
FRAG SHIELD BACKGROUND OF IHE INVENTION FIELD OF THE
INVENTION This invention relates to fabric laminates
having excellent ballistic resistant properties as
well as superior resistance to penetration of
fragments such as shrapnel. More particularly, the
invention pertains to a light-weight, flexible,
non-woven, fragment and ballistic resistant material
formed from highstrength polymeric fibers in an
clastomeric matrix. DESCRIPTION OF THE RELATED ART
Ballistic resistant articles containing high strength
fibers that have excellent properties against
dcformable projectiles are known. Articles such as
bulletproof vests helmets and structural members of
military equipment are typically made from fabrics
comprising such high strength fibers. Fibers
conventionally used include polyethylene fibers
para-aramid fibers such as poly(phenylenediamine
terephthalamide), graphite fibers nylon fi bers glass
fibers and the like. For many applications such as
vests or parts of vests the fibers may be used in a
woven or knitted fabric. For many of the other
applications the fibers are encapsulated or embedded
in a composite material to form either rigid or
flexible fabrics. Various ballistic resistant
constructions arc known that are useful for the
formation of articles such as helmets panels and
vests. For example. U.S. patents 4.403.012..
4,457,985, 4,61 3,535, 4,623,574, 4,650.710,
4.737,402. 4,748,064, 5,552,208, 5,587,230, 6,642,
159, 6:84 1:492, 6,846,758, all of which are
incorporated herein by reference describe ballistic
resistant 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 projectiles such as bullets
shells, shrapnel and the like.U.S. patents 4,403.012
and 4.457.985 disclose ballistic-resistant composite
articles comprised of networks of high molecular
weight polyethylene or polypropylene fibers, and
matrices composed of olefin polymers and copolymers,
unsaturated polyesters epoxies. and other polymers
moldable below the melting point of the fiber. U.S.
patents 4.623.574 and 4.748.064 disclose simple
composite structures comprising high strength fibers
embedded in an elastomeric matrix. U.S. patents
4.737.402 and 4.613.535 disclose complex rigid
composite articles having good impact resistance which
comprise a network of high strength fibers such as the
ultra-high molecular weight polyethylene and
polypropylene disclosed in U.S. patent 4.4 13.1 1C)
also incorporated herein by reference embedded in an
elastomeric matrix material and at least one
additional rigid layer on a major surface of the
fibers in the matrix. U.S. patent 4,650.710 discloses
a flexible article of manufacture comprising a
plurality of flexible layers comprised of high
strength extended chain polyolefin (ECP) fibers. The
fibers of the network are coated with a low modulus
elastomeric material. U.S. patents 5.552.208 and
5.587.230 disclose an article and method for making an
article comprising at least one network of high
strength fibers and a matrix composition that includes
a vinyl ester and dial IyI phthalate. U.S. patent
6.642.1 59 discloses an impact resistant rigid
composite having a plurality of fibrous layers which
comprise a network of filaments disposed in a matrix
with elastomeric layers there between. The composite
is bonded to a hard plate to increase protection
against armor piercing projectiles. U.S. patent 6.84
1.492 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 plan s one above the other. U.S.
patent 6.846.758 discloses woven fabric laminates
having superior resistance to penetration by ballistic
projectiles. Laminates of the invention are comprised
of a fabric woven from a high strength, high modulus
yarn asurface coating oFa low modulus elastomer and a
plastic film bonded to its elastomer-coated surface.
One problem associated with the current ballistic
resistant fabrics and articles is their limited
resistance to the penetration of fragments, such as
shrapnel. The present invention provides a solution to
this problem. It has been unexpectedly found that a
non-woven fabric formed from a consolidated network o
f high-strength fibers consolidated with from about 7%
to about 15% by weight of an elastomeric matrix
composition, and in combination with protective layers
o f a polymer Film on each surface of the fabric
achieves a significant improvement in fragment
resistance compared to fabrics of the prior art. while
also maintaining excellent properties against
deformable projectiles. SUMMARY OF THE INVENTION The
invention provides a fragment resistant material
comprising: a) at least one consolidated network of
Fibers., said consolidated network of fibers
comprising a plurality of cross-plied non-woven fiber
layers each fiber layer comprising a plurality of
fibers arranged in a substantially parallel array:
said fibers having a tenacity of about 7 g/denier or
more and a tensile modulus of about 150 g/depier or
more: said fibers having an elastomeric matrix
composition thereon, said elastomeric matrix
composition comprising from about 7% to about 15% by
weight o f 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) fibers, said matrix
composition comprises at least about 11% by weight of
said consolidated network of fibers: andb) at least
one layer of a polymer film attached to each of said
anterior and posterior surfaces of said consolidated
network of fibers. The invention also provides a
fragment resistant article incorporating a fragment
resistant material, which fragment resistant material
comprises: a) at least one consolidated network of
fibers, said consolidated network of fibers comprising
a plurality of cross-plied non-woven fiber layers,
each fiber layer comprising a plurality of fibers
arranged in a substantially parallel 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
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) fibers said matrix
composition comprises at least about 11% by weight of
said consolidated network of fibers; 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. The invention further provides a
method of producing a fragment resistant material
comprising: a) forming at least two fiber layers each
fiber layer being formed by arranging 



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 150 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 layer 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 sufficient to form
a consolidated network of fibers, the consolidated
network of fibers havinganterior 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(pphenylenebenzobisoxazole) fibers said matrix
composition comprises at least 5 about I 1% by weight
ofsaid consolidated network of fibers: and d)
attaching at least one layer of a polymer Him to each
ofsaid anterior and posterior surfaces ofsaid
consolidated network of fibers. The invention still
further provides a fragment resistant material
comprising: IO a) at least one consolidated network of
fibers said consolidated network of fibers comprising
a plurality of cross-plied fiber layers each fiber
layer comprising a plurality of fibers arranged in an
array: said fibers having a tenacity of about 7
g/denier or more and a tensile modulus of about 150
g/denier or more: said fibers having an elaslomeric
matrix composition 15 thereon said elastomeric matrix
composition comprising from about 7% to about 15% by
weight ofsaid consolidated network of fibers: the
plurality of 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 



0 b) at least one layer of a polymer film attached to
each ofsaid anterior and posterior surfaces ofsaid
consolidated network of fibers. DETAILED DESCRIPTION
OF THE INVENTION 5 The invention presents non-woven
fabric 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 0 excellent
properties against defopnable projectiles.The fibers
of the invention are preferably coated with a low
modulus elastomeric material where the matrix
comprises from about 7 to about 15 % by weight of the
fabric. The fabric further comprises at least one
outer polymer layer attached each outer surface of the
consolidated network. As 5 used herein throughout the
term tensile modulus means the modulus of elasticity
as measured by ASTM 2256 testing procedures for a
fiber and by ASTM D638 testing procedures for the
elastomeric matrix material. For the purposes of the
present invention a fiber is an elongate body the IO
length dimension of which is much greater than the
transverse dimensions of width and thickness. The
cross-sections of fibers for use in this invention may
vary widely. They may be circular flat or oblong in
cross-section. Accordingly the term fiber includes
filaments ribbons strips and the like having regular
or irregular cross-section. They may also be of
irregular or 15 regular multi-lobal cross-section
having one or more regular or irregular lobes
projecting from the linear or longitudinal axis of the
fibers. It is preferred that the fibers are single
lobed and have a substantially circular cross-section.
The fragment resistant materials of the invention
comprise at least one 0 consolidated network of
high-strength high tensile modulus fibers that have 



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 ofarranged or
interconnected fiber or yarn layers. A "consolidated
network" describes a consolidated combination of 25
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
fabrics are non-woven 30 materials. An "array "
describes a orderly parallel arrangement of fibers or
yarns. A fiber layer" describes a planar arrangement
of woven or non-woven fibers or yarns. A fiber network
can have various configurations. Forexa ple the fibers
may be formed as a felt or another woven non-woven or
knitted, or formed into a network by any other
conventional technique. According to a particularly
preferred consolidated network configuration, a
plurality of fiber layers are combined whereby each
fiber layer comprises fibers iinidirectionally aligned
in an array so that they arc substantially parallel to
each other along a common longitudinal fiber
direction. As used herein, a high-strength high
tensile modulus fiber' is one which has a preferred
tenacity of at least about 7 g/denier or more a
preferred tensile modulus of at least about 150
g/denier or more, and a preferred energy-tobreak of at
least about 8 J/g or more each as measured by ASTM
D2256 testing procedures. As used herein, the term
denier ' refers to the unit of linear density equal to
the mass in grams per 9000 meters of fiber or yarn. As
used herein the term tenacity" refers to the tensile
stress expressed as force (grams) per unit linear
density (denier) of an unstrained specimen. The
initial modulus " of a fiber is the property of a
material representative of its resistance 



to deformation. The term "tensile modulus" refers to
the ratio of the change in tenacity expressed in
grams-force per denier (g/d) to the change in strain
expressed as a fraction of the original fiber length
(in/in). Particularly suitable high-strength, high
tensile modulus fiber materials include extended chain
polyolef  n fibers such as highly oriented high
molecular weight polyethylene fibers particularly
ultra-high molecular weight polyethylene fibers and
ultra-high molecular weight polypropylene libers. 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. In the case of
polyethylene preferred fibers are extended chain
polyethylenes having molecular weights of at least
500.000. preferably at least one million and more
preferably between two million and five million. Such
extendedchain polyethylene (ECPE) fibers may be grown
in solution spinning processes such as described in
U.S. patent 4, 137.304 or 4.356. 138. which are
incorporated herein by reference or may be spun from a
solution to form a gel structure ; such as described
in U.S. patent 4.55 1.296 and 5.006.390. which are
also incorporated herein by reference. The most
preferred polyethylene fibers for use in the invention
are polyethylene fibers sold under the trademark
Spectra(r) from Honeywell International Inc.
Spectra(r) fibers are well known in the art. Ounce for
ounce, Spectra(r) high performance fiber is ten times
stronger than steel while also light enough to float
on water. The fibers also possess other key properties
including resistance to impact moisture, abrasion
chemicals and puncture. These fibers are preferably
produced using a process known as gel-spinning. In
this process extended-chain polyethylene molecules are
dissolved in a 



solvent which is heated and forced through tiny
nozzles called spinnerets. The resulting jets of
solution cool and harden into polymeric fibers which
are then drawn dried and wound onto spools for further
manufacturing. Such techniques are well known in the
art. This process aligns the extended-chain
polyethylene molecules so that the hydrogen atoms of
each molecule bond with those of its neighbors. This
high degree of carbon-carbon molecular bonding within
the fiber gives the Spectra(r) fibers great tensile
strength. Spectra(r) 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 to Harpell. et al. Suitable polypropylene
fibers include highly oriented extended chain
polypropylene (ECPP) fibers as described in U.S.
patent 4.413.1 10. which is incorporated herein by
reference. Suitable polyvinyl alcohol (PV-OH) fibers
are described for example in U.S. patents 4.440.71
1and 4.599.267 which are incorporated herein by
reference. Suitable polyaciylonitrile (PAN) libers are
disc losed for example in U.S. patent 4.535.027. which
is incorporated hereinby reference. Each of these
fiber types are conventionally known and are widely
commercially available. Suitable aramicl (aromatic
polyainide) fibers are commercially available and are
described for example in U.S. patent 3,67 1.542. For
example useful poly(p-phenylene lerephyhalamide)
filaments are produced commercially by Dupont
corporation under the trade name of KEVLAR(r). Also
useful in the practice of this invention are
poly(m-phe pylene isophthalamide) fibers produced
commercially by Dupont under the trade name NOMEX(r).
Suitable polybenzazole fibers for the practice of this
invention are commercially available and are disclosed
for example in U.S. patents 5,286,833. 5,296. 185.
5.356.584. 5.534.205 and 6 040.050: each of which are
incorporated herein by 



reference. Preferred polybenzazole fibers arc ZYLON(r)
brand fibers from Toyobo Co. Suitable liquid crystal
copolyester fibers for the practice of this invention
are commercially available and are disclosed for
example in U.S. patents 3.975.487: 4J 18.372 and 4.161
.470. each of which are incorporated herein by
reference. The other suitable fiber types for use in
the presen invention include glass fibers fibers
formed from carbon fibers formed from basalt or other
minerals. M5(r) fibers and combinations of all the
above materia ls all of which are commercially
available. M5(r) fibers arc manufactured by Magellan
Systems International of Richmond. Virginia and are de
cribed for example in U.S. patents 5,674.969,
5.939,553. 5,945.537. and 6.040.478.. each of which
are incorporated herein by reference. Specifically
preferred fibers include M5(r) fibers polyethylene
Spectra(r) fibers. poly(p-phenylene terephthalamide)
and poly(p-phenylene-2,6-be pzobisoxazole) fibers.
Most preferably, the fibers comprise high st rength
high modulus polyethylene Spectra(r) fibers. 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 tenacityof about 7 g/denier or more a
preferred tensile modulus of about 150 g/denier or
more as measured by ASTM D2256 and a preferred
energy-to-break of about 8 J/g or more. In the
preferred embodiment of the invention, the tenacity of
the fibers should be about 15 g/denier or more,
preferably about 20 g/denier or more, more preferably
about 25 g/denier or more and most preferably about 30
g/denier or more. The fibers of the invention also
have a preferred tensile modulus of about 300 g/denier
or more more preferably about 400 g/denier or more
more preferably about 500 g/denier or more more
preferably about 1.000 g/denier or more and most
preferably about 1,500 



g/deniev or more. The fibers of the invention also
have a preferred energy-tobreak of about 15 J/g or
more more preferably about 25 J/g or more more
preferably about 30 J/g or more and most preferably
have an energy-to-brcak of about 40 J/g or more. These
combined high strength properties are obtainable by
employing solution grown or gel fiber processes. U.S.
patents 4;4 13; 110r 4:440:7 11, 4:535 027 4;457,985;
4,623,547 4;650;7 10 and 4.748.064 generally discuss
the preferred high strength extended chain
polyethylene fibers employed in the present invention
and the disclosures of these patents are hereby
incorporated by reference. A preferred technique of
forming the fabrics of the invention is to coat at
least one surface of the fibers with an elastomeric
composition preferably substantially coating or
encapsulating each of the individual fibers followed
by pressing together and fusing a plurality of such
coated fibers. This elastomer composition is hereby
referred to herein as a matrix composition. 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
composition followed by arranging a plurality of
fibers into a non-woven fiber layer. Alternately the
fibers may be arranged together and subsequently
coated with the elastomeric matrix composition.The
elastomeric matrix composition may comprise a variety
of polymeric and non-polymeric materials. The
preferred elastomeric matrix composition comprises a
low modulus elastomeric material. For the purposes of
this invention, a low modulus elastomeric material has
a tensile modulus. measured at about 6,000 psi (4 1.4
MPa) or less according to ASTM D638 



testing procedures. Preferably, the tensile modulus of
the elastomer is about 4,000 psi (27.6 MPa) or less,
more preferably about 2400 psi ( 16.5 MPa) or less,
more preferably 1200 psi (8.23 MPa) or less and most
preferably is about 500 psi (3.45 MPa) or less. The
glass transition temperature (Tg) of the elastomer is
preferably less than about 00C. more preferably the
less than about -40C. and most preferably less than
about -500C. The elastomer also has an preferred
elongation to break of at least about 50%. more
preferably at least about 100% and most preferably has
an elongation to break of at least about 300%. " A
wide variety of elastomeric materials and formulations
may be utilized in this invention. Representative
examples of suitable elastomers have their structures,
properties formulations together with crosslinking
procedures summarized in the Encyclopedia of Polymer
Science, Volume 5 in the section Elastomers-Synthetic
(John Wiley & Sons Inc.. 1964). The essential
requirement is that the matrix materials of this
invention have appropriate^' low moduli and are
moldable below the melting point of the fiber.
Suitable low modulus elastomeric materials include
polybutadiene. polyisoprene, natural rubber,
polyethylene, cross-linked polyethylene,
chlorosulfonated polyethy lene polypropylene, ethylene
copolymers, propylene copolymers, ethylene-propylene
copolymers, ethyle pe-propylene-die pe terpolymers.
polysulfide polymers, polyurethane elastomers,
epoxies, polychloroprene, plastieized
polyvinylchloride. butadiene acryloniti  le
elastomers. poly(isobutylene-co-isoprene),
polyacrylates. phenolics, polybutyrals, polyesters,
polyethers, fluoroelastomers. silicone elastomers,
thermoplastic elastomers and styrenic block
copolymers, such as styrene-isoprene-styrene
orstyrcne-butadiene-styrene types, and the like. 



Particularly useful arc block copolymers of conjugated
dienes and vinyl aromatic monomers. Butadiene and
isoprene are preferred conjugated cliene 5 elastomers.
Styrene. vinyl toluene and t-butyl styrene are
preferred conjugated aromatic monomers. Block
copolymers incorporating polyisoprene may be
hydrogcnatcd to produce thermoplastic elastomers
having saturated hydrocarbon elastomer segments. The
polymers may be simple tri-block copolymers of the
type A-B-A. multi-block copolymers of the type (AB)n
(n= IO 2-10) or radial configuration copolymers of the
type R-(BA) (x=3-150): wherein A is a block from a
polyvinyl aromatic monomer and B is a block from a
conjugated diene elastomer. Many of these polymers are
produced commercially by Kraton Polymers of Houston.
TX and described in the bulletin "Kraton(r)
Thermoplastic Rubber", SC-68-81. The most preferred 15
matrix polymer comprises styrenic block copolymers
sold under the trademark Kraton(r) commercially
produced by Kraton Polymers. Most preferably the low
modulus clastomeric material consists essentially of
at least one of the above-mentioned elastomers. The
low modulus elastomeric 0 materials may also include
fillers such as carbon black, silica etc. and may be
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 5 density, low
density and linear low density polyethylene may be
cross-linked 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. 0 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 neai coating material to fiberseither as a
liquid a sticky solid or particles in suspension or as
a fluidized bed. Alternatively the coating may be
applied as a solution or emulsion in a suitable
solvent which docs not adversely affect the properties
of the Fiber at the temperature of application. While
any liquid capable of dissolving or dispersing the
coating polymer may be used preferred groups of
solvents include water, paraffin oils and aromatic
solvents or hydrocarbon solvents with illustrative
specific solvents including paraffin oil. xylene
toluene octane cyclohexane. methyl ethyl ketone (MEK)
and acetone. The techniques used to dissolve or
disperse the coating polymers in the solvents will be
those conventionally used for the coating of similar
elastomeric materials on a variety of substrates.
Other techniques for applying the coating to the
fibers may be used including coating of the high
modulus precursoi (gei fiber) before the fibers are
subjected to a high temperature stretching operation
either before or after removal of the solvent from the
fiber (if using the el-spinning fiber forming
technique). The fiber may then be stretched at
elevated temperatures to produce the coated fibers.
The gel fiber may be passed through a solution of the
appropriate coating polymer under conditions to attain
the desired coating. Crystallization of the high
molecular weight polymer in the gel fiber may or may
not have taken place before the liber passes into the
solution. Alternatively the fiber may be extruded into
a fluidized bed of the appropriate polymeric powder.
Furthermore if a stretching operation or other
manipulative process, e.g. solvent exchanging drying
or the like, is conducted. the coating may be applied
to a precursor material of the final fiber. In another
coating technique a layer of fibers is fiist 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 elastomeric
material coated fiber network. The dipping procedure
may be repeated several times as required to place a
desired amount of elastomeric material coatin aon the
fibers.The proportion of dry matrix composition to the
overall fabric is relatively low. preferably from
about 7% to about 15% by weight based on the overall
weight of the fabric. More preferably, the dry matrix
composition comprises from about 11% to about 15% by
weight of the fabric. More preferably, the dry matrix
composition comprises from about 7% to about 14% by
weight of the fabric more preferably from about 7% to
about 13%. more preferably from about 7% to about 12%
and more preferably from about 7% to about 11% by
weight of the fabric. It has been unexpectedly found
that a reduction of the overall matrix content in the
fabric in combination with the outer polymeric film
layers on the fabric results in a fabric having
superior fragment resistance in addition to superior
ballistic resistance. If said fibers comprise aramid
fibers or poly(p-phenylenebenzobisoxazole) fi bers the
matrix composition preferably comprises at least about
11% by weight of said consolidated network of fibers.
In a preferred embodiment of the invention the fibers
of the invention are first coated using one of the
above techniques followed by arranging a plurality of
fibers into a non-woven fiber layer. Preferably,
individual fibers are positioned next to and in
contact with each other and arc arranged into
sheetlike arrays of fibers in which the fibers are
aligned substantially parallel to one another along a
common longitudinal fiber direction. In a particularly
effective technique for arranging the fibers into such
a configuration the libers 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 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 laid down in closely
positioned, substantially parallel relation to one
another on a suitable surface. Evaporation of the
solvent leaves a pre-preg sheetcomprised of elastomer
coated fibers which are substantially parallel and
aligned along a common fiber direction. The above
methods are preferably followed to form at least two
unidirectional fiber layers whereby the fibers are
substantially coated with a low modulus elastomeric
matrix composition on all fiber surfaces. Thereafter
the fiber layers are preferably consolidated into a
single-layer consolidated fiber network. This may be
achieved by stacking the individual fiber layers one
on top of another followed by bonding them together
under heat and pressure to heat setting the overall
structure causing the matrix material to flow and
occupy any remaining void spaces. As is conventionally
known in the art. excellent ballistic resistance is
achieved when individual fiber layer are crossplied
such that the fiber alignment direction of one layer
is rotated at an angle with respect to the fiber
alignment direction of another layer such that they
are non-parallel. For example a preferred structure
has two fiber layers of the invention positioned
together such that the longitudinal fiber direction of
one layer is perpendicular to the longitudinal fiber
direction of the other layer. In another example, a
Five layered structure is formed in which the second
third fourth and fifth layers are rotated +45. - 45.
90 and 0. with respect to the first layer but not
necessarily in that order. For the purposes of this
invent ion adjacent layers may be aligned at virtually
any angle between about 0 and 



about 90 with respect to the longitudinal fiber
direction of another layer but the about 0 and about
90 fiber orientations are preferred. While the
examples above illustrate fabrics that include either
two or five individual fiber layers such is not
intended to be limiting. It should be understood that
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. 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 crossplied
material at about 1100C. under about 200 psi (1379
kPa) pressure for about 30 minutes. The consolidation
of the individual fibers layers of the invention is
preferably conducted at a temperature of from about
2000F ( ~93C) to about 3500F (-1 770C), more
preferably at a temperature of from about 2000F to
about 3000F (~l 490C) and most preferably at a
temperature of from about 2000F to about 2500F (~l 2
10C).. and at a pressure of from about 25 psi (-1 72
kPa) to about 500 psi (3447 kPa) or higher. The
consolidation may be conducted in an autoclave, as is
conventionally known in the art. When heating it is
possible that the matrix can be caused to stick or
flow without completely melting. However generally if
the matrix material is caused to melt relatively
little pressure is required to form the composite
while if the matrix material is only heated to a
sticking point, more pressure is typically required.
The consolidation step may generally take from about
10 seconds to about 24 hours. However the lamination
temperatures pressures and times are generally
dependent on the type of matrix polymer, matrix
polymer content and type of fiber. Following the
consolidation of the fiber layers a polymer layer is
preferably 



attached to each of the anterior and posterior
surfaces of the single-layer. consolidated network via
conventional methods. Suitable polymers for said
polymer layer non-excliisively include thermoplastic
and thermosetting polymers. Suitable thermoplastic
polymers non-exclusively may be selected from the
group consisting of polyolefins. polyamides.
polyesters, polyurethanes. vinyl polymers
fluoropolymers and co-polymers and mixtures thereof.
Of these polyolefin layers 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 (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,aminos
cyanates, epoxies. phenol ics. unsaturated polyesters
bismaleimides. rigid polyurethanes. silicones, vinyl
esters and their copolymers and blends such as those
described in U.S. patents 6.846,758, 6,841.492 and
6.642,1 59. As described herein a polymer film
includes polymer coatings. The polymer film layers are
preferably attached to the single-layer consolidated
network using well known lamination techniques.
Typically laminating is done by positioning the
individual layers on one another under conditions
orsufficient heat and pressure to cause the layers to
combine into a unitary film. The individual layers are
positioned on one another, and the combination is then
typically passed through the nip of a pair of heated
laminating rollers by techniques well known in the
art. Lamination heating may be done at temperatures
ranging from about 95C to about 175C. preferably from
about 1050C to about I75C. at pressures ranging from
about 5 psig (0.034 MPa) to about 100 psig (0.69 MPa).
for from about 5 seconds to 



about 36 hours preferably from about 30 seconds to
about 24 hours. In the preferred embodiment of the
invention the polymer film layers preferablj' comprise
from about 2% to about 25% by weight of the overall
fabric more preferably fiom about 2% to about I7%
percent b> weight of the overall fabric and most
preferably from 2% to 12%. The percent by weight of
the polymer film layers will generally vary depending
on the number o f fabric layers forming the
multilayered film. While the consolidation and outer
polymer layer lamination steps are described herein as
two separate steps they may alternately be combined
into a single consolidation/lamination step via
conventional techniques in the art. The polymer film
layers, are preferably very thin having preferred
layer thicknesses of from about I mm to about 250 mm,
more preferably from about 5 mm to about 25 mm and
most preferably from about 5 mm to about 9 mm. 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 mmto about 500 mm. more
preferably from about 75 mm to about 385 mm and most
preferably from about 125 mm to about 255 mm. While
such thicknesses are preferred it is to be understood
that other film thicknesses may be produced to satisfy
a particular need and yet fall within the scope of the
present invention. The fabrics of the invention also
exhibit good peel strength. Peel strength is an
indicator of bond strength between fiber layers. As a
general ru le. the lower the matrix polymer content
the lower the bond strength, but the higher the
fragment resistance. However below a critical bond
strength the ballistic material loses durability
during material cutting and assembly of articles such
as a vest and also results in reduced long term
durability of the articles. In the 



preferred embodiment the peel strength for SPECTRA(r)
fiber materials in a SPECTRA(r) Shield (0.90)
configuration is preferably at least about 0. 17 Ib/fr
for good fragment resistance more preferably at least
about 0. 188 Ib/fr. and more preferably at least about
0.206 Ib/fr. It has been found that the best peel
strengths are achieved for fabrics of the invention
having at least about 11% to about 15% matrix content
particularly for aramid and
poty(pphenyienebenzobisoxazole) fibers. After
formation of the fabrics, they may be used in various
applications. For example they may be molded into
articles by subjecting them to heat and pressure.
Temperatures for molding may range from about 200C to
about 175C. preferably from about 1000C to about
1500C. more preferably from about I 10 0C to about
1300C. 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 : 5.552.208.
5,587,230, 6,642.159. 6 84 1.492 and 6.846,758. In a
preferred embodiment of the present invent ion a
plurality of single-layer. 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 o f the invention may also be formed
intoother personal protective articles such as
helmets, or may be formed into protective shields
covers or blankets as desired. The fiber networks may
individually retain the high flexibility
characteristic of textile fabrics and preferably
remain separate from each other i.e. not being bonded
together. Alternately multiple layers of fabric may be
stitched together or bonded together with adhesive
materials or other thermoplastic or non-thermoplastic
fibers or materials. Accordingly articles of the
invention may comprise a plurality of non-woven
fragment resistant fabrics that are assembled into a
bonded or non-bonded array. 



Garments of the invention may be formed through
methods conventionally known in the art. Preferably. a
garment may be formed by adjoining the fragment
resistant fabrics of the invention with an article of
clothing. For example a fragment resistant vest may
comprise a generic fabric vest that is adjoined with
the fragment resistant fabrics of the invention,
whereby the inventive fabrics are inserted into
strategically placed pockets. This allows for the
maximization of fragment and ballistic protection
while minimizing the weight of the vest. As used
herein the terms "adjoining " or "adjoined" are
intended to include attaching such as by sewing or
adhering and the like as well as un-attached coupling
or juxtaposition with another fabric such that the
fragment resistant 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 constructed in accordance
with the present invention have good flexibility and
comfort coupled with excellent ballistic protection
and fragment 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 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
unidirectionalcomposites and fiber denier,
fiber-to-fiber friction matrix characteristics
inter-laminar bond strengths and others. Sharp
fragments can penetrate by shearing fibers.
Projectiles may also break fibers in tension. The
impact of a projectile on a fabric causes propagation
of a strain wave through the fabric. Ballistic
resistance is greater if the strain wave can propagate
rapidly and unimpeded through the fabric and involve
greater volumes of fiber. Lower interfacial bond
between layers of the 



embodiment allow higher energy absorption.
Experimental and analytical work has shown that in all
actual cases all penetration modes exist and that
their relative importance is greatly affected by the
design of the composite. The ballistic and fragment
resistance properties are determined using standard
testing procedures that are well known in the art. For
example screening studies of ballistic composites
commonly employ a 22 caliber non-deforming steel
fragment of specified weight hardness and dimensions
(Mil-Spec.MILP- 46593A(ORD)). The protective power or
penetration resistance of a structure is normally
expressed by citing the impacting velocity at which
50% of the projectiles penetrate the composite while
50% are stopped by the shield also known as the V50
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, fragments shrapnels and the like and
non-physical objects, such as a blast from explosion.
For composites of equal areal density which is the
weight of the composite panel divided by the surface
area the higher the V 0. 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 kinetic
energy of the threat divided by the areal density o f
the composite. The higher the SEAT value, the better
the resistance of the composite to the threat.The
ballistic and fragment properties of the fabrics of
the invention will vary depending on many factors
particularly the type of fibers used to manufacture
the fabrics. However it has been unexpectedly
discovered that the fabrics of the invention have
improved V 0 values and improved specific energy
absorption of the target compared to similar fabrics
having greater quantities of matrix polymer as can be
seen in the examples and data table below. 



The following non-limiting examples serve to
illustrate the invention. EXAMPLES EXAMPLE I
(COMPARATIVE) A ballistic shoot pack was prepared by
stacking together 18 fabric layers, each fabric layer
being comprised of a consolidated network having two
sheets (plies) of unidirect iona l high modulus
polyethylene (HMPE) libers impregnated with Kraton(r)
thermoplastic polymer each layer being crossplied at
right angles to each other (0 degrees/90 degrees) and
laminated between two sheets of linear low density
polyethylene (LLDPE) film. The HMPE fibers were
SPECTRA(r) 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(r) polymer used was a polystyrenepolyisoprene-
polystrene-block copolymer. Each fabric layer prior to
the polyethylene films being added comprised 79% by
weight of the fiber and 2 1% by weight o f the
Kraton(r) polymer based on the total weight the
fabric... The LLDPE films each had a thickness of 9
mm. The areal density of each LLDPE film was 8 gsm
(gram/m 2). The LLDPE films were laminated to the
cross-plied material at 1100C. about 200 psi ( 1379
kPa) pressure for at least 30 minutes. The total areal
density of one fabric layer was I 16 gsm. Acontinuous
laminated sheet of material was formed and wound into
a roll. The laminated sheet had a thickness of 0.006 "
(0. 1524 mm). The sheet was then cut to form 18
separate layers, each having a length and width of 18"
X 18" (45.7 mm X 45.7 mm). The 18 layers were then
loosely stacked together to form a shoot pack. The
layers were not bonded to each other. The areal
density o f the shoot pack was 0.43 lb/fr (2.09 kg/m
2). For testing against fragment resistance, the shoot
pack was mounted on a test frame and firmly clamped at
the top of the frame. The frame was mounted at a 



90-degree orientation to the line of fragment fired
from a firmly mounted universal receiver. A 17 grain
Fragment Simulating Projectile (FSP) was used for
testing and conformed to the shape size and weight as
per the MIL-P- 46593A. V5O Ballistic testing was
conducted in accordance with the procedures o f
MIL-STD-662F. V50 ballistic limit testing is a
statistical test that experimentally identifies the
velocity at which a bullet has a 50 percent chance of
penetrating the test object. Several 17 grain FSP
fragments were fired, changing the velocity of each
fragment. The velocity o f each fragment was moved
down and up depending whether the previous fragment
shot was a complete penetration or partially
penetrated a few layers of the shoot pack. An average
velocity was achieved 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 called the V50.
The V50 of this shoot pack was tested as 1201 fps. The
Specific Energy Absorption of the Target (SEAT) was
calculated as 34.88 J-in2/kg. EXAMPLE IA (COMPARATIVE)
Example 1 is repeated but with a shoot pack having 19
stacked fabric layers having an areal density of 0.44
lb/fr (2. 15 kg/m 2). The V50 of this shoot packwas
tested as 121 7 fps. The Specific Energy Absorption
oFthe Target (SEAT) was calculated as 35.01 J-m2/kg .
EXAMPLE 2 A ballistic shoot pack was prepared by
stacking together 20 fabric layers of SPECTRA(r) 1000,
I 100 denier as described in Example I . Each fabric
layer comprised 88.7% by weight of fiber based on the
weight the fabric layer, and comprised 11.3% by weight
of matrix polymer based on the weight the fabric
layer. The LLDPE film had a thickness of 9 mm. The
areal density of LLDPE 



film was 8 gsm. The total areal density of one fabric
layer was 103.9 gsm. The laminated sheets of material
had a thickness of 0. 1524 mm. The size of the 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 0.43 Ib/fr (2.09 kg/nr).
The pack was tested for fragment resistance as in
Example 1. The V oof this shoot pack was tested as 141
2 fps. The Specific- Energy Absorption of the Target
(SEAT) was calculated as 48.2 J-m2/kg. This example
illustrates the superior fragment resistant properties
achieved with SPECTRA(r) 1000. I 100 denier fabric
having I I% matrix polymer compared to 21% as in
Example 1. EXAMPLE 3 (COMPARATIVE) Example I was
repeated, only the shoot pack included 32 fabric
layers and was tested against a mm Full Metal Jacket
(FMJ) bullet. The size of the shoot pack was 18" X 18"
(45.7mm X 45.7mm). The areal density of the shoot pack
was 0.74 lb/ft 2 (3.6 1 kgLrr). For testing against 9
mm FMJ bullet resistance, the shoot pack was mounted
on a test frame filled with Plastilina # 1 clay and
strapped on the frame. 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.size and weight as per the
National Institute of Justice ( NIJ) 0 10 1.04 lest
standard. Ballistic testing was conducted in
accordance with the procedures of MILSTD- 662F.
Several 9 mm FMJ bullets were fired, changing the
velocity o{~ each one. The velocity of each 9 mm FMJ
bullet was moved down and up depending upon whether
the previous fragment shot was a complete penetration
or partially penetrated a few layers of the shoot
pack. An average velocity was achieved by including
about four partial penetrations and about 



four complete bullet penetrations within a velocity
spread of 125 fps. The average of partial and complete
penetration velocities was calculated and called V5o.
The V5 of this shoot pack was tested as 1525 fps. The
Specific Energy Absorption of the Target (SEAT) was
calculated as 236.81 J-m2/kg. EXAMPLE 4 Example 2 was
repeated, but tested against a 9 mm FMJ bullet. The
size of the shoot pack was 18" X 18" (45.7mm X
45.7mm). The aical density of the shoot pack was 0.43
Ib/fr (2.09 kg/m ). Ballistic testing was conducted as
in Example 3. The V of this shoot pack was tested as
1272 fps. The Specific Energy Absorption of the Target
(SEAT) was calculated as 284.46 J-m2/kg. This example
illustrates the superior ballistic resistant
properties achieved with SPECTRAc?- 1000. I 100 denier
fabric having I 1% matrix polymer compared to 21% as
in Example 3. EXAMPLE 5 (COMPARATIVE) A ballistic
shoot pack was prepared by stacking together 27 fabric
layers, each fabric layer being comprised of a
consolidated network having two sheets
ofunidirectional. HMPE fibers impregnated with
Kraton(r) polymer, cross-plied at right angles and
laminated between two sheets of LLDPE film. The HMPE
fibers were SPECTRA* 1000. 1300 manufactured by
Honeywell 5 International. Inc. and had a tenacity
of36 g/denier and a tensile modulus of I 150 g/denier.
Each fabric layer comprised 79% by weight of fiber
based on the weight the fabric and comprised 2 1% by
weight of the matrix polymer based on the weight the
fabric. The LLDPE films each had a thickness of 9 mm.
The areal density of the LLDPE film was 8 gsm. Total
areal density of IO one fabric layer was 150.0 gsm.
The laminated sheets of material had a thickness of 0.
165 1mm. The size of the shoot pack was 18" X 18; !
(45.7mni X 45.7mm). The stacks of 



27 sheets were not connected with each other. The
area! density of the shoot 15 pack was 0.84 lb/ft2
(4.1 kg/m2) . Fragment testing was conducted as in
Example 1. The V5 of this shoot pack was tested as 150
1 fps. The Specific Energy Absorption of the Target
(SEAT) was calculated as 27.86 J-m2/kg. 0 EXAMPLE 6 A
ballistic shoot pack was prepared by stacking together
29 fabric layers of SPECTRA(r) 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% 5 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 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 lb/fr (3.75 kg/m2) . 0
Fragment testing was conducted as in Example 1. The
average of eight partial and complete penetration
velocity was calculated and called V 0 . The V 1 of
this shoot pack was tested as 1660 fps. The Specific
Energy Absorption of theTarget (SEAT) was calculated
as 37.12 J-m2/kg. This example illustrates the
superior fragment resistant properties achieved with
SPECTRA 1000. 1300 fabric having 7% matrix polymer
compared to 2 1% as in Example 5. EXAMPLE 7 A
ballistic shoot pack was prepared by stacking 28
fabric layers of SPECTRA(r) 1000, 1300 Fibers as in
Example 5. Each fabric layer comprised 89.9% by weight
of fiber based on the weight the fabric layer, and
comprised 10.1% by weight of the matrix polymer based
on the weight the fabric layer. The total area!
density of one fabric layer was 132.8 gsm. The size of
the shoot pack was 8" X 18" (45.7mm X 45.7mm). The
stacks of sheets were not connected with each other.
The area! density of the shoot pack was 0.77 Ib/ fl
(3.75 kg/m 2) . 



Fragment testing was conducted as in Example 1. The
V50 of this shoot pack was tested as 1616 fps. The
Specific Energy Absorption of the Target (SEAT) was
calculated as 35.73 J-m2/kg. This example illustrates
the superior fragment resistant properties achieved
with SPECTRA* 1000. 1300 fabric having 10% matrix
polymer compared to 2 1% as in Example 5. EXAMPLE 7A A
ballistic shoot pack was prepared by stacking 29
fabric layers of SPECTRA(r) 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 area! density of
the shoot pack was 0.83 Ib/fr (4.05 kg/m2). Fragment
testing was conducted as in Example 1. The V50 of this
shoot pack was tested as 1648 fps. The Specific Energy
Absorption of the Target (SEAT)was calculated as 34.03
J-mVkg. This example illustrates the superior fragment
resistant properties achieved with SPECTRA(r) 1000.
1300 fabric having 15% matrix polymer compared to 21%
as in Example 5. EXAMPLE 8 (COMPARATIVE) Example 5 was
repeated but tested against 9 mm FMJ bullet as in
Example 3. The V o of this shoot pack was tested as
1450 fps. The Specific Energy Absorption of the Target
(SEAT) was calculated as 189.22J-m 2/kg. EXAMPLE 9
Example 7 was repeated but tested against 9 mm FMJ
bullet as in Example 3. Testing was conducted as in
Example 3. The V oof this shoot pack was tested as 15
19 fps. The Specific Energy Absorption of the Target
(SEAT) was calculated as 226.54J-ni 2/kg. This example
illustrates the superior ballistic resistant
properties achieved with SPECTRA(r) 1000, 1300 fabric
having 10% matrix polymer compared to 21% as in
Example 8.The data collected from examples 1-9 is
summarized in the following table: 



(*) Kraton(r) polymer with eyclohe.xane as solvent.
(,** ) Emulsion polymer
polystyrene-polyisoprene-polystrene-bl uek copolymer.
Shoot pack (target) size 18" X 18" : Areal density is
weight ol' ballisiic shoot pack as Ibs/lr ipsO. SEAT
is Spccille Energy Absorption o f Target. EXAMPLES
10-12 Three different samples of SPECTRA(r) Shield
LCR. were tested for peel strength properties, each
sample having a different matrix polymer content.The
SPECTRA(r) Shield LCR samples each comprised a
four-layer structure of the following layering
configuration: LLDPE film/0 o fiber laye i790 fiber
layer/LLDPE film. A standard peel strength test was
conducted by peeling between the fiber layers. The
results are summarized in the following table:
Examples 10-12 illustrate that the lower the matrix
polymer content the lower the bond strength. However,
below a critical bond strength the ballistic material
loses durability during material cutting and assembly
of articles such as a vest and also results in reduced
long term durability of the articles. The sample from
Example 10 having 6.04% matrix polymer content showed
unacceptable peel strength at 0.089 lbs/ ft . The
sample from example I I having 11.43% matrix polymer
content showed good peel strength at 0. 188 lbs/ft2.
This sample will also exhibit excellent fragment and
ballistic performance. The sample from example 12
having 20.0% matrix polymer content shows strong peel
strength at 1.766 lbs/ft2, 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 



the claims be interpreted to cover the disclosed
embodiment those alternatives which have been
discussed above and all equivalents thereto.What is
claimed is: t . A fragment resistant material
comprising: a) at least one consolidated network o
Ffibers, said consolidated network of fibers
comprising a plurality of cross-plied non-woven fiber
layers each fiber layer comprising a plurality of
fibers arranged in a substantially parallel 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 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) li bers
said matrix composition comprises at least about I 1%
by weight of said consolidated network of fibers: 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. 2. The fragment
resistant material of claim 1wherein 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 I
wherein said fibers comprise 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 I wherein said fibers comprise a
material selected from the group consisting of
extended chain polyolefin 



fibers aramid fibers polybenzazole fibers polyvinyl
alcohol fibers. polyamide fibers polyethylene
terephthalate fi bers polyethylene naphthalatefibers
polyacrylonitrile fibers, liquid crystal copolyester
fibers, glass fibers and carbon fibers. 5. The
fragment resistant material of claim I wherein said
fibers comprise 5 polyethylene fibers. 6. The fragment
resistant material of claim I wherein the matrix
composition comprises a material selected from the
group consisting of polybutaclicnc, polyisoprene.
natural rubber, ethylene-propylene copolymers
ethylene- IO propylene-diene terpolymers. polysulfide
polymers polyurethane elastomers. chlorosulfonated
polyethylene polychloroprene. plasticized
polyvinylchloride. butadiene acrylonitrile elastomers,
poly(isobutylene-co-isoprcne), polyacrylates.
polyesters, polyethers. fluoroelastomers. silicone
elastomers, copolymers of ethylene, and combinations
thereof. 15 7. The fragment resistant material of
claim 1 wherein the matrix composition comprises
polystyrene-polyisoprene-polystre pe-block copolymer.
8. The fragment resistant material of claim t wherein
said matrix composition 0 comprises from about 7% to
about 14% by weight of the consolidated network of
libers. 9. The fragment resistant material of claim 1
wherein said matrix composition comprises from about
7% to about 13% by weight of the consolidated network
5 of fibers. 10. The fragment resistant material of
claim I wherein said matrix composition comprises from
about 7% to about 12% by weight of the consolidated
network of fibers. 0I I. The fragment resistant
material of claim I wherein said matrix 



composition comprises from about 7% to about I 1% by
weight ofthe consolidated network of fibers. 12. The
fragment resistant material of claim I wherein said
matrix composition comprises from about 11% to about
15% by weight ofthe consolidated network of fibers.
13. The fragment resistant material of claim 1 wherein
said fibers comprise aramid fibers or
poly(p-phenylenebenzobisoxazole) fibers, and said
matrix composition comprises from about I 1% to about
15% by weight ofthe consolidated network of fibers.
14. The fragment resistant material of claim 1 wherein
said polymer film layers comprise from about 2% to
about 25% percent by weight ofthe overall material.
15. The fragment resistant material of claim I wherein
said polymer film layers comprise a material selected
from the group consisting of selected from the group
consisting of polyolefins. polyamides, polyesters
polyurethanes. vinyl polymers rluoropolymers and
copolymers and combinations thereof. 16. The fragment
resistant material of claim I wherein said polymer
film layers comprise a linear low density
polyethylene. 17. The fragment resistant material o f
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. 18. A
fragment resistant article incorporating a fragment
resistant material which fragment resistant material
comprises:a) at least one consolidated network of
fibers, said consolidated network of fibers comprising
a plurality of cross-plied, non-woven fiber layers,
each fiber layer comprising a plurality of fibers
arranged in a substantially parallel array: said
fibers having a tenacity of about 7 g/clenier 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 libers: 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 arainid fibers or
poly(p-phenylenebenzobisoxazole) fi bers said matrix
composition comprises at least about 11% by weight of
said consolidated network of fibers; 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. 19. The fragment resistant article
of claim 18 which comprises a plurality of
consolidated networks of fibers assembled in a bonded
array. 20. The fragment resistant article ofclaiin 18
which comprises a plurality of consolidated networks
of fibers assembled in a non-bonded array. 2 1. The
fragment resistant article of claim 18 which comprises
a garment having a plurality of consolidated networks
of fibers adjoined thereto. 22. The fragment resistant
article of claim 2 1 wherein said garment comprises a
vest having said plurality of consolidated networks of
fibers adjoined thereto. 23. The fragment resistant
article of claim 18 wherein said matrix composition
comprises from about 7% to about I 1% by weight of the
consolidated network of fibers.24. The fragment
resistant article of claim 18 wherein said matrix
composition comprises from about 11% to about 15% by
weight of the consolidated network of fibers. 25. The
fragment resistant article of claim 18 wherein said
fibers comprise 



aramid fibers or poly(p-phenylenebenzobiso\azole) fi
bers and said matrix composition comprises from about
11% to about 15% by weight of the consolidated network
of fibers. 26. The fragment resistant article of claim
18 wherein each of said fiber layers are cross-plied
at a 90 angle relative to the longitudinal fiber
direction of each adjacent fiber layer. 27. A method
of producing a fragment resistant material comprising:
a) forming at least two fiber layers, each fiber layer
being formed by arranging 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 150 g/denier or more:
said fibers having an clastomeric matrix composition
applied thereon; b) arranging said fiber layers
wherein the unidirectional array of fibers of each
layer 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 sufficient to form a consolidated network
of fi bers 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 fi bers and
wherein if said fibers comprise aramid fibers or
poly(pphenylenebenzobisoxazole) fi bers said matrix
composition comprises at least 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.28. The method of claim 27 wherein
said matrix composition comprises from about 7% to
about 11% by weight of the consolidated network of
fibers. 29. The method of claim 27 wherein said matrix
composition comprises from 



about I 1% to about 15% by weight of the consolidated
network of fibers. 30. The method of claim 27 wherein
said fibers comprise aramid fibers or
poiy(p-phenylenebenzobisoxazole) fibers and said
matrix composition comprises from about 11% to about
15% by weight of the consolidated network of fibers. 3
1. The method of claim 27 wherein each of said fiber
layers are cross-plied at a 90 angle relative to the
longitudinal fiber direction of each adjacent fiber
layer. 32. A fragment resistant material comprising:
a) at least one consolidated network of fibers, said
consolidated network of fibers comprising a plurality
of cross-plied fiber layers each fiber layer
comprising a plurality of fibers arranged in an array;
said fibers having a tenacity of about 7 g/denier or
more and a tensile modulus of about 150 g/denier or
more: said fibers having 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 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. 33.
An article comprising the fragment resistant material
of claim 32. 


