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Description

Field of the invention

[0001] This invention relates to improvements con-
cerning armour. In particular, the invention relates to im-
provements concerning body armour intended to miti-
gate against injury caused by ballistic projectiles, knife
or other spike penetration.

Background

[0002] Body armour systems for personal protection
have been developed in order to provide protection from
ballistic projectile impacts in addition to knife and spike
penetration. Materials which have been used to provide
protection against such threats include metal, ceramics,
and synthetic fibres. Many current armour systems which
provide protection from high velocity projectiles (such as
a 9mm or 7.62mm full metal jacketed bullet NIG level IIIA
and Il threat projectiles respectively) are based upon a
jacket with pouches into which ceramic plates can be
inserted. These monolithic ceramic plates cover a large
area of the torso, protecting vital organs. The ceramic
plate inserted into the jacket is selected with considera-
tion of the expected threat to be defeated, thus providing
a tailorable system. In addition to the ceramic plates spall
liners are used behind the plate and in some cases in
front of the plate. These spall liners capture fragments
of the ceramic plate and projectile produced on intercep-
tion of a high velocity projectile.

[0003] Although monolithic ceramic plates can provide
protection against high velocity rounds this protection has
a cost. The plates are heavy, bulky and also their rigidity
all bears a burden upon the wearer and impede manoeu-
vrability. Additionally, ceramics are hard materials with a
crystalline or glassy structure and upon impact a large
area of the plate can break up limiting its effectiveness
in defeating subsequent impacts. Consequently, a new
lighter, more flexible armour system with increased com-
fort to the wearer is required which offers equivalent or
enhanced protection to that offered by current monolithic
plate armour.

[0004] United States patent, publication number US
6,745,661 and published United States patent applica-
tion, publication number US2001015157, disclose ar-
mour comprising a plurality of ceramic discus-shaped
disks, individually wrapped in a containment wrap. The
wrapped disks are laid out in an imbricated pattern and
adhered in place between a pair of fibrous layers. It is
suggested to use an elastomer layer to seal the resulting
panel to prevent degradation from exposure to environ-
mental factors.

Summary of the invention

[0005] In accordance with a first aspect of the present
invention, there is provided armour material comprising
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a plurality of ceramic portions and polymer material ar-
ranged to separate the ceramic portions. In comparison
to prior known armour systems, using monolithic ceramic
plates, armour material in accordance with the present
invention is lighter, since there is less ceramic material,
and more flexible. Furthermore, the armour can be made
in a variety of shapes so as to conform to human physi-
ology, resulting in an increased level of comfort. Moreo-
ver, because a potentially large number of separate ce-
ramic portions are included in the armour material, it is
expected that the tolerance of the armour material to mul-
tiple impacts should be increased in comparison to prior
known monolithic systems, since one impact should only
damage a relatively small number of the ceramic por-
tions.

[0006] The polymer material may be an elastomer. Use
of an elastomer provides enhanced flexibility to the ar-
mour, and also increases the efficiency of dissipation of
impact energy. Moreover, the elastomer protects the ce-
ramic portions from damage as a result of general han-
dling of the armour, since small shocks resulting from
low energy impacts will be dissipated in the elastomer.
Thus the armour material of the present invention is ex-
pected to exhibit improved damage tolerance in compar-
ison to prior-known armour systems using monolithic ce-
ramic plates.

[0007] In several embodiments of the invention de-
scribed herein, the ceramic portions are generally tile-
shaped. Alternatively, the ceramic portions may be gen-
erally pellet-shaped.

[0008] In some exemplary embodiments, the ceramic
portions are arranged in an imbricated pattern. In this
way, it is ensured that, in use, all parts of the body pro-
tected by the armour are covered by some ceramic ma-
terial, since the individual ceramic portions overlap.
[0009] The polymer material may be provided as a plu-
rality of tile-shaped portions, and the ceramic and mate-
rial portions may be arranged alternately in a stack-like
configuration. Such configurations are convenient to
manufacture.

[0010] The polymer material may be a matrix material
in which the ceramic portions are embedded.

[0011] A plurality of layers of ceramic portions may be
provided. The ceramic portions in each layer may be ar-
ranged in a generally regular array, in which case the
arrays in adjacent layers may be translated relative to
one another. This ensures that the armour provides good
coverage of ceramic material, to reduce the risk of a pro-
jectile penetrating between individual ceramic portions.
[0012] The polymer material may be a shear-thicken-
ing material. Shear thickening materials are thought to
provide enhanced protection against knife attack.
[0013] The ceramic portions are formed from one of
silicon carbide, boron carbide, and alumina.

[0014] The invention extends to body armour compris-
ing clothing provided with a number of pockets into which
armour material as described above is inserted. Because
of the increased flexibility of the present armour material
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in comparison to prior known monolithic ceramic ar-
mours, and because the present armour material can be
made to better conform to the wearer’s shape, it is ex-
pected that the present armour material will find applica-
tion primarily in body armour. However, it is also envis-
aged to apply the armour material in other protective sys-
tems. For example, it could be used for vehicle armour.

Brief Description of the Drawings

[0015] The invention may be performed in various
ways, and, by way of example only, embodiments thereof
will now be described, with reference to the accompany-
ing drawings in which:

Figure 1 is a schematic illustration of armour in ac-
cordance with a first embodiment of the invention;

Figure 2 is a schematic illustration of an insert to the
first embodiment of the invention illustrated in Figure
1; and

Figures 3, 4, 5, 6, and 7 are schematic illustrations
of alternative insert in accordance with a further em-

bodiment of the invention.

Detailed Description of Exemplary Embodiments

[0016]

Figure 1 is a schematic illustration of body armour
100 in accordance with a first embodiment of the
present invention. Body armour 100 is the front por-
tion of a vest, and comprises a fabric portion 110 that
is provided with a number of pouches 120. Armour
inserts, as described below, are inserted into the
pouches 120 in order to protect the wearer from hos-
tile fire. It will be appreciated that, in use, a back
portion to the armour, as well as further portions to
protect further areas of the body, will also be provid-
ed.

Figure 2 is a schematic illustration of an insert 200
for an armoured jacket in accordance with a second
embodiment of the present invention. Insert 200
comprises a plurality of ceramic portions 210 em-
bedded within an elastomeric matrix 220. Portions
210 are each generally rectangular or tile-like in
shape, and are arranged in three layers of substan-
tially planar arrays. Each layer is translated relative
to those immediately above and below it (as shown
in Figure 2) such that, when viewed from above, the
portions in a first layer extend over gaps between
the portions in a second layer. Any gaps between
portions in the first layer not covered by portions in
a second layer are covered by portions in a third
layer. In the present embodiment, three such layers
of ceramic portions are provided.
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[0017] Each ceramic portion 210 is surrounded by the
elastomeric matrix material, such that each portion is
separated from the others by elastomer. By including
elastomer between the ceramic portions, the perform-
ance of the armour against multiple strikes is improved,
since the shock transferred to ceramic components ad-
jacenttothoseinthe impacted area is reduced as aresult
of the behaviour of the elastomeric material. Similarly,
the ceramic portions are protected against low force im-
pacts caused by general handling of the insert by dissi-
pation of the energy from such impacts within the elas-
tomeric matrix material. The insert 200 is encased in a
ballistic fabric, such as the polyaramid poly(phenylene
diamine terephthalamide) fabric, sold by Du Pont under
the registered name of Kevlar ®. Many layers of fabric
can be used. On impact of a projectile onto the armour,
such fabrics capture fragments of the ceramic portions
and fragments of the projectile that are created as aresult
of the impact.

[0018] Inserts 200 are fabricated in layers in moulds.
Elastomer is poured into the mould, and then a first layer
of the ceramic portions is arranged on the elastomer.
Then, further elastomer is added onto the first layer of
tiles, and a second layer of ceramic portions is arranged
on the further elastomer. A third layer is added in a similar
manner. The thickness of the elastomer layers is prefer-
ably in the range between approximately 0.5 mm to ap-
proximately 5 mm, and in the present embodiment is ap-
proximately 1 mm. The ceramic portions are, in the
present embodiment, 4.4 mm thick 25 mm square tiles
fabricated from Sintox FA, a 95% alumina ceramic pro-
duced by Morgan Metroc limited. The elastomer is a sil-
icon rubber.

[0019] Figure 3 is a schematic illustration of an insert
300 for an armoured vest in accordance with a third em-
bodiment of the invention. The second embodiment is
similar to the first embodiment except in that the ceramic
portions are arranged differently in the elastomeric matrix
material. Rather than arranging the tiles in layered arrays,
the tiles are arranged vertically in the elastomeric mate-
rial. By arranging the tiles vertically, additional flexibility
is given to the armour insert. Figures 4 and 5 illustrate
further inserts 400 and 500 in which further different ar-
rangements are provided for the ceramic portions within
the elastomer. In inserts 400 and 500, the portions are
arranged at varying angles to the vertical. These arrange-
ments maintain the flexibility of the insert 300, but offer
additional protection to the wearer since, in the case of
insert 300, there is a small possibility that an incident
projectile may penetrate between the ceramic portions.
By angling the ceramic portions relative to the vertical, it
will be appreciated that the risk of such penetration is
reduced.

[0020] Figure 6 is a schematic illustration of an insert
600 for an armoured jacket in accordance with a further
embodiment of the invention. Insert 600 comprises a
stack of alternate ceramic and elastomer tiles. The tiles
are held together by adhesive, and, as in the case of the
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above-described inserts, provided with spall liner at the
front and back of the insert. As in the above-described
embodiments, the ceramic tiles are of alumina, and the
elastomer tiles are of a silicon rubber.

[0021] Aninsert 700 in accordance with a further em-
bodiment of the invention is illustrated schematically in
Figure 7. The insert 700 is similar to insert 600, except
in that the tiles are stacked at a slight angle to the vertical.
This alternative stack arrangement is intended to mitigate
against the risk of penetration between ceramic portions.
[0022] Having described various specific embodi-
ments of the invention, it is noted that those skilled in the
art will recognise that variations and modifications to the
above-described embodiments are possible without de-
parting from the spirit and scope of the invention, which
is defined in the accompanying claims. Such variations
and modifications will be readily apparent to those skilled
in the art. For example, it will be clearly understood that
the ceramic portions could be of varying shapes and siz-
es. Instead of using the above described tile-shaped por-
tions, it may alternatively be desirable to use smaller,
pellet shaped ceramic portions embedded in an elas-
tomer matrix. It may also be desirable to use ceramic
portions of similar shape to those described above, but
of smaller size.

[0023] Furthermore, those skilled in the art will appre-
ciate that many other commonly known ceramic materi-
als, such as barium titanate, strontium titanate, calcium
zirconate, magnesium zirconate, silicon carbide or boron
carbide, could be used in place of the alumina described
in the above embodiments. It will of course be appreci-
ated that it will in general be preferable to select lower
cost, more common ceramic materials, such as silicon
carbide, boron carbide, or alumina as described above.
[0024] It will also be possible to use a large number of
suitable elastomers. Those skilled in the art will appreci-
ate that it may be desirable to use a shear-thickening
material in the spall liners so as to provide additional pro-
tection against knife or spike attack. It may be desirable
to replace the elastomer matrix with a shear-thickening
material. Those skilled in the art will readily appreciate
that a number of different shear-thickening materials
could be used for the purpose, including, for example,
that described in published patent application, publica-
tion number US 2007/0029690.

[0025] Moreover, whilst it has been described in the
above to encapsulate the elastomer and ceramic com-
posites in a single spall liner, it will be appreciated that it
is possible to provide a multi-layered armour insert, com-
prising a number of layers of the ceramic and elastomer
composite separated by ballistic fabrics, or by fabrics im-
pregnated with shear-thickening fluids.

[0026] Finally, it is noted that any feature described in
relation to any one embodiment may be used alone, or
in combination with other features described, and may
also be used in combination with one or more features
of any other of the embodiments, or any combination of
any other of the embodiments.
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Claims

10.

1.

12

13.

Armour material comprising a plurality of ceramic
portions and polymer material arranged to separate
the ceramic portions.

Armour material as claimed in claim 1 wherein the
polymer material is an elastomer.

Armour material as claimed in claim 1 or claim 2,
wherein the ceramic portions are generally tile-
shaped.

Armour material as claimed in claim 1 or claim 2,
wherein the ceramic portions are generally pellet-
shaped.

Armour material as claimed in claim 3, wherein the
ceramic portions are arranged in an imbricated pat-
tern.

Armour material as claimed in claim 3 or claim 5,
wherein the polymer material is provided as a plu-
rality of tile-shaped portions, and wherein the ceram-
ic and material portions are arranged alternately in
a stack-like configuration.

Armour material as claimed in any one of claims 1
to 5, wherein the polymer material is a matrix material
in which the ceramic portions are embedded.

Armour material as claimed any one of claims 1 to
3, comprising a plurality of layers of ceramic portions.

Armour material as claimed in claim 8, wherein the
ceramic portions in each layer are arranged in a gen-
erally regular array, and wherein the arrays in adja-
cent layers are translated relative to one another.

Armour material as claimed in claim 1 wherein the
polymer material is a shear-thickening material.

Armour material as claimed in any one of the pre-
ceding claims, wherein the ceramic portions are
formed from one of silicon carbide, boron carbide,
and alumina.

Armour material substantially as described herein
and with reference to Figures 2 to 7 of the accom-
panying drawings.

Body armour comprising clothing provided with a
number of pockets into which armour material as
claimed in any preceding claim is inserted.
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