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PLASTIC ENCASED MULTI-THREAT 
ANTI-BALLISTIC MATERIAL 

TECHNICAL FIELD 

[0001] This invention relates to an encased anti-ballistic 
material panel and/or component, and more particularly 
relates to a securement and encasement method and material 
for enclosing an anti-ballistic material to hold it in place. 

BACKGROUND OF THE INVENTION 

[0002] Anti-ballistic materials have been knoWn in the art 
for a long time, although there has alWays been a dif?culty 
With placing the anti-ballistic material into position as to be 
most effective. 
[0003] The most conventional anti-ballistic material has 
been plate steel. Plate steel effectively has prevented bullet 
penetration, although its extreme Weight has limited its use to 
buildings and vehicles as the steel plate Was too Weighty for 
personal body armor. Still, steel-plated vehicles or steel-lined 
vehicle compartments reduce fuel economy so greatly that 
another solution has been sought. Engineers have been look 
ing for a lightWeight anti-ballistic material that Will stop high 
velocity bullets. 
[0004] Previously, some scientists have proposed the use of 
epoxy resin to hold Kevlar®, available from DuPont Corpo 
ration of Wilmington, Del., USA, and/or Dyneema®, avail 
able from DM Dyneema B.V., of the Netherlands, respec 
tively, disclosed further hereinbeloW, in order to maintain the 
position of the anti-ballistic material. The anti-ballistic mate 
rial has conventionally been formed into sheets or panels, and 
may be inserted into a pocket, for instance such as current 
military issue personal body armor, or it may be glued onto 
the outer or inner surface of a vehicle or helicopter. In other 
prior art attempts, aramid ?bers or ceramics Were pressed 
together using an epoxy resin to glue the pieces into a unitary 
composite structure. HoWever, these structures have proven 
to be excessively heavy, dif?cult to incorporate into vehicles 
or aircraft, and are relatively ineffective in maintaining the 
position of the anti-ballistic material Where it is needed. 
[0005] Conventional personal body armor With anti-ballis 
tic materials have included the use of high tensile strength 
?bers such as, for example, aramid ?bers and polyethylene 
?bers. These materials have been placed into personal bullet 
proof vests to protect the torso of the Wearer. Multiple layers 
of high tensile strength aramid or polyethylene fabric have 
been required because a single layer has proven to be insuf 
?cient to stop a ballistic projectile. Due to the multiplicity of 
layers, Weight Was a real issue. HoWever, the multiple layer 
con?guration has been deemed to still be advantageous 
because attaching enough fabric necessary to defeat a ballis 
tic projectile has still left the vest lighter and more ?exible 
than it Would be had it been made out of metal. 
[0006] Multiple layer Kevlar® vests are usually su?icient 
to defeat ballistic pistol rounds. One method of measuring the 
ability of a bulletproof vest to defeat these rounds has been 
established by the United States of America National Institute 
of ]ustice (NH). The NI] Standard 0101 .04 for Threat Level II 
involves testing body armor against 9 mm, 124 grain full 
metal jacket projectiles at 1205 feet per second, as Well as 
against 0.357 Magnum, 158 grain semi jacketed holloW point 
projectile at 1430 feet per second. The NI] Standard 1001.04 
for Threat Level IIIA involves testing body armor against 9 
mm SMG (sub-machine gun), 124 grain full metal jacket 
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projectiles at 1430 feet per second (fps) and 0.44 Magnum, 
240 grain jacketed holloW point projectiles at 1430 fps. 
[0007] The highest level of protection standard the United 
States of America National Institute of Justice has issued for 
pistol rounds is the Level III-A Threat. The Level III-A threat 
is designed to simulate high velocity pistol rounds traveling at 
least 1,400 feet per second When they impact. The NI] III-A 
Level Threat is part of the National Institute of Justice Stan 
dard 0101.04. Another part of the NI] Standard 0101.04 is a 
standard for backface deformation alloWed by the vest. As 
part of this backface deformation standard, a vest, even When 
it stopped a ballistic projectile completely, is alloWed to 
deform toWards the body no more than 44 millimeters (mm), 
or 1.73 inches (in) as measured into a standard clay material. 
[0008] The damage done by ricochet fragmentation can be 
modeled using a bullet type sabot fragment simulator, such as 
a right round circular penetrator With blunt ends about 0.217 
inches in diameter and 0.220 inches in length. Another simu 
lator for fragmentation protection is de?ned by United States 
of America Military Standard (Mil Std) 662E. Military Stan 
dard 662E calls out a 16 grain chisel point, right round circu 
lar penetrator that impacts the vest at a velocity of at least 650 
meters per second (mps) (2132 feet per second). 
[0009] Threats faced by military personnel are usually bul 
lets and/or fragments or shrapnel. Military pistol ballistic 
projectiles usually include a military 9 mm ball round. Frag 
mentation or shrapnel projectiles are typically generated by 
the destruction of a casing of an explosive round. The explo 
sive round can be either artillery, mortar or grenade. 
[001 0] Kevlar and other aramid fabrics have high resistance 
to penetration by ballistic projectiles. This resistance to pen 
etration comes from a combination of the ?ber tensile 
strength, elongation of yield, selected pick count, and high 
heat resistance of the aramid fabric. 
[0011] High tensile strength ?bers in an aramid fabric With 
a high elongation of yield have an ability to deform and sloW 
doWn a ballistic projectile. A ballistic ?ber With a higher 
elongation to failure Will tend to hang on to the projectile as 
the ?bers of the material stretch. The stretching of the material 
alloWs additional time for the fabric to hang on to the proj ec 
tile deforming the projectile and sloWing it doWn as ?bers 
elongate, before yielding to penetration. Deforming the bal 
listic projectile causes the front end of the projectile to expand 
radially normal to the direction of its ?ight in a manner that 
can be described as mushrooming. This action is described as 
mushrooming because the stopped bullet, When removed 
from the vest, tends to look like a mushroom. Causing the 
leading surface of a projectile to expand is advantageous, 
because an expanded leading edge has greater surface area in 
contact With the vest material. A ballistic resistant vest mate 
rial is better able to stop a projectile With a larger surface area 
in contact With the vest, because that alloWs more threads of 
the fabric to engage the projectile adding their tensile strength 
to the stopping poWer of the fabric. 
[0012] Pick count is a measure of the number of threads of 
?ber in a given area of fabric. The greater the pick count the 
greater the number of threads in a given area the fabric has. 
Each thread in the shadoW of the projectile impact absorbs 
energy from the projectile When it yields. Thus a fabric With 
a high pick count may have a greater resistance to penetration 
than a fabric With an identical thread but a loWer pick count. 

[0013] In adjusting the denier and pick count of a fabric, 
care must be given so as to not place too many ?bers With too 
high a denier in a given area. As denier increases, the diameter 
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of the ?ber increases. Increasing the denier of a ?ber Without 
reducing the pick count of the fabric may lead to crimping. 
Crimping occurs When the ?bers are so tightly packed 
together at crossover points that the ?bers cannot elongate. 
When crimping occurs there is no bene?t gained from the 
?bers ability of the ?ber to stretch. Thus, too high a denier 
combined With too high a pick count results in crimping and 
reduced anti-ballistic ef?ciency of the fabric. 
[0014] Aramid fabrics have a high resistance to heat. Bal 
listic events, Where a projectile is deformed and stopped, 
generate a signi?cant amount of heat. Aramid fabrics retain 
their structural integrity in high temperature episodes better 
than other fabrics. This high resistance to heat alloWs aramid 
fabrics to retain their high tensile strength and elongation of 
yield during ballistic events. In addition, the heat generated at 
impact helps to soften the projectile and adds to the deforma 
tion of the projectile caused by impact With the fabric. 
[0015] Polyethylene fabric is traditionally made by com 
bining ?bers and sheets of polyethylene. The ?bers are coated 
in a resin and a unidirectional layer of ?bers is cross laid With 
another unidirectional layer of ?bers at 90° to each other. The 
?bers are then sandWiched betWeen tWo polyethylene sheets 
to form a fabric. The polyethylene fabric has an enhanced 
ability over aramid fabric for absorbing the energy of a pro 
jectile, and by absorbing this energy, reduces the backface 
deformation generated by a stopped projectile. Backface 
deformation is a measure of hoW deep a projectile penetrates 
into the vest Wearers body. Even though the vest does not 
completely fail, the projectile penetrates before it is stopped. 
In order to meet National Institute of Justice Standard 0101. 
04, for backface deformation, the deformation can be no 
greater than 44 mm, or 1.73 inches into a standard clay mod 
eling material. 

SUMMARY OF THE INVENTION 

[0016] The present invention discloses a neW material of a 
plastic encased anti-ballistic material, one Which may be tai 
lored for multi-threat protection. Also disclosed is a method 
for forming such a neW material or article by describing a 
method of forming plastic particulates into a multiple skin 
con?guration, usually tWo skins, Which may also have con 
tained therebetWeen either an expandable plastic material, 
along With the anti-ballistic material reinforcement for 
strengthening the plastic article, other ?ller materials, or com 
binations thereof. In addition to the materials Which can be 
incorporated into the middle layer betWeen tWo skins, the 
present invention also discloses the use of multiple layers of 
various types of anti-ballistic materials to combat any type of 
ballistic threat Which may happen, as Well as other embedded 
articles to be placed betWeen the tWo skins, Whether they are 
completely embedded into the article, or Whether portions of 
them are alloWed to extend therethrough outside the molded 
article, i.e. for purposes such as securements, or vehicle 
mounting brackets, electrical Wires, and the like. 
[0017] The present invention holds desirable anti-ballistic 
materials in position for several reasons: 1. In order to hold 
the anti-ballistic material in place While protecting it from the 
outer elements; 2. To alloW for multi-layers of various anti 
ballistic materials to help With multi-threat situations; and 3. 
to be able to incorporate such materials into body or vehicle 
components such as the underbelly of a helicopter, the under 
panel and side door panels of Humvees or Strykers or the 
sides of a boat for naval operations. In addition, our tests shoW 
that the anti-ballistic Woven materials tend not to fray When 
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they are held in place, or foamed in place betWeen skins that 
absorb the bullet and do not alloW back?re deformation. 
[0018] Any appropriate material may be utiliZed for the 
plastic encasing of the outer skins or foamed materials for 
encapsulating the anti-ballistic materials, including polypro 
pylene, polyurethane, and/ or other thermoplastic or “thermo 
set” resins. These materials, in yet another aspect of the 
present invention, are expected to bond nicely With foamed 
plastic or foamed alumina, silicon carbide or silicon nitride 
due to the open-celled foam concept that may be desirable for 
various aspects of this invention. Foamed ceramics and met 
als are knoWn in the art, and may be used in an advantage for 
certain applications. 
[0019] One aspect of the present invention employs at least 
one layer of KevlarTM KM2 600 denier fabrics, or DyneemaTM 
SB31 fabrics. One of ordinary skill in the art Would recogniZe 
hoWever that With adequate notice given to denier, pick count 
and elongation of failure, various materials might be substi 
tuted for the materials mentioned above. The threat to be 
protected from Will dictate the material layers that Will be 
incorporated into the plastic encasement, more fully 
described in detail hereinbeloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a perspective cutaWay vieW of a panel made 
in accordance With the present invention; 
[0021] FIG. 2 is a side elevational vieW of a cutaWay section 
ofthe panel of FIG. 1; 
[0022] FIG. 3 is a side elevational vieW of a cutaWay ver 
sion of another embodiment of the present invention; and 
[0023] FIG. 4 is a side elevational vieW of yet another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] In accordance With the present invention, there are 
disclosed various processes for forming encased anti-ballistic 
materials, especially encased in various forms of plastic, 
descriptions of the apparatuses Which are useful for perform 
ing those processes, and certain articles made therefrom. 
Needless to say, the scope of the invention Will be determined 
by the claims and shall not be otherWise limited. As With all 
neW materials and forming technologies, the number of appli 
cations and permutations of those applications are so numer 
ous, they cannot all be mentioned here. HoWever, in the spirit 
of providing the best mode and detailed description of many 
of the embodiments, the folloWing description Will be broken 
doWn into paragraphs, folloWed by speci?c applications and 
their descriptions. 
[0025] Looking ?rst to FIG. 1, there is shoWn a fully 
encased anti-ballistic panel generally denoted by the numeral 
10 including an encasement material 12, surrounding and 
enclosing an anti-ballistic material 14. Anti-ballistic material 
14 may be selected from the group consisting of aramid 
?bers, Kevlar, Dyneema, para aramids such as PBO, ZylonTM, 
various denier KevlarTM KM2 materials such as 500 or 400 
denier material, KevlarTM 129 500 or KMZ 600, and 400 
denier material, SpectraTM polyethylene fabrics, and 
DyneemaTM polyethylene fabrics such as their SB31, bullet 
proof steel, bainite steel, boron carbide, silicon carbide, sili 
con nitride, alumina, or any other carbide, nitride, oxide or 
any other suitable ceramic material, or any version of any of 
these ceramics or metals. Encasement material 12 may be of 
any suitable material, one that Will hold the anti-ballistic 
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material in place and in position. One aspect of the invention 
discloses a total encasement, to Where the outer covering 12 
may be sprayed on, dipped, plasma sprayed, poWder melted, 
poWdercoated, hard-face laminated by heat pressing, poWder 
pressing, heat-curing foam, heat-curing gel, heat-curing aero 
gel, liquid and light cured gels. 
[0026] Looking next to FIG. 2, there is shoWn a composite 
con?guration generally denoted by the numeral 20, in Which 
an outer skin 22 surrounds a foamed material 3 0 Which encap 
sulates various anti-ballistic materials, 24, 26 and 28, respec 
tively, in betWeen another foamed layer 32 folloWed by a hard 
outer coating 34. The three anti-ballistic materials 24, 26 and 
28 may be all the same material, such as for example three 
layers of multiple Kevlar or Dyneema panels, or they may be 
any combination of the materials listed hereinabove in the 
previous paragraphs. There can be any number of anti-ballis 
tic panels, including more or less panels than just 24, 26 and 
28. The number of layers needed Will depend on the materials 
selected. Outer coverings 22 and 34 may be the same mate 
rials or they may be different materials. 
[0027] Looking noW to FIG. 3, there is a neW anti-ballistic 
composite disclosed and shoWn Which is generally denoted 
by the numeral 40, shoWing a multi-layer structure including 
a ?rst and second anti-ballistic material 46 and 48, respec 
tively adhered to a foamed material 44 and having a gel 42 on 
the opposite side. Again, any number of anti-ballistic mate 
rials can be stacked and/ or laminated, and/ or glued together to 
form as the center of the composite structure. 

[0028] Lastly, We look at FIG. 4, Wherein a multi-layer 
composite structure generally denoted by the numeral 50 
includes a ceramic anti-ballistic material 52 sandWiched 
betWeen tWo foamed areas 54 and sealed by ?rst and second 
outer coatings 56 and 58, respectively. 
[0029] In general, one of the best modes of the present 
invention and process can be most basically described as the 
use of a set of molds Which is heated and contacted With at 
least a polyole?nic plastic particulate material. Such a 
method and materials are described in Us. patent application 
Ser. No. 10/239,039 having a priority date of 5 Feb. 2001, 
Which is incorporated herein by reference. 
[0030] In this aspect of the invention, the polyole?n mate 
rial may be in the form of poWder, pellets, resin, shavings, or 
Whatever. The step of contacting accomplishes the melting of 
to the plastic particles into a formed article against the shape 
of the heated mold. The mold Will be most advantageously 
shaped to yield a structural component for military or police 
vehicles, boats, ?xtures, personal armor vests, and the like. 
[0031] A sandWich-type of composite material canbe made 
by making both male and female mold portions, forming 
“skins” on each of the molds, and placing materials in 
betWeen the tWo skins in a clamshell-type con?guration With 
a ?ller or foaming plastic in betWeen. Generally, the expand 
able foam is activated by the residual heat from the molds. 
[0032] The thickness of the outer skin of the article is deter 
mined by the length of time the heated mold comes into 
contact With the plastic. For example, a heated mold elevated 
to a temperature of from approximately 1000 C. to 865° C. can 
be placed in contact With a poWdered polyethylene material 
and Will achieve a plastic skin thickness of approximately 1 
mm for every minute that the mold is contacted With the 
plastic. For most of the applications described hereinbeloW, it 
is most advantageous to have the plastic formed on the mold 
of a thickness from about 1 mm thick to about 10 mm thick, 
requiring a contact dWell time of betWeen about 1 minute and 
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10 minutes. If other polyole?n materials are utiliZed, such as 
plastic pellets, Which are much less expensive than ground 
plastic poWder, the contact time must be adjusted accord 
ingly. Speci?c times Will be described hereinbeloW With 
regards to speci?c applications and speci?c materials. 
[0033] Furthermore, the outer skin of the article may be 
sprayed thereon to a desired thickness prior to the embedding 
of the anti-ballistic material betWeen the tWo outer skins. In 
addition, a expandable material may be inserted into the mold 
and heated to expand the expandable material to encase the 
anti-ballistic material betWeen the tWo outer skins, as Well as 
holding the anti-ballistic material securely in place Within the 
foamed up expandable material. 
[0034] A sandWich-type of composite material canbe made 
by making both male and female mold portions, forming 
“skins” on each of the molds, and placing materials in 
betWeen the tWo skins in a clamshell-type con?guration With 
a ?ller or foaming plastic in betWeen. Generally, the expand 
able foam is activated by the residual heat from the molds. 
[0035] The anti-ballistic materials that Would be selected 
for encasement in accordance With the present invention 
Would be determined by the application that it Was intended to 
be used for. In other Words, the personal body armor that 
might be produced could be used for police and military, as 
there may be less armor piercing bullets used, While an armor 
ment for a vehicle may Want to use Dyneema and anti-cannon 
anti-ballistic materials such as bainite steel or titanium to 
resist IED blasts and land mines. 

[0036] In various other aspects of the present invention, the 
foamed materials described hereinabove may be used as 
backface signature deformation and suppression materials in 
order to prevent and/or inhibit ricochet effects after a ballistic 
projectile has hit the anti-ballistic multi-layer unit. Therefore, 
a multi-threat panel or unit can be designed by incorporating 
into the sandWich concept of various materials, such as lay 
ering of a boron carbide panel over Dyneema panels Which 
could be also utiliZed next to a bainite steel. 

[0037] The present invention holds desirable anti-ballistic 
materials in position for several reasons: 1. In order to hold 
the anti -ballistic material in place While protecting it from the 
outer elements; 2. To alloW for multi-layers of various anti 
ballistic materials to help With multi-threat situations; and 3. 
to be able to incorporate such materials into body or vehicle 
components such as the underbelly of a helicopter, the under 
panel and side door panels of Humvees or Strykers or the 
sides of a boat for naval operations. In addition, our tests shoW 
that the anti-ballistic Woven materials tend not to fray When 
they are held in place, or foamed in place betWeen skins that 
absorb the bullet and do not alloW back?re deformation. 
[0038] Any appropriate material may be utiliZed for the 
outer covering or foamed materials for encapsulating the 
anti-ballistic materials, including polypropylene, polyure 
thane, and/or other thermoplastic or “thermoset” resins. 
These materials, in yet another aspect of the present inven 
tion, are expected to bond nicely With foamed plastic or 
foamed alumina, silicon carbide or silicon nitride due to the 
open-celled foam concept that may be desirable for various 
aspects of this invention. Foamed ceramics and metals are 
knoWn in the art, and may be used in an advantage for certain 
applications. 
[0039] For example, magnesium and aluminum can be 
foamed and used as the outer layer as is shoWn in FIG. 3. In 
addition, those materials may also be mixed With a polyure 
thane poWder in combination With a bloWing agent and the 
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foaming action of the blowing agent With the polyurethane 
can in?ltrate and encapsulate a foamed metal, such as the 
foamed aluminum, in order to add rigidity to a component 
While also adding anti-ballistic qualities. 
[0040] The outer coating may also be a shrinkWrapped 
plastic or an enclosing membrane plastic, or even vacuum 
formed materials if the foamed metal or foamed plastic sec 
tions such as shoWn in FIGS. 2, 3 and 4 are porous. The 
exterior coatings may be heat shrinked thereon, or sprayed, 
plasmasiZed, melted, dipped, or any other method for apply 
ing a carbonaceous material or other gas, liquid or solid in 
order to form a hard shell on the outside after it has been dried, 
cured or Whatever else in order to make it hard. 
[0041] Known anti-ballistic materials are disclosed in the 
National Institute of Justice Standards, along With the prior 
art, and may be contained or enclosed by a Weather-resistant 
material. 
[0042] In one aspect of the present invention, there is dis 
closed a method for forming plastic into either a multiple skin 
con?guration, usually tWo skins, Which may also have con 
tained therebetWeen either an expandable plastic material, 
along With the anti-ballistic material reinforcement for 
strengthening the plastic article, other ?ller materials, or com 
binations thereof. In addition to the materials Which can be 
incorporated into the middle layer betWeen tWo skins, the 
present invention also discloses the use of many embedded 
articles to be placed betWeen the tWo skins, Whether they are 
completely embedded into the article, or Whether portions of 
them are alloWed to extend therethrough outside the molded 
article, i.e. for purposes such as securements, or vehicle 
mounting brackets, electrical Wires, and the like. 
[0043] In carrying out this embodiment, a double-skinned 
article can be manufactured using complementary male and 
female complementary molds above, With the introduction of 
a plastic ?ller material onto one of the molds prior to holding 
the molds together, such that there is a “sandWich” Which is 
formed from these plastic composites. The double-skinned 
embodiment may also further comprise an expandable plastic 
?ller material Which Will give a double-skinned plastic article 
With an anti-ballistic material incorporated into the expanded 
plastic ?ller material therebetWeen. A predetermined thick 
ness for the expandable plastic is created by holding the male 
and female molds at a predetermined distance apart. In yet 
another embodiment, multiple types of anti-ballistic materi 
als can be embedded into the plastic ?ller material or into the 
expandable plastic ?ller material such that, during manufac 
ture, When the expandable material is heated and expanded up 
around the anti-ballistic material being encapsulated by the 
expanding foam material in betWeen the tWo outer layers, the 
anti-ballistic material reinforcement is embedded into and 
surrounded by the expandable plastic ?ller material. 
[0044] Experiments have shoWn that one aspect of the 
present invention shoWn in FIG. 2 has an anti-ballistic effect 
even When numerous bullets Were pumped into a one square 

foot area With only the very slightest of deformation on the 
side opposite Where the bullets entered the structure. In addi 
tion, the bullets entered through a plastic outer coating. In one 
aspect of the invention already tested, and the bullets Were 
trapped in the plastic because the plastic re-melted back over 
the hind end of the bullet after the bullet Was caught by the 
anti-ballistic material that Was enclosed therein. The extreme 
heat that is given off by the absorption of the energy from the 
bullet re-melted the plastic and surrounded the rip in the outer 
skin, Without any ricochet effect Whatsoever. This backface 
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deformation signature is reputedly a very good characteristic 
of my concept because the material causes the leading edge of 
the projectile to expand such that the expanded leading edge 
has more surface area. This alloWs more of the anti-ballistic 
material to engage the projectile and increase the stopping 
poWer of the material. In the present invention, an additional 
advantage arises because, When using a plastic exterior cov 
ering, the plastic melts When the bullet goes through and then 
re-melts When the energy has been absorbed from the force of 
the bullet, thereby encasing the bullet and eliminating any 
ricochet. As other materials are used in the outer covering, 
more experiments Will need to be done to establish this rico 
chet effect. 
[0045] The foregoing description of a preferred embodi 
ment of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise form disclosed. Obvi 
ous modi?cations or variations are possible in light of the 
above teachings With regards to the speci?c embodiments. 
The embodiment Was chosen and described in order to best 
illustrate the principles of the invention and its practical appli 
cations to thereby enable one of ordinary skill in the art to best 
utiliZe the invention in various embodiments and With various 
modi?cations as are suited to the par‘ticularuse contemplated. 

INDUSTRIAL APPLICABILITY 

[0046] The present invention ?nds industrial applicability 
in anti-ballistic materials and military applications to save the 
lives of soldiers and reduce the expense of military equip 
ment. 

What is claimed is: 
1. An anti-ballistic article, comprising: 
a ?rst outer structural skin of polyole?nic material; 
a second outer structural skin of polyole?nic material 

opposite said ?rst outer skin; 
an expandable material betWeen the ?rst and second skins; 
at least one layer of anti-ballistic material embedded in the 

expandable material and being encased betWeen the ?rst 
and second skins, 

Whereby an anti-ballistic article is formed having superior 
anti-ballistic retention properties. 

2. The article of claim 1, Wherein the ?rst and second 
structural skins are rigid polyole?nic material skins from 
about 1 mm to about 10 mm in thickness made from a material 
selected from the group consisting of polypropylene, poly 
urethane, thermoplastics, therrno set resins, and any combina 
tion thereof. 

3. The article of claim 1, Wherein the expandable material 
betWeen the skins is made of a foamable polyole?nic mate 
rial, to encase the anti-ballistic material betWeen the tWo outer 
skins, as Well as holding the anti-ballistic material securely in 
place Within the foamed up expandable material. 

4. The article of claim 1, Wherein the at least one layer of 
anti-ballistic material embedded in the expandable material 
and being encased betWeen the ?rst and second skins is 
selected from the group consisting of may be selected from 
the group consisting of aramid ?bers, Kevlar, Dyneema, para 
aramids such as PBO, ZylonTM, various denier KevlarTM 
KM2 materials such as 500 or 400 denier material, KevlarTM 
129 500 or KMZ 600, and 400 denier material, SpectraTM 
polyethylene fabrics, and DyneemaTM polyethylene fabrics 
such as their SB31, bullet-proof steel, bainite steel, boron 
carbide, silicon carbide, silicon nitride, alumina, or any other 
carbide, nitride, oxide or any other suitable ceramic material, 
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or any Version of any of these ceramics or metals, and com 
binations thereof, Whether singly or multiple layers. 

5. The article of claim 1, Wherein the anti-ballistic article is 
an integral composite article that Will not delaminate. 

6. The article of claim 1, Wherein the anti-ballistic article is 
a formed unitary piece With structural integrity for purposes 
of mufti-threat ballistic qualities. 

7. A multi-threat integral anti-ballistic article, comprising: 
a ?rst outer structural skin of polyole?nic material; 
a second outer structural skin of polyole?nic material 

opposite said ?rst outer skin; 
a ?ller material betWeen the ?rst and second skins; 
at least one layer of sheeted aramid ?ber anti-ballistic 

material and a layer of plate steel embedded in the ?ller 
material and being encased betWeen the ?rst and second 
skins and held in place Within the structural skins, 

Whereby an anti-ballistic article is formed having superior 
anti-ballistic retention properties. 

8. The article of claim 7, Wherein the ?rst and second 
structural skins are rigid polyole?nic material skins from 
about 1 mm to about 10 mm in thickness made from a material 
selected from the group consisting of polypropylene, poly 
urethane, therrnoplastics, thermoset resins, and any combina 
tion thereof. 
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9. The article of claim 7, Wherein the expandable material 
betWeen the skins is made of a foamable polyole?nic mate 
rial, to encase the anti-ballistic material betWeen the tWo outer 
skins, as Well as holding the anti-ballistic material securely in 
place Within the foamed up expandable material. 

10. The article of claim 7, Wherein the at least one layer of 
anti-ballistic material embedded in the expandable material 
and being encased betWeen the ?rst and second skins is 
selected from the group consisting of may be selected from 
the group consisting of aramid ?bers, Kevlar, Dyneema, para 
aramids such as PBO, ZylonTM, Various denier KevlarTM 
KM2 materials such as 500 or 400 denier material, KevlarTM 
129 500 or KMZ 600, and 400 denier material, SpectraTM 
polyethylene fabrics, and DyneemaTM polyethylene fabrics 
such as their SB31, bullet-proof steel, bainite steel, boron 
carbide, silicon carbide, silicon nitride, alumina, or any other 
carbide, nitride, oxide or any other suitable ceramic material, 
or any Version of any of these ceramics or metals, and com 
binations thereof, Whether singly or multiple layers. 

11. The article of claim 7, Wherein the anti-ballistic article 
is an integral composite article that Will not delaminate. 

* * * * * 


