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(57) ABSTRACT 

A composite armor 10 is provided With a cellular structure 12 
having a plurality of composite inserts 14 arranged in open 
ings 20 provided in the cellular structure 12. A pair of lami 
nate sheets are arranged on oppositely facing sides of the 
cellular structure 12 and covering the inserts 14. The laminate 
sheets 26 and 28 are bonded to the structure 12 and the inserts 
14 by an adhesive. The cellular structure 12 includes a plu 
rality of ?bers extending continuously throughout the cellular 
structure 12. 
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COMPOSITE ARMOR WITH A CELLULAR 
STRUCTURE 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0001] This invention Was made With Government support 
under Agreement No. W91 INF -04-2-0032 awarded by ARL. 
The Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates generally to armor 
used for preventing the penetration of structures by projec 
tiles. More speci?cally, the invention relates to an improved 
armor including a ?ber grid having composite tiles retained in 
the grid that together provide overall support to the structure 
being protected While also improving the armor performance 
of each individual composite tile. 
[0004] 2. Background of the Invention 
[0005] Armor systems have been knoWn to include thick 
metal as a skin of a structure being protected. For example, 
military vehicles have, for several years, included a thick 
metal plate on their exterior in order to reduce the likelihood 
of projectile penetration. Such thick metal armor systems 
While effective can also be extremely heavy and, as such, 
cause problems relating to vehicle speed, fuel consumption 
and vehicle assembly. 
[0006] In some cases, these metal armor systems have been 
replaced With lighter Weight armor systems made from com 
posite materials having reinforced ?bers made of, for 
example, Kevlar, S-2 glass, graphite, or high molecular 
Weight polyethylene. Such armor systems have utiliZed these 
multiple layers of composite materials in order to achieve 
reduced overall Weight, and provide suf?cient structural 
properties, While preserving the ability of the armor to pro 
vide protection against penetration. For example, some 
knoWn systems include the use of Kevlar in combination With 
tWo outer plates surrounding such Kevlar. Illustrative of such 
a composite armor system is disclosed in US. Pat. No. 4,186, 
648. 

[0007] Also, armor systems using ceramic plates in con 
nection With a grid are Well knoWn in the art as capable of 
providing protection against penetrating high speed projec 
tiles While providing a reduction in the overall Weight of the 
armor system. The ceramic plates have been knoWn to have 
convex surfaces. US. Pat. No. 6,826,996 discloses convex 
plates inserted into a honeycomb grid. Upon impact by a 
projectile into such ceramic plates, it has been knoWn that 
managing the propagation of cracks from the impacted plate 
to an adjacent plate is critical. 
[0008] The prior art grids are made of steel, ?ber, or com 
posite materials and are used in connection With holding 
ceramic plates inserted into openings formed by such grid 
structures. For example, US. Pat. No. 5,456,156 discloses a 
grid structure made of metal strips. The openings have been 
knoWn to be eitherblind openings, opening only to one side of 
the grid, or, through holes, open to both sides of the grid. The 
openings of such grids have been shaped in many different 
forms including, for example, squares, triangles, and hexa 
gons. The grid structure is usually designed With a material 
having an effective acoustic impedance loWer than the 
ceramic plates in order to reduce the propagation of damaging 
stresses to adjacent ceramic plates. 
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[0009] In order to manage the propagation of such stresses, 
prior art armor systems have used auxiliary layers of laminate 
sheet material bonded to the front and the back of the grid 
structures. In some cases, only one laminate sheet has been 
bonded to either one of the front or the back of such grid 
structures. It has been knoWn to make such laminate sheet 
material out of Kevlar. For example, US. Pat. No. 5,349,893 
discloses a composite laminate sheet made of Woven ?ber in 
a resinous matrix. Such laminate sheet materials can be 
bonded to the grid structure With resins. 
[0010] Illustrative ofthe prior art is US. Pat. No. 6,826,996 
assigned to General Dynamics Land Systems, Inc. and Mofet 
EtZion Agricultural Cooperative Association Ltd. The ’996 
patent discloses a honeycomb grid structure having openings 
for receiving convex composite plates and a pair of preform 
sheets secured to both sides of the grid structure. The ’996 
patent discloses the honeycomb grid as made of material 
selected from the group consisting of stainless steel, alumi 
num, aramid sheet, ?ber, or fabric. 
[0011] Testing of such knoWn armor systems having grid 
structures With composite inserts surrounded by preform 
sheets has revealed that the propagation of cracks and debris, 
created during impact, Weakens the adjacent composite 
plates. The propagation of such cracks results from poorly 
designed grid structures failing to eliminate both crack propa 
gation, debris, and stress Wave propagation. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
composite armor that Will prevent the penetration of proj ec 
tiles in a structure While also providing structural support to 
the same structure. 

[0013] More speci?cally, an object of the invention is to 
provide a composite armor having a one-piece integrally 
formed composite cellular structure for retaining composite 
inserts, Which in combination With resins and laminates, pre 
vents projectiles from penetrating a structure. 
[0014] Another object of the present invention is to provide 
a uniform one-piece composite cellular structure made of 
continuous ?bers providing high tensile strength in order to 
radially con?ne composite inserts used in connection With 
such grid. 
[0015] Further scope and applicability of the present inven 
tion Will become apparent from the folloWing detailed 
description, claims and draWings. HoWever, it should be 
understood that the speci?c examples in the detailed descrip 
tion are given by Way of illustration only, since various 
changes and modi?cations Within the spirit and scope of the 
invention Will become apparent to those skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will become more fully 
understood from the detailed description given here beloW, 
the appended claims, and the accompanying draWings in 
Which: 
[0017] FIG. 1 is a three dimensional exploded vieW of the 
subject invention; 
[0018] FIG. 2 is a three dimensional exploded vieW of a 
portion of the subject invention; 
[0019] FIG. 3 is a three dimensional exploded vieW of a 
portion of the subject invention taken along lines B-B in 
FIG. 1; 
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[0020] FIG. 4 is a three dimensional vieW of a cellular 
structure of the subject invention; 
[0021] FIG. 5 is a plan vieW of a portion of the subject 
invention; and 
[0022] FIG. 6 is a side vieW of a vehicle structure having the 
present invention used on at least a portion of such vehicle. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Referring noW to the drawings, an armor system is 
shoWn in general at 10 in FIG. 1. The armor system 10 
includes a cellular structure 12 having a plurality of openings 
20 adapted to receive composite inserts 14. It should be appre 
ciated that, although a plurality of openings for receiving 
inserts 14 are shoWn in this embodiment, it is possible to use 
any number of inserts 14 including, for example, only one 
insert 14. The cellular structure 12 includes a ?rst side 16 and 
a second side 18 having openings 20 extending betWeen each 
of the ?rst and second sides 16 and 18 and adapted to receive 
the inserts 14. Although not shoWn, it is possible that the 
inserts 14 may be received in an opening 20 on only one side 
16 of the cellular structure 12. The composite inserts 14 
include ?rst and second ends 22 and 24, respectively, and a 
perimeter portion 25. 
[0024] The armor system 10 further includes a pair of lami 
nates 26 and 28 secured to the cellular structure 12 and the 
composite inserts 14. The laminates 26, 28 are secured With 
the use of a bonding material such as a resin Which may also 
be used as a ?ller applied on the inserts 14 and, in some cases, 
around at least a portion of the perimeter portion 25. 
[0025] FIG. 2 shoWs only a portion of the armor system 10 
including the cellular structure 12, the composite inserts 14 
and the laminate 26 comprised of four layers of lamina 30, 32, 
34, 36. In this embodiment, the laminate 26 includes a pair of 
high modulus laminates 30 and 32 made of a carbon ?ber 
reinforced polymer and an additional pair of laminates 34 and 
36 made of a hybrid ductile fabric. The laminate is layered 
extending aWay from the cellular structure 12 in an altemat 
ing manner including the hybrid ductile fabric lamina 34, 
high modulus lamina 30, hybrid ductile fabric lamina 36 and 
high modulus lamina 32, respectively. In the preferred 
embodiment, it has been found that materials having an 
acoustic impedance betWeen 0.7><l06 and 40><l06 kg/m2, as 
measured in a direction parallel to a normal of the laminate 
sheets, are most effective. It should be appreciated that, 
although FIG. 2 only shoWs a portion of the armor system 10 
having the laminate 26 extending from only the ?rst side 16 of 
the cellular structure 12, the armor system 10 may also 
include a similar laminate arrangement on the second side 18. 

[0026] Similar to FIG. 2, FIG. 3 only shoWs a portion of 
another embodiment of the armor system 10 having the lami 
nate 26 comprised of three layers of lamina extending from 
only the ?rst side 16 of the cellular structure 12 and, by Way 
of example, only one of the composite inserts 14. In this 
embodiment, the laminate 26 includes a high modulus lamina 
40, a hybrid ductile fabric lamina 42 and a ?berglass lamina 
44, extending in a direction aWay from the cellular structure 
12, respectively. It should be appreciated that, although FIG. 
3 only shoWs a portion of the armor system 10 having the 
laminate 26 extending from only the ?rst side 16 of the 
cellular structure 12, the armor system 10 may also include a 
similar laminate arrangement on the second side 18 of the 
cellular structure 12. 
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[0027] FIG. 3 also shoWs, by Way of example, one of the 
composite inserts 14 partially inserted into an opening 20 of 
the second side 18. The composite inserts 14 can made of the 
materials consisting of the group of ceramic, glass, metal 
matrix, and ceramic matrix composite. In this embodiment, 
the composite insert 14 includes ?rst and second surfaces 22 
and 24 perpendicular to an axis A of the openings 20. In the 
preferred embodiment, the surfaces 22 and 24 have a mini 
mum modulus of 2.0><l01O N/m2 as measured in a through 
thickness orientation. Although not shoWn in FIG. 3, it should 
be appreciated that the ?rst and second surfaces 22 and 24, 
respectively, may have different surfaces including, for 
example, convex or concave surfaces. FIG. 3, in this embodi 
ment, shoWs the insert 14 shaped as a hexagon. It should be 
appreciated that the shape of the inserts 14 may be of many 
differing kinds including, for example, square, oval, round, 
and triangular, provided that the openings 20 are accordingly 
shaped for receiving each of the inserts 14. 
[0028] FIG. 4 shoWs the cellular structure 12 of the armor 
system 10. The cellular structure 12 includes, in this embodi 
ment, four openings 20 extending betWeen a ?rst side 16 and 
a second side 18. The cellular structure 12 further includes 
outer Walls 46 and inner Walls 48. The outer Walls 46 and inner 
Walls 48 have a thickness extending in a direction parallel to 
axis A and a Width 47 extending in a plane perpendicular to 
axis A. It should be appreciated that both the thickness and the 
Width can be varied throughout the cellular structure 12. A 
thickness of approximately 1 inch and a Width of 0.25 inches 
for the outer Walls 46, along With a Width of 0.0625 inches for 
the inner Walls 48, has proven to be acceptable. 
[0029] The cellular structure 12, as shoWn in FIG. 5, 
includes a plurality of carbon ?ber reinforced polymer ?bers 
50 continuously extending throughout the cellular structure 
12. It has been found that by placing the ?bers 50 continu 
ously throughout both the outer Walls 46 and the inner Walls 
48, Without any break in such ?bers 50, that a high tensile 
strength is provided to the structure 12 to thereby reduce the 
lateral displacement of the composite inserts 14. It has been 
found that the ?bers 50 should be made of a high strength 
modulus material selected from the group consisting of glass, 
carbon, and aramid. In the embodiment shoWn in FIG. 5, the 
?bers 50 are shoWn to extend in a counterclockWise orienta 
tion; hoWever, it should be appreciated that the ?bers 50 may 
also extend in other orientations such as a clockWise direc 
tion. Further, although not shoWn in FIG. 5, it should be 
appreciated that another embodiment of the cellular structure 
12 for use in connection With structures needing less strength, 
may include the use of ?bers continuously extending 
throughout the outer Walls 46 only. In such an embodiment, it 
is possible that the inner Walls 48 may separately have ?bers 
50 extending continuously throughout the inner Walls 48 
only. 
[0030] The present invention 10 is generally shoWn at 100 
in FIG. 6 on a vehicle structure. It should be appreciated that 
the present invention can be used in connection With many 
different structures and the example shoWn in FIG. 6 is only 
one example of such structures. In FIG. 6, a cellular structure 
102 having a plurality of composite inserts 104 is shoWn in 
use With a ?oor pan 107 of a military vehicle 109. Although 
not shoWn in FIG. 6, it should be appreciated that several 
cellular structures 102 could also be assembled adjacent each 
other and throughout the entire ?oor pan 1 07. In this example, 
the present invention 100 provides protection against projec 
tile penetration into the ?oor pan 107 While also providing 
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structural support to the ?oor pan 107. It should be appreci 
ated that this example shown in FIG. 6 is only one example 
provided to demonstrate that the present invention 100 pro 
vides both projectile protection for a structure and overall 
structure support to the same structure. 

[0031] The present invention 10 is assembled according to 
the following steps. The cellular structure 12 is provided on a 
?xture used for holding the structure. The inserts 14 are 
inserted into the openings 20 of the structure 12 and a ?ller is 
applied to the inserts 14 including around at least a portion of 
the perimeter 25 of the inserts 14. At least one of the laminate 
sheets 26, 28 are applied over the structure 12 having the 
inserts 14 contained in the openings 20. A bonding resin is 
applied to the entire structure 12, having the inserts 14 in the 
openings 20 along With the ?ller and the laminate sheets, 
thereby created an assembly Which is infused together. In the 
preferred embodiment, the infusing is achieved through the 
use of a knoWn process referred to as Vacuum Assisted Resin 

Transfer Molding (VARTM). Although the VARTM infusion 
process is preferred, it should be appreciated that other meth 
ods of infusion may also be used. 
[0032] The foregoing discussion discloses and describes an 
exemplary embodiment of the present invention. One skilled 
in the art Will readily recogniZe from such discussion, and 
from the accompanying draWings and claims that various 
changes, modi?cations and variations can be made therein 
Without departing from the true spirit and fair scope of the 
invention as de?ned by the folloWing claims. 

1. A composite armor comprising: 
an integrally formed cellular structure having oppositely 

facing sides and a plurality of openings on at least one of 
said oppositely facing sides; 

a plurality of composite inserts received by saidplurality of 
openings; 

a laminate sheet secured to at least one of the oppositely 
facing sides of the cellular structure to provide structural 
reinforcement and contain debris after impact; and 

Wherein the integrally formed cellular structure includes 
continuously extending ?bers, and Wherein said con 
tinuously extending ?bers continuously extend through 
out said cellular structure. 

2. The composite armor as claimed in claim 1, Wherein said 
laminate sheet has an acoustic impedance of betWeen 0.7><l06 
and 40><l06 kg/m2 as measured in a direction parallel to a 
normal of the laminate sheet. 

3. The composite armor as claimed in claim 2, Wherein said 
laminate sheet includes at least tWo different materials on 
each of said oppositely facing sides of said cellular structure. 

4. The composite armor as claimed in claim 1, Wherein said 
?bers are made of a high modulus strength material selected 
from the group consisting of glass, carbon, and aramid. 

5. (canceled) 
6. The composite armor as claimed in claim 1, Wherein said 

composite insert includes ?rst and second surfaces Which are 
substantially perpendicular to an axis A of said opening. 

7. The composite armor as claimed in claim 1, Wherein said 
opening extends betWeen both of said oppositely facing sides. 

8. The composite armor as claimed in claim 1, Wherein said 
composite insert includes a plurality of inserts spaced a pre 
determined distance from each other. 

9. The composite armor as claimed in claim 6, Wherein said 
?rst and second surfaces include a minimum modulus of 
2.0><l01O N/m2 measured in a through thickness orientation. 
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10. The composite armor as claimed in claim 1, Wherein 
said cellular structure includes an exterior Wall portion and an 
interior Wall portion. 

11. The composite armor as claimed in claim 10, Wherein 
said exterior Wall portion and said interior Wall portion have 
varying Widths. 

12. The composite armor as claimed in claim 1, Wherein a 
?ller is received in said opening of the cellular structure and 
adjacent to at least a portion of said composite insert. 

13. The composite armor as claimed in claim 1, Wherein at 
least one cellular structure is ?xedly attached and made inte 
gral With a structure. 

14 . A method of making a composite armor, comprising the 
steps of: 

providing an integrally formed cellular structure having at 
least one opening and being made of a plurality of con 
tinuous ?bers, said continuous ?bers extending continu 
ously throughout the cellular structure Without any 
break in said ?bers; 

inserting at least one composite insert into said at least one 
opening; 

applying a ?ller onto said composite insert and about at 
least a portion of a perimeter of said insert; 

applying at least one laminate over said cellular structure 
including said at least one composite insert and said 
?ller; 

applying a resin on said laminate; and 
infusing said resin to thereby cause said laminate, said 

?ller, said insert and said cellular structure to bond form 
ing a composite armor. 

15. The method of making a composite armor as claimed in 
claim 14, Wherein said at least one laminate has an acoustic 
impedance of betWeen 0.7><l06 and 40><l06 kg/m2 as mea 
sured in a direction parallel to the normal of the laminate 
sheets. 

16. A composite armor comprising: 
an integrally formed cellular structure having oppositely 

facing sides and a plurality of openings on at least one of 
said oppositely facing sides, Wherein said cellular struc 
ture is formed from continuous ?bers, and Wherein said 
continuous ?bers substantially extend continuously 
throughout said cellular structure Without any break in 
said ?bers; 

at least one composite insert received by said plurality of 
openings; and 

a laminate sheet secured to at least one of the oppositely 
facing sides of the cellular structure to provide structural 
reinforcement and contain debris after impact. 

17. A composite armor comprising: 
an integrally formed cellular structure having outer Walls 

and inner Walls having oppositely facing sides and a 
plurality of openings on at least one of said oppositely 
facing sides; 

at least one composite insert received by said plurality of 
openings; 

a laminate sheet secured to at least one of the oppositely 
facing sides of the cellular structure to provide structural 
reinforcement and contain debris after impact; and 

Wherein at least one of the inner Walls and outer Walls 
includes a plurality continuously extending carbon ?ber 
reinforced polymer ?bers and Wherein said ?bers extend 
Without any break in said ?bers. 

18. (canceled) 
19. (canceled) 
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20. The composite armor as claimed in claim 17, wherein 
said ?bers only extend continuously throughout the outer 
Walls. 

21. The composite armor as claimed in claim 17, Wherein 
said ?bers extend continuously throughout only the inner 
Walls. 

22. The composite armor as claimed in claim 17, Wherein 
said ?bers continuously extend throughout both said outer 
Walls and said inner Walls. 

23. The composite armor as claimed in claim 17, Wherein 
said ?bers continuously extend throughout said outer Walls 
and a plurality of separate ?bers extend continuously 
throughout said inner Walls. 

24. The composite armor as claimed in claim 23, Wherein 
said inner and outer Walls are formed together as a single 
integrally formed cellular structure. 
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25. The composite armor as claimed in claim 17, Wherein 
said ?bers include individual ?bers extending continuously 
throughout said cellular structure. 

26. The composite armor as claimed in claim 1, Wherein 
said ?bers include individual ?bers extending continuously 
throughout said cellular structure. 

27. The composite armor as claimed in claim 14, Wherein 
said ?bers include individual ?bers extending continuously 
throughout said cellular structure. 

28. The composite armor as claimed in claim 16, Wherein 
said ?bers include individual ?bers extending continuously 
throughout said cellular structure. 

29. (canceled) 
30. The composite armor as claimed in claim 14, Wherein 

said ?bers extend continuously in one of a clockWise or 
counter-clockwise orientation. 

31. (canceled) 


