
ARMOR SYSTEM RELATEDAPPLICATIONS AND PRIORITY CLAIM
The subject application claims the benefit of and
priority to U.S. Patent Application No. 11/999,345,
filed December 5, 2007, which is incorporated herein
by reference, and both this PCT application and U.S.
Patent Application No. 11/999,345 claim the benefit of
and priority to U.S. Provisional Application No.
60/961,810, filed July 24, 2007. 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.Patent No. 4,664,967 discloses a more rigid
spall liner with layers of fabric and steel. Published
Patent Application No. 2003/0192426 discloses armor
panels including ceramic designed to be placed on the
inside of a vehicle door. See also published Patent
Application No. 2007/01 13729 and DE 3226476. All of
these references are incorporated herein by this
reference. Despite the state of the art in armor
design, a need still exists for a suitable armor
system which can be placed on the inside of a
structure for protecting the same from different
threats. 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,
orwatercraft includes suitable armor materials spaced
from the interior of the structure by a spacer layer
and all encapsulated in a polyurea/polyurethane
coating resulting in panels which are easier to
handle, transport, and install since hook and loop
fasteners are used on the inside of the structure and
on the panels. In one embodiment, the armor materials
include a ceramic layer and one or more ballistic
layers. In another example, the armor materials
include ballistic layers but no ceramic. The subject
invention features an armor system for the interior of
a structure to be protected. The typical system
includes releasable fastener material secured to an
inside wall of the structure and at least a first
armor panel. One preferred panel includes an 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 structure. 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 alap portion and the second panel
includes a tongue portion receivable over the lap
portion of the first panel. The lap portion of the
first panel typically includes an edge without the
spacer layer. The tongue portion of the second panel
typically includes a ceramic layer and a ballistic
layer. In another example, the first panel and the
second panel include lap portions and the system
further including a tongue member bridging the lap
portions of the first and second panels. The lap
portion of each panel includes an edge without a
spacer layer and preferred tongue member includes a
ceramic layer and a ballistic layer. An armor panel in
accordance with the subject invention includes an
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 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 spacerlayer, a hard face
absorber layer behind the spacer layer, ballistic
material behind the hard face absorber layer, an
encapsulant about all the layers, and a releasable
fastener material on an encapsulant adjacent the
spacer layer, and mating the releasable fastener
material on the panel to the releasable fastener
material on the structure to secure the panel to the
inside wall of the structure. Another method of making
an armor panel includes assembling an optional spacer
layer on ballistic material and spraying an
encapsulant about the spacer layer and the ballistic
material to form a panel. 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. 1 is 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;Fig. 3 is a highly schematic
three-dimensional cut-away view showing the primary
components associated with a typical armor panel in
accordance with the subject invention; Fig. 4 is a
schematic cross-sectional view showing two armor
panels in accordance with the subject invention and a
half lap joint therebetween; Fig. 5 is a schematic
cross-sectional view also showing two adjacent panels
in accordance with the subject invention and a
different kind of protected joint between the 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
ofthe subject invention. The interior of the door
panels of this military vehicle may be protected by
the armor system hereof and so too may the floor,
sides, rear and ceiling, if desired. Other structures
to be protected by the subject invention include
aircraft, vessels, and even fixed structures such as
command centers, bunkers, barracks, and check
stations. Typically, the armor panels are manufactured
to match the overall shape of the interior of a
structure. For example, one armor panel may be
configured in the same shape as the interior of door
10 of vehicle 12 while another may be manufactured in 



general shape of a seat cushion or a floor area, or
the like. In Fig. 2, wall 10 represents the door of
the vehicle or some other portion of a structure.
Releasable fastener material such as hook and loop
fastener structure (e.g., the well-known material
manufactured under the Velcro(r) 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(r) aramid consolidated within a thermoset or
thermoplastic matrix material. The ballistic material
may also be high performance and high modulus
polyethylene such as DYNEEMA(r) or Spectra Shield(r),
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 theindividual components
are secured together in a panel form by encapsulant 26
which is typically sprayed about the top, bottom, and
sides of the lay-up completely covering it. In one
embodiment, a grey polyurea/polyurethane material sold
under the commercial name "Line-X" was used. This
material is typically used to coat and protect the bed
of a 



pick up truck. Other hardenable polymers may also be
used. In one 2' x 2' test panel, foam layer 20 was 1
inch thick, ceramic layer 22 was 16 mm thick, and
ballistic material 24 was 1/2 inch thick. The grey
encapsulant material was sprayed on to a thickness of
0.06 inches. Sometimes, more than one panel is used to
protect an interior wall or portion of a structure.
Fig. 4 shows two panels 16a and 16b and one example of
a joint 40 therebetween. 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 ifdesired. Also,
separable fastener structure such as hook and loop
fastener material 14b 



can be added to tongue member 60 as shown. In another
example, panel 16', Fig. 6 includes optional spacer
layer 20 (e.g., foam) and ballistic material 24
encapsulated within polyurea/polyurethane coating 26.
Again, hook and loop fastener material 14b is
typically used to secure panel 16' to the interior of
a structure. In one specific test panel, foam layer 20
was 1.0 inches thick and ballistic material 24
included a high modulus polyethylene (DYNEEMA(r)) 1.0
inches thick. The result, in any embodiment, is an
armor system for the interior of a structure which is
easily installed and removed and yet still provides
adequate protection against a 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.In addition,
any amendment presented during the prosecution of the
patent application for this patent is not a disclaimer
of any claim element presented in the application as
filed: those skilled in the art cannot reasonably be
expected to draft a claim that would literally
encompass all possible equivalents, many equivalents
will be unforeseeable at the time of the amendment and
are beyond a fair interpretation of what is to be
surrendered (if anything), the rationale underlying
the amendment may bear no more than a tangential
relation to many equivalents, and/or there are many
other reasons the applicant can not be expected to
describe certain insubstantial substitutes for any
claim element amended. What is claimed is:CLAIMS 1. An
armor system for the interior of a structure to be
protected, the system comprising: releasable fastener
material secured to an inside wall of the structure;
and at least a first armor panel including: 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
acomposite laminate. 6. The armor system of claim 5 in
which the composite laminate includes plies of aramid
fibers. 7. The armor system 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
lapportion and the second panel includes a tongue
portion receivable over the lap portion of the first
panel. 13. The armor system of claim 12 in which each
panel includes a spacer layer and the lap portion of
the first panel includes an edge without the spacer
layer. 14. The armor system 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; andreleasable fastener material on
the encapsulant adjacent the spacer layer for mating
the panel to an inside wall of a structure. 18. An
armor panel comprising: ballistic material behind; 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 2 1 further including the step
of attaching a releasable fastener material to the
encapsulant on one face of the panel.23. An armor
system comprising: a first armor panel including: a
ballistic material, 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. 


