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Various ballistic resistant constructions are known that are useful for the
formation of articles such as helimets, panels and vests. For example, U.S.
patents 4,403,012, 4,457,985, 4,613,335, 4,623,574, 4,650,710, 4,737,402.
4,748,064, 5,552,208, 5,587,230, 6,642,159, 6,841,492, 6,846,758, all of

which are incorporated herein by reference, describe ballistic resistant
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composites which include high strength fibers made from materials such as
extended chain ultra-high molecular weight polyethylene. These composites
display varying degrees of resistance to penetration by high speed impact from

30  projectiles such as bullets, shells, shrapnel and the like.
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patent 6,841,492 discloses bi-directional and multi-axial fabrics, fabric
composites, ballistically resistant assemblies thereof and the methods by
which they are made. The fabrics are comprised of sets of strong, substantially
parallel, unidirectional yarns lying in parallel plancs, one above the other.

U.S. patent 6,846,758 discloses woven fabric laminates having superior

30 resistance to penetration by ballistic projectiles. Laminates of the invention are

comprised of'a fabric woven from a high strength, high modulus yarn, a
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about 7% to about 15% by weight of said consolidated network of fibers; the
plurality of cross-plied, non-woven fiber layers being consolidated with said
matrix composition to form said consolidated network of fibers: said
consolidated network of fibers having anterior and posterior surfaces; wherein

if said fibers comprise aramid fibers or poly(p-phenylenebenzobisoxazole)
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fibers, said matrix composition comprises at least about 11% by weight of said

consolidated network of fibers; and
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material comprising:

a) forming at least two fiber layers, cach fiber layer being formed by arranging
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a plurality of fibers into a substantially parallel, unidirectional array; said
fibers having a tenacity of about 7 g/denier or more and a tensile modulus of
about 130 g/denier or more; said fibers having an elastomeric matrix
composition applied thereon;

b) arranging said fiber layers wherein the unidirectional array of fibers of each
30  layer are cross-plied at a non-paraliel angie relative to the longitudinal fiber
direction of each adjacent layer;

¢) bonding said cross-plied layers under conditions sufficient to form a

consolidated network of fibers, the consolidated network of fibers having
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DETAILED DESCRIPTION OF THIEE INVENTION
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The invention presents non-woven tabric composites having superior fragment
penetration resistance in addition to superior ballistic ‘penetration resistance.

For the purposes of the invention, fragment resistant materials of the invention
that have superior ballistic penetration resistance describe those which exhibit

30 excellent properties against deformable projectiles.
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an elastomeric matrix thereon, wherein one consolidated network is a “single
layer” fabric structure comprising more than one fiber layer. As used herein, a
fiber "network" denotes a plurality of arranged or interconnected fiber or vamn

layers. A "consolidated network" describes a consolidated combination of
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fiber layers with a matrix composition. As used herein, a “single layer”
structure refers to structure composed of one or more individual fiber layers
that have been consolidated into a single unitary structure. In general, a
“fabric’® may relate to either a woven or non-woven material. In the preferred
embodiments of the invention, the fragment resistant tabrics are non-woven
30 materials. An “array” describes a orderly parallel arrangement of fibers or
varns. A fiber “layer” describes a planar arrangement of woven or non-woven

fibers or yarns. A fiber network can have various configurations. For
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polyethylene fibers, and ultra-high molecular weight polypropylene fibers.
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Also suitable are extended chain polyvinyl alcohol fibers, extended chain
polyacrylonitrile fibers, para-aramid fibers, polybenzazole fibers, such as
polybenzoxazole (PBO) and polybenzothiazole (PBT) fibers and liquid crystal

copolyester fibers.

30 Inthe case of polyethylene, preferred fibers are extended chain polyethylenes
having molecular weights of at least 500,000, prefcrably at least one million

and more preferably between two million and five million. Such extended
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bonding within the fiber gives the Spectra® fibers great tensile strength.
Spectra® fibers in and of themselves have been known for quite some time
and are described, for example, in commonly owned U.S. patents 4,623,547

and 4,748,064 1o Harpell, et al.

25
Suitable polypropylene fibers include highly oriented extended chain
polypropylene (ECPP) fibers as described in U.S. patent 4,413,110, which is
incorporated herein by reference. Suitable polyvinyl alcohol (PV-OH) tibers
are described, for example, in U.S. patents 4,440,711 and 4,599,267 which are
30  incorporated herein by reference. Suitable polyacrylonitrile (PAN) fibers are

disclosed, for example, in U.S. patent 4,535,027, which is incorporated herein
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commercially available. M3® fibers are manutactured by Magellan Systems
International of Richmond, Virginia and are described, for example. in U.S.

patents 5,674,969, 5.939.553, 5,945.537, and 6.040.,478. each of which are
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incorporated herein by reference. Specitically preferred fibers include M5®
fibers, polyethylene Spectra® fibers, poly(p-phenylene terephthalamide) and
poly(p-phenylene-2.6-benzobisoxazole) fibers. Maost preferably, the fibers

comprise high strength, high modulus polyethylene Spectra® fibers.

30 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



reference. Preferred pol ybenzazole fibers arc ZYLON(r)
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.470. each of which are incorporated herein by
reference. The other suitable fiber types for use in
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substantially coating or encapsulating each of the individual fibers, followed
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elastomer composition is hereby referred to herein as a matrix composition.
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The term “*matrix™ as used herein is well known in the art, and is used to
represent a polymeric material that binds the fibers together after
consolidation. The term “composite”™ refers to consolidated combinations of
fibers with the matrix material. In the preferred embodiment of the invention,
the fibers of the invention are first coated with the elastomeric matrix

30  composition followed by arranging a plurality of fibers into a non-waven fiber
laver. Alternately, the fibers may be arranged together and subsequently

coated with the elastomeric matrix composition.
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Elastomels-Synthetxc (John Wiley & Sons Inc., 1964). The essential

requirement is that the matrix materials of this invention have appropriately
low moduli and are moldable below the melting point of the fiber. Suitable

low modulus elastomeric materials include polybutadiene, polyisoprene,
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natural rubber, polyethylene, cross-linked polyethylene, chlorosulfonated
polvethylene, polypropylene, ethylene copolymers, propylene copolymers,
ethvlene-propylene copolymers, ethylene-propylene-diene terpolymers.
polysulfide polymers, polyurethane clastomers, epoxies, polychloroprene,
plasticized polyvinylchloride, butadiene acrylonitrile elastomers,

30 polv(isobutylene-co-isoprene), polyacrylates, phenolics, polybutyrals,
polyesters, polyethers, fluoroelastomers, silicone elastomers, thermoplastic

elastomers and styrenic block copolymers, such as styrene-isoprene-styrene or
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extended with oils and vulcanized by sulfur, peroxide, metal oxide, or
radiation cure systems using methods well known to rubber technologists.
Blends of different elastomeric materials may be used together or one or more
elastomer materials may be blended with one or more thermoplastics. High

density, low density, and linear low density polyethylene may be cross-linked
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to obtain a coating matrix material of appropriate properties, either alone or as
blends. In every instance, the modulus of the coating should not exceed 6,000

psi (41.4 MPa) as measured by ASTM D638 testing procedures.

30  The coating may be applied to the fiber in a variety of ways, such as by
spraying or roll coating a solution of the elastomer onto fiber surfaces,

followed by drying. One method is to apply a neat coating material to fibers
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the coating may be applied to a precursor material of the final fiber.
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in another coating technique, a layer of fibers is first formed, followed by
dipping the layer into a bath of a solution containing the low modulus
elastomeric coating material. Evaporation of the solvent produces an

30 elastomeric material coated fiber network. The dipping procedure may be
repeated several times as required to place a desired amount of elastomeric

material coating on the fibers.



spraying or roll coating a solution of the el astoner
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liquid a sticky solid or patticles in suspension or as
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effective technique for arranging the fibers into such a configuration, the fibers
are pulled through a bath containing a solution of the elastomeric material, and

are then helically wound into a single sheet-like layer around and along the
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length of a suitable form, such as a cylinder. The solvent is then evaporated
leaving a pre-preg sheet of parallel arranged fibers that can be removed from
the cylindrical form and cut to a desired size. Alternatively, a plurality of
fibers can be simultaneously pulled through the bath of elastomer solution and
30  laid down in closely positioned, substantially parallel relation to one another

on a suitable surface. Evaporation of the solvent lcaves a pre-preg sheet
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about 90° with respect to the longitudinal fiber dircction of another layer, but
the about 0° and about 90° fiber orientations are preferred. While the
examplcs above illustrate fabrics that include either two or five individual

fiber lavers, such is not intended to be limiting. It should be understood that
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the single-layer consolidated networks of the invention may generally include
any number of cross-plied layers, such as about 20 to about 40 or more layers

as may be desired for various applications.

30  Suitable bonding conditions for consolidating the fiber layers and attaching the
polymer film layers include conventionally known lamination techniques. A

typical lamination process includes pressing the polymer films on the cross-
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polymers. Suitable thermoplastic polymers non-exclusively may be selected

from the group consisting of polyolefins, polyamides, polyesters,
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polyurethanes. vinyl polymers, fluoropolymers and co-polymers and mixtures
thereof. Of these, polyolefin lavers are preferred. The preferred polyolefin is
a polyethylene. Non-limiting examples of polyethylene films are low density
polyethylene (LDPE), linear low density polyethylene (LLDPE), linear
medium density polyethylene (LMDPE), linear very-low density polyethylene
30 (VLDPE), linear ultra-low density polyethylene (ULDPE), high density
polyethylene (HDPE). Of these, the most preferred polyethylene is LLDPE.

Suitable thermosetting polymers non-exclusively include thermoset allyls,
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exanpl es above illustrate fabrics that include either
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conventional techniques in the art.

The polymer film layers are preferably very thin, having preferred layer
thicknesses of from about | um to about 250 pm, more preferably from about
5 um to about 25 pum and most preferably from about 5 um to about 9 pm.

30  The thickness of the individual fabric layers will correspond to the thickness
of the individual fibers. Accordingly, preferred single-layer. consolidated

networks of the invention will have a preferred thickness of from about 25 pm
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ranglphguﬂm@mrabbjm\ﬂ@@@ mbﬁrabout 175C. pr efer ably from
a)gout 1050C to about I75C. at pressures ranging from
out 5 psig (0.034 MPa) to about 100 psig (0.69 MPa
for ABmapetien of befabrigs they may be used in van nous applications. For

example, they may be molded into articles by subjecting them to heat and
pressure. Temperatures for molding may range from about 20°C to about

175°C, preferably from about 100°C to about 150°C, more preferably from
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about [10°C to 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.
4,748,064, 5,532,208, 5,587,230, 6,642,159, 6,841,492 and 6,846,758.

In a preferred embodiment of the present invention, a plurality of single-layer.
30 consolidated fiber networks are arranged together to form flexible articles,
including garments such as vests, pants, hats, or other articles of clothing, as is

well known in the art. The fabrics of the invention may also be formed into
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fragment resmtant fabrics may optionally be easily removable from the vest or

other article of clothing.

Vests and other articles of clothing comprised of multiple layers of fabric
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constructed in accordance with the present invention have good flexibility and
comfort coupled with excelient ballistic protection and tragment resistance. A
small pointed projectile can penetrate armor by laterally displacing fibers
without breaking them. In this case, the penetration resistance depends on
how readily fibers may be pushed aside, and therefore, on the nature of the

30 fiber network. An important factor in the ballistic or fragment resistance of a

non-woven fabric is the periodicity of cross-overs in cross-plied unidirectional
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i nt oqt,BeRIIRR %mnnﬂfx@tﬁgﬁnhé@plﬁﬁérh@s’ £ dSHGH nétﬁusm" standard
hel nets, or be fornmed into rotectlve shi e
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iedi wivdiealoF Malh&tcﬁid"nﬁob\&sftb@‘hm‘nﬂ)eé(h;hbi' h 0¥ caliber, non-deforming
characteristic rjcs and. preferapl

o rireCenineat el peb g b eniners B BRIk Al tSpsaa L
t ogetPhasso3 AlorDmat el y nmultiple layers of fabric may be
stitched together or bonded together w th adhesive

mat erials or other thernoplastic or non-thernoplastic

fi bere proteaiveppaksor prostoatigh mefisyanar f T hestof igiremally
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fragment resfstaft fabrics are assenb
bondednavataniyp covnedd vdr ka’Q% are stopped by the shleld also known as

the Vo value. As used herein, the "penetration resistance” of the article is the
resistance to penetration by a designated threat, such as physical objects
including bullets, tfragments, shrapnels and the like, and non-physical objects,
25  such as a blast from explosion. For composites of cqual areal density, which is
the weight of the composite panel divided by the surface area. the higher the
Vo, the better the resistance of the composite. The penetration resistance for
designated threats can also be expressed by the total specific energy
absorption (“SEAT") of the ballistic resistant material. The total SEAT is the
30  kinetic energy of the threat divided by the areal density of the composite. The

higher the SEAT value, the better the resistance of the composite to the threat.



Garnments of the invention may be fornmed through

nmet hods conventionally known in the art. Preferably. a
wgaooreise3imay be formed by adj oi ning the fragnmerCT/US2006/044831

resistant fabrics of the iavention with an article of

cl othing. For exanple a fragnment resistant vest may

conprise a generic fabric vest that is adjoined with

the fragnent resistant fabrics of the invention,

whereby the inventive fabrics are inserted into

strategically pl aced pockets. This allows for the
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Vests and other articles of clothing conpri sed of
multiple |ayers of fabric constructed in accordance

Wi t hThé elphegadn-limiteatekanplhawevgoidustlagxhbinvenyonand
confort coupled with excellent ballistic protection
and fragnent resistance. A small pointed projectile
c@an penetrate arnor by laterally displacing fibers

wi t hout breaking them In t he penetration
resi stance depends on hcwvéiw“ HL i bers may be pushed
aside, and therefore on the nature of the fiber
network. An inportapkhastol (OMEMRLAIME)StI C or
fragment resistance of a non-woven fabrlc is the
perlod|C|ty of cross-overs in cross-p

Ui dify 2RSS shrt BAT0 YRS REPAFHDY ftb“év":df@ﬁ%?' 18 fabric layers, each
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rapi dly and uni npeded through the fabric and invol ve

greater volunmes of fiber. Lower interfacial bond
bet wddn HMPe fiseigpverhgPECTRA® 1000, 1100 denier. manufactured by

Honeywell International, Inc. and had a tenacity of 36 g/denier and a tensile

modulus of 1250 g/denier. The Kraton® polymer used was a polysiyrene-

)
th

polyisoprene-polystrene-block copolymer. Each fabric layer, prior to the
polyethylene films being added. comprised 79% by weight of the fiber and

21% by weight of the Kraton® polymer based on the total weight the fabric,.

The LLDPE films each had a thickness of 9 um. The areal density of each
30 LLDPE film was 8 gsm (gram/m”~ ) The LLDPE films were laminated to the
cross-plied material at 110°C, about 200 psi (1379 kPa) pressure for at least 30

minutes. The total areal density of one fabric layer was 116 gsm. A



enbodi nent al | ow hi gher energy absorpti on.

Experinental and anal ytical work has shown that in al
wactwaigoanases all penetrati on nodes exi st and PORNUS2006/044831

their relative inportance 25 greatly affected by the

desi gn of the conposite. The ballistic and fragnent

resi stance properties are determ ned using standard

testing procedures that are well known in the art. For

exanpl e screening studies of ballistic conposites

conmonl y enploy a 22 caliber non-deform ng stee
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desi gnate freats can be expressed by the total
specidritestiog ewygplﬁmwﬁ 0 FhGn?hQPLSEPFF and) wejghtrag @eipiie Misth-c
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energy of the threat divi areal density o
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by preferably including about four partial penetrations and about four
complete fragment penetrations within a velocity range of about 125 feet per

second (fps). The average velocity of the partial and complete penetrations is

23 called the Vso. The Vsy of this shoot pack was tested as 1201 fps. The Specific
Energy Absorption of the Target (SEAT) was calculated as 34.88 J-m¥kg.
EXAMPLE |IA (COMPARATIVE)
30

Example 1 is repeated, but with a shoot pack having 19 stacked fabric layers

having an areal density of 0.44 Ib/f° (2.15 kg/m?). The Vs of this shoot pack



The follow ng non-limting exanples serve to
illustrate the invention. EXAVPLES EXAVPLE

WOCWNRARATI VE) A ballistic shoot pack was prepaceaskooc/044831
stacki ng together 18 fabrie3layers, each fabric |ayer
bei ng conpri sed of a consolidated network having two
sheets (plies) of unidirect iona | high nodul us
pol yet hyl ene (HWPE) |ibers inpregnated with Kraton(r)
thernDpIastic pol ynmer each | ayer being crossplied at

ight angles to each other (0 degrees/90 deg@ees and
| am nas sdeg e W Ehfrswbhestiseifis E@Flcb'uf}héawtlpwf Agrgey(SEAT)
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SPECTRA(r) 1000. 1100 deni er nanuf act ur ed by-

Honeywel | International. Inc. and had a tenacity of 36
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20  SPECTRA® 1000, 1100 denier fabric having 11% matrix polymer compared

to 21% as in Example 1.

EXAMPLE 3 (COMPARATIVE)

(A
(¥ ]

Example 1 was repeated, only the shoot pack included 32 fabric layers and
was tested against a 9 mm Full Metal Jacket (FMJ) bullet. The size of the
shoot pack was 187 X 18% (45.7mm X 43.7mm). The areal density of the shoot
pack was 0.74 Ib/f® (3.61 kg/m?). For testing against 9 mm FMJ bullet
resistance, the shoot pack was mounted on a test frame filled with Plastilina #1
30 clay and strapped on the trame. The Plastilina fiiled frame was mounted at a
90-degree orientation to the line of fragment fired from a firmly mounted

universal receiver. The 9 mm FMJ bullet used for testing conformed the shape,



90-degree orientation to the line of fragnent fired
froma firmy nounted universal receiver. A 17 grain
wonaegvasd17Si mul ati ng Projectile (FSP) was usedPCwoms2006/044831
testing and confornmed to tke shape size and wei ght as
per the ML-P- 46593A. V50 Ballistic testing was
conducted in accordance with the procedures o f
M L- STD-662F. V50 ballistic Iimt testing is a
statistical test that experinmentally identifies the
velocity at which a bullet has a 50 percent chance of
penesirapidhyeithiastpss the dtsitiepal Instigye phjustce G H) Al Hdp test
fragoggpdsawere fired, changing the velocity of each
fragnent. The velocity o f each fragnment was noved
down and up dependi ng whet her the previous fragnent
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Exanpl&ade df%aft@tpgrﬁi &i}inlpé{t: pUhdRtidn %T&Qtttcsﬂa&l%ammﬂ'tdagmég
stacked Tabric |ayers having an areal density of

0. 44
| b/ f Falfed. V~15T'Wg‘/m°§5h'5 shRet R?‘Sb“@f‘ astif &5 ShroblPs pHraegsific
t est gde@s Abddipiioh BSthe TAROREA T \CasEBRNBEIARS06 BY i1 9k¥/kg.
oFt he Tar get é SEAT) was Tal cul ated as 35.01 J:ng/ kg .

MPLE 2 A ballistic shoot pack was prepared by
tacking together 20 fabric |ayers of SPECTRA(r) 1000,

I 100 deni er as descri bedHMe | . Each fabric

| ayer conprised 88.7% by fi ber based on the

wei ght the fabric layer, and conprised 11. 3% by wei ght

of Ll XeRal, b fabri-¢ .. o

"y e TR Bt BRed 1t Ol EDBGMARE Ve size of

3P ealthegngti fagk vhs LE DR 8" (45.7mm X 45.7mum). The areal density of the
shoot pack was 0.43 [b/ft* (2.09 kg/m7). Ballistic testing was conducted as in

Example 3. The Vs of this shoot pack was tested as 1272 fps. The Specific
Energy Absorption of the Target (SEAT) was calculated as 284.46 J-m¥kg.

This example illustrates the superior ballistic resistant properties achieved

23 with SPECTRAd 1000, | 100 denier tabric having 1% matrix polymer
compared to 21% as in Example 3.
EXAMPLE 5 (COMPARATIVE)
30

A ballistic shoot pack was prepared by stacking together 27 fabric layers, each

fabric layer being comprised of a consolidated network having two sheets of



filmwas 8 gsm The total areal density of one fabric

| ayer was 103.9 gsm The | am nated sheets of nateri al
woad7asthirckness of 0. 1524 nm The size of thecshsed6/044831

pack was 18" X 18" (45.7mmX 45.7nm) . The stacks of

sheets were not connected with each other. The areal

density of the shoot pack was 0.43 Ib/fr (2.09 kg/nr).

The pack was tested for fragnent resistance as in

Exanple 1. The V oof this shoot pack was tested as 141

2 fps. The Specific- Energy Absorption of the Target
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or partially penetrated a few | ayers of the shoot

pack. An average vel ocity was achieved by incl uding
about four partial penetrations and about

20 EXAMPLE 6

A ballistic shoot pack was prepared by stacking together 29 fabric layers of
SPECTRA® 1000, 1300 as in Example 5. Each fabric layer comprised 92.9%

by weight of fiber based on the weight the fabric layer, and comprised 7.1%

N
e

by weight of matrix polymer based on the weight the fabric. The total areal
density of one fabric layer was 129.0 gsm. The size of the shoot pack was 18~
X 187 (45.7mm X 45.7mm). The stacks of sheets were not connected with

each other. The areal density of the shoot pack was 0.77 Ib/fc (3.75 kg/m?).

30  Fragment testing was conducted as in Example . The average of eight partial
and complete penetration velocity was calculated and called Vs,. The Vsp of

this shoot pack was tested as 1660 fps. The Specific Energy Absorption of the



four conplete bullet penetrations within a velocity

spread of 125 fps. The average of partial and conplete
woentosgdi7on vel ocities was cal cul ated and cal pPed/US2m6/044831

The V5 of this shoot pack #ms tested as 1525 fps. The

Specific Energy Absorption of the Target (SEAT) was

cal cul ated as 236.81 J-n2/kg. EXAMPLE 4 Exanple 2 was

repeated, but tested against a 9 nmFM bullet. The

size of the shoot pack was 18" X 18" (45.7mm X

45. 7mm). The aical density of the shoot pack was
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illustrates the superior ballistic resistant

properties achieved with CTRAc?- 1000. | 100 denier
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i n Exanple 3. EXAMPLE 5 (COVPARATIVE) A ballistic
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wei ght-7ofShe matri x pol yner based on the wei ght the

firabric. The LLDPE films each had a thickness of 9 mm
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fragment resistant properties achieved with SPECTRAx 1000, 1300 fabric

20  having 10% matrix polymer compared to 21% as in Example 3.

EXAMPLE 7A

I
w

A ballistic shoot pack was prepared by stacking 29 fabric layers of
SPECTRA® 1000, 1300 fibers as in Example 7. Each fabric layer comprised
85.0% by weight of fiber based on the weight the fabric layer, and comprised
15.0% by weight of the matrix polymer based on the weight the fabric layer .
The areal density of the shoot pack was 0.83 Ib/ft? (4.05 kg/m?).

30 '

Fragment testing was conducted as in Example 1. The Vs of this shoot pack

was tested as 1648 fps. The Specific Energy Absorption of the Target (SEAT)



27 sheets were not connected with each other. The
area! density of the shoot 15 pack was 0.84 |b/ft2
wO20dr/0ggdim2) . Fragnment testing was conducted RETiUS2006/044831
Exanple 1. The V5 of this ghoot pack was tested as 150
1 fps. The Specific Energy Absorption of the Target
(SEAT) was cal cul ated as 27.86 J-n2/kg. 0 EXAMPLE 6 A
bal l'i stic shoot pack was prepared by stacking together
29 fabric layers of SPECTRA(r) 1000. 1300 as in
Exanpl e 5. Each fabric layer conprised 92. 9% by wei ght
of fivhesaltydasediasoi- Bnlemidke-gitis eyeePiaibpsttatssditupessrd
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the weight the fabric. The total areal _density of one
f abr pavinsali% magEs ABYe ‘ﬁ’ﬂﬂa”’ﬂH%’é? BREXIMRE Shoot  pack
was 18" X 18" (45.7mm X 45.7mm). The stacks of sheets
were not connected with each other. The areal density
of the shoot pack was 0.77 Ib/fr (3.75 kg/n2) . O
Fragnment testing weBXAaMPEE aORPARA BYdNpl e 1. The
average of eight partial and conplete penetration
velocity was calculated and called V O . The V 1 of
t hi sEshopt Spackewasdbestesdd ag it 8o Hidll bitlet BpeEixdnple 3.
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SPECTRA 1000. 1300 fabric having 7% matri x pol ymer
conpared to 2 1% as in Exanple 5. EXAMPLE 7 A
bal i stic shoot pack was prepared by stacking 28
fabric layers of SPECTRA(rExAQPQE 91300 Fibers as in
Exanpl e 5. Each fabric |layer conprised 89.9% by wei ght
of fiber based on the weight the fabric |ayer, and
¢5)rT'pEl\ﬁrﬁﬁlemvﬂs%lz;bayitewlfbiuli&t;teﬁﬁn dilke ormah MK lnmleyman Eraseld 3.
denSI Fi}m" \ 'gkga(?gbefd%grlqg am Ie STI%S’% (of tlals sh Qlchg\ck was te?tecl
t he shodito fpacikevpsciBt Exergs'Abédrﬁtldmm e 2[51 h(r%y‘EATTh@s
st ack < 9 ' Of NQE .
The asdreddsBEs S Adchp BORREL ARahL 0N g) B
(3. 7fﬁsi<§ginma®))ex_txc.s achieved with SPE CTRA(R 1000, 1300 fabric having 10%

20  matrix polymer compared to 21% as in Example 8.



Fragnent testing was conducted as in Exanple 1. The
V50 of this shoot pack was tested as 1616 fps.

wepewios917 Ener gy Absorption of the Target (SEAPLTWSE2006/044831

The

cal cul ated as 35.73 J-nR/keg This exanple illustrates

t he superior fragnment

pol ymer conpared to 2 1% as in Exanple 5. EXAMPLE 7A A

resi stant properties achieved
w t h SPECTRA* 1000. 1300 fabric having 10% matri x

bal li stic shoot pack was prepared by stacking 29
fabric layers of SPECTRA(r) 1000. 1300 fibers as in
Exanpl e 7. Each fabric |ayer conprised 85.0% by wei ght

of fiRelahasiedte@nidnh @\aWﬁilcQ;ht-‘) tshanfnadize€ inl tBY &1 oAk table:
conprised 15.0% by weight of the matri x pol ynmer based

on the weight the fabric layer . The area! density of
NeneROPIFipACK Was O 88 | bérkrucolh. 0ok gAcRY) Shobtr pgmenat | Vso | SEAT
{ esti ng| isiccdneaicit edFibss| i n Exanpgl e Ml THe PagB0| of t hijsttps) | l-milk
shoot paclé”?/vas whEted Gs| 1648 fps. 'f(‘lj,‘j Yspddit ¢ Ener gy
bsetptgRaRl s ar get T (SEHD was Lmuwu' atEt PP OB 1201 | 34 88
J- nvkg. 'Il Nos. xarrpfe il ﬁstrat es |t he supérl or fragnent
esi stantiigrperties| achj eved w tth SPECTRA(r) 1000 __
13000 f ab?l}»éh‘ﬁaw%kj) 169 mat r R'Ypol lymeét**conpal’ed| faemraop 1217 | 3301
as in Exa\| @ 5. EXAVPLE| 8 ( COVPARATI VE) |Exanple 5 was
epeat ey HLel EStRY Agsd TS SnTT [FVI BUT T et Z8S | Fllgment | 1412 | 6.2
Exanpl e| 31000hel V o of th s shoot |pack was tested as
450 fps 5 11qHa §p9r:‘if4: ergy_Absorptionlof the Tamnt e
SEAT) (W& 0‘5{;‘8‘11 cUl'E? efl Bs| 188P%23-|m Z‘HQ‘g EXRVPLE gD | 1325 | 2308
Exanpl el 7,,M|s repeated but tested against] 9 mmF l\}l]
buiTset aslen,RI:xarm+)e 8.7 feSHipRg Was cgnduct ed @as omnm 1272 | 28:.46
Exanpl e| 3100Thel V oof thi 5 shoot pack was jtested H¢'e15
19 an Bg splee' gy Ahuu. IutJl_nn ofl the 1 °""€I _ —
SEAT) /\73"“0“(‘,{:,"“] cujI“a? eblﬂaos 267543 i BT'kg.| TH: s|exanpl !0 | 7R
il lustrati@sybdhe supefior baI listi c resi st ant -
propert | egcachi eved Wwih|SPECGERA(r) @000,| 1300, Fabndnc| 1660 | 3712
havi ng ﬂol%‘;‘)gatri X po yrreJ conpar ed to 21%as in
Exanptre %s & e e eptderted fFromexgpptes &9 s nm (166 | 373
sunmar i d;,do,n t he f'o|l ow|ng tabl e
1300 D
TA Spectra® 15¢%) 85.0 4 ply 0.83 29 Fragment | 1648 3403
1000.
1300 D .
8 Spectraii 21™) 79.0 4eply (.84 27 9 mm 1430 180.22
106040, Bullet
1300 D .
O Spectra® 10.1(%) 89.9 4-ply 0.77 28 Omm 1519 22¢.54
1000. Bullet
1300 D L
b) (%) Kraton® polymer with cyclohexane as solvent.

{(**) Emulsion polvmer polystyrene-polyvisoprene- pol\'snuu. -block copolymer.
Shoot pack (target) size 187 X 18" Arcal density is weight of ballistic shoot pack as Ths/it?

{pst).

SEAT is Specific Energy Absorption of Target.

EXAMPLES 10-12

Three ditferent samples of SPECTRA® Shield LCR were tested for peel

strength properties, each sample having a different matrix polymer content.



(*) Kraton(r) polynmer with eycl ohe. xane as sol vent.
(,** ) Emul sion polyner
woabyrgisyaiene- pol yi sopr ene- pol ystrene-bl uek copairsuseros/044831
Shoot pack (target) size 13 X 18" : Areal density is
wei ght ol' ballisiic shoot pack as Ibs/Ir ipsO SEAT
is Spccille Energy Absorption o f Target. EXAMPLES
10-12 Three different sanples of SPECTRA(r) Shield
LCR were tested for peel strength properties, each
npl e havi nﬁ a different matrix pol yner content. The

specThn(SP'fCE AR ghipCRGRaprdes wak ﬁo'aeniﬁfl.asf@er-layex structure

four oF a¥esiIstin Y EhFiR: @cfnfﬁ*bﬁxtlf)@' LQD’PBQ‘I&W@M&&F‘& 'e|/90° fiber
conflguratlon LLDPE film 0 o fiber f’

[
| ayetEY BPRPEf %Sté‘,'t‘!i‘h‘tta‘?eas‘beé‘“ i ‘§t‘ “ehéf’ PFZFE&"Y §"”"
conduyeiadn e Reeldyad. Del veaen atdwnfmdrzed irnyierdiowihgtable:
results are summari zed in the follow ng table:
Exanpl es 10-12 illustrate that the lower the matrix
pol ymer content the Iomer t he bond strength However,

bel e-tcal—bond DL €1 bat i."t =C- et et ~af
Iosegwwl%:q Maucrr f‘ng nat'lgipe%lllﬂec':lhctrt lg% Mam‘ F[ b
of articles such as a vest and al so reg uro “lmn e#

| ong—tetrmdurgh e ||e - Y
Exanpl e "o hav:ggggvﬁﬁ%} rCFU;(®EJ Oy‘m(e)(r) contmé’dnz’tp ehd())\t/)v%@d!bg'

unag L,cpt bte 9] . mﬂ' IO g/ lll L 139, IIIUO.l 8 1bs.
sampl e f'ﬁom ek 55? ha clﬂné@ll 4§%Hrratr| X po ynezr; ®
contrent —shovet S%e'cﬁlt@'ldbt)al 508 18808057 1 365 1os.
Thig sanple w | hn@tdsLQ:r?X 't excefll'ent fragment and

bal I7stiTTtpertormance. e sanpte fromexanpte 12
havi ng 20. 0% matri x pol ymer content shows strong peel
strength at 1.766 I bs/ft2, but the sanple will exhjbijt
only n@leﬁAP 127 Bt thatbeelonerithe &"F‘o?‘ﬁﬁﬁé'éco'wﬂ |tle lower
tibe REESRAtsrERMENHLRRYHaSeIRE 8 Brife bbeditrhbih S ownisand
described with ref ce to eferred enbo

Batiriae iy

wi |1 SR AREFEE §Hal e S B PHERE M ASET ‘hSFV“g‘ﬁ% ISpeh

in theaaéit drldatsowasul® us red hages; tamd daradility 6fhe oiisleRBYhe

tbﬁe i zﬁxv II%V\/::‘IOQQE‘:\?I‘S&EG}BHTHne%g Oggo] It1d alpix p%lymer cmﬂent 25 Q0& of
unacceptable peel strength at 0.089 Ibs/ft®. The sample from example | |

15 having 11.43% matrix polymer content showed good peel strength at 0.188
Ibs/ft. This sample will also exhibit cxcellent fragment and ballistic
performance. The sample from example 12 having 20.0% matrix polymer
content shows strong peel strength at 1.766 1bs/ft>, but the sample will exhibit

only marginal fragment shielding performance.

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

[\]
n

the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.



the clains be interpreted to cover the disclosed
enbodi nent those alternatives which have been
wdizecnmssrad above and all equival ents thereto. What/uis2006/044831
claimed is: t . A fragnment3resistant materi al
conprising: a) at |east one consolidated network o
Ffibers, said consolidated network of fibers
conprising a plurality of cross-plied non-woven fiber
| ayers each fiber |ayer conprising a plurality of
fibers arranged in a substantially parallel array:
said fibers having a tenacity of about 7 g/denier or
nor e yald s 1digesis € nmodul us of about 150 g/ denier or
nore: said fibers having an el astoneric matrix
con‘pésﬂ‘i@:&h"?“h@ﬁé@ﬁt %’éﬁeﬂa'ecloéig’t' B8 i ¢ matrix

C Onpﬁﬁéttlé'@no&%ﬂgdlﬁht@g nbt@k 8PBbHEr s Z%k@ns@hﬂé«téd ﬂ-&%bh\yof
ght of said consollda¥ed net

pP ur &PF'tsyo'aP' itippa Rlus! e gt Has: ?P"ri" By ff *q%?_{/ @’r"g' shech gioer
cons @lyedadgdisMatdplealie: dretbetsar ﬁlﬁ@élblﬁ latsuBgtaritial li phuallslaindy;
onso

consol.i t

net V\b? Qq%ifns?liablg \é\/?eagelt)n%; 'gamxte?f:/gFmgt La m%gf'ancll a ﬁ.ns:qL modulus
sur f acsisout Wheg/@emen dr nsaechafd tﬁimrshetymgpml@etoweam rgatrix

o6 S hy SR LRI RNRERT AN QSARANEh coinsPEh fipy
sai d “RACY 8u %

on conpri ses east
by vvab@hﬁ"/olfo f@a\utdl Dé’ehzs ode:gdaofe@uck@mwhdlateémewrdmle ﬂé’ﬂbf’aﬁdhe

b) a‘i)hj Qﬁ?%f OR&- J)I?eﬁeﬁorpt\'o@erpﬂ%y rg%"équﬂelnmc@F\;c@lggt%g \\tlm said

said anterior and pOSt erior surfaces of sai d
cons@rqt'd\af@w)%éto\wé? korp safq gompidated nepork phigbrssitsaid

resi shddliddred fétlvetk QffivelsalaMnkWieriel MhdsRis@ribi H8faSes: wherein
conprise fibers having a tenaC|t% of about 15 g/denlgr

or ok BILFRFECRHGE FETHOAGFTS" BP eIty 40P egF hetorar!
I € .fibdrs, %hﬁmﬁfri&gﬂ&fﬂ)bsxfleﬁ tahpies BEIESE higdut 0fYetlyataigit of said
wherein fi bers having a tenacity

N
of abB8lF" g e%?ﬁ%ﬂﬂéwqﬁgﬁhﬁ % and a tensile nodul us of
aboutb) auem;t gﬁedlam:eﬁ a@o ]y €ilméistadiae td caal wé sdid pasiiotaadt

mat errpos?t rlor ur a es a;g\'her{rsg) xdatescﬁneq\vgllkb ‘%flcorm“ S€ a
mat e rom consi st ng of

ext ended chaln polyolefln

20 2. The fragment resistant material of claim | wherein said fibers comprise
fibers having a tenacity of about 15 g/denier or more and a tensile modulus of

about 400 g/denier or more.

3. The fragment resistant material of claim | wherein said fibers comprise

[R]
h

fibers having a tenacity of about 30 g/denier or more and a tensile modulus of
about 1000 g/denier or more.

]
4. The fragment resistant material of claim 1 wherein said fibers comprise a
material selected from the group consisting of extended chain polyolefin
30 fibers, aramid fibers, polybenzazole fibers, polyvinyl alcohol fibers,

polyamide fibers, polyethylene terephthalate fibers, polyethylene naphthalate



fibers aramd fibers pol ybenzazol e fibers polyvinyl

al cohol fibers. polyam de fibers pol yethyl ene
woer@pisthial ate fi bers pol yet hyl ene napht hal at eCThse®e/044831

pol yacrylonitrile fibers, Biquid crystal copolyester

fibers, glass fibers and carbon fibers. 5. The

fragnment resistant material of claiml wherein said

fi bers conprise 5 polyethylene fibers. 6. The fragnent

resistant material of claiml| wherein the matrix

conposition conprises a material selected fromthe

gr oupberapoiyeeiviRyiwite fisrs Haviderysen corqhyisier §Bge-aiess fibers

nat uf,af cakdBfers. €t hyl ene- propyl ene copol yners

et hyl ene- 1O propyl ene-di ene terpol yners. polysulfide

pol ynmers pol yur et hane el astoners. chl orosul fonat ed

pol yet iy ﬁHtﬂn@Q'n%@&{n@ﬁﬁ&h@n@fclzﬂhﬁﬁtvhﬁ tiaedid fibers comprise
pol yvi nyl chl or.i de. but adi ene acrylonitrile el astoners,

pol yPelEGBYIEYs BPRdS:co-i soprcne), pol yacryl at es.
pol yesters, polyethers. quoroeIastoners silicone

e T

cl ai sorpnidee p @atcriah & leviddrirom dergrogi ¢qnsuatnu;)cvfm0ﬂ>§>esldlcnc

polyst nene-Rel y: he- Gl hy{rer .
e N iy e

S(au dmmt'ien«-d@ommltmn B xoljgeipobsndy. opiyatsgne Fostegers.

lab 0 uEhlgn%é?! lb&m\’@l' &)Witlﬁ’f(. nENRIEARRO L]Qjca%ﬁxguﬁﬁatd%hklmeIchlox ide,

gment Tresistant materi al claim1
wher bitadigeg %F‘h*ﬁt’ ’l‘” '52 cRERPISE PP S BIMRECaYSIF B/ about

g% t Bolamwuel?p{wﬁxtevsepap&haﬁ AllRodi bRk, daleeik aRhinREk,

bers ragnent reS|st?nt mat eri al of
clalﬁ?W“Mh%F@fﬂhéﬁP aH%f?P%”@6ﬁ58§?Tﬁon conpri ses from
apout 7% to about 12% by wei ght of the consoli dated

net

mat e ]r iflgg’i"‘fv"i‘;’?‘Stirr?ﬁiﬁtg{lﬁf{‘lé‘}eéiaﬂOfCl?’ag E,g?%xun t?c ma?n composition

comprises polystyrene-polyisoprene-polystrene-block copolymer.

8. The fragment resistant material of claim | wherein said matrix composition
20  comprises from about 7% to about 14% by weight of the consolidated network

of fibers.

9. The fragment resistant material of claim I wherein said matrix composition
comprises from about 7% to about 13% by weight of the consolidated network

of fibers.

~
W

10. The fragment resistant material of claim | wherein said matrix
composition comprises from about 7% to about 12% by weight of the

consolidated network of fibers.

L¥¥)
o



conposition conprises fromabout 7% to about | 1% by
wei ght ofthe consol i dated network of fibers. 12. The
woOnaegmssd17r esi stant material of claiml wherei RC3AISA06/044831
matri x conposition conprisas fromabout 11%to about
15% by wei ght ofthe consolidated network of fibers.
13. The fragnent resistant material of claim1l wherein
said fibers conprise aram d fibers or
pol y(p- phenyl enebenzobi soxazol e) fibers, and said
matri x conposition conprises fromabout | 1%to about
15% by. Wes Fhgmoftresstare netsiria beftebdmnleiwye i said matier s.
14. I&]ﬁ?ésﬁt?cg\%ﬁfpl {sgéﬁ Sth @BSut 784 @lab8he 0bs 9‘1 akfphdomherein
said ynmer fi ayers conprise from ab out 2% to
abouFmESUQ%@¢@§WPmHVf“ﬁﬁght ofthe overall materi al
15. The fragnent resistant naterial of claiml wherein
sai d ner filmlayers conprise a material sel ected
ffonﬂg @Fé&bmﬁéﬁ%$§FPW&JBfOQ%WBblBBLTFBﬁFVH@”@roup
Colns k&h leﬁ]kﬁln&i‘ ccﬂﬂirlé% fbih lﬁSoutpO%yt.aﬂide&Sl Sl"/plﬁ& we@heag&he
pol yur et ol ymers rl uoropol yners an
copoFVﬁﬁPgt ﬂﬂ88ﬁ%ﬂH§Flons t hereof. 16. The fragnent
resistant material of claiml wherein said polyner
R S R
¢hai mrahintiersion pe'athbaﬁ\\'ba¢h¢t\tqlb‘e¥\%¢€é<y)e°rl$l%ptei said matrix
cr OS%o@}Jbs@o.ﬁéon% 395 A8 asomh% eo\A%om svhey Langl dusl nal
fiber rection o eac adj acent fiber |ayer. 18.
f r ageemolidated setaietk efrfilict} e i ncorporating a fragnent
resistant material which fragnent resistant nateri al
conprises:a) at |east one consol.idated network of
fi ber'd; TEaA@EHIBY FERE REP WD bIVPFieHETE! RUNBF ¥
aspl Ulaf\@lsi doynpfse GloRsabopt 2986 alban2 SW\pertchi Hyeweiklaydis, overall
each fiber layer conprising a plurality of fibers
arraffd'd'n a substantially parallel array: said
fi bers having a tenaC|ty of about 7 g/clenier or nore
and qjtqq3|le no,

he fragmerit lesxls{ant material of claim 1 wherein said polymer filim
layers comprise a material selected from the group consisting of selected from
20 the group consisting of polyolefins. polyamides, polyesters, polyurethanes.

vinyl polymers, fluoropolymers and copolymers and combinations thereof.

16. The fragment resistant material of claim 1 wherein said polymer film

layers comprise a linear low density polyethylene.

23
I 7. The fragment resistant material of claim 1 wherein each of said fiber
layers are cross-plied at a 90° angle relative to the longitudinal fiber direction
of each adjacent fiber layer.

30 18. A fragment resistant article incorporating a fragment resistant material,

which fragment resistant material comprises:



of about 150 g/denier or nore; said fibers having an

el astoneric matri x conposition thereon said
wel2esmosyaEri ¢ matri x conmposi tion conprising froRCRABA06/044831

7% to about 15% by wei ght 8f said consolidated network

of libers: the plurality of cross-plied non-woven

fiber layers being consolidated with said matrix

conposition to form said consolidated network of

fibers: said consolidated network of fibers having

anterior and posterior surfaces: wherein if said

fi beg@téqgﬁm]es‘enmhgﬁtﬁﬂ getivopee iSfikgrs, said consolidated network of

pol Y(IQUE’B&WJ ﬁmebSﬂmm 5@&@35%!%}1 fdn- \b@\Ve% a7l thyPmt e,r'l'cP‘ hbu

conposi tion conprises at_ | east about 1% by wei g

sai dlazerresargwead wati o ifibers sfippesddn aéHBG%“ﬂBB( P?'é'a\*éta“a"

one LAY @ber@hadnPRkenaBity bil dbouat &/a@hactn threasda BhsifsAh8dulus

anterior and posterior surfaces of . said, conso| i dated

bt wFRPout | 10 ggericr of norgifaidhEHRANINSAB ST AR | e
of Cl:@hﬁ@sit&)n%élﬁ&1 GRARIAs®ARrid Nttt edrh fogitdi compnsmcv hom

| i dat ed t I b
O hd RSk B i 50 ARG ER BebPeF o R e
WPI ](c:b]u@zonpbfees [&Ile[dl mna{vbt/qn fiifer byas deingabeshlidetovwsitksaid
| [S a I
?r agﬁgﬁf\ ?Oég?ogttlgﬁ%o ’rm{n saldncon?cg% t%gqet%rénl? f hﬁe g‘ sanEr i ses

aOganmﬁnhdhan@goaxﬁH&ﬁaﬂmvmg@ﬁwoon@dnmdahedumé¢%mPkghm
of kel b%g:i &Jnﬂﬁg bhs 18 iers 8200l &%lfeﬂ?lgmhchb?s%'\ﬁowt
article of n nent conprises

vest fihevi saigl walireg cpImwesifipr gorepr l%bﬁé?ﬂSf d%ﬂt'éa'%r@v Wor OSfa'd

fi bets,BHiALNGAWbNES SRS, &% The fragnent resistant
article of clajm18 wherein said matrix conp85|t|on

conpP? 8deast prsnir¥B e PPORts TABAtiRehPd 1v55) ohed'GARECIT" Afle
¢ons ghiteladradrinat WPEdd 0bnsbiilgsSnetdork BiGibEISAgMTENT
resistant article of claim18 wherein said matri x
conmposition conprises fromabout 11%to about 15% by
wei gho. The fhgneansgdtindattet sfetaior I8 aficlf cdepréses pluralhe of

; Ir ggggel?sgogdaqsd :%ét\avgltks ofthlbglls%ssgxﬁwbped ondem?ragl n said

20 20. The fragment resistant article of claim [8 which comprises a plurality ol

consolidated networks of fibers assembled in a non-bonded array.

21. The fragment resistant article of claim 18 which comprises a garment

having a plurality of consolidated networks of fibers adjoined thereto.

3]
¥ ]

22. The fragment resistant article of ¢laim 21 wherein said garment comprises
a vest having said plurality of consolidated networks of fibers adjoined

thereto.

30  23. The fragment resistant article of claim 18 wherein said matrix
composition comprises from about 7% to about 11% by weight of the

consolidated network of fibers.



aram d fibers or poly(p-phenyl enebenzobi so\azole) fi
bers and said matri x conposition conprises from about
wah2e6TI089about 15% by wei ght of the consol i dat edCmaisvamsk44831
of fibers. 26. The fragnens4 resistant article of claim
18 wherein each of said fiber |layers are cross-plied
at a 90 angle relative to the |ongitudinal fiber
direction of each adjacent fiber layer. 27. A method
of producing a fragnent resistant material conprising:
a) formng at least two fiber |ayers, each fiber |ayer
being fornmed by arranging a plurality of fibers into a
Subs anthafd fnAfFRistafit aME‘!eQJrEﬁ% h 9r\\fﬁt:reﬂ{ £y mafRi d
fibers having a tenacity of 9 deni er, or nore
and %P”ﬂl@?§i°!’é°WBHEHSJS°"beOA'béh(" l&smg/ fefyereight afdice:
sai dediishfdatedNRUIAE oRRb&kast omeri ¢ matrix conposition
applied thereon; b) arranging said fiber |ayers
wherein the unidirectional array of fibers of each
| ayeps.arg: imsent Fﬁsisﬁﬂt atick JTeniPas alhelin anghaers ebapiisee

|t gyteli'l]l?lmld§Pgl t Udl d{h'&rt%% F%egjlglﬁ e tqlg;gg]zl(vgf) fi %IS an d-alxad mzﬂn\
condtdsmm&:cawfompcls@mom ebdwon m%ao abmsc)ﬁ%da't\edolnteirw k

Rl R%WJme &§91mdated network of fibers having
antef? or & é e OrSurfaces: wherein said matrix
¢®np05|t|on conprlses from about 7% to about 15% by
wei ghg, ‘PE Qhﬁen@ g&&%t %fc%dof@ﬁﬁ.wqgk\ru@ﬁenf éach%rf $ai@Mfer tayers
wherein T said bers conprise aramd fibers or
pol y pisphessypl leﬁéﬁe‘?ﬂz"@nslgo%a&tﬂ te)thg ionsaétdgwé Ebe digetigneof each
conpeghdd PAb&GIREI Ses at | east about 11% by wei ght of
sai d consol i dated network of fibers; and d) attaching
at | east one |l ayer of a polynmer f|In1to each of said
ant epy. OA I?kn?OCpm’Il -8duiciiy Sidnage sesixtans a;hxé. iBI000B s bhat ed
network o of cl
sai d2higfPing 4 gﬂ?}égf’%"(éha&fﬁp‘?g&gg f‘?"&‘ B%E%‘ "‘\9/3%% 8" ringing
about pLiSithyi fiedrg hito okulishatisinsoblicdlatnétrengdnabarkayoaid
fibeg, elts%gvm“a?enn?g) &dapgfn FLALMAS HELE! DieR@ldnORAEd &
conposi

about 150 "/demel or more; said fibers having an elastomeric matrix

20  composition applied thereon:
b) arranging said fiber layers wherein the unidirectional array of fibers of each
tayer are cross-plied at a non-parallel angle relative to the longitudinal fiber
direction of each adjacent layer;

c) bonding said cross-plied layers under conditions sufticient to form a

NS
(W)

consolidated network of fibers, the consolidated network of fibers having
anterior and posterior surfaces; wherein said matrix composition comprises
from about 7% to about 15% by weight of said consolidated network of fibers,
and wherein if said fibers comprise aramid fibers or poly(p-
phenylenebenzobisoxazole) fibers, said matrix composition comprises at least
30  about 11% by weight of said consolidated network of fibers; and

d) attaching at least one layer of'a polymer film to each of said anterior and

posterior surfaces of said consolidated network of fibers.



about | 1% to about 15% by wei ght of the consoli dated

network of fibers. 30. The nethod of claim 27 wherein
wealw/syliers conprise aramd fibers or PCT/US2006/044831

poi y( p- phenyl enebenzobi soxavol e) fibers and said

matri x conposition conprises fromabout 11%to about

15% by wei ght of the consolidated network of fibers. 3

1. The nethod of claim 27 wherein each of said fiber

| ayers are cross-plied at a 90 angle relative to the

| ongi tudi nal fiber direction of each adjacent fiber

layer. 32. A fragnent resistant material conprising:

a) abgl @ASk M08 OPQQ§IQb7 %EI%Q‘! Hed Wek-k Bfn pBélb&{ §om|§%|e§lhom
consol i dat ed network bers conpri sing El hgllt

of crbrsTH foskoyt Ides bar a%h&oféa%wwwed| r&%ﬁw ers
conprising a plurality of fibers arranged in an array;
sai d_fibers havi a tenacity of about 7 g/.denier.or .
o1 6 2nd el o EeRpdl MIErOY S BaY S e TP from
mor eab&and%‘tbkaem& Ibge/byngeight @ltimstmr@idacdmatwadrk of tibers.
conposition thereon, said elastoneric matrix

conmposition conprising from about 7% to about 15% by
wei ght. ohe seilddobtnieoh Rdathedimstdbbdcs odmprisberayidtfivers or

gloﬁ; %lf) Iy&ﬁa/{) d1y?an?ie‘%z& %?quglé)brﬂreng qyc%'g’d pﬁ{: ing:omiposition

nposi tion ormsaid
¢®dnsebindasasdroneabaut ki%oto abdyet % byav%lbltk ohdelconlidared

netmqggwgkoffg§gs havi ng anterior and posterior
surfaces; and b) at |east one |layer of a polyner film

attached to each of said anterior and posterior
surfae eS’h@fneﬁﬁ)Ud)f aranﬁol7 hohatc@dedalonedik reér 1hydseis crcﬁ&plled

{;\P ?:‘agﬁlx ‘é,? %’2197%rgjrﬁltl§é trZ) he F%"Turu?gmlbel clineeiltlgntn gpeacpgtbacent fiber

13 layer.

32. A fragment resistant material comprising:
a) ar least one consolidated network of fibers, said consolidated network of
{ibers comprising a plurality of cross-plied fiber layers. each fiber layer

20  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 an elastomeric matrix composition
thereon, said elastomeric matrix composition comprising from about 7% to

about 15% by weight of said consolidated network of fibers; the plurality of

253 cross-plied fiber layers being consolidated with said matrix composition to
form said consolidated network of fibers; said consolidated network of fibers
having anterior and posterior surfaces; and
b) at least one layer of a polymer film attached to each of said anterior and
posterior surfaces of said consolidated network of fibers.

30

33. An article comprising the fragment resistant material of claim 32.



