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[57] . ABSTRACT

A present variety of composite ceramic armor for pro-
tection against small arms fire consists of a dense ce-
ramic plate bonded to a laminated fiberglass backing.

, the resistance of such armor to hits close to a free

edge can be significantly improved by extending the
backing over the edge of the plate and bonding it

- thereto, or by folding over the backing at the free

edges and bonding it to itself.

1 Claim, 5 Drawing Figures
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1
COMPOSITE CERAMIC ARMOR

This application is a continuation of application Ser.
No. 594,649 filed Nov. 14, 1966, now abandoned.

BACKGROUND OF INVENTION

There has recently been developed a new armor sys-
tem for protection against high energy projectiles such
as small arms fire. This armor consists of a hard high
density ceramic plate backed by a bonded laminate of
glass cloth bonded thereto. When such armor is struck
on its ceramic face by a projectile of sufficiently high
energy, the ceramic face will fail and the energy deliv-
ered to the laminated glass cloth backing will be dissi-
pated in delamination of the bonded layers of cloth.
When this occurs, persons or objects protected -behind
the armor will suffer no-injury from the projectile.
‘However, when the projectile hits the armor within a
few diameters of the projectile from a free edge of the
armor, delamination of the backing occurs at the edge
permitting particles of ceramic and the projectile to es-
cape behind the armor and thus personnel or equip-
ment behind the armor, but in the path of such projec-
tiles will not be protected.

SUMMARY OF THE INVENTION

The present invention improves the performance of
the above described prior art armor with respect to
edge hits by preventing free or open delamination at
any edge of the backing material. This may be accom-
plished in the fabrication of the armor by extending the
backing over the free edges of the ceramic front plate
and bonding the backing thereto. Alternatively, the
same result may be accomplished by folding the lami-
nated backing material back upon its self at the edges
of the armor and bonding the backing to itself outward
from the fold.

THE DRAWINGS

FIG. 1 shows a cross-section of a conventional type
of ceramic composite armor which has been hit by a
projectile centrally of the plate and by a projectile near
the edge of the plate;.

FIG. 2 shows a cross-section of a piece of ceramic
armor according to one modification of the present in-
vention;

FIG. 3 shows a cross-section of the armor of FIG. 2
which has suffered an edge hit;

FIG. 4 shows a modification of the armor of the pres-
ent invention in cross section;

FIG. 5 shows the affect of an edge hit on the armor
of FIG. 4. .

DESCRIPTION OF THE PREFERRED
' EMBODIMENTS

In FIG. 1 it may be readily seen that although the
armor of conventional design consisting of ceramic
plate 10 and glass cloth laminate 11 is adequate to pro-
tect against an impact such as at 12, an impact at 14 re-
sults in delamination and separation of the glass cloth
backing and essentially in failure of the armor to per-
form its function. At 13, although the glass cloth lami-
nates have separated in an area at and around the point
of impact, the surrounding glass cloth remains bonded
and effectively retains the integrity of the composite
plate. However, at 14 where the impact was close to an
edge, delamination of the glass backing occurs at the
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edge and frees the particles shattered from the ceramic
plate and the projectile itself to travel in paths behind
the armor.

FIGS. 2 and 3 show preferred embodiments of the
present invention in which the type of failure shown at
15 in FIG. 1 is avoided.

The particular materials of which the ceramic plates
10 and 20 are formed is of no moment insofar as the
present invention is concerned. Typically, such materi-
als may be high temperature fabricated polycrystalline
alumina, silicon carbide or boron carbide. The backing
element 21 is formed of a plurality of plies of glass cloth
bonded together with a suitable resin such as a standard
commercial catalyzed polyester resin system. The
backing 21 is bonded to the ceramic 20 by means of
any suitable commercial resin adhesive such as an
epoxy resin adhesive.

The particular dimensions of the ceramic plate and
the backing depend upon the specific requirements for
the armor and the particular materials which are em-
ployed in its manufacture. Merely for purposes of illus-
tration, the plates in FIGS. 1, 2 and 3 are three-fourths
inch in overall thickness with the ceramic plate being
one-half inch thick and the lammated glass fabric being

_ one-fourth inch thick.

25

As can be seen by examination of FIG. 1, an area 13

- in the glass cloth 11 undergoes delamination around

the site of the projectile impact on the plate 10 shown

" in the drawing at 12. Where the impact occurs near the
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edge of the plate closer than that diameter of the area
13 to the edge, failure such as indicated at 15 will oc-
cur. Such failure is avoided in the embodiment of FIG.
2 by folding the backing element 21 over the edge of
the ceramic armor plate and bonding it thereto. This
simple expedient entirely eliminates the spreading of
the delaminating forces occasioned by a hit such as at
14 to the extreme edge of the glass cloth laminate. FIG. -
3 shows the effect of an edge hit at 24 on the plate 20.
As shown, while the glass cloth laminate delaminates at
23, the separation of the laminations does not extend
all the way to the outer edge of the glass cloth.

FIG. 4 shows another embodiment of the invention
wherein protection against edge hits on the armor is im-
proved. Instead of folding the glass cloth laminate
backing down over the edge of the ceramic plate 30 as
in the embodiment of FIG. 2, the glass cloth is folded
back over itself at the free edges of the plate and se-
curely bonded at and along the fold. As shown in FIG.
$, delamination of the backing occasioned by projectile
impact at 34 is limited in its spread due to the fold at
32 and no failure of the backing occurs at its extreme
edge.

The composite armor referred to herein may be of
various shapes and sizes. It may generally be described
as plate-like or planar. The plates are, in many in-
stances, slightly curved, and so by “planar” or *“plane”
as used in the appended claims, we do not mean abso-
lutely flat in the mathematical sense.

I claim: '

1. A composne armor plate havmg a free edge in-
cluding a ceramic front plate and a resin bonded glass
fiber cloth laminated backing plate bonded to said
front plate, for protection against high energy projec-
tiles, the edge portion of said backing plate being bent
at an angle of substantially 180°, folded back onto and
bonded to itself, to reinforce said free edge against im-
pact of high energy small arms projectiles near said free
edge:
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