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FIELD OF THE INVENTION

This subject invention relates to armor.

BACKGROUND OF THE INVENTION

Armor configured to be added to a structure such as a vehicle is well known. The
applicant hereof invented the idea of ceramic armor tiles removably attached to the
outside of a vehicle. See U.S. Patent Nos. 4,928,575 and 5,191,166 incorporated herein
by this reference.

Typically, for armor inside of the vehicle, a flexible spall barrier or liner is used.
See U.S. Patent Nos. 5,170,690 and 5,333,532 incorporated herein by this reference.

Sometimes, for certain structures facing specific threats, armor on the outside of
the structure is not possible or desirable and/or a flexible spall barrier or liner on the

inside of the structure does not provide sufficient protection.



inside of the structure does not provide sufficient
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BRIEF SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a new armor system for the
interior of a structure.

It is a further object of this invention to provide such an armor system which is
easily installed and removed without modification of the parent (existing) structure.

It is a further object of this invention to provide such an armor system which
adequately protects against a number of different threats.

It is a further object of this invention to provide such an armor system which is
easier to handle and transport.

It is a further object of this invention to provide such an armor system which is
easier and less expensive to manufacture.

The subject invention results from the realization, in part, that, in one example, a

better armor system for the interior of a structure such as a ground vehicle, aircraft, or



easi er and | ess expensive to manufacture. The subject
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ceramc material. The ballistic material may include a
optional spacer layer, a ceramic hard face layer behind the spacer layer, ballistic material

behind the ceramic hard face layer, an encapsulant about the spacer layer, the ceramic
hard face layer, and the ballistic material, and releasable fastener material on the
encapsulant adjacent the spacer layer for mating the panel to the inside wall of the
sfructure.

In one example, the spacer layer includes foam and the ceramic hard face layer
includes an aluminum oxide ceramic material. The ballistic material may include a
composite laminate such as plies of aramid fibers. In one example, the ballistic material
includes a thermoplastic matrix material or high performance and high molecular weight
polyethylene. The typical encapsulant includes a polyurea/polyurethane. The typical
releasable fastener material includes hook and loop fasteners.

The armor system may also include a second armor panel and a joint between the

first armor panel and the second armor panel. In one example, the first panel includes a
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adjacent the spacer layer for mating the panel to an inside wall of a structure.

Another armor panel in accordance with the subject invention includes an optional
spacer layer, ballistic material behind the spacer layer, an encapsulant about the spacer
layer and the ballistic material, and releasable fastener material on the encapsulant
adjacent the spacer layer for mating the panel to an inside wall of a structure.

The subject invention also features a method of making an armor panel. In one
example, a ceramic hard face layer is assembled on ballistic material, an optional spacer
layer is assembled on the ceramic layer, and an encapsulant is sprayed about the layers to
form a panel.

One method of protecting a structure features securing releasable fastener material

to an inside wall of the structure, supplying an armor panel including an optional spacer
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limted to structures or nethods capabl e of _
The subject invention, however, in other embodiments, need not achieve all these

objectives and the claims hereof should not be limited to structures or methods capable of

achieving these objectives.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Other objects, features and advantages will occur to those skilled in the art from
the following description of a preferred embodiment and the accompanying drawings, in
which:

Fig. 1is -a schematic side view of a typical army vehicle with one or more door
panels which may be protected via the armor panels of the subject invention;

Fig. 2 is a highly schematic cross-sectional side view showing an armor panel in
accordance with the subject invention releasably attached to the interior of the door of the

military vehicle shown in Fig. 1;
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panels; and
Fig. 6 is a schematic cross-sectional view showing the primary components
associated with an example of another embodiment of an armor panel in accordance with

the subject invention.

DETAILED DESCRIPTION OF THE INVENTION

Aside from the preferred embodiment or embodiments disclosed below, this
invention is capable of other embodiments and of being practiced or being carried out in
various ways. Thus, it is to be understood that the invention is not limited in its
application to the details of construction and the arrangements of components set forth in
the following description or illustrated in the drawings. If only one embodiment is
described herein, the claims hereof are not to be limited to that embodiment. Moreover,
the claims hereof are not to be read restrictively unless there is clear and convincing
evidence manifesting a certain exclusion, restriction, or disclaimer.

Fig. 1 shows one of many structures that may be protected by the armor system of



associ ated with an exanpl e of another enbodi nent of an

arnor panel in accordance with the subject invention.
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10 of vehicle 12 while another may be manufactured in
structure. Releasable fastener material such as hook and loop fastener structure (e.g., the

well-known material manufactured under the Velcro® brand name) of a first type (e.g.,
hooks) 14a is secured (using an adhesive, a tape, or a glue) on the interior of door 10.
Hook and loop fastener material of a second type (e.g., loops) 14b is on armor panel 16a
(again, using a tape, glue, or adhesive). In this particular example, as also shown in Fig.
3, panel 16a includes optional spacer layer 20 (e.g., open faced Elliot P300 foam),
ceramic hard face layer 22 (e.g., a layer of aluminum oxide ceramic material), and
ballistic material 24. Ballistic material 24 may include plies of aramid or aromatic
polyamide fibers, such as KEVLAR® aramid consolidated within a thermoset or
thermoplastic matrix material. The ballistic material may also be high performance and
high modulus polyethylene such as DYNEEMA® or Spectra Shield®, or other high
strength ballistic fiber material in consolidated or unconsolidated (soft) form.

Irrespective of the internal construction of the armor panel, it is preferred that the



general shape of a seat cushion or a floor area, or
the like. In Fig. 2, wall 10 represents the door of
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first type (e.g., hooks) 14a is secured (using an
adhesive, a tape, or a glue) gn the interior of door

10. Fbok and | oop fastener material of a second type
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si desSasetinkgs, mate than eemprnet isugedctopeoteeigniinteriprwalher portion of a
enbodi nent, a grey pol yurea/ pol yurethane material sold
strudure. t Fig. 4:simmrtwioapaneia fea did Heb-axd onasxarspld of Tlnist 40
material is typically used to coat and protect the bed
tBéreBetween. First panel 16a includes lap portion 42 and second panel 16b includes
tongue portion 44 received on lap portion 42. In one particular example, lap portion 42
includes an edge of panel 16a without foam layer 20. Tongue portion 44 of panel 16b
includes ceramic layer 50 and ballistic material 52. Again, all the layers are encapsulated
in material 26. Ceramic layer 50 may be 0.5 inches thick and ballistic material 52 may be
0.5 inches thick.

Fig. 5 shows two adjacent panels 16a and 16b in another example where both of
the panels include an edge lap portion where an edge of each panel is devoid of foam
layer 20. Separate tongue member 60 is located so it bridges the lap portions of panels
16a and 16b as shown. Tongue member 60 may include ceramic layer 50 and ballistic

material 52 encapsulated within polyurea/polyurethane layer 26. Tongue member 60 can

be secured to the panels 16a and/or 16b using an adhesive or hook and loop fasteners if
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encapsul ant material was sprayed on to a thickness of
0.06 inches. Sonetines, nore than one panel is used to
protect an interior wall or portion of a structure.

Fig. 4 shows two panel s 16a a?d 16b and one exanpl e of

a joint 40 therebetween. First panel 16a includes |ap

ortion 42 and second panel 16h inclyudes, tongue .
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number of different types of threats. Due to the panel configuration of the armor system,
a number of panels which could completely line in the interior of a structure are easier to
handle and transport. The use of the encapsulation spray-on coating provides structural
integrity to the panel while also making the panels less expensive and easier to
manufacture.

Although specific features of the invention are shown in some drawings and not
in others, this is for convenience only as each feature may be combined with any or all of
the other features in accordance with the invention. The words “including”,
“comprising”, “having”, and “with” as used herein are to be interpreted broadly and
comprehensively and are not limited to any physical interconnection. Moreover, any

embodiments disclosed in the subject application are not to be taken as the only possible

embodiments. Other embodiments will occur to those skilled in the art and are within the

following claims.
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enbodi nents di sclosed in the subject application are
not to be taken as the only possi bl e enbodi nents.
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art and are within the follow ng clains.In addition,
any anendnment presented during the prosecution of the
patent application for this patent is not a disclainer
of any claimelenent presented in the application as
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and at |east a {iiléa3t a AfsFRFMIIPARE] ihdlGdiHG Ng: a ceram c
hard face | ayer
a ceramic hard face layer;
a ballistic material behind the ceramic layer,
an encapsulant about the ceramic layer, and the ballistic
material, and

releasable fastener material on the encapsulant adjacent the

spacer layer for mating the panel to the inside wall of the structure.

2. The armor system of claim 1 further including a spacer layer in front of

the ceramic layer.
3. The armor system of claim 2 in which the spacer layer includes foam.

4, The armor system of claim 1 in which the ceramic hard face layer includes

an aluminum oxide or other hard ceramic material.

5. The armor system of claim 1 in which the ballistic material includes a



a ballistic material behind the ceramc |ayer, an

encapsul ant about the ceramc layer, and the ballistic
woradoensrhky and rel easabl e fastener material onPE€TES2008/008918

encapsul ant adj acent the spacer |ayer for mating the

panel to the inside wall of the structure. 2. The

arnor systemof claim1l further including a spacer

| ayer in front of the ceramc |layer. 3. The arnor

systemof claim2 in which thp spacer |ayer includes

foam 4. The arnor systemof claim1 in which the

g}t«ﬁlaﬁgﬁﬂe.f ace | ayer includes an al um num oxi de or

other hard ceramic material. 5. The arnor system of

claiml in which the ballistic material includes

aconposite |amnate. 6. The arnor systemof claim5 in

whi ch the conposite | am nate i.ncH:Jfﬂe lies. o&ﬂgr amd

fiber®. 7. Themmgr %Fenégé{l@m of ¥ ﬁfﬂsgqr?mﬁm p4ig Includes

conposite | am nate includes plies of phenolic resin or

plidsef aigimad bgrended to plies of aramid or aromatic

pol yam de fibers. 8. The arnor systemof claim1l in

which the ballistic material includes a thernoplastic

matrix material or high performance high nol ecul ar

wei ght. pol it ditbof&Btem of claim 5 in which the composite laminate includes

plies of phenolic resin or fiber glass bonded to plies of aramid or aromatic polyamide

fibers.

8. The armor system of claim 1 in which the ballistic material includes a

thermoplastic matrix material or high performance high molecular weight polyethylene.

9. The armor system of claim 1 in which the encapsulant includes polyurea
or polyurethane.
10.  The armor system of claim 1 in which the releasable fastener material

includes hook and loop fasteners.

11.  The armor system of claim 1 further including a second armor panel and a

joint between the first armor panel and the second armor panel.

12.  The armor system of claim 11 in which the first panel includes a lap



9. The arnor systemof claim1l in which the

encapsul ant i ncludes pol yurea or pol yurethane. 10. The
w@eon4Ryst em of claim 1 in which the rel easabP@r/US2008/008918

fastener material includes hook and | oop fasteners.

11. The arnor systemof claim11 further including a

second arnor panel and a joint between the first arnor

panel and the second arnor panel. 12. The arnor system

of claim 11 in which the firsj3panel includes a

| apportion and the second panel includes a tongue

R 55 P 5 AT 0P g porionr

&% el iqﬁludes a spacer layer and the lap portion of
IFPASE- panel includes an edge without the spacer

| ayer. 14. The arnor systemof claim 11l in which the
first panel and the second panel include |ap portions,
the system further including a tongue nenber bridging
t he | B poFhd amer eysterhef ¢laing 12 smwhich caetupgnghisckides| Espacer layer
The arnmor system of claim 14 in which each pane

andcthe thpposticpefahe fitsapatel anrthdedan bdue wididuit dre sphcee daykr.
panel includes an edge w thout a spacer |ayer. 16. The
arnor systemof claim14 in which the tongue nenber
includes a ceramc layer and a ballistic layer. 17. An

ar mor | panety, LoARL E?étéhq of claim 11 in which the first panel and the second
panel include lap portions, the system further including a tongue member bridging the lap

portions of the first and second panels.

15.  The armor system of claim 14 in which each panel includes a spacer layer

and the lap portion of each panel includes an edge without a spacer layer.

16.  The armor system of claim 14 in which the tongue member includes a

ceramic layer and a ballistic layer.

17.  An armor panel comprising:
a spacer layer;
a ceramic hard face layer behind the spacer layer;
ballistic material behind the ceramic energy absorber layer;
an encapsulant about the spacer layer, the ceramic energy absorber

layer, and the ballistic material; and



a spacer layer; a ceramc hard face | ayer behind the

spacer layer; ballistic material behind the ceramc
wep@pgys2absor ber | ayer; an encapsul ant about tPET/ERA0E008918

| ayer, the ceram c energy absorber |ayer, and the

ballistic material; andrel easabl e fastener material on

t he encapsul ant adj acent the spacer |ayer for mating

the panel to an inside wall of a structure. 18. An

arnmor panel conprising: ballisic material behind; an

encapsul ant about the ballistic material; and

rel easabl e f aﬁr%fé%abf@fa%hé}lmé%éhzﬂ %ﬁ ﬂ%@ﬁ@?s‘dla%ﬂﬁdjﬁ%t the spacer
mating the panel to an inside wall of a structure .

The [ o neI f t cludi ng a spacer
el 5" Rlnd G pang to B Al ot s@rr‘gl%té‘Wal 20. The

ar nor panel of claim18 further including a ceramc
material. 21. A nethod of meking an arnor panel, the
nmet hod conprising: assenbling a ceram c hard face

| ayerl®n PITRQr| RANGEROBINSINE. assenbl i ng a spacer | ayer
on the ceramc | ayer; and spraying an encapsul ant
about the | ayerlallismicfrmtmaébpla'né;l .

an encapsulant about the ballistic material; and
releasable fastener material on the encapsulant for mating the panel

to an inside wall of a structure.

19.  The armor panel of claim 18 further including a spacer layer in front of the

ballistic material.
20. The armor panel of claim 18 further including a ceramic material.

21. A method of making an armor panel, the method comprising:
assembling a ceramic hard face layer on ballistic material;
assembling a spacer layer on the ceramic layer; and

spraying an encapsulant about the layers to form a panel.

22.  The method of claim 21 further including the step of attaching a releasable

fastener material to the encapsulant on one face of the panel.



22. The nethod of claim2 1 further including the step

of attaching a rel easable fastener material to the
wepmapszhant on one face of the panel.23. An aP@DUS2008/008918

system conprising: a first arnmor panel including: a

ballistic material, and an encapsul ant about the

ballistic material, and a rel easable fastener materi al

on the encapsul ant, and a lap portion; and a second

arnmor panel including: a balljstic material, an

encapsul ant about the ballistic material, and a tongue

porti regei l.ap portion of the first
%} ath arﬁg@%%fﬁﬂ?ﬁ'ﬂﬁ

panel . 24. r system claim 23 in which each
panel furth includeﬁ.

ﬁrt S als§%cer | ayer. 25. The arnor
system of IS’ A" PR € "8ach panel further
i ncludes a cera

b dilisteaterial, and
an encapsulant about the ballistic material, and
a releasable fastener material on the encapsulant, and
a lap portion; and
a second armor panel including:
a ballistic material,
an encapsulant about the ballistic material, and

a tongue portion receivable over the lap portion of the first panel.

24.  The armor system of claim 23 in which each panel further includes a
spacer layer.
25.  The armor system of claim 24 in which each panel further includes a

ceramic layer.



