf ﬁé‘l%féf, Wrﬁé?%ﬁt%néﬂfbckéé%d%p&ﬁfﬁd&ﬁ’ note than two
fibrous waps can be used. Each additional fibrous wap preferably

en.circles the panel or stack in a wapping direction transverse to the
LR S N - AR R
15 the individual fibers. Accordingly, preferred single-layer, consolidated networks
of the invention will have a preferred thickness of from about 25 pm to about 500
um, more preferably from about 75 um to about 385 pm and most preferably
from about 125 um to about 255 um. While such thicknesses are preferred, it is
to be understood 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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network of fibers, the consolidated network of fibers conprising a

pl uralitwofoeyess4plied fiber |ayers, each fiber |ayer pconsrensiongeca
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/denier or
nore; said fibers having a matrix conposition 25thereon; the plurality of
cross-plied fiber layers being consolidated with said matrix conposition to
formthe consolidated network of fibers. The wwaps may be simlar to,
identical to, or different than the material which fornms the panels, and
may be the sane as or different than each other. 1In the preferred

enbodi ment ofdtthermosetéing polymebot Juitahke thémwplasniel pelpmerschoni-éxcbisivelyr aps ar e

present and each are identical . Preferably, the wapping nmaterial conprises
Coated. SPECTRAL Py SisEFOm fepoup Spnsiiaeet beb e oPnoBagEre: PRERTS 6T | ber o
E and S typ&djhRehheasvin{l pAymersIRpdly RS 2nd BOpiBLeRE arld RBltSres

pol ypropyl ene Tibers or nhatural fibers or a conbination thereof The

wr appi ng mattbereaf. Qfthesapolyelefiodaysrs are peRECTHRA(he)pr&hired golyclefinada f abri c,
felt or conbi nation.of fabric and fel.t. The fihrous ap referably
conpri se, rrullfqﬁtf e@?’é nes_t]\?(ﬁ’é{"@r‘térbg. examples of palysthylens, FIBS @83{’?6153?58'& s can be
wrapped i n glllydhyl&lILPPE) AindaPR WIS pOlyethPRAOATLIIPL), Gh&F mddiurh he
preferred enbodi rent of the invention,” eaCh of the first and second w aps

preferably olenpity pdyethyleng(leMDRE R dimearf very-toos dgisitg golyathgltese Y LDPE),

uni di rectional | | i.gn f.lbers in a lel array, an referably
encircle th "’63'?;%' raggwgigg%b’ Wﬂﬂ?& . nl_&‘rgpgf"?sﬁlé p&?yregg{l)qngn of the first
wap is at Y ©ffResde e At E&Erﬂﬂ pilyeafidnens PLDPRE sypgmpd wrap. Most
preferably, the first fibrous 15w ap and sécond fibrous wap encircle the

panel orlOst gbérmasetpiag pelydiecuncn-extilusecsly imabkide Geemmpsit lilylspbovinosai d fir st

the pol yner WAAES Chpass SRR o deled POPE e PSR ABIesOTSger o aro.

i ncor por at edyolyir@RieSsilionROlviMa eas St theif &pdlyntds abblbAiYs@h Aanot her form
of reinfbrcenent is used. In general, wappingis not required when the

p
edges are nehessdlesanbed in Kodmatants 816,71 1e 61841l 402 andh 6642, 10P aPsalastrived i onal

second fibrqus.wa shogtld bel\ggag(ged ar%ﬁnd t he panel or stack after the
panel or st JEEEA PRl ingldes,palymer coafings.  eneral Iy, single or

mul tiplgqsfibers, i.e. in formof 25a tape, can be wapped on any shape
article. The wapping is preferably conduced using nethods that woul d be
readi |y undelhst ¢ryiilorlayerk prel preferablyt attached to the single-layer, consolidated

network using well known lamination techniques. Typically, laminating is done
by positioning the individual layers on one another under conditions of sufficient
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 embodiment
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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art, such as wth filament w nding machines for flat and symmetric pipe

type artwoles/1081s4pol ar wi ndi ng machi nes for m ssiles aog/bdRlsezeni cal or
non symetric shapes. The first fibrous wap and optional second fi brous

wrap can be wound around the 5panel or stack and maintained in place by
tension, or may be attached to the panel (or top panel of the stack) by

sui tabl e attachi ng neans, for exanple, wth adhesives such as polysulfides,
epoxi es, phenolics, elastoners, and the |ike, or via nmechanical neans, such
as staples, rivets, bolts, screws or the like. Optionally, the ballistic
resi stant panel or stack of panels may be both stitched and w apped,

10wher ei n t habost 1 1% pexcentr ey weightaafable ovaralipanet amd miostgirefeiabtyofiema’ape and

optional sec { br ous ap.. .The bal listigc resistant panel or stack nmay
al so opti _onaﬁa})‘;_ &h‘?/_@erﬁ?)‘ttwyr"gq‘%td’s élbeoﬁohﬁﬁ?rtfgﬁ’ lé&fgwa*ﬁﬁa'?%@?ysm equent|y

wrapped wit rHe'ﬁ@ﬁcﬁn% bh 8e Wner BPEhLAR 1dyRRANormRE IR tAR erekbfilnt UNMKEr . af ter
wr appi ng, the panel (or stack), saidfirst firbrous wap and said opti onal

second fi br dhs cowsahdatiom gmdefutar pblyynen tayernigdsioncstaps ate dbacrilsad. heFon agxanpl e,
after w appi ?nel st ack | erably transferred into a seal able

a4 f
bag and 3 veASGRPaRlEISDs, ey Bay aleRaE beReutnad B0 SREIST ef er abl y

transferred dfs@uabLhiRNEoHES FiakeAtentidflRchAlRe AR YRE (100 psi) (689.5
kPa)are applied, followed by cooling to roomtenperature. 20ln another

enbodi ment, the invention also provides one or nore ballistic resistant
panel s including,at |east one rigid, plate attached thereto for inproving
bal listic rgﬂfes‘g)m%r 1@8} lpﬁ?rﬁﬁﬁc@?%emf%ﬁemn’ahaé’ﬁ’g&eg'érie iaé’FEed with one or
more of the @fcRh&IRN1 MR dbdiR QN th WESout 40 rﬁbxglp%fe}a%}yfflrmabsa@“ se a

ceramic, a glass, a nmetal-filled conposite, a ceramc-filled conposite, a
gl ass-f il eduro dorplasit £6 prmaakbwestpaeferablygfiorn abotessismdo abdut OHHE) Thar nor

al um num al |l gy, titapi um.or, a nbi nati an thereof,, efejn the rigid plate
and the 1 nveniekosss o eitERisie AL BRER A Esnl chereron o e ThEkes 8T el ot onshi p.
I'f a stack qhdifidubi Fb&s dAsEdr8inglyD e fedl sndl QIAYBd cotidlidated RetWodlksbfpl ate i's
preferably attached to the top surface of the overall stack, rather than
to each i ndith¢ thyantigpawd| hayke atprefeged dlcknesy afdram sboys 26fpam taeabouy peG

pum, more preferably from about 75 um to about 385 pm and most preferably

15 from about 125 pm to about 255 um. While such thicknesses are preferred, it is
to be understood that other film thicknesses may be produced to satisfy a

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

In accordance 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 trimmed 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. 3Stitching 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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of ceram cs include alum num oxide, silicon carbide and boron carbide. The
bal l'i sti cwpas@®sshi the i nvention may incorporate a singce/useasloidshs C
ceramic plate, or nmay conprise small tiles or ceramc balls suspended in
flexible resin, 5such as a polyurethane. Suitable resins are well known in
the art. Additionally, multiple layers or rows of tiles nmay be attached to
the plates of the invention. For exanple, nmultiple 3" x 3" x 0.1" (7.62 cm
X. 7.62 cmx 0.254 cm ceramc tiles may be nmounted on a 12" x 12" (30.48
cmx 30.48 cm panel using a thin polyurethane adhesive film preferably
with all ceramc tiles being lined up with 10such that no gap i s present
bet ween ti | elgpe o&f thexadded tovstitdh ttitd¢hes employed anthb ereferrattdrebodimentsef f i r st row

of ceramc, with an offset so.  th joints, are scattered.. Thi,s ,conti nues all
Che way  dorhe B ik gt e B: ByRBF TPl GERERE eSS AGES ot |
required m%ek?{ﬁéﬁgﬁ%ﬂ&u&'f?&ﬁs havily £RE dPUbol 7g/§exﬂéng(fr%61€%d Eor high

Lt
performance at owest weight, it is préferred to nold the panels or

st ack at 15hegflepnaldusof:abobicfOrgideni¢rar imargas describe abowt cand. métewever, for
| ar ge pa 219 1.219 mx 2.438

el s : 4' x.6" (1. . 8 m or 4' x.8
.t ho. pandieBitly Guubist Frimigial paPEaTsg 0B, morsere ke SRS | ow
pressure autamfedd OGRSAready h8Y cdBpIRIhOND K milkGl AR YaRdldndMdeSi stant,
ballistic resistant fabrics of the 20i nvention, they nay be used in various
appl i cat i onsprefetably @b mwtiflameotyaras asfleschibedhindd Snpatemviein S, 455, swhech is
particularly useful for .the formatian of. delam nation_ resjstant, hallistic
resi stant " Hayquorgf,e!q&ereép Y&?fg@?cwl ﬁ&?'ﬁ%r%?@%"%@gﬁtﬁc "r?eél?ﬂl?ﬁ%e, such
as hel nets, ;ﬁwﬁywwaynh@ﬁﬁ&aﬂh pRAGEl RN r@istalck iapAlicatibRE) thd SRouRf
protective shi‘el ds, which have sufficient nmechanical strength so that it
mai nt ai N9 25¢itches emphlyed isgiudh that thiestitchahfanpriss less tharsibyni 10% aftheanount  of

stress and is, capabl e.of bein reest andi,n i t hoyt col.l apsin The
del am nat 1 dite) B 6h{Re sBEFP GbRES FYERs ALt harad ispetergfly plifhet,
conposi tes, tRfoubh8adhYRRE 1a98rs BRYhRDnEBdARY etk JF fibSlse S f)clssb] ecting the
panel or the stack of panels to heat and pressure. The tenperatures and/or

pressures t antls cirysompoise mydtéple inslevidually stisdhdd pamadd er thagetire stokowlyi dat ed
network of fib re. exposed fo | di ng var ependi ng upon the type of
hi gh st rengtdf Sﬁ%@&“b@éﬁg’g r%%?éﬁggofregerl%ﬁ?ﬁﬁéﬁg?rg can be nade by nol ding

a stack 1gf said sheets under a pressure of about 150 to about 400 psi

(1,030 to 2,760 kPa) preferably about 180 to about 250
Alternately, the panel or stack of panels may be reinforced by melting the edges

of the one or more discrete panels, or by melting the edges of the entire stack of
panels under heat and pressure. Edges may be melted, for example, using an edge
mold or using a solid metal frame, e.g. a solid metal picture frame. The edge

20 mold or solid metal frame can be heated using an oven or mounted in a press
which has heating 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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psi (1,240 to 1,720 kPa) and a tenperature of about 104C to about 127C

Hel net s ogp 206s/1e83¢ by nol di ng a stack of said sheets updergsaongoegssr e of
about 101500 to about 3000 psi (10.3 to 20.6 MPa) and a tenperature of

about 104C to about 127C. Cenerally, nolding tenperatures nmay range from
about 20C to about 175C, preferably from about 100C to about 150C, nore
preferably from about 110C to about 130C. Al so suitable are the techniques
suitable for formng articles described in, for exanple, U S. patents
4,623,574, 4,650,710, 154,748,064, 5,552,208, 5,587,230, 6,642,159,
6, 841, 492 and 6, 846, 758. Ml ded protective plates may al so be nade via
convent i onallhyddinommo stéching qud'sr malingdhdpaneborsstackathemand avfstackef i nvent i on
conventional Iy known %g%in the art.

may be formed through nethod
Prierably, &8s m?veﬁsxy%qseeﬁflmmpw S3H} ETRr MRPTE RN VHRORSPT BRTS esi st ant

fabrics of txb&vemvﬁeﬁ.meﬁﬂﬁmu%wstim{tﬁ?@fegegﬂjeakmbgsmntngegﬁzeéam' e, a vest

may conprise a generic fabric vest tha oi ne del am nati on
resi st ant f dbvdntisngahe plreel ionsteckt ofopanelshereaifyrcodevithra finst fbohs tingp | nvent i ve

fabrics are inserted into strategicall | aced pockets. This | ows for the
maxi m zaPi onViysh gagiIcles et @am@bﬁ %‘H}/ i SUERGR: ﬁ%lépﬁgeltlwewgf@?egm of the
vest. As us i » ad] 0L NG s Qi . i.0f ended to
i ncl ude attgdgﬂiqﬁ{;e?ét%lgtﬁagesé ?@%ﬁgﬂ]é’?%‘?k%ﬁ@?ftﬁ’é‘ ar?gid'? ﬁgsﬂg’, §aa'iHS wel | as

un- at t ached tottupl suAgcoand avieaposd ddgeof vaid ktack oA lditiohalby, hcecond dibréusat t he

del am nation resistant, pallistic resjstant fabrics may _optjonally be
easi ly renoVdBP & 0pHPEHY SRSEEie She pangber siaakiof pandls O&qrdg%ﬁwghkiﬂasn cs used

in formng fvln%éi gls%siaf hét 'Tny{;vﬁﬁ-n yiimes&li | Rhe& ﬁl_g@f?lsx%uf W8 shdadMioniiner
garnents are preferably tornme romfabrics using a [owtensile nodul us
mat ri x dOnpasednddibrodsawchpden¢icdlE’sa ftadkeofipahetsteactapahehofixaid staek jsr ef er abl y

formed from5fabrics usin hi gh tensil dul us trix. conposjtion. The
bal 11 st o 1 ESPSHERLD m%gﬁﬁﬁe%‘?eaﬁéo gl AR ebiet S8 LS Mdesting
procedures g a?nd‘.’é’%'f'the‘@?é?:%cg/ﬂd b0 forRhing thePhvra¥ ATPARnhes ShibBiniigh St udi es

of ballistic connﬁm tes commonly enploy a 22 calil ber, non-deform ng steel
10f ragnment aff tispiagerdtioadoneorghore additidnassramdwhpsrerayifoniser bkivwragedc. M L- P-

46593A(CRD)). Testin al.so he .cond d wth AK 47 bullets (7.62 nm X 39
) i th i 1EPEaE PRIShOBRARE PG INE R QR ACI AR RS SHERFSRng M Lo STD-
15  fibrous wrap. Generally, based on the ballistic threat and/or thickness and type of
ceramic, more than two fibrous wraps can be used. Each additional fibrous wrap
preferably encircles the panel or stack in a wrapping direction transverse to the

wrapping direction of the nearest underlying fibrous wrap.

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.
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662F standard procedures, particularly for setting up a firing barrel,

vel oci ty weassioggsscreens and nounting the nol ded panelpcrars2égsidseg. 15
The protective power or penetration resistance of a structure is normally
expressed by citing the inpacting velocity at which 50% of the projectiles
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 20resi stance to penetration by a designated threat, such as physical
objects including bullets, fragments, shrapnels and the |ike, and

non- physi cal objects, such as a blast from expl osion. For conposites of
equal areal density, which is the weight of the conposite panel divided by

t he surface area he ;hi gher _the.\V50, the hetter &he resistance of the
composi to. - ThAeueleErtrtoiled St imniibe; b B Arathnf FRreedNiFuds: he

i nvention Wiapy ade)prébeneddi dach e ideiticall FGtRfably, B Wiappindmhatedidie type of
fibers used to nanufacture the fabrics. The fabrics of the invention al so

exhi bi t goodopweiseseoatadiHECTRAR® EIMBEYfibers,ciramidi fihgrs 8B&} fibdrs.0A® strength

between f.i b | ayers.. ener rul e lower, t mat ri X | ymer
contont. St ndthertbrargis. e ArSERRL Aberk Mlon fibGs. POl st Al i ntaP iting
strength, tbebabd dabirhiCibERsé 61 4 @dmbiAgesh tHereaDi THel Wragpink Heatémd] @idyal cutting
and 5assenb|t%]/[tof articles, such as a vest, and also réesults in'reduced | ong

t er m dur abi |furthergomphnise SPECIRAR Shigld, lgeatpd Efbeicy fett oz aisonibimation of he pee
strength for,  SPECTRA(r ). fiber materials.in a SPECTRA(r hi el d (00, 900)
confi gurat i ofﬁbrilcsar}fﬁg#teﬁgﬁlf\?’mé{s ‘Y%%Ssl?re%ﬁ?& C‘B‘?H‘?SCHB&BFA@%’( g%g“rﬁsg/ n2) good
fragnent resAlsdradi6l, sifgle oee fiBErdRhy bavrdppes in APakéctidnd 8Bthk Pahdlgof 0. 918

kg/ m2) and nore preferably at | east 10about 0.206 Ib/ft2 (1.006 kg/nﬂ). The

fol | owi 1§ nmthdriapidésndn eheaprpfesred smbodiment pf the dnveatien.teaech phihe dirstan
15EXAMPLE 1 A control 12%1"X 12" e(30 4? Gm X F0.48 lce(r)a1 t est .panel was
ol ded underSSHES WRRYPIsTIARlY, FampyiseRINPIS 8y of ey Rlie la¥dEedRa( 1) Shi el d
foll owi ng a phidcabiAKaigh&Dfibdrb &l arOpdrand] airhpAnd phderdBlydnblclpfIRCESS

i ncl uded preheating the stack of material for 10 m nutes at 240F (115.6C)
fol | oned by rapglioyistagk sodh that the enaeeking dpegtiongif gherspearsia akar angld® ni nut es

in a nold kept at 240F. After.,10 m nutes, ool. down,,cycl.e..was started and
he ol ded Ao aftine e Siredioh B e ssFomt b Most BfkrertR W EXERTIRR, 0 %1 G F
(65.560Q)15 Therapan@kecnas fibkbus Wahp e@aictthe pudie] b staloin feppar@icalddr € Wi t hout any

external nol ding pressure.
directions.

Generally, both said first fibrous wrap and said second fibrous wrap are
preferably incorporated if the polymer 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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25For testing, ML-STD 662F standard procedures were followed for setting
up a firiweg berfels4 vel ocity nmeasuring screens and nounfprgsbég/oigskeed
panel for testing. An A K 47 bullet (7.62mm X 39rm) with mld steel pin
penetrator (weight: 123 grain) was selected for nmeasuring the ballistic
resi stance of the panel. Several AK 47 bullets were fired on the panel to
neasure the V50, wherein V50 is the velocity at which 50% of bullets wll
stop and 50% of bullets will penetrate the panel within a 125 fps (feet per
second) (38.1 nisec) velocity spread. Care was taken not to shoot the panel
at least two inches fromany of the clanped edges. 5 The panel started
show ng sevairticles loapolaavimlingundcldpgsdfoamissilesdnd dlyercon@bl @monhe first bul | et
was fired onto the panel. Care was taken to shoot the next bullet in an
area whi ch \WEMIEC P8I nated. After the test was conpl eted, the panel was
exam ned for the failure and del am nati on node. 10 EXAMPLE 2 Four 12 "X
12" panels were nol ded under heat and pressure. Each panel consisted of 17
| ayers of SPHETRA( fihrothivedptandsipaiohddecnnd fiandwiapedn betwoenad atoohd tieheet s of
LLDPE filmfollow ng a Q0,900 alternating fiber orientation. The 15nol di ng
process PnclR3aePrsiackand magntained nsplacadydensien. oF may begitaghed ip theragelyy 240F,
fol | owed by i i W r r 1 Qut in a nold kept
at. 240F. A (G Rpall ot o Ract) BY il RAATrReanS ot AR e ol ded
panel s wer e gdhédied sach appolydudfidesiepostesppieactidseclpstonles, awbthhdite 160fka The
panel s were further cooled down to roomenperature wthout .any external
mol di ng 20prBEdapisal meanss WiGh assipplss rb’&ﬁe{’%ltsv\é“rr%“’%?'é@ﬁéﬁfeob&‘o Bh ot her and

wrapped vi { M galisd e nOanch STRRUbandll flad be BB shitdih shd4ipptds W apped
from side-to-side tollowe aby anot her "'wappihg layer 1n a tra spverse top to
bot t om di0r eotheveinalie stheheR apathedaded thirduphabe Hist fibapmp wrep aighoptionabm

si de-to-si de,

fol | owed by appi.hg another layer fromthe to 0 the bottom
of the panelSecomd oy Wiip: %ﬁ%ﬁh@gareﬁmt%& ekste\%l%mﬁyagepevg Yinto a
seal abl e ba i : ransferred
to an aut ocﬁlggggaﬁg@?ﬁgﬁ\P@ﬁgg&é&ﬁgdSgg‘gbssggl%nu?%g%p %@Wﬂmﬁeﬁﬁ%pl ied for
30 m nut es fvalap ane dptignahsevood widap26c Fattber, dliareviapping,-the paredl (@tséeck),r eached

roomtenperature, Lt was pulled. out. fromthe_ autoclave and renoved, fromthe
bag. P sa{'cji f?rst hbrous wri%) and said optional second fibrous wrap are pregerabqy umft'\ed

15 by consolidarion. For example, after wrapping, a 4-panel stack is preferably
transferred into a sealable bag and a vacuum applied. The bag under vacuum is
then preferably transferred to an autoclave where heat (240°F) and pressure (100

psi) (689.5 kPa)are applied, followed by cooling to room temperature.

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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5For testing, ML-STD 662F standard procedures were foll owed for setting up

the firingobassiRkisqvel ocity neasuring screens and nount ippg dshsiciliceeed
4- panel stack f/or testing. Simlar to Exanple 1, an AK 47 bullet was

selected for neasuring the ballistic resistance of the fully w apped
4-panel stack. Several bullets were fired on the panel to nmeasure the V50.
Care was taken not to shoot the panel at |least two 10 inches from any of

t he cl anped edges. The panel did not show severe del am nation or separation
of layers after firing several bulleis onto the panel. 15EXAMPLE 3 A
control 12 "X 12" test panel was nol ded under heat and pressure by stacking
40 | ayers ofstdoRFGHeA(Hah t&bach iddividuabpdnebofah® sfatk. alhrexr matipnefefredsipes
orientation. The nolding process included preheating the s

_ 1101 g ack of nmterial
for 10 m nutdsemmicsinplude aluminy ogideagisqn “ri’@bl%emb%‘?mﬁﬁﬁ’@#{?g —]gﬁeessure for
10 mi nutes 'H&ll%ti?ﬁéﬁer]%ﬁg E?Menﬂﬁ 31%8'1: ﬁ&%@ a%%g’l%ﬁ%h&?thw Zefk down cycle

was started pane out once the panel
reached | 50mplaté e nenimphizs sfnurltnﬂmror@emhﬂdbdmspmded)mﬂémmeesm ure without
any external pressure. Next, 3" x 21" x 0.1" 62 cmx. 7,62 ¢mx 0.254
cm) cerafi c Sufh asa D@V%TGF?@HW%H‘?‘Q@%F‘@%G %Hé‘lﬂot}@l‘ﬁ&"eaarf nhddigenallyr et hane

adhesive fil ]tlgﬁrl% xro%%'?ngég% ﬂel arﬁ rf});f/he\t,\#l%%§ oPHeSnddnBiSA PG W th

each ot her, djacent tile conple no gap between tiles.
Next, a roweshmbple, ﬁmltv;ﬂs31’ RSl 0. Ed(?i@canau %Ram ea6éem) clramiaiteh a 1. 5"
offset so that joints are scatt red I n arison to the previous row of
ceram c til d83Y 0?'%‘?%@1 I\/I"I_1 ﬁﬁ%?ﬁ GHaemypgicbedprif d4nvwer e f ol | owned

for settin fJ mount i n
the ol ded genaf kit R ficteratf) Ok il BRRT 10 e REAREE TR B "ims
sel ect ed 0f orsucietatiio gap islpeesbﬂd Betwédnatiles sh sécnd eowfof tikes nigynthen bsSever al

bullets were fired on the panel with the ceramc tiles racing the bullets.
The V50 was afgehedite ghedirst 1oy ofaeeamic oyt agg SettéRé}F?tlfRi{‘tStaEF LABEEAt he panel at

| east two | ”ﬂﬁ?ﬁ;qﬁﬁq%@ Athe HWay! %zn%%H%?Qhe%H?é F%ch& d &?Qelwha}bf}{gt ed

show ng severe am nation and separation o Frer t I'rst bullet
was fired o nottraguigranetien tﬁ?acaaméacSplamHepres@tsBmdxtis prederneel tFophighet i n an

area whi ch was_ not del am nated.  After the t onpl eted, .t he panel was
exam ned f oPeffREMange @tithe lawest geighvi ihismrefar V\ﬁlthe panels or stack at

15 high pressure before attaching the rigid plate. However, for large panels, e.g. 4’ x
6’ (1.219mx 1.829 m)or4’ x 8’ (1.219 m x 2.438 m), the panel or stack and

rigid plate may be molded in a single, low pressure autoclave process.

After formatiion of the delamination resistant, ballistic resistant fabrics of the
20  invention, they may be used in various applications. The fabric composites of the
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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15 EXAMPLE 4 Four 12 "X 12" panel s were nol ded under heat and pressure.

Each panelyooosgiosisgd of 10 | ayers of SPECTRA(r) Shi el d, petragk&rd oddydo

sandwi ched between thin sheets cf LLDPE filmfollow ng a 00,900 alternating
fiber orientation. The 20 nolding process included preheating the each
stack of material for 10 m nutes at 240F, followed by applying 500 psi

nol ding pressure for 10 mnutes in a nold kept at 240F. After 10 m nutes, a
cool down cycle was started and the nol ded panels were pulled out of their
nol ds once the panels reached 150F. The panels were further cool ed down to
roomtenperature wthout any external nol ding 25pressure. The four nol ded
panel s wer e HBicaddtaninan@r reeiamht buhitic anthtadt matedialsxoPfabric cempodies,tdfl es were
nount ed on t he, assenbl ed using.a thin polyurethane adhesive film

Can was t akehe ingatieH nag.bp ?%edtlmwwlﬁs Py sibgeching theeppasl itheptack olichi ng
adj acent ti e;%ﬁel%?&ﬂéa%ﬁb ?Sre‘%&r@ ﬂ%t%geﬁﬁﬁé’ﬁ%ﬁ/& k@&rg%‘&?ﬂ%hmﬁ‘oh@ of tiles

was install I'na s ani manner set so
that joi nts more sheas bfsadlsingledarpaonswidated nhh@rbbéﬁbau&rer@wo@éd foer ami c
tiles. 5 The assenbl ed panel with ceranjc was w.apped by four |ayers of
SPECTRA(P) SApléing varnderending upgy ghe tm%%h ghpreneth ggﬁrﬁs Fopexangles ol | owed

by anot her %&gpgé}ﬁlé Nt rhéheaogtxﬁé‘l;aﬁngeis?& to?@altd%hgé?é Er?cf%rg (g)'i'gsgﬁﬂe%'? of the

panel, followe y W appi ng ag m sl to- sl by wrappi ng
anot her | ayezlboﬁirtfrﬁtbhboﬂimmpast a, QMOMMay)f)reféieblpab@h 18Aftd abousafpi ng,

t he 4-panel d into a seal abl e bag and a_vacuum was
appl i ed. Thé)%&ﬁ%érj%@@@& genggeéq{gqeé}f,a 91“&%9%9%@&%‘6@?/@ wher e heat
(240F) and ) Lrowed by a
cool down c?@?ﬁég%%ggé%%mgiwﬁg#gngﬁ%%% cggggﬁééﬁgggkg éﬁ%gﬁgptre it was
pul | ed dt fI560té hisowa 300 psiv(€0.ana 20.6 MPEnd afteraperatuee babout-dd4°Cast i ng,

M L- STD- 662F standzgrd roc ?dures were followed for setting up the firing
barrel, vel GoPHylfeSs enpglleapelding tsmpersBiien mayrange igmahoat2 G fhel st ack

for testi ng ab&mﬂsaé ﬁx@fe‘?ﬁ@moﬁl Abouf 0 B GuBit! 1158 C WaSre St bR oA

measuring t
about 110°C 1o about 130°C. Also suitable are the techniques suitable for

forming articles described in, for example, U.S. patents 4,623,574, 4,650,710,
15 4,748,064, 5,552,208, 5,587,230, 6,642,159, 6,841,492 and 6,846,758. Molded
protective plates may also be made via conventionally known techniques and

conditions.

Garments of the invention may be formed through methods conventionally known

20  inthe art. Preferably, a garment may be formed by adjoining the delamination
resistant fabrics of the invention with an article of clothing. For example, a vest
may comprise 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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20bal listic resistance of the fully wapped panel. Several bullets were
fired on wbeoanels4W th ceram c facing the bullets, andpthigsYsud ovease
measured. Care was taken 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 25on the panel. The results fromthe
above Exanples are summarized in Table 1 below. TABLE 1 Exanpl e Materi al
W appi ng Areal Density (psf) (Ib/ft2) V50 (fps) Comrent 1

optionally be easily removable from the vest or other article of clothing. Fabrics
used in forming flexible structures like flexible sheets, vests and other garments
are preferably formed from fabrics using a low tensile modulus matrix
composition. Hard articles like helmets and armor are preferably formed from

5  fabrics using a high tensile modulus matrix composition.

The ballistic resistance properties are determined using standard testing
procedures that are well known in the art. For example, screening studies of
ballistic composites commonly employ a 22 caliber, non-deforming steel

10 fragment of specified weight, hardness and dimensions (Mil-Spec.MIL-P-
46593A(0ORD)). Testing may also be conduced with AK 47 bullets (7.62 mm X
39 mm) with mild steel pin penetrator (weight: 123 grain) following MIL-STD-
662F standard procedures, particularly for setting up a firing barrel, velocity
measuring screens and mounting the molded panel for testing.

15
The protective power or penetration resistance of a structure is normally
expressed by citing the impacting velocity at which 50% of the projectiles
penetrate the composite while 50% are stopped by the shield, also known as the
Vo 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 marwfacture the fabrics.
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The fabrics of the invention also exhibit good peel strength. Peel strength is an
indicator of bond strength between fiber layers. As a general rule, the lower the
matrix polymer content, the lower the bond strength. However, below a critical
bond strength, the ballistic material loses durability during material cutting and
assembly of articles, such as a vest, and also results in reduced long term
durability of the articles. In the preferred embodiment, the peel strength for
SPECTRA® fiber materials in a SPECTRA® Shield (0°,90°) configuration is
preferably at lzast about 0.17 1b/ft® (0.83 kg/m?) good fragment resistance, more
preferably at lzast about 0.188 Ib/ft* (0.918 kg/mz) and more preferably at least
about 0.206 1b/ft* (1.006 kg/m?).

The following non-limiting examples serve to illustrate the invention:

EXAMPLE 1
A control, 12 “X 12” (30.48 cm x 30.48 cm) test panel was molded under heat
and pressure by stacking 68 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 (115.6°C) , followed by applying 500 psi
(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 once the panel reached 150°F (65.56°C). The panel was further cooled

down to room temperature without any external molding pressure.

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 Vso, wherein
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SPECTRA@ Shi el d 2 Four Mol ded Yes 3.6 1980
WO 2008/105754 PCT/US2006/046869

Vs is the velocity at which 50% of bullets will stop and 50% of bullets will
penetrate the panel within a 125 fps (feet per second) (38.1 m/sec) velocity

spread. Care was taken not to shoot the panel at least two inches from any of the

clamped edges.
5
The panel started showing severe delamination and separation of layers after the
first bullet was fired onto the panel. Care was taken to shoot the next bullet in an
area which was not delaminated. After the test was completed, the panel was
examined for the failure and delamination mode.
10

EXAMPLE 2
Four 12 “X 12” panels were molded under heat and pressure. Each panel
consisted of 17 layers of SPECTRA® Shield, stacked and sandwiched between
thin sheets of LLDPE film following a 0°,90° alternating fiber orientation. The
15 molding process included preheating 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

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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Panel Panels, each (17.57 (603.5 holding after 17 |ayers of kg/nR)
m sec) 5 Wot280s19PBECTRA(T) PCT/US2006/046869

(100 psi) were applied for 30 minutes followed by a cool down cycle. Once the 4-
panel stack reached room temperature, it was pulled out from the autoclave and

removed from the bag.

5 For testing, MIL-STD-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
ballistic resistance of the fully wrapped 4-panel stack. Several bullets were fired
on the panel to measure the V5. Care was taken not to shoot the panel at least two

10  inches from any of the clamped edges.

The panel did not show severe delamination or separation of layers after firing

several bullets onto the panel.

15 EXAMPLE 3
A control 12 “X 12” test panel was molded under heat and pressure by stacking
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, 37 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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Shi el d 3 One Molded No 3.95 1930 Del am nated Panel :
WO 2008/105754 PCT/US2006/046869

but with a 1.5” offset so that joints are scattered in comparison to the previous

row of ceramic tiles.

For testing, MIL-STD-662F standard procedures were followed for setting up the
5  firing barrel, velocity measuring screens and mounting the molded panel for
testing. Similar to Example 1, an AK 47 bullet was selected for measuring the
ballistic resistance of the panel. Several bullets were fired on the panel with the
ceramic tiles facing the bullets. The V5o was measured on the panel. Care was

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

10
The panel started showing severe delamination and separation of layers after the
first bullet was fired onto the panel. Care was taken to shoot the next bullet in an
area which was not delaminated. After the test was completed, the panel was
examined for the failure and delamination mode.

15

EXAMPLE 4
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
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film. Care was taken that all ceramic tiles in lined with each other, touching
adjacent tiles completely with no gap between tiles. Next, a row of tiles was
installed in a similar manner, but with a 1.5 93.81 cm) offset so that joints are

scattered in comparison to the previous row of ceramic tiles.

The assembled panel with ceramic was wrapped by 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 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 (100 psi) were
applied for 30 minutes followed by a cool down cycle. Once the 4-panel stack
reached room temperature, it was pulled out from the autoclave and removed

from the bag.

For testing, MIL-STD-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
ballistic resistance of the fully wrapped panel. Several bullets were fired on the

panel with ceramic facing the bullets, and the V5o 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

on the panel.

The results from the above Examples are summarized in Table 1 below:
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3" x 3" x 0.1" Ceramc Tiles 4 Four Mol ded Yes 4.05 2342 Panel

WO 2008/105754 PCT/US2006/046869
TABLE 1
Example Material Wrapping Areal V50 (fps) | Comment
Density
(psf)
(Ib/ft?) ~
1 One Molded No 3.5 2022 Delaminated
Panel: (17.09 (616.3 after first
68 layers of kg/mz) m/sec) shot
SPECTRA®
Shield
2 Four 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/m?) m/sec) shot
SPECTRA®
Shield,
3’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»x37x0.1”
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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Panel s, each (19.77 (713.8 holding after 10 |layers of kg/n2) msec) 4
hits SPECTRA(r)

What is claimed is:

1. 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
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 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) at least one rigid plate attached to the anterior surface of said panel;

c) a first fibrous wrap encircling the panel and the at least one rigid plate,
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 which first fibrous wrap comprises a
woven or non-woven fabric; and

d) a second fibrous wrap encircling the panel and the at least one rigid plate,
the second fibrous wrap encircling the first fibrous wrap in a direction transverse to the
encircling direction of the first fibrous wrap, and which second fibrous wrap comprises a

woven or non-woven fabric.

2. The ballistic resistant material of claim 1 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.
3. The ballistic resistant material of claim 1 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; which at least one rigid plate is attached to the top surface of said stack, and
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Shield, 3" x 3" x 0.1" Ceramc Tiles 5Whil e the present invention
has been particularly shown and described with reference to preferred
enbodi ments, it will be readily appreciated by those of ordinary skill in
the art that various changes and nodifications may be nade

which first fibrous wrap and optional second fibrous wrap encircle the at least one rigid
plate and at least a portion of said top surface, said bottom surface and at least one edge

of said stack.

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

is reinforced.

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

is reinforced by stitching said panel at said at least one edge.

6. The ballistic resistant material of claim 1 wherein at least one edge of said panel
is at least partially frayed, and wherein said at least partially frayed edge is reinforced by
melting at least a portion of said panel at said at least one at least partially frayed edge,

where melt reinforcement occurs only at said at least one at least partially frayed edge.

7. A ballistic resistant article formed from the ballistic resistant material of claim 1.
8. A ballistic resistant article formed from the ballistic resistant material of claim 3.
9. The ballistic resistant material of claim 1 wherein said at least one rigid plate

comprises a ceramic, a glass, a metal-filled composite, a ceramic-filled composite, a
glass-filled composite, a cermet, high hardness steel, armor aluminum alloy, titanium or a

combination thereof.

10. A method of producing a ballistic resistant material comprising:
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 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
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wi t hout departing fromthe spirit and scope of the invention. lit is
intended that the clains be interpreted to cover the disclosed enbodi nent,
t hose alternatives 10whi ch have teen di scussed above and all equival ents
thereto. What is clained is: 1. A ballistic resistant material conprising:

a)a panel havi .an_anterior surfac a posteripr surface.and. one or nore
edges, which pg%'éﬁ?g &o t‘r%ﬁxs%%?posmon t%éﬁe?n’aﬁ)lgooﬁ‘%%ﬁﬁyd%#g& S%@?%%Eﬂoﬁy?ﬁsber S,
t he consol i dat Beingednsplidatef with Bed macdNqmpRkifign to form tike @nysialatddyhedbork

cross-plied fiber |ayers, each fiber layer conprising a plurality of fibers
arranged in an°Gibessiandai d fibers having a tenacity of about 7 g/ denier or

more and a tensile mpglaianels pROUhe EG: o HRLAE: B Mo fldyTirgns having

a matrix compositio cross-plied fiber layers
bei ng consol i daiteronant posteriat soethces 0 f saidrposolidatml teovdrkofifibes; consol i dat ed
network of fibgrs; an L ally at least one layer of a polyner

. ii) opti.o
filmattached ea‘@ﬂ{jdb’?g @Spﬁ‘legﬁ{t‘éﬁlgﬂﬁucgnd posterior surfaces of said

consol i dat ed ngy wor &ci}f;lciiﬁé Q%&ﬁ?ﬁbl?alﬁtwﬂaﬁ%ﬁ;un_@ % fbiied p&lllé},t SidttRGRRMAst 0 the

anterior surface of said panel; c)a first fibrous wap encircling the panel

and t he awripeersirchng at jegitch pirtiore of sajdiadtefipr sirface, haslupostariop serfederanidiatg at

| east a p?rti on ‘i%f s?i d.anteri 035] urfﬁc%a said ?osteri.or surface and at

| east one BigE STIBE & doigaarh 2ah KU Fipiody W, FOTIRIISES ApVREHLYT A%5 a woven
or non-woweked fAbfié:Gndand d)a second fibrous wap encircling the panel and

the at least one rigid plate, the second fibrous wrrrgﬁ encircling the first
fibrous wap i) a dencielinoa seeaidsiienoye wrep etoand ks moldedgpaiek dbe senendf t he

tirst fib . . . :
non- wovenpis WP sndRinf e fif RERIE i LY iR, SRS En ARG [
conpr i si ndiradtioh @fisite fasefibrayewrapl awd whick vedont ifibrowatvirag bedlptises @aedveafor sai d

anterior and ostfe[)i,or surfaces of said consolidated network of fibers.
non-woven raoric.

11.  The, method of claim 10 further comprising reinforcing at least one edge of said

panel.

12.  The method of claim 10 further comprising forming a stack of a plurality of
discrete panels, which stack has a top surface, a bottom surface and one or more edges;
which stack is molded and encircled with said first fibrous wrap and second fibrous wrap
around at least a portion of said top surface, said bottom surface and at least one edge of

said stack.

13. A method of producing a ballistic resistant material comprising:
a) forming 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 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
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3. The ballistic resistant material of claim1 which conprises a plurality of
di screte panels arranged in a stack, which stack has a top surface, a bottom
surface and one or nore edges; which at least one rigid plate is attached to
the top surface of said stack, and which first fibrous wap and opti onal
second fibrous wap encircle the at |east one rigid plate and at |east a
portion of sai Balip aStbtiRCOmMpERItdn Bt b fl@aRtyascdbs-peas ibeRyadge of
said stack. 4. The ballistic resistant material of claim]l vvherel n at | east
one edge of sab@n@a@wpl@aéedr\@ithw%@ gelix compoyitian foaform dhq eonselidatadaetwarat er i al
of claim1 whepgeh f‘ta Jgeast one edge of said panel is reinforced by
stitching sai d pane said at | east one edge. 6. The ballistic resistant
mat eri al of clai m liinwbionally attledseand lagercofedigdyaér Slai attqehekto ¢ash aff sdiéast
partially frayed, .and wherein sald E east artlall frg%/ed edge is
reinforced by ARFHGIRG RpStpriorspriaces F $3ig,¢onge! “g gp §ai d at | east one
at least partigly fbripga hgg%l where nelt rei nf orcenent occurs only at said
at least one at least partially frayed edge. 7. A ballistic resistant
article fornede) r omttakinpat [I¢ast pue rigisli gletartd thaketerial swface lofisaidlmoldgd A

bal l'istic reflstant article forned fromthe ballistic resistant material of
claim 3. "The ballistic resistant material of claiml| wherein said at

| east one rigig pl aérﬁlr@@ﬁgli ﬁﬁ@ﬁb@u@%@ﬂr@und&h@h@ﬁ&d pandreh@iirefat |dagtdne
conposite, a ceramc-filled conposite, gf ass-filled conposite, a cernet,

hi gh har drigisspleteesaid fisst fibrous| \Mfaprﬁnmr@hnlgcgt east & @artiom Wrsaid @rmmrrﬁmﬁa@m t her eof
10. A net Qa?? p?gtelﬁ) sqﬁﬁ&englaa tblﬁst oﬁé e& e Q %a ? 1%& %hléh fifs? "HREdu %'vﬁ%ﬁr)
a)formng a eas one aneﬁ1 aving an 4 ’surface, @ posteérl surface

and one otorftises &d@esn ox\/&idnc\homrf@&rug@mmrl ses: i) a consolidated
network of fibers, the consolidated network of fibers conprising
plurality of cfloss-§iciredng 3 srepnd Hhwps Wranarpund ‘ﬂ?@lmql‘%ﬁﬁd?anélo%?ﬁrth% awgasa

plurality r ity of
19J néﬂdqﬁéﬁé Ak B %i Hr@u@@ra? dnifeli J%fﬂl}s T t}g{)%s?@i’dgrﬁg aa%fré%%ﬁ

about 7 g den er or nore and a ten 0 g/denier or
nor e; sai ttafsivemse $ the encircling direction of the first fibrous wrap, and which second fibrous

wrap comprises a woven or non-woven fabric.

14.  The method of claim 13 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.

15.  The method of claim 13 further comprising reinforcing at least one edge of said

panel.

16.  The method of claim 13 further comprising forming a stack of a plurality of
discrete panels, which stack has a top surface, a bottom surface and one or more edges,
wherein the at least one rigid plate is attached to at least one panel of said stack, and
encircling said first fibrous wrap and optional second fibrous wrap around at least a
portion of said at least one rigid plate and at least a portion of said top surface, said

bottom surface and at least one edge of said stack.
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having a matrix conposition thereon; the plurality of cross-plied fiber

| ayers being consolidated with said natrix conposition to formthe

consol i dated network of fibers; and ii) optionally at |east one |ayer
of a polynmer filmattached to each of said anterior and posterior surfaces

of said copsol Tﬁ’@ﬁl@ﬂloﬂ%f%fdf 19fwhfefehﬁ§a$d at least ondMigidBlaid Hnprites RaAEMmid Nt o an
article; c) encircling a first fibrous wap around the nol ded panel,

sai d firsé glaspraonstalwfibed em‘cpqstw,|m@pranlc’rfdbdtcompp@tec rgrheseffilledicdmapsiter & or
SU!‘ f ace- ?h‘lgt Prgglth%rdn%ss s%e gn,gmgr Eﬁ%mgl m alf% %tal%H 0% QD% %];n 1%1‘1 %e?e%?el and

which firs rrse onwdven rapr ¢; and d)
encircling a second fi brous wr ap around the nol ded panel, the second fi brous
wrap encireling the first fibrous wap in a direction transverse to the

enci rcl i négd-di r&dellistc eistanbmpterighcompisgs wrap, and whi ch second fi brous

wrap conpri Ses%)?n gghe rha{)iﬂﬁ ga 10; EAE: a é)ég‘tena-rh&rfa@taﬂ@%n?for ‘ﬁg(glé m 10

further conpri orcl east one ge of salrd pane The
nmet hod of edgesa,lwhldlﬂpzfmtd:qurrlsemnprl sing formng a stack of a plurality of

di screte panel s, ch st c as a to rface m sur f ac nd one or
more edges: which s é”cﬁoqsg ?%dﬁﬁwa 8%%5?%%0"%?‘5}#"‘ g‘?ft‘f'?’iks?fef?%? ous wrap
and second fi bg isMgap around at |east a portion of said top surface, said

bottom surface and at” | east one edge of said stack. 13. A method of
produci ng a ballista cplm@biystoﬁmonﬁmwl atosepligsk ifbendayesd,f eadhi figera lzpanel

havi ng an anterior.surf terior urface and .o whi ch
e camorts chanfPrichd d fifaiePoP B3 Hren® HLETE T Bo ora Rl ity B BHEEST |t o
network of fi beagkity@TRbORI M@ denier or riordlatd altédsile @fodGle % abhit@d0 ffdegier | ayers,

each fiber |ayer conpr|S|ng a plurality of fibers arranged in an array,; sald

fibers havi ng’ ¥ meieasaid fibers hagwgta magixcrenipesition theseen; Hedblaralinefi eressmpdul us
Ohtbout 150" Syl TS SRAEPSD SRR bt ECBISILLOT,
said matrix comn@@udatedmetv@)rk@ffibérk;@ndonsoI i dated network of fibers; and
) ORI onaL Y o st Bt o e B AT SRS Pig of 50, O 5
anterior and posterior surfaces of said consolidated network of fibers; and
iil) wherein one or more edges of said panel are at least partially frayed,
and
wherein said one or more at least partially frayed edges are reinforced by melting
at least a portion of said panel at said one or more at least partially frayed edges, and
where melt reinforcement occurs only at said one or more at least partially frayed edges;
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 which first fibrous wrap comprises a woven or non-woven fabric;
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, and which second fibrous wrap comprises a woven or non-

woven fabric.
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b) nol di ng the panel; c) attaching at least one rigid plate to the
anterior surface of said nolded panel; d) encircling a first fibrous
wrap around the nol ded panel and the at least one rigid plate, said first
fibrous wap encircling at | east a portion of said anterior surface, said
posterior.surfac nd at .l east on e aj d panel , and.whi first

fi brous w};ap c%a?lés § rgﬁlmé’??t%iﬂ?ﬂgﬂg%@%wﬁ’fchb’ﬂ%@’flseé a}urahg’hﬁccgﬁcreé%pi rcling
a second pdnblsQid@nyddm A6QAVEOE stat BRG RANGHA Bi@nPburfRa%hd @AE of | 9i d

pl ate, the second fibrous wap encircling the first fibrous wap in a

di r ect i onmpiedgese ereimsaihenagranere kigey of paié steskosre of leasi@artially frayedypeslis wr ap,
and whic ond. .f 1 br i e . -woven.,. il 14.
The mot nolSFRars SRS ES Hord S BERANT By B s iSRG lap gy T2
film att agbedioh ofeaidhstadk sadaill ad 6 mofe &nidasp Psitially draysdieligseshede welt d
consol i dated network of fjibers, 15. The nethod of claim 13 further

conpri si nGIHATHREHOCHYS qrly|absadd ons ragrg et lgpst partigllpfared edges. The et hod of
claim13 further conprising formng a stack of a plurality of discrete
panel s, which stack has a top surface, a bottom surface and one or nore
edges, whal ei nA bhidistat rekistast article forngid dropl tht ballisticatesiaetitadatenalatf clagad8. one
panel of said stack, and encircling said first fibrous wap and opti onal
second fibrous wap around at |east a portion of said at |east one rigid

plate antp@at |Lashisd RektahCRiAE fozrgd'ed ﬁfﬁﬁpthé B%lﬁi@t?&resi%ﬁﬁn@t@ﬁél%ﬁ%flﬁce and at

| east one edge of said stack. The met hod of claim 13 wherein said at

| east one rigid plate conprises a ceramc, a glass, a netal-filled

conposi t a ram c-fill.ed conposit .a glass-fill.ed conposite cernet,
i ah har diess  Cieamfisig ey BB Ace By 8 FRBH i &1 FETORLIFen TRt her oo
18. A balpdlghérdilnesbsdsaitf material 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 network of fibers
CONpPrisi g Tpe b%llﬁlti!:";e%ks'tﬂtrﬁ/m%feri?f)& c}m _e]% Wwhean 'sﬁh' ) sgffbﬁ‘agrwrg[?%?cf shid each
fiber layér conprising a plurality o i'bers arranged 1n an ray; each of
sai d fi bedesordafibrogs arap@rsleoth preséntabout 7 g/ denier or nore and a tensile
nodul us of about 150 g/denier or nore; said fibers having a matri x
conposition thereon; the plurality of cross-plied fiber |ayers being
consol i dajed ‘(’}Uoﬁ'lliﬁ?d i ﬂtﬁh?&eﬁ&l%ﬁl kilingn to formthe consolidated network
of fibers; an 1) optional ? at "l east one layer of a polynmer film
attached to eah ofa paiel havitgen antedind sypst.ea postersursusfoes awd os@pdmore
consol i datded n?li rk of fibers; and iii) wherein one or nore edges of
sai d panei®s&r e RanelGompLises; o | y frayed, and wherein said one or nore
at least partially jf hassasoIREGISHAWELT 6 bR, el BisoMBhied Htvddrk ! STamer POrtion
of said panel at sald one or nore at |east partially frayed edges, and where
mel t reinforcewmprisdgcurs only at said one or nore at |least partially frayed
edges; 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 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;
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b) an optional first fibrous wap encircling the panel, said first fibrous
wrap encircling at least a portion of said anterior surface, said posterior
surface and at | east one edge of said panel, and which first fibrous wap
conprises a woven or non-woven fabric; and c)an optional second fibrous w ap

encircling thegpane] ; I: ¥ Nl Clel £ sk f1brous
wap in adir e@?i onJl P ?S%%{/OZI?%Q?SE{I@[&R%%S%&!@ i%aégkgsgggp(?l cs)hﬂg? GH@EIP % rst
fibrous watalpast anpdrtidn effsakeanertbrfsuliiel saidvpogierion Bprfaceemdant Wegeoneo¢dga ofinvoven
fabric. 1(?. Tge galli?ic resistant material of claim 18 which conprises a
pl ur al i tyS&f Paielepdpdigh-fel fbrays wieg emprises agtoyek or pan-wAVEY fabKcRAd a top

surface, a botHom surtagg ﬁ?\‘éué’ %a;?renHﬁ?élﬁgeglg nel‘f‘"’tgi §ie£bn%ah9roﬁ£‘€%y1€ fmor €

edges of said stack are at ast partially frayed, wherein sai d one or
nmore at | emiclipntheifabtifibréusaymy ireddaectmndransiersedo tecnbiycling diteagoraof theast a

portion o 1d stack at,sa.d one or. nore at least partially frayed edges,
her e el rst SofB Shertd i o oBRS Syl Bt oyl neh ey ¢ Loty
frayed edggge. 20. A ballistic resistant article forned fromthe ballistic
resistant material of claim18. 21. A ballistic resistant article formed
fromthe ballistic resistant material of claim19. 22. The ballistic

fiimi o pfoaert oals bRl Bl ot B kafths FplaP e BTt R 1T

said first fibrous wap and said second fibrous wap are both present. 24.
A ballistic resistant material conprising; a)a panel having an anterior

surface, #0-postls pyhsticyresigipat magriahel gpinhadt avherrye said\ahileast pagvercehdri ses:
i) a consgé&ﬁg{%gg%yggﬁtk_ of fibers, the consolidated network of fibers
a

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

tenacity abqut, 7.9/ denier or re.an ensi | e .modul us about 150
o7 don of B mofts bellta TP SVHEI Y AP WhiEh COMBUSS BPEPIE REFBBTER he
plurali t)/eriéﬁrcﬁﬁ%)%e' Bhhe?d whidiSecbAY §lbsolReWRY GRASRS I HlatRdeMid B SiRdcHonraL ri X
conposition to Tormthe consolidated network of fibers; and

transverse to the direction of said first fibrous wrap, and which second fibrous wrap

comprises a woven or non-woven fabric.

28.  The ballistic resistant material of claim 24 wherein said first fibrous wrap and said
second fibrous wrap each 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 thereon; the plurality of cross-plied fiber layers being

consolidated with said matrix composition to form the consolidated network of fibers.

29.  The ballistic resistant material of claim 24 wherein said panel comprises a
consolidated network of fibers which consolidated network of fibers comprises a plurality
of cross-plied fiber layers, each fiber layer comprising a plurality of fibers arranged in a

substantially parallel array.
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ii) optionally at |east one |ayer of a polynmer filmattached to each of said
anterior and posterior surfaces of said consolidated network of fibers;

b) a first fibrous wap encircling the panel, said first fibrous wap
encircling at |east a portion of said anterior surface, said posterior
surface arpg at a | ,.and which fir f wrap
conpri Ses%i' m;l/‘ié n@aﬁ)@stﬁggm%@tenﬁ rigl fglai%zggwhlc% compr1)sesa;%lura?11t ’f;(g%?éég s wrap

enci r cl i ngarfehearpmged in & Reack eckiol sﬁ‘ablbhsm§ toW apfaeé)d battonn gurifdte ahd roat of i br ous
wap in adir [ ' direction of the first

e(gg?l on trﬁngverse to the encirclin

fibrous WHRE €858 e WHICE dEshBbmons a2t 8550BS ABFQUSekrap sRSUElR abrleasom- woven
fabric i St e &m istic

resi st antgémtal'? éﬁ)?gla %0? sh g(iremﬁéﬁb ZG%r%Ehlgda{t%dg?&c gg})g%g(%l%@érgat erial of
claim 24 wherein said at |east one |ayer of a polymer filmis present. 27.

The bal 11511 c TRsbafigt Sﬁrrﬁfﬁéa@ Ll f&aid

fibrous wap en@?r cfllﬁngre e panerf fowﬁ f(:illllll sg@ge@gi?h%r ous \X’%g% gar%c?%Pes t he
panel in wrdinfaretdi on transverse to the direction of said first fibrous wap,
and which second fibrous wap conprises a woven or non-woven fabric. 28.

The ballistic resistant material of claim24 wherein said first fibrous wap
and sai d 32conthd batisticsresistapt smtshiak ofrplaing 24 awlnapeis alacid atgd oh edidvpakel df f i ber s,

t he consol i networ k af, fi onpri si a plurality, of cross-plied

1 ber 1 ayBioregdbn i e st parel biesf P Fatira Brad P bk FamaieBnged i n
an array; h%ﬁ'sﬁeﬁgﬂb%b&shﬁwngg t&qdcﬁ?%?hEdﬁtqu/@é%%ﬂtor fnddé dedh @nsRE m¥aLMs and a
tensile ul us of about 150 g/denier or nmpre; said fibers having a matrix
conposi t i efebohkelWgidenidior plosg-al ity of cross-plied fiber layers being
consolidated with said matrix conposition to formthe consolidated network

of fibers. 29. The ballistic resistant material of claim24 wherein said
panel condti seEheballisticabsistent aunteréal wbeling B0 hprsinsatipdst pneesdgs of seidisaak net wor k

of fibers, compr %es a plurality of cross-plied fiber |ayers, each fiber
| ayer COTT%IrISI g a plurality of fibers arranged in a substantially parallel
array. 30. The ballistic re5|stant material of claim 24 which conprises a

plurali ty3‘Pf ﬁ'ﬁecf)a% cprae 1% ant erla gf;‘ﬁlgm%%g ﬁierglh ewgklx \%ﬁge hﬁgeﬁd ré?a%}(a top

surface, a 'bottom SUr a8 4Ra™8 I'rs i'br ous
wrap and ggiforeed by stiedhin gnsaid s’@GlC Iaf edoh atgelvaaﬁht Raﬂan'eltﬁfeadifwﬁﬁhdhﬁe@d)
surface, said bottomsurface and at | east one edge of said stack. . 31. The
bal | i st i ccongjsss igh stenath fibers §avipg afpacity Qfibpdl %g/étsmpre%@or@ sad adgeiler said
panel is stic resistant material of claim 24
wherein e{élg gﬁ%ﬁa%gPt %Sﬁdéﬁgkﬁem!o?rel nforced by stitching said panel at
each with at |east one thread whi ch thread corrprl ses high strength fibers
havi ng a na of about
150 g/ den gr i BT 2 98 AR O
wher ei n ageldcedsfromnhe euep cn‘nssangi of ertekdddschaii pdslgoleﬁni fibe34 araftie fibets| i stic

resi st ant terial o clal e e each edge of. sai.d stack is reinforced
e £ orRIb Sk ates | Hdts.a POLRE ! malsandl (bR ©POSanidsn ety oaahyRHIERS t hread
conpri ses h a it r&Ritle Ftde or nore
and a ten%irelpgﬁﬁ%getrj%ggfsofﬂ Og}%gty%nla MMI‘/% aga;[lél g?ﬁgsr P5r1611)§r%1fec 35;e T%t%4 bamu?%tl c

r esi st ant crystalenopallyessér fitess, giamﬁbﬁnsa@lqaﬂsmlfd)ef& bers conprise a materi al
sel ected fromthe group consisting of extended chain polyolefin fibers,

aram d fibers, polybenzazole fibers, pol éVI nyl al cohol fibers, polyam de
fibers, pi. yetTi}ﬁI dnlistie rrepibiphta lnzaterial | dfeckim pdt yehdngin espad nflpsns teaimptiee f i ber s,

polyacrylo i tei ibers, liquid crystal copolyester fibers, glass fibers
and car bo%qﬁt%?%e ﬁbeﬁ% The ballistic resistant material of claim24 wherein

said fibers conprise polyethylene fibers.
37.  The ballistic resistant material of claim 24 wherein said matrix composition

comprises an elastomeric composition.
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37. The ballistic resistant material of claim24 wherein said matrix
conposition conprises an el astoneric conposition. 38. The ballistic
resistant material of claim24 wherein said nmatrix conposition conprises a

t hernosetting conmposition. 39. The ballistic resistant material of claim?24

wherein tBhg MR %aGRHP sl AR dSE@im 24 wherein said matrix composition
pol ystyrene- pol yi soprene-pol ystrene-bl ock copolyner. 40. The ballistic

r esi st ant corapréses akhephossittirigmompositien.ei n each of said fiber layers are
cross-plied at a 900 angle relative to the |longitudinal fiber direction of
each adjacent fiber layer. 41. A ballistic resistant article formed from

the ballisdic Tesiballisnté readtaiti Mhtedhl 6f @at224 wheein Ahdahdtiit dognposisibst ant
article formed fromthe ballistic resistant material of claim30. 43. A

bal | i sti cComisss polystarene-eplisppicae-golyptemettheckisapolymer.c resi stant material of
claim31l. 44. A ballistic resistant article formed fromthe ballistic
resistant material of claim33. 45. The ballistic resistant materi al of
claim 26 dher erie ballistiqpebigtart mhtetiah efanigim Zewheremodaghloffshid, fieollayars e,

pol yester, polyuret e, viny| polymer, f]uoropolyner or copol r or
conbi nat gﬁg%-wgﬁ@éﬁ@%genglerrréatwam i privgisp Ll dindetionat spchoadiacess thep

wher ei n spaiyg_ polymer filmconprises linear |ow density polyethyl ene.

41. A ballistic resistant article formed from the ballistic resistant material of claim 24.
42. A ballistic resistant article formed from the ballistic resistant material of claim 30.
43. A ballistic resistant article formed from the ballistic resistant material of claim 31.
44, A ballistic resistant article formed from the ballistic resistant material of claim 33.
45.  The ballistic resistant material of claim 26 wherein said polymer film comprises a
polyolefin, polyamide, polyester, polyurethane, vinyl polymer,

fluoropolymer or a copolymer or combination thereof.

46.  The ballistic resistant material of claim 26 wherein said polymer film comprises

linear low density polyethylene.
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