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FLEXI BLE BALLI STI C COMPCSI TES RESI STANTTO LI QUI D
Pl CK- UP. METHOD FOR MANUFACTUREAND ARTI CLES MADE

Invention This invention relates to flexible ballistic
conposites that have inproved resistance to pick up of
wat er and other liquids, a nethod for their

NMEFLEXIBIE BARMESEIC COMEBOSEIERRBSISTANT TODIQUITREECK-UP,

therefrom Description of the Related Art Ballistic
 oSIETHED FOENANIRACT() I -

the art. Many of these products are based on high
tenacity fibers such as extended chai n oI yet hyl ene
fibers and ar a8 ROUNDOF FTHI NEIQ.

biiel €3 thERIvehGeH vests may be for rred from rigid
conposittes and/or flexible conposites. Rigid body

armor provides good bal listic resistance, but is also
very stiffis aidnfid Rlates8b Y1eRileailishS compRRMY that hdle improved
general, rigid body arnmor garnents (e.g., vests) are
u@@iatlaw th @i ltpmﬁ‘bﬁrf?ra@ﬁ @thep ligrids, atthethod fog sie| marydrgure and

r is alsoreferred to
as arg%%@r% r%ﬁﬁﬁil"g‘ﬁpﬂgyef Egﬁ defined in the art
(see, for exanple, U S. Patent 5,690,526) to nean an
aﬁegcpl| fon ggﬁgﬁﬁ & Rg) met or panels for mlitary
; fficient -mechanical strength so
that it maintains structural rigidity when subjected
to a si gﬁalt' R dlSt%l‘r;ED K)L/J\An{ilﬁ:?s {o%t ?%n@ nhde ixkc’ gr%%%lvﬁ 1gfthe (z)m.

bei ng free-s GH contrast
sMaty of diesk pnbdiitas drealmmf on ihighf tlemcltjo Ifﬁensf sdcholﬁtekteadﬂbchain

whi ¢ oes., not ave attributes t he
h%%er&g?%?‘bﬁﬁs &Y %r(ﬂ%‘r‘w%?é%té%lﬁ SH“OTAT“t“ﬁ Si(jtﬁﬂ‘a Teé‘StaB "eStS thay
b rmagdnfesm Hgidedmposites grtd/drélRaibletcymipbdies.s has excel | ent
service experience, its resistance to pick-up of water
and other liquids may be | ess than desired, depending
on the tRRR ©idyfaraer sropidesgiod.ballldad resiStance, but is also very stiff

and relatively bulky. As a result, in general, rigid body armor garments (e.g., vests)

are usually less comfortable to wear than flexible body armor garments. Rigid body
armor is also referred to as “hard” armor, which has been defined in the art (see, for
example, U.S. Patent 5,690,526) to mean an article, such as a helmet or panels for
military vehicles, which has sufficient mechanical strength so that it maintains
structural rigidity when subjected to a significant amount of stress and is capable of
-being free-standing without collapsing. In contrast to such rigid or hard armor, is
flexible of “soft” armor which does not have the attributes associated with the hard
armor previously mentioned. Although flexible body armor based on high tenacity
fibers has excellent service experience, its resistance to pick-up of water and other
liquids may be less than desired, depending on the type of fibers present. That is,
such armor tends to pick up more water (or other liquid) than desired after being

brought in contact with or submersed in water (or the other liquid).
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body arnor and conponents thereof which incorporate a
pol yuret hane resin, but there is no disclosure of
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conposite material conprising a plurality of non-woven

fibrous layers, the $uMhARY!GY ¢k RRENTROING @

net wor k of high tenmmm t he

group consisting of aramd fibers, extended chain

pol yet hyineﬁ& %daﬁ r\%lt rtﬁ19'1ﬁjvef1@<gl ftfléilg sspﬁ)gﬁileg’l eﬂgéble ballistic

t her eof ers e|n ina’ matrix conpris
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resistant composite material that has improved resistance to pick-up of water and

other liquids, the composite material comprising a plurality of non-woven fibrous
layers, the fibrous layers comprising a network of high tenacity fibers selected from
‘the group consisting of aramid fibers, extended chain polyethylene fibers, rigid rod
fibers and blends thereof, the fibers being in a matrix comprising a thermoplastic
polyurefhane resin, at least two adjacent fiber layers being oriented in a cross-ply

arrangement with respect to each other.

Further in accordance with this invention, there is provided a flexible
ballistic resistant armor that has improved resistance to pick-up of water and other
liquids, comprising at least one flexible composite material, the composite material

comprising a plurality of non-woven fibrous layers, the fibrous layers comprising a
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resi stance to pick-up of water and other |iquids,
conprising at |east one flexible conposite material,
t Rxterdsdreint rolypthydane afibecsomigidi midnfgbess gridublahdst hewdf, the fibers

- b . > fi I
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rod fibers and bl ends thereof, the fibers being in a

matri x c rdsing..a thernoplastic | et hane .resip. .
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| east two adj acent fiber layers being oriented in a
cross-ply arrangement with respect to each other. This

i nvent i ofhik Wvkehedn AR PRI a TRIIRA%0f BE nlalffacture of a flexible
manuf acture of a flexible ballistic resistant
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resin; ang?lga?nsol idating the first and second fi brous

| LpeYe m a

) This invention also provides a method of improving the resistance to pick-up
of water and other liquids of a flexible ballistic resistant composite material, the
composite material comprising a plurality of non-woven fibrous layers, the fibrous
layers comprising a network of high tenacity fibers, the method comprising coating
the network of high tenacity fibers with a thermoplastic polyurethane resin such that
the resin forms a matrix for said fibers, and wherein the fibers are selected from the
group consisting of aramid fibers, extended chain polyethylene fibers, rigid rod fibers

and blends thereof.
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conposite material, the conposite material conprising

a plurality of non-woven fibrous |ayers, the fibrous
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fibrous ITay gfeséﬂﬁ thveeongldadsR it colnpy siteSmadérial MMBQMQ)SBIE Qnd
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properties. Likew Se, the present invention provides

f mads refrgmeap be %W%lmawww in aAscEiaTH PABEbyed
resistance to Ilqw d pick-up while also retaining its

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph of weight gain versus water submersion time for single

-composite materials, including those of the invention.

Fig. 2 is a graph of weight gain versus water submersion time for 11 layers

of composite materials, including those of the invention.
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desirable ballistic resistant properties and confort.
The conposite material and arnor nmade therefrom can be

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a graph of

wei ght gain versus water subnersion tinme for single

-conposite materials, including those of the

i nvent i Oftpe Fﬂrgsenl2 1ﬂv%nt‘?o g[:&%kl}ls?; aW?dfg exg)% Ro Bs%éswhlch is

water submer'sion time o ayers of conpos

mhelEsticatesstaitriotl d mgprovrdgresigdnct e pick we o ivaiter Fhé other liquids.
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| ds Wit hout |i gasol i ne
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These corrp05| tes are partl cularly useful in ballistic

resistant, flexible ar m rt icles, od

bl anket s ASRFREFS 1568 e BERAIE P o i pREn PRy i EoMbs v
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ld orva\%rd ar nor Theff exi bl e terial s and may
t‘ﬁb@e BAtIsPdde 2 siepificat amauatiob tpesy © {RiERgoe of beng

s&&-a@ﬁcﬁﬂg Wwithcut 661@psihg. cant anmount of stress and are

i ncapabl e of being free-standing wthout collapsing.

The conposite conprises high tenacity fibers that are

l n a t hern®pbmpdsite chRbNdss BlghaB@icite fibéks MR lakeXin aTﬂl@rmoplastlc
nposite is forned fromat |east two | agers of

th
hP‘Q}W‘F@ﬁE’c’ieﬁly matrier dhe pRyppashiepispfarprgsiaam gt leestdwp rl@’§§$rﬂf the
I Hl‘éﬁ b QR ﬁlﬂ:rsf I mrthé ﬁlrg&eﬁmﬁg 9&@:&@ ﬁfwnﬁdﬂ i8G5t Bn elongate

di nensi on of which is nmuch greater hat he transverse
dberyrihe Ispgth gimegsiontef ahishtihmaengreaier th@élmtmnﬁvgqrgﬁ dipggsions of

t %ﬁdm fdfae rthxl:ﬂfekéideSAéE&'aﬂfglJ afik nEermmeE{ fiht188® N monofilament,
ribbon, strip, staple and other forns of chopped, cut

omumﬁémt irfbensstrin, Istaplezand other farink ef plzppperdy crlte@rullaaon@ruous
F ibér 4 Jl ik 1& Hﬁx;ﬁsr%gﬁlhlﬁ& ufr%%ﬂﬁlr El%gmec&&rper”lhe e_%:ll "fli.ggrs i ludes

k
p uralty 0 egoing or a conbination
t imeluedity offanyanfithd Bregomgrriamombgaton thargot oAprinsied cofitinuous

IV ch)xQ;?rqs%d oF mgﬁ)l f%@p&sﬁlaments.

The cross-sections of fibers useful in this invention may vary widely. They
may be circular, flat or oblong in cross-section. They also may be of irregular or
regular multi-lobal cross-section having one or more regular or irregular lobes
.projecting from the linear or longitudinal axis of the filament. It is particularly
preferred that the fibers be of substantially circular, flat or oblong cross-section, most

preferably that the fibers be of substantially circular cross-section.

As used herein, the term “high tenacity fibers” means fibers which have
tenacity equal to or greater than about 7 g/d. These fibers preferably have initial
tensile moduli of at least about 150 g/d and energies-to-break of at least about 8 J/g as

measured by ASTM D2256. Preferred fibers are those having a tenacity equal to or

in a cost-effecti vVRCTIHNU06/033151
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regul ar multi-Ilobal cross-section having one or nore
regul ar or_irregular |obes proLectln fromthe linear
or?h EBFEY tubfesatduakio Or greaten thap pbayigf¢/g. Particylarly preferred fibers
Pafd {hesd 1?&"\/{11\;3 PleRiSy reﬁﬁ’altt@ %I' F&:Q@r fHap @bsutl8 A, a tensile modulus
substantial 'y circul ar, or obl ong cross-section,
meg¥al i erraaeaids|thantahayt 409 é/df RitskansengRgy d$-Desak squahtol ajgrapter than
ci arycr

ab&lt 2@l g? &ﬁéng%?ﬁﬁ:ée%rt ﬁ%rlyzﬁé\%\’%l Ch&haduﬁéﬁ% l:n%gtrBreig}r&Pare

tenaC|tgﬁ i bers® means ve tehacl
eqlwe§1= embodimenys wawlieh the danacibofttherfigtsds eqlhéweorfgrdwr ¢han about

F I t
Do FR e AL o Bl 0 bl o 0P 8T eperey-
8 tQ}blgalaﬁ fmsdsta rog ggrdager At@ﬁMbDEtZEGI/ g PrAsfus(rdr mieiﬁ,i the tegmarnitial
t aran t o--hr e

t@e?é‘l%e g&’dg%g ?%ngqg %%gﬂgsn ag d@b ?é{xluusl oaf F[aStICIty as
p meﬁ:mrerdetd' A$TMr?35®foe atyhosed bﬁwsmg{ B638e1baa: niaylxenmaial to
or greater than about 16 g/d, a tensile nodul us equa
to or greater than about 400 g/d, and an
ener gy- t Ghbmetsioriecfuilers i(sed) in te eampdsite bAthe pherit iﬂv%ntlérgis in

oPBHaRD ahe 3P BRoL a5 Bl AT LFY RERARRRO. L A ety

obretfdiredf tdafigration afuehk ﬁl@ers)ns gheat twérRawh@biauthe2 Bbers are

the tensil e nodul ual . to or _greater than
BB*SFG%W@/ igned, p &ﬂ éF’ 8anﬂailwarall tagad © fﬁiﬁr Ypng a
ge&ame fibdtatreodal PretdrabiyJat 148t 465805006 b wBight mhé 8bdiSin the

"initial ttensl | e, modul us™, "tensile npdul us' .

" PR fabricgte ﬂei}%é t¢raH0N fikers,and motg preferablyad lq?éta'a@awe?cf % by
bye Bt tRe?fierd 1 thePfabidd dte ﬁifgﬂ tdMciFiD638 for a matrix
mat eri al . The network of bers used in the conposite
of the present invention is in the formof a non-woven

fabric fohd®snf hRbRS &1 RO idERRGIhY dd R&Ipsised™f one or more

particularly preferred configuration of the fibers is

i ﬁlff&rqaébk&brsker\sﬁbﬁleqrﬁ TheeyamsoBeysbaineessantielly racaliebplzgnment, or
lHeGaRd 0 vk Ribted NEY-RhafpsiiRShangital | Y parallel to

eag% ot he? al ons a crom?g% T berﬁgdl rection. Preferably,
at | east about 50% by weight of the fibers in the

non- mveﬁ]é@&fekghq{b%rshﬁsgﬂll S]xggb%g}%ﬁ/s Jnd%ﬁr?t:'s o@qge IR Sion are

pr ef er abl st abou
highly orlented high molecular weight high modulus polyethylene fibers (also known

as extended chain polyethylene), aramid fibers, and rigid rod polymers. Blends of

two or more different fibers may also be utilized. Most preferred are aramid fibers.

The fibers may be of any suitable denier, such as, for example, about 50 to
about 3000 denier, more preferably from about 200 to about 3000 denier, still more
preferably from about 650 to about 1500 denier, and most preferably from about 800
to about 1300 denier. |



wei ght of the fibers in the fabric are high tenacity
fibers. The yarns and fabrics of the invention nay be

weempoized of one or nore different high strenptirus2006/033151

20

25

30

fibers. The yarns may be in essentially parallel
alignnment, or the yarns may be tw sted, over-w apped

oPolspthulaen SersHpph tha diselgure of WhiF Paleabfivuherehy trremprts by
andebARIb aR leenI t'ﬂ@t it ﬁ\ﬁ@ﬂh&&l@ls@ﬁﬁwwﬁl yn fHelc %réto@ ot HNene,

nmol ecul ar V\Elgl hi gh nodul us pol ene bers
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1 eni e I f r o 00t 0
B0 G e B TS PR R 7 P B3y bR may e
dpsdh@dihyea aflliigharsl changtprOCSssr(eefeelb)‘B Patc Nbp@,ﬂm 6€%) byAs used

ferenc xt ent that
F BorE i R Pl Bt Bk At bmp e oS RARFE Tty e
anRy tdoagaim ﬁlﬁndnleingiﬂhts&)feﬂﬁglebrﬁﬁﬂhﬁigudnaéomﬁioghfs it e&xteeding 5
| east. .about 150, 000, ref e ast about one
TGRS Bl e O Briar B R s YO ReaR TR0t By coi pupied
aﬂfléreﬁbmufot fﬂo‘ifthgh abou®30 wUE lof bhtgbr ﬂBielqﬁ)lll}}r@dthﬂﬂﬂ@b&s such as
(0] ene |.pers e spun. 1 n outlon
P ey olnors i GpATHIAR Gy BRI (R SORIg, TRProRyieng or
f bd)l%[ﬁil&nes RUPoth&8 cBnaRrgt thétd- 61@ﬁrfsozfsr@rﬂnﬁ?|mcﬁlbﬁ1'dﬁt kifized
(see U .S. Pat. No._4,413,1 10, German O f. No. 004,

e@lygﬁfénsesraiﬁawmlefmw@maﬂ pwoxywethpskspgﬁepﬁg,qv\éﬁylecular
f WBRhS aHBYivhe s&rhOcha%@lomar@s rlthhdaae %ﬂt@hvﬂﬁa%&&nmg agents,

process (see U.S. Pat 5,702, 657) . used herein,

t pdorppls Anghie Jike w&ncbﬁ@ leanwﬁ nantly | i near
pol yet hyl ene material that may contain m nor anounts
of chain branching or conononers not exceeding 5

modi f yi n{]hg!hlt‘tllﬁcﬁe polypthylens rfibetraiupelidahtioin arcoseld wigr the
O?Qgﬂ i&ﬁéﬁn&t ﬁ{ilq% L FstBWh eNéVb' %ﬂsey,

Eout 50 wt %o@ nmore polymeric additives su

ab/SA.

Depending upon the formation technique, the draw ratio and temperatures,
and other conditions, a variety of properties can be imparted to these fibers. The
.tenacity of the fibers is at least about 7 g/d, preferably at least about 15 g/d, more
preferably at least about 20 g/d, still more preferably at least about 25 g/d and most
preferably at least about 30 g/d. Similarly, the initial tensile modulus of the fibers, as
measured by an Instron tensile testing machine, is preferably at least about 300 g/d,
more preferably at least about 500 g/d , still more preferably at least about 1,000 g/d
and most preferably at least about 1,200 g/d These highest values for initial tensile
modulus and tenacity are generally obtainable only by employing solution grown or

gel spinning processes. Many of the filaments have melting points higher than the
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ine, 1s era east abou
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bers, suitab fibers fromaromatic
also be used, such as co-poly(p-phenylene terephthalamide 3,4’ oxydiphenylene

terephthalamide). Also useful in the practice of this invention are poly(m-phenylene
isophthalamide) fibers produced commercially by du Pont under the trade name

Nomex®.

Rigid rod fibers are disclosed, for example, in U.S. Pat. Nos. 5,674,969,
5,939,553, 5, 945,537 and 6,040,478, the disclosures of which are incorporated herein
by reference to the extent not inconsistent herewith. Such fibers are available under

the designation M5® fibers from Magellan Systems International.

The high strength fabric is in the form of a non-woven fabric, such as plies

of unidirectionally oriented fibers, or fibers which are felted in a random orientation
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pol yam des are described in U S. Pat. No. 3,671,542,
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fibers from Magellan Systems International. The high
strength fabric is in the formof a non-woven fabric
such 48 gsnerals the fbpaugilavsss pbBa yerfiane e eRreferablyy formgd by

fdogﬁfu%tlwh%e@fl&wgﬁl ﬁlﬁgll* Qn@tﬂeﬁ%ﬁ’tm the network with the matrix
orientationunidirectiona orient eg bers typically

rrewpogitien. | As/esed berein; the Fegmmqm@ng esstuéqﬁidg aubﬁoaé ijgnse to describe a
df'ilfe? (flt:waﬁ]k mreﬂl %Cﬁ@gldluﬁyﬁlgerﬁtntﬁe'r Bais a%hﬁlthoﬁg(tla?y@fj of the

inadrection 90 from ers ' _
matrix composition surrounding the fibers or a discontinuous layer of the matrix

composition on the surfaced of the fibers. In the formed case, it can be said that the
’ﬁbers are fully embedded in the matrix composition. The terms coating and
impregnating are interchangeably used herein. The fiber networks can be constructed
via a variety of methods. In the preferred case of unidirectionally aligned fiber
networks, yarn bundles of the high tenacity filaments are supplied from a creel and
led through guides and one or more spreader bars into a collimating comb prior to
coating with the matrix material. The collimating comb aligns the filaments

coplanarly and in a substantially unidirectional fashion.
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fiber network initially and then coating t he network
with the matrjx conpositian. ed herein, the term

" coat i Ty coneolidated unHapg %Pd%socug é‘ﬁ% él%ted%@etf iape lajd juppiate a
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formed case, it can be said that the fibers are fully

episaEded in the matri x conposition. The terms coating
and inpregnating are interchangeably used herein. The

fi ber networks can be constructed via a variety of

met hods. Thfibdieinmael agipcsgt leyes anagtbe ghe S@me@étdtffﬁﬁ%ﬂt,l ajthough it

als pgerf&pedfthﬁ ®e fibers in each two adjacent layers of the composite be the same.

The resin matrix for the fibers in the fibrous layers is a thermoplastic
’polyurethane resin. The polyurethane resin may be a homopolymer or copolymer,
and blends of one or more of these resins may also be employed herein. Such resins
are known in the art and are commercially available. Preferably, such resins are
provided in an aqueous system for ease of use. These resins are typically available as
aqueous solutions, dispersions or emulsions, in which the solids component may
range from about 20 to about 80 percent by 'weight, more preferably from about 40 to
about 60 percent by weight, with the remaining weight being water. Conventional

additives, such as fillers and the like, may be included in the resin composition.
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prior to coating with the matrix material. The
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so that the fiber directions in successive |ayers are
in a 0790 orientation. The fibers in each_ adjacent
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PARERTKEGpdnN@E WithiBatd LRLHS the Qrtﬁﬁ&hPl'réfé}alﬁ{}U 86 @BhpbsAYE LS this
of the conposite be the sane.
invention form the outer facing layers of the body armor, such as a vest, but

alternatively they may form the inner layers. For example, in body armor vests for
military applications, in order to achieve a desired 1.0 pound per square foot areal
density (4.9 kg/mz), in one typical construction there may be 22 layers. Not all of
these need be formed from the composites of this invention. For example, a vest may
be formed from 11 layers of the tWo-layer structure that has been consolidated
together in a 90° orientation, which 11 layers need not be bonded to each other. In
such an embodiment, there may be 11 additional layers used to form the bottom layers
of the vest material; these layers may be woven, knitted or non-woven fabrics and
preferably also formed from high tenacity fibers, and more preferably formed from

the same group of fibers as are in the non-woven layers.
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in the conposite material depends on the particul ar
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fromtwo fibrous |ayers which are orient
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anot her.
One or more plastic films can be included in the composite to permit

different composite layers to slide over each other for ease of forming into a body
shape and ease of wearing. These plastic films may typically be adhered to one or
.both surfaces of each composite. Any suitable plastic film may be employed, such as

films made of polyolefins. Examples of such films are linear low density

polyethylene (LLDPE) films, ultrahigh molecular weight polyethylene (UHMWPE)

films, polyester films, nylon films, polycarbonate films and the like. These films may
be of any desirable thickness. Typical thicknesses range from about 0.1 to about 1.2
mils (2.5 to 30 um), more preferably from about 0.2 to about 1 mil (5 to 25 um), and
most preferably from about 0.3 to about 0.5 mils (7.5 to 12.5 pm). Most preferred
are films of LLDPE.
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As mentioned above, the composite material of this invention has

improved resistance to pick-up of water. It also has improved resistance to pick-up of

other liquids, such as gasoline, petroleum, oils and lubricants.

The flexible ballistic armor of this invention preferably is characterized in
having a V50 of at least about 1920 fps (585.6 mps) when impacted with a 16 grain
projectile, after the armor has been submersed in sea water for 24 hours at 70°F + 5°F
(21°C + 2.8 °C). The flexible ballistic armor of this invention is also preferably
characterized in retaining at least about 85%, more preferably at least about 90%, of _
its V50 performance after immersion in tap water at 70°F + 5°F (21°C + 2.8 °C) for

20 hours, when impacted with a 17 grain fragment simulated projectile; under these
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P P gD atie e NG (HE PRUGS SORBlOUSY  opgtions
W&Mteh@ls Opropétiosiesid Rpdreedt dma:&eae&& tonsteaad: tHehpréx6 (PS8 S Sthe
range. from about 0.1 to about 1. $2~5 tg 30 M),
Y BNt e CXBPRIa r 45h sy tnop be 091&%1%6% iitipg) the §oqpg ¢fcthe
MAventdAd A‘I‘IQ)%FceﬂtraEJs%@W Wei it OMIAD obrwdsedtdi. about 0.5
mls (7.5 to 12 mm . Mst preferred are filns of

LLDPE. Vari ous constructions are known for

fi ber-reinforced conposiégggiéﬁggin i npact and
ballistic resistant arti e conposites display
varying degrees of resist 1L penetration by high
speed i npact fron1project$$%§L§Uch as bullets,

shrapnel and fragnents, and the |ike. For exanple,

L5, S SN Al 4513 o

5(DKrLorGD 6208 530, Belfin, lByibg6, ¢Sl of, 1000 2802; teBeitg pf 39 /).
5U% El).’a%?g' 2)2 _?ra%ga OtgjfpSS gfgre5%ri!:€%%§ ég d)ag Zfl]g6§l§ 9@%&5 Rorh24hcfedP and
41h@dugh @O mbing station to form a unidirectional network. The fiber network was
then placed on a carrier web and the matrix resin is coated thereon. The matrix resin
was a dispersion of a thermoplastic polyurethane resin (described by its manufacturer
as being a copolymer mix of polyurethane resins in water (40-60% resin), having a
.relative density of 1.05 g/cc at 23 °C and a viscosity of 40 cps at 23 °C). The coated
fiber network was then passed through an oven to evaporate the water in the
composition and was wound up on a roller, with the carrier web stripped therefrom, in
preparation for forming the composite material. The resulting structure contained 16
weight percent of the polyurethane resin. Two continuous rolls of unidirectional
fiber prepregs were prepared in this manner. Two such unitapes were cross-plied at
90° and consolidated under heat and pressure to create a laminate with two identical

aramid fiber laminae. Two such two-ply consolidated structures were then cross-plied
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4,403,012; PCT Publication No. WD 91/12136; and a 1984
publlcatlon of E.I. DuPt De Nenours International S. A
erftas  AeRly elamith¢omRositn SeBPise of this PRIPTR! MeABIINRIGH X AS iR (8.7 x

Sy 760 Wird fked 119@13 FARNInFHe8X UMERO BtheriRie! 15’([1023&1 fiik Iﬁ’fs?samples

all describe ballistic resistant conposites which

i neallefthefollawingrespigplps Wers diressamg dige s hersamndes InbrEeRIE dr

wei ght pol yet hyl ene and aram ds. In one enbodi nent of
the invention, a vest or other body arnor or other
article ilhef gateedidkripa reststanentdfothal 4-pyn nempdsite nstricture was

pld%ﬁllllhé(y aso{"olll)ﬁ%/ Cirfe Qg npgcgﬁtf nggrﬂﬁ)rﬁé & e L%%ia"fﬂeg Sgﬂﬁas\gater at

| ayers prefera are am nated toget
beocstt templeeatiire blg)élf RaPC)t for awmdetasﬁmppag@ero‘fhutlh@e composite was

I %91'1 VI dr{’l f,aé}lll){ptlol s mln&tes e%rp e?rgck 1t t ? g]ﬁto(%f}g weF gﬁmposne was

ayers
coompmed 1wl tharaf, alnel d,rglcympodnte td dytemsndTéy weeghe gzua,s dtle assulls are

whol e ket o overin As menti oned

aBIB wnm%ﬁ%r ﬁagggrinLabﬁlgiiEF,é of t%ls i nvention has

i mproved resistance to pick-up of water. It also has

i nproved resistance tq pick-up. of othe u L aSUGh
o gasol FHEn epPb et e e Bindns ey o-ghpd SaHp ans sbout
f heutk,he tHealldvies offfobtheBiiratddn dfihe24-Roae k. on pref er ably

is characterized in havi ng a V50 of at |east about

1920 fps (585.6 nps) when inpacted with a 16 grain
projectile, after the arnpgarhsie 2been subnersed in sea

water for 24 hours at 700 (21 0C 2.8 0Q). The
flexible ballistic arnor of this invention is al so

preferab Wa&ﬁl@flaﬁés%ﬁe%&@ éﬁeﬁt&hﬁleﬂémﬁvo&ﬂly hﬁﬁﬁ& c tte was
85% nore preferably | east about 90% its

péfsr Srmgsh ath 20 By mil ﬁ%? BMOHNgaR Iqvagdensiy @crlyeébylemd#w@ﬁ) film

(84 Gne 2uBaddC) TH®lof s RbPosi¥IRErel FBASEHdRH Wh tahpréss] With the
grain fragnment sinulated _EIWOJ ectile; under thesenot

niiemid faygrsafsene Boothend tesyi afag rdaBiply ABMIidsiractEisayith
ap&%thﬁgné’ AIFQTh kdch e sWRlcght -

The water resistance of this four-ply composite was tested as in Example

1, and the results are also shown in Figure 1 (as curve labeled Ex. 2).

It can be seen that the weight gain for this structure is very minimal, being

about 10% after 24 hours. In addition, the weight gain levels off after about 12 hours.

Example 3

Example 1 was repeatéd using ohly the two ply unitape of aramid fibers.
The water resistance of the two-ply composite was tested as in Example 1, and the

results are also shown in Figure 1 (as curve labeled Ex. 3).
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Moreover, the flexible ballistic arnor of this
invention preferably is characterized in retaining at

wo e@3noabout 85% nore preferably at | east aboReT/@884p6/033151
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of its V50 performance after imersion in gasoli ne at
700F 5F (21.0C en i act

with a 1ét(cgaPabF e gl Vrigepihdor B va\ﬂrg LR ngith
exarjghegaianfer2i dsenbesboun2q3.ovi de a nore conpl ete
under st andi ng of the invention. The specific

techni ques, conditions, materials, proportions and

reported data set foEidingl®4(Cépiraiv® t he principles

of the invention are exenplary and should not be
construed as limting the scope of the invention. Al

percent agesmale €l By repeit) texcdph RS ShOTRA WaR Shah®dastomer
EXAMPLES Exanple 1 A four-ply non-woven corrp05| te was

f GrALa®r P /| isgrsene-shirenerisgprnc rhlork, copalxaen AYaipbly Stymp Kraton
f P&Wn-&eL]LC)" THRA¥AJAE: &F (ReRERn Be 03919951@%5316§/Q§Wé1%ﬁ’t Qach

g// Uni tapes of aram d fibers were prepared
p5§

A TRiSoras copitte YR O £ SUeM Tim 06 KBDPRE. A
o ?ty Rfida® W& f&hﬁedlw &Hngaﬁiaﬁwo m&%iﬁatel tzﬁar&u REbramid),

was then placed on a carriefr web
rratthutke pekyethylere dims ed thhensosurfape rﬁilerwerr @énshn&vagf this
détﬁx@%’fébv%‘te%d % f L J@Sgnhqhmkm &l Q@@@hof“ﬁ,s{nfl: ure 1 (as
(describ by its manufacturer as being a copo ner
Wwﬁﬁb%@igwl“ét hane resins in water (40-60%resin),
having a relative density of 1.05 g/cc at 23 0C and a
viscosity of 40 cps at 23 0C). The coated fi ber
net wor k It@an bheean piasﬂlsobomppsilqgimt@rm shosis ah (80%\mepght gaia after
t;ﬁ%flt}’\?thgﬁrs ndttEx Weéﬁ' Oﬁéﬂg tr{e/\ng nnsarl}olu%vgmg SR gl}rglféilglﬁgl the %4 -hour
ptegp as gdbmpared with Eeamplad, théeeigbtgadsis hppradibdy mate. Th e
resulting structure contained 16 wei ght percent of the
pol yur et hane resin. Two continuous rolls of
uni di rectional fibeExamp@»nyigtiw)epared in this
manner. Two such unitapes were cross-plied at

Example 3 is repeated, except that the resin matrix was the same as in
Example 4. In addition, LLPDE films were attached on both sides of the two plies of
the aramid fabric layers. The water resistance of this two-ply structure was tested as

in Example 1, and the results are also shown in Figure 1 (as curve labeled Ex. 5).

It can be seen that this composite material shows a 60% increase in weight
gain after only about 1 hour, and the weight gain remains approximately the same for
the duration of the 24-hour test. As compared with Example 3, the weight gain is

appreciably more.
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90 and consol i dated under heat and pressure to create
a lamnate with two identical aramd fiber | am nae.

waaw 7891780 t wo- pl y consol i dated structures wer ePCTE82006/033151
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cross-pliedwas a 4-ply aram d conposite. Sanpl es of
this material nmeasuring 18 x 18 in. (45.7 x 45.7 cm
were used in the follow ng test. Unless otherw se

I ndi cat egh E}h@eiaﬂﬁ)‘le SAMRYeSof the %dr-p@f cdnlilﬁ»sﬁ@bf Bxdnhlde 1 were
exanpl es were the sane size as_the sanp

n anpl e .
1f°“T‘F1% toggther <t7ﬁkc9klt¢195d Pleacl comen 2 WF’f‘FeteSzfed;ng‘? R gg‘?‘taé in
SELMAFIL T SwiRe d IB/PpAAREbANoNE oD dryl foe tHeQRERO PEid dFaine.
|nnersed in a container of tap wat er at room

t Shprepdisgreshowpartigpre ey curvylabgledi Pk at ed time, after
whi ch the conposite was hung vertically for 15 m nutes
to drip dry. The wei ght of the wet conposite was
corrpar edIttagnttisateew that e vieighteasimissibpet €3> @Bere? hhpis.t Weich
o] he s86ie hESULS Brsfr.Shown in Figure 1 (as
curve fi gddl? 5 ; ‘55( t can be seen that the wei ght
gain increases to about 52% after about 4 hours, and
then |l evels off for the of the 24-hour test.
Exanpl e 2 Exanple 1 was ?ﬂa% 199, except that each
two-ply aram d con‘posnte was first formed with a 0.35

~ ml (8. 8% le I ne?ea {eps?aqgﬁ %Fln wfnﬁ ¥1 ng!er%/%%ﬁ% lprep V\%%W&:S te of

filmon ohe surface
cBrsqlé daTbestiuethae pressted ﬁurmlghh gaig pim Ekampyeeﬁr gnd the iresglts
each, ot her ply aram d structure

Th
\/\ﬁ“?ﬁh(bworlwgll% gﬁaé;cﬁvfi%)mp Eéa7h outer surface. The

wat er resistance of this four-ply conposite was tested

2P qure At e GiepdRl b Vehicin By Miplielfe BEANRat pogp

t the eu@bahd 2ghdur tdser this structure is very mninal,
bei ng about 10% after 24 hours. In addition, the
wei ght gain |levels off after about 12 hours. Exanple 3

Exanpl e 1 was repeated Usipxigngd8y the two ply unitape
of aramd fibers.

Example 6 was repeated, but with 11 layers of the two-ply composite of
Example 3. The structure was tested for weight gain as in Example 6, and the results

are shown in Figure 2 (as curve labeled Ex. 8).

It can be seen that the weight gain for this structure is about 40%, from the

’beginning to the end of the test.

Example 9 (Comparative)

Example 6 was repeated, but with 11 layers of the four-ply composite of
Comparative Example 4. The structure was tested for weight gain as in Example 6,

and the results are shown in Figuré 2 (as curve labeled Ex. 9).

17



The water resistance of the two-ply conposite was
tested as in Exanple 1, and the results are al so shown

WO pooFognrse 1 (as curve | abeled Ex. 3).1t can beCHES206/033151
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that the weight gain for this structure is very

Dol Bl ke e AT ot o1k Tp dpalpB Al

exdeRhbs taivelghe ghi@SéuivdTer MEx¥mpPpRS6 af esdeAsdllgNB4t, it is rising in
(Kraton(r)_ Dl JIO7 i soprene-styrene-isoprene bl ock

cSPBPHREYE BXPRSDl e from Kraton Pol ymer LLC). The

amount of the resin in the conposite was 16% by

wei ght. Each 2-ply aram d | ani nate was consol i dat ed

with a 0.35 nmi| (8. ExamplelQ(Gommparatiek A 4-ply

| am nate was forned by consolidating two 2-ply

|am nates (aramd to aramd), with the pole/ethyl ene .
films onExmaplst wis wasatede Byt witth&l lpyeisof thesierpl cempgpsite of

t @O&P%fiWEH@IM@S The SthffurdSvak esfed 30PN S gt gam v ih BRample 6,

resufts are also shown in Figure 1 (as curve | abel ed
Exnd ty resplts are phopa is Eignret2h@s cuyryg label dfte materi al
shows an 80% wei ght gain after about 2 hours, and the
wei ght gain remains about the sanme throughout the .
24-hour fileaan be Agenglatthis ednposithmBeaaidiaga veighhgaipef aeut 72%
ST F &GipaRLYw Pt ‘aéSHfI%UPtaﬁ(WnifXﬁ two-pl
Exgg%}rp%ghgﬁgs&?d@gggt%@? a:"?&:‘ggt t gt g?%e resin mat %hlech)p_y
wesmpdsée of ixamplei h Blempitereds thenwaighii gaineurve | FPOBXafriplens is
wer e attached on both sj [.the.two plies of the
an@a‘c’?ﬁnﬁhygﬁ?lﬁés 1‘%‘%‘%’ @Wﬁ%‘ﬁﬁ% Xealrn!i p#%ls(?'st ance of this
two-ply structure was tested as in Exanple 1, and the

results are al so sho%i n lil3 tg_!;r edllg(as curve | abel ed
Ex. 5). It can be see i nposite materi al
shows a 60% i ncrease in weight gain after only about 1
hour, nd. t he wej ght in.r i ns roxi kglythe .
o et Bt ptelertin Ot her B P SF € Sy
Woi Bxdnxaem | veerd detbiénaticheddit afidiafieri 29 lappy @Cloaltihy inmap evaked at
t hj e, 11 | ayers of f - ite.
E%Q{’ﬁd?é’%gphﬁ fragment Xras as specigiergleby ﬁﬂf-PBl%g%% )I, tczﬁlng =22,
17 grain Fragment Simulating Projectile (FSP). The test method followed the
guidelines of MIL-STD-662F. Several 17 grain FSP were fired on a shoot pack of 23
layers of the 4-ply laminate of Example 1, each measuring 18 x 18 inches (45.7 x 45.7
cm), which were stitched only at the comers to hold the layers together. The shoot
pack was clamped only at the top, and the lower part of the shoot pack was partially

“restrained by 1.5 inch (3.8 cm) wide steel angles clamped on the edges.

The V50 calculation was determined based on the average of 6 pairs of
fragments stopped on the shoot pack and penetrated the shoot pack. V50 velocity is
that velocity for which the projectile has a 50% probability of penetration. The

maximum velocity spread allowed is 125 fps (38.1 mps).



formed together (tack stitched at each corner) and
were tested for weight gain as in Exanple 1, with the

wda 1e07a9B80 package allowed to drip dry for the BEmES2006/033151
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period of tinme. The results are shown in Figure 2 (as
curve rlsabel e t can be seen tha% the wej
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Exarrpﬁ e 9

(Conpar at i ye) Exanpl é-B)wap repeat ed*858ut With 11
| ayers of the four-ply conposite of Conparative
Exanpl e 4. The structure was tested for weight gain as

in Exanple 6, and the results._ar 1 hown in Figure 2
2 ours, conpared with

(as curve | abel ed Ex.
a wei ght gain of about 62% i n Exanple 6 . Al so,

urve of 6 i
e aft bty cPrraglenyif® sibsperss te? g pEpeti YL LR} ere
UetdrnaieP befolddarddGHEP 24 AbirY 8f soaking in tap water, in the same manner as
with Examples 11 and 12.

The results are shown in Table 2, below. It can be seen that even after 24 hours of
soaking the shoot pack containing the composites of this invention retained 92% of

their ballistic performance characteristics in accordance with this test.

TABLE 2
Example | Condition Weight, Weight 17 Grain FSP | Performance
psf Increase V50, fps Retention
(kg/m’) (%) (mps) (%)
13 Control 1.04 Control 1887 Control
(5.10) (575.5)
14 Wet 1.46 40 1727 92
(7.16) (526.7)




Exanple 6 was repeated, but with 11 |layers of the
two-ply conposite of Conparative Exanple 5. The

wa@oaoese was tested for weight gain as in Exeepige2066/033151
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and the results are shown in Figure 2 (as curve

| abel ed Ex. 10). It can be seen that this conposite
materi al has a wei ght gain of about 72% after 24

hou I'the bakliﬂqilm‘lﬁdcmfrikths af Welagdis ofthe N- pr coﬁrpbyiteaﬂ(ﬂthﬁﬁ%were

rthet site_.of Exa

¢ RlerhifteRotin SRFT 80k Seshakige 3 B as Bam aprgre (10,
f b EC). dBallisSc t‘ebtf) iwege tondGaepay it Exapks amln@fllobult 5)&@1”11‘1 £&in,
11 an 2 The stic characteristics of multip
Be e e BT S fogment ysebt e RS, el o
1 were determ ned before and after 20 hours of soaki ng
in é%]e vva{ er af 700F_(21C). The fragnment was
s peditf FEshithire pRavpingkblssi belewp)As shaivp e fable 3,2th cqmposite of
Otha MvértdE BB indfeldedah i iG] B9 hig 4 E&P } soa-l-(lfﬂ?g tn€gdsoline,
method fol | oved the quid deTines of ML-S
sedisptine amingpalipickppt s liguid. rAlgo, dirag bg Préeﬁhaba‘cem afjer Hhours

| 8y ©aRin®fin tAS1itke Rhey sl’lo%m)mt &)n%fmu%( ﬁfm&npgmteg %@nhls invention
measurin 8 X 18 inches (45. cm, which were

stetainet 84 7anf|theirdhallisHe perymancs cb@a«msﬁcq lnecqoa@ﬂeﬁ%wnh this test.
toget her. The shoot pack was cl anped only at the top,
and the |lower part of theasneat pack was partially

restrained by 1.5 inch (3.8 cn) w de steel angles
cl amped-on the edges. The V50 calculation was

det ariHRRY | CA¥En o Wrghtay br Weght of 16 Gl RGC Jferformance

fragnents stopped [on bife shdatreappa¢k aSUfpsenet Rakeint he
shogt pack| V50 vel ogbdny) i 5 that Vel og,{fpg)y f

t he qugec |Ic\h1nc- aol-sgf%O/\ nh:\hlllf\/n
The |maxi mupn V& ci ty Spr cad A Bwed i &' 125 1
nps)|. hour s| of soakli ng*%he shoot pack %At ai ni ng t he
conposiig es| of wethi 5 1 nvant1pn tetalnedi&d% of thesr
bal I}i stic perfor mancg Gharpcteristi 05(57| B aC( or dance
wthothis test _TARI 1" Exanples 13 (g]

Accordingly, it can be seen that the present invention provides a flexible
ballistic composite that has improved resistance to pick-up of water and other liquids.
Armor, such as vests, made from the composite of the invention is flexible and
likewise has improved resistance to pick-up of water and other liquids. The armor

still retains its desirable ballistic-resistant properties.

The invention thus provides a method of improving the resistance to pick-up
of water and other liquids of a flexible ballistic resistant composite material, wherein
the composite material comprises a plurality of non-woven fibrous layers. The
fibrous layers comprise a network of high tenacity fibers. The network of high

tenacity fibers is coated with a thermoplastic polyurethane resin such that the resin

20



The ballistic characteristics of 48 |ayers of the
2-ply conposite of Exanple 3 were determ ned before

wapa7adt7er 24 hours of soaking in tap water, iPCT/H82006/033151
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same manner as with Exanpl es 1 1 and 12. The results
are shown in Table bel ow. It can be seen that even
apelpgthylencHihgrss rigi f%‘bﬁ‘?ﬂrsn‘g blgnds dmtset pack containing
the conposites of this invention retained 92% of their
bal l'istic performance characteristics in accordance

wi t h tHiisinveriion alsagrevideraemthod ofsiipeovinigthe wsitaneg foguck-up
0

B G
gabichi inefommed obrat tleasp onatapmpogieOmRterigl] C)The Baintriosite gnaterial

lLEL BRSO B RIBL P R Bbn

sanq:IWerlq‘qfdnthmasn)aﬁbexs eBleby:thnb othlsl teprarty fibTtsas caatedivtith a
shown in e

cpha Pl b B n B Bt gTo M R0 L BafR g i e

bflexidétbadyt ertmot i arred R0 aalastng pan fgms tlei qmmp051t¢dnaiamal ragd ahe

BB et P B R e G R s
stheett. pack contai ning the conposites of this invention
retained 89% of their ballistic performance
characteyistic accordance with. this test., TABLE.
Accor di ngfy"e 'tﬁ ﬁscﬂléedsg“@ mf’ﬂﬁ'lontWeragfeéstgﬁtdetﬂoékt"flﬁ pe
pﬁmfsdﬁa tidit Edcmbiail Qeddidok béimalmme@ tot lﬁlt tHaefurthéschanges and
i nproved resistance to PICk up and ? Eﬁb
| madifigriionspyy sueeesfdhenss!ivey oy e ﬁ“rﬁ'&% "? At AL flngowithip dhe
ofcopd 6t theeftoR Bs BTinkl By inklsgbj@neh diaikewi se has i nproved
resi stance to pick-up of water and other liquids. The
arnmor till retains its desirable ballistic-resistant
properties. The invention thus provides a nethod of
i mproving the resistance to pick-up of water and ot her
liquids of a flexible ballistic resistant conposite

material, wherein the conposite material conprises a
plurality of non-woven fibrous |ayers. The
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fibrous layers conprise a network of high tenacity
fibers. The network of high tenacity fibers is coated
waowdon/ogr7sher nopl asti ¢ pol yur et hane resin such PE¢EUS100€033151

resi npol yethyl ene fibers, rigid rod fibers or blends
thereof. This invention also provides a nethod of
i nproving the resistance (Q AQhfk-up of water and other
quui ds of a flexible ballistic resistant arnor, such

a bo arnDr which is forned of at |east one

rﬁ%é ter| al . The conposite material conprises a

5 .

o Jgexfsgeyéarﬂ;s%gores@.as. SPSEAE Sl e B gee o

f plbemﬁ of Waer asd whél‘rdlqilidshd;a@ﬂ’]cdmm tnyteﬁzillb:empnsmg aq»atreldy of
with ath rrm Iast cd&g) uret ane resin F E?}httle?r?ci

r BYHOYSy ﬁééetr?’lsﬁ‘(‘ FIPFOUSHAYeFs; SOBPLISIg 3 Ky otk jof Pugh Jemjeity

afipas éeﬁecfeﬁr renh alie |geapt comigiagt off ragimid hﬁbeﬁﬁ)l’mﬂsﬂldeé chain

mat er | and the. fi S ar r d fj t ended

0 Ol heBeR PEidof e and pRga st P DbeS SRR quatix
t bhRRing aHAtBBlabti B yessKnE BRfh. t he i nvention in rather
full detail, it will be understood that such detail

need not be strictly adhered to but that further

change sompiditdRdichihICaHclnS %&’reﬁl%ﬂl&ﬁémfoﬁl@ﬁ&q{dfﬁﬁethﬁe resin
one skilled in the art, al | falling wiwthin the

oFS PrevEntiim AP fram aleti e gbey 40 Rerce by yeighie! the total weight
15 Ch@thdBorfipeMdS What is claimed is: 1. Aflexible

bal I'i stic resistant conposite material having inproved

resi stance to pick-up of water and other |iquids, said

co ”ﬁﬁé&&ﬁpd’!ﬁé ShicRhl chQiH%'zS wﬂ&eﬁx &R d%@fh,lobms&fpmpetmx §&in

fibrous layers, said brous layers conprising a
n@tlwcﬂekt mf anhiménnt Eivac ahoyt 9 meﬂb,m% S0aercent by vgighhef the total

of aramd fibers, extended chain
?g (ﬁf(&%ene ?a%e rigid rod fi bers and bl ends
20 thereof sai d flbers being in a matri x conprising a

t Pe'i"ﬁ‘é’&%n%?o% & Flggl"lX]l'{)rf & \ﬂ[}}g riewl(e?eih cha%:ﬁt ﬁ-ﬁgufﬁgg?g §rietc?oss-plied

mat eri a rern sal er nopl a
pweitly wspdchtrmme mesgthar. i s present in an anount from about
1 to about 40 percent by weight of the total weight

5. The composite material of claim 1 wherein adjacent fibrous layers are cross-plied

25 at about 90° with respect to one another.

6. The composite material of claim 1 wherein said fibers in at least one of said

fibrous layers comprise aramid fibers.

30 7. The composite material of claim 6 wherein said fibers in all of said fibrous layers

comprise aramid fibers.

8. The composite material of claim 1 wherein said fibers in at least one of said.

fibrous layers comprise extended chain polyethylene fibers.
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of the conposite. 3. The conposite material of claim
2, wherein said thernoplastic polyurethane resin is

wEe@3meerse n an anount from about 10 to about 3PCPESWHE61033151
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by wei ght of the total wei ght of the conposite. 4. The
c S|temaer| vvherel adj acent fibr .
3ol uREhe betoe e T e R B Theh of¥ 8 S
Tlﬁbromotapexslcbmpnmtr@ld @l fibkrscl ai m 1 wher ei n adj acent
fibrous layers are cross-plied at about 90 with

respect to one another. 6. The conposite material of
cliai Thd corysisizé ma&ﬁhﬂoffdlmrlsfuftﬂera:bmbﬂﬁﬁg atdest ofe Sastid film in

fibrous.layers conpri.s md fibers. 7. The

B pith S EPL PR oOK TOFSH e Swher f n sai d Fibers in
all of said fibrous layers conprise aramd fibers. 8.
The conposite rmter];(gtj of claim1l wherein_said fjbers

i hlat he EQRROSEH Matsriakel dpip; 1&9%‘{%‘“? &3¢ plasticofig} gagpprises a linear

emwem&@,mﬁmmlmﬁt hyl ene fibers.9 . The conposite
material of claim1l wherein said fibers in at | east

one of said fibrous |layers conprise rigid rod fibers.

192, Tihe oRpBaR! hftefBt I didh PEofprid® dvof ML P&Ven fibrous layers
conprising at | east one plastic filmin contact with

atvhick agterensdlied withrespect irapganethgfers. 11. The conposite
material of claim 10 wherein said plastic film
conprises a |inear |ow density polyethylene film 12.
The Tesmisowiopies meferaliohrlait 12 WhermnBaiddippeusdayer arqueross-plied at
NeER-+YOMEJulel brous | ayers which are cross-plied with
respect to one another. 13. The conposite naterial of

cI al m 12 wherein said fibrous |ayers are cross-plied

ﬁ‘péjte %ﬂ@rﬁ o}%lair;[ rieco 191? f%l?r RL 5\!eﬂ ﬁb?(];us layers

al m rsi ng our non-wo rous aye
Wthh are cross—phed with respect to one another.

15. The composite material of claim 14 wherein said fibrous layers are cross-plied at

90° to each other.

16. The composite material of claim 1 wherein said fibers in said non-woven fibrous

layers are arranged unidirectionally in each layer.

17. The composite material of claim 1 wherein said fibers have a denier of from

“about 200 to about 3000.

18. The composite material of claim 1 wherein said fibers have a denier of from

about 650 to about 1500.
19. An article formed from the composite material of claim 1.

20. A flexible armor article formed at least in part from the composite of claim 1.
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whi ch are cross-plied with respect to one another. 15.
The conposite material of claim 14 wherein said

WO plroessd ayers are cross-plied at 90 to each PCTE82006/033151
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16. The conposite material of claim1 wherein said

f p eIps ﬂéﬁbl% EHaﬁlsp@ FesiRNE Qorfnﬂogft@ Hﬁtebglyl%:\]’ﬁlg réVeli qg]sgs@glce to

uni di recti onal i n each layer oSl t
naickup apf Gfateg| Qildrrplilelwli@rl@ﬁ,n sasdu pripositer mamb camdemgr said

OEorﬁﬁ g% ﬂlQEHLI &)g'%n%ﬂéﬁgﬁﬁgahéoo% nboven Bg ofi 'iQ}Qx% ga?d ﬁbrous

mat er | rein’sai ers have
ofayé¢rs oomprizngta @500k of higb luftnadxﬁ(lﬁhersl@lectém framtthe:g@u]ﬁ onmsrBdng

foo E?aInli]cF P?%F’Eg?éntdgd gﬁ&?rqlo ethy ene fibefd] %1]g1d29)d ﬁbers an& %kends

arnor ar orne I'n art
cthmpo& sdié ﬁbérs béing im alm@ix cémfnhﬂng zbtlha'n’_@)@lalsmcsﬁdlymrethane resin, at

r an oste terial, having inproved :

B s RORRR 1,8 TRinE e B e le et it s
corepdsitha. mat er| al conprising, said conposite materi al
conprising a plurality of non-woven fibrous |ayers,

said fibrous layers conprising a network of high

t ZnatThd yorhpdstd mareahlesit @simf Z10Whébia FIdORICRNGIl&dsi ok & said

aram d fibers,. exten chai n et hyl ene fibers
RGP s FRISE AL Breadae HDABIRS (el Aerasspichbuiogy o
I dacRofiBt ri X conprising a thernoplastic pol yurethane

resin, at |least two adjacent fiber |ayers being
oriented in a cross-ply arrangenent with respect to

enchh AENBIE armdod-artithefo fRIPA $atiGn P’ﬁ{ fbth e RMpblirdi oTcRint 22.
wherein said fibers in at | east one of said fibrous

| ayers conprise aram d fibers, and said fibrous |ayers

e Al AS$H1P bhifsticesi9@nt :Qm%@%t ﬂla'é"ﬁﬁprov%g resﬁ‘stfirlcg)% kf)'l(ﬁ’( -up of

arnmor article formed at least in part fromt
cBatpfodd: etheyt liquidy, gpmprisimy at Jxast| qag| W@lqommpomw enaterial, said

rc%%ip%&@%at@t‘iﬂ%[)mbnﬁ%g g %ﬁlr}dl ro@\ﬁ&gw’bge?l' ﬁﬁr@ﬁkcﬁ%érp said fibrous

pi ck-up of water an ther 1iquids, conprisi
| layess compaisip @uetyosk elonghotenacty hiers séledted kserh ghe group consisting

of aramid fibers, extended chain polyethylene fibers, rigid rod fibers and blends

thereof, said fibers being in a matrix comprising a thermoplastic polyurethane resin.

25. The flexible ballistic resistant armor of claim 24 wherein said armor is body

armor.

26. The flexible ballistic resistant armor of claim 24 wherein said armor has a V50 of
at least about 1920 fps (585.6 mps) when impacted with a 16 grain projectile, after the

armor has been submersed in sea water for 24 hours at 70°F + 5°F (21°C + 2.8 °C).
27. The flexible body armor of claim 24 wherein said armor retains at least about

85% of its V50 performance after immersion in tap water at 70°F + 5°F (21°C +

2.8°C) for 20 hours, when impacted with a 17 grain fragment simulated projectile.
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conposite material conprising a plurality of non-woven
fibrous layers, said fibrous |ayers conprising a

woedrosksof high tenacity fibers sel ected fronP€TES2006/033151
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group consisting of aram d fibers, extended chain

er igid rod fiber nd bl e
PSSO el RGP B B R AR AP p o
thewormpiﬂst(avqaetya@)eﬁohmmoumm n. 25. The flexi bI e
ballistic resistant arnmor of claim?24 wherein said
arnor is body arnor. 26. The flexible ballistic

I ¢ ThamlexidleNBydy Grméd & ml%zmeérelmaﬁiadrﬁhoardmm ftdsastabout
V50 of at | east about 1920 fps (585.6 wﬂ o
i AVAEdE Y per ﬂrencaraétﬁwwefle%n Fg. Wﬂé?ftaéﬂo e armst!’C *

hage a6 ShianEe (viedint _}ﬂcté@a'ltlﬂi\@tl @ lpraiPfragidenh@ihii Bitedtprof 63dile.
5F (21C 2.8 OC) The fl exible body arnor of claim

24 wherein said arnor retains at | east about 85% of

¢ VR msido rbﬂ'%n Qﬁn&f $e¢1aitd DB Wit sdld tadBoMBiHRSitsad weight
7CDF 50F (21 for 20 hours, when inpacted

winersase 0fmogmateﬁhma&g Yo BPTHIS éf}@ﬂelgbt@ftébwmeéswfhElrtélayéter

Ofy 709 +T5F §2f-pan gbOUbr RPIAfL Om i ts dry weight after
imersion in tap water at /00F 5F (21C 2.8 00 for

20 hours. 29. The flexi bl e body arnor of claim24
Vm%gr enq&%léjbﬁﬁ 5>¢£rﬁfoP§f Him! ﬁ%&lné Qﬂk’&st A 8’5‘% bF ﬁs V50

or nance a I mMmersion 1 n ap wat er at
Sper{opnage afer @@erslgm irogslinarat TORhe s’ PHELEASR) fordt hpas,

gaﬁ&pm&mag %guhgégaﬁ fLojectile. 30. The flexible

erein said arnor exhibits a
nelght |ncrease of not nore than about 40% fromits

d [ af t rS|on i n o
Cr%é/ Z—ﬂ% f% blef balle% b C)xylalarrgnor %flclan?he rFt\fN%g gtblfra@i %bol(a? é:O/f gf 1ts( @50
hmigommma rafte:f inhaasiom ﬁﬁgasﬁtralan g0°at t158ag21°abiot °Ghfdr efhours

V50 pe ce.after .imrersion in gasoline at
m%@%‘i tgggga?%ffmﬁn¢or 4 hours, when inpacted

mnth a 16 grain projectile. 32. The flexible ballistic
ast about 9 0%

b gy f.cl.aim?24 retains . at.
25 (S HOBe oM Rl Bt B AL G SRPPR RS ORI Atk up of
7@&& aﬁi:o(hgr 1i§6&ids, Zofhpdi€ihg fabllead dreUflEkible composite material, said
composite material comprising a plurality of non-woven fibrous layers, said fibrous
layers comprising a network of high tenacity fibers selected from the group consisting
of aramid fibers, extended chain polyethylene fibers, rigid rod fibers and blends
thereof, said fibers being in a matrix comprising a thermoplastic polyurethane resin, at

‘least two adjacent fiber layers being oriented in a cross-ply arrangement with respect

to each other.
34. The flexible armor of claim 33 wherein said fibers in said fibrous layers are

arranged unidirectionally in each layer, and adjacent fiber layers are cross-plied at 90°

‘to each other.
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when inpacted with a 16 grain projectile. 33. A
flexible ballistic resistant arnor that has inproved

wo e®revAEBCe to pick-up of water and ot her | i quPCiBEUS2006/033151
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conprising at |east one flexible conposite material,
nonnq rls\g/sgt:ﬁvo?r{o%%odgﬁ ?arog? lsayerg gﬁfa gbrrtgsa-p k? @d"lt(g gacg other.
corrprl SI ng a network of hi gh tenacity fi bers sel ect ed

p conS| ram ibe ext ended
oG oS BRY mae 4 Hpl 33, v, i PR cTH S
t h@mﬁﬁés fosBhdth-W oA fibrdie ldyersiwhich af@drbds>plied OfTto 8adhdtier.
t her nopl astic pol yurethane resin, at |east two
adj acent fiber layers being oriented in a cross-ply
ap7.armge feKiblevdrinbr bLSARE B3 twheRAC khidFib&S in &fd ndhe/oven fibrous
flexible armgr of claim 33 wherein said fibers in said

f japre 4 2frangsA unidirgctignallyia cach Jayedi r ecti onal Iy in each
Iayer and adj acent fiber layers are cross-plied at 90

to each other.conprises_two non-woven flbrous | ayers
wht-c Ahe fexibleasmopp elgimd3 terther cAmpr g 2t Isgst ogpglastic film in

f LBl Bn 8F1BRE offofchidiiBodS1pher ei n said flexible
conposite material conpriseS four non-woven fi brous

| ayer's which are cross-plied 90 to each other. 37. The

fkexiid ﬁex%ly%o?fof eﬂaaﬁ AR 3BetELEN fibedh dt fehS0S of Qu@ﬁbr@us
non-woven br ous ayers alr e arranged uni di recti onal | Yy

i hy@aefrmnﬁyelram@@berﬂ'he flexible arnor of claim33
further conprising at |east one plastic filmin

contact with at | east one of said fibrous |ayers. 39.
THe FHedlekiblecarmpneficlam 33| vdieriBgiddrmor¢ampsisescbody laemas. i n

at | east one of said fibrous |ayers conprise aramd
fibers. 40. The flexible arnor of claim 33 wherein

s4i. dlterflewiblecaompr ofadmmi@dyhesaimmid bofly armoFlgemprisgex ialyks.

arnmor of claim40 wherein said body arnor conprises a
vest. 42. The flexible body arnor of claim4 1 wherein
S4d. dThc%ixiHlfsbcfdg rapfeok dfrotaimat 1 iharedn said/vesf is Ifwed groof a plaiadity

flexible.co ermterla ald ber
f?tgiéye&; 8f &ad Syél e compos1te materl , said H)ers o? sa d ﬂ?émbge composite
material comprising aramid fibers, said body armor further comprising a plurality of

layers of a second composite material formed from a woven aramid fabric.

43. The flexible body armor of claim 42 wherein said second composite material is
coated with a second matrix material that is other than a thermoplastic polyurethane

“resin.

44, A method for the manufacture of a flexible ballistic resistant composite material
that has improved resistance to pick-up of water and other liquids, said method
comprising providing a first non-woven fibrous layer comprising a network of high
tenacity fibers selected from the group consisting of aramid fibers, extended chain
polyethylene fibers, rigid rod fibers and blends thereof; coating said first fibrous layer

with a thermoplastic polyurethane resin; providing a second non-woven fibrous layer
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material conprising aram d fibers, said body arnor
further conprising a plurality of |ayers of a second

43. The flexible body armor of claim42 wherein said

S ; - .

R BRTRR PR i iyl e ARRL Mol R 3RERBfe thereor

potaying esaldla sesond gibnous 41_4yerAWitlnetah tierrheplastih a)qinalmfuhmt 1gsie; and

?%can?ol cia‘tal?% Palc?ﬁ%gzl 'rsgéo:ng tf ibfoub I?éllygl Eo %Emng%§mgc?sngga?enaﬁl

ot her I|qU|ds sai d nethod conpr|5|ng prOV|d|ng a

fi fi

IR i A Wi B B e e S BhrSucthyers

c arnsigsd umglrm‘noaarlarm @adH b@e‘rSancEWhﬁéhdadjaeé]ﬁlﬂber layers are cross-
L yet hyl.ene. fibers d, f.i bers and bl ends

ItO ﬁé‘%éé’gp ¢ 1 gahofi§T BEAPTdO f’q% %‘lns‘%fdﬁf‘%g “ayer with a

thernDpIastlc polyurethane resin; providing a second

n ven fib ayeraram. d fihers, exten hai

0 AL 4 AL C T
t bpipRé arafi@diibdlg sai d second fibrous |ayer MAth a

t her nopl asti c pol yuret hane resin; and consolidating
said“first and second fibrous layers to forma

CHMPASThdtRod B ifiptAing tHS resitafceBPRApAS vedtdH atl dthe Q@I &F a
said fibers in, salg first and second fibrous | ayers.

aflgable ballistn weistapk Gogmwasiieymptariaaspd peyRasite ARETRheAITising
aﬂhﬁﬁ%”&f ﬁdnbﬁéveh%&x% 1§§e?s %519%?&$dsqué\§ &gprtsﬂlge@ﬁawork of

ot her prlor to said consol |dat|ng
oHigl tenpeitysliberh spidi methed @pmnrﬁmgscoahnmalcl aetwerkopfehigh tenacity

Sl%egs &litPBQﬁJe?mL)ﬂ)fﬁir(:SmB}ana{ahé ?esﬁlrﬁgﬂ Eilat éakpdalre§m fggns d'matrix for

hod of 1 nproving the resistance to pick-up of water
a‘ﬁdi e and wdhaietissak fikers dres¢lpdted Homn|thes gioup censisgrgnf aramid

soék fzr‘fdeﬁ‘éhaﬁﬁ hé&ket}\;\%&{e‘%bﬁ& %ﬁ S Pl Al b?énd?@x?z?éﬁ sing

arality o ven ayers, said rous
Iayers conprising a network of hlgh tenacity fibers,

hi gh
o TS OOE WA iaah SO ASRG il S
resin such that sald resin forns a matrix for sald

f49beﬁ§ Qtrﬂgd nglr ?8 %v%ler%mgsapde fiverS st }' l?roﬁselglyers Y z}rll%nged
oup COﬂSISt
unldlrectlonally in each layer, and wherein adjacent fiber layers are cross-plied at 90°

relative to each other.

50. A method of improving the resistance to pick-up of water and other liquids of a
flexible ballistic resistant armor article, said armor article comprising at least one
composite material, said composite material comprising a plurality of non-woven
fibrous layers, said fibrous layers comprising a network of high tenacity fibers, said
method comprising coating said network of high tenacity fibers with a thermoplastic
polyurethane resin such that said resin forms a matrix for said fibers, and forming said

flexible armor article at least in part from said at least one composite material,
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fi bers, extended chain polyethylene fibers, rigid rod

fibers and bl ends thereof. 48. The nethod of claim47
wok@rep1isesai d fibers conprise aramid fibers. 4BCT/UR®06/033151

nethod of claim48 wherein said fibers in said fibrous

ers ar ectlonall each | ayer,
a‘ﬂ/ﬂ@?@ﬁﬂe%ﬁ?gseﬁg‘ rP‘g@{;er’? reé’F oss-plied at
90 relative to each other. "50 A nethod of |nprOV|ng

. . q
gg?aﬁﬁfé§@§$§ﬁﬁéﬁ1.stﬁ%aﬁgﬁéé an ﬂg@ﬂ%yﬁér r%fgg&g %8m
s arnmor article conpr|5|ng at | east one conposite
I
ot SEppnaFo L RRRGRn P ety BPE i ey ous

Iayers conpr|3|ng a netmork of high tenacity fibers,

S r.is coati. sai.d n rk of
© S e Py 17 B O R S dfea Amanged
r aﬁﬂdﬁecﬁicbﬁzhlyt inabcsRy e, aasiiRrdiDidiBeent filkt ay¥rsfaty crogdiplied at 90°
ers, forn1ng said flexible arnor article at

10 Ié @P@“h“ﬁ Pthef-r om sai d at | east one conposite
mat eri al , chai n pol yethylene fibers, rigid rod fibers
and bl ends thereof. 51. The method of claim 50 wherein
said arnor article is in the formof body arnor. 52.
The nmet hod of claim50 wherein said fibers conprise
aram d fibers. 53. The nethod of claim52 wherein said
fibers in said fibrous | ayers are arranged
unidirectionally in each |layer, and wherei n adjacent
fiber layers are cross-plied at 90 relative to each
ot her.
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