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CERAMIC BODIES AND BALLISTIC ARMOR
INCORPORATING THE SAME

Abstract of the Disclosure

The invention proxkidés a ceramic body for'deployment INn @ composite armor
panel, for absorbing and dissipating Kinetic energy from high velocity

- projectiies, the body havihg a peg-like configuration consisting of a stem
section and a head section wherein a cross-sectional area across the stem is

less than a cross-sectional area across the head section.



CA 02439183 2003-09-02 .

1

CERAMIC BODIES AND BALLISTIC ARMOR
INCORPORATING THE SAME

The present invention relates to a ceramic body for deployfnent N a
composite armor panel, for absorbing and dis'sipating Kinetic energy from
projectiles‘and for bé!listic armor panels inborpdrating the same. More
particularly, the invention relates to improved ceramic bodies for use in
structural armored plates for p'rovid'i'ng ballistic protection for light and heavy
mobile equipment and for 'vehicl‘es against hi‘gh—velocity projectiles or

fragments.

- The present in\)ention Is @ modification of the inventions described in
European patent applic:ation 96308166.6 (EP-A-0843149), European patent .
application 98301\769.0, - and International patent application
PCT/GBY7/02743 (WO-A-98/15796), WO 99/60327 and WO99/53260.

In EP-A-0843149 there is described a composite armor plate for
absorbing and disSipating kKinetic energy from high velocity, armor-piercing
projectiles, said plate comprising a single internal layer of high density
ceramic pellets wh*ich._ are directly bound and retained In p|até form by a
solidified material such that the pellets are bound ih a plurality of superposed
rows, characterized in that the pellets have an AlyO; content of at least 85%,-
preferably at least 93%, and a specific gravity of at least 2.5, the majority of
the pellets e\ach have at least o'ne axis in the range of about 3-—~12 mm, and
are bound by said solidified materiai N a Single in'temalklayér Of superposed
rows, wherein a majority of each of said pellets i's in direct contact with at
least 4 adjacent pellets, the total Weight of said plate does not exceed 45

kg/m? and said solidified material and said plate are elastic.

In European patent application 98301769.0 there is described and
- Claimed a composite armor plate for absorbing and dissipating kinetic energy

from high velocity, armor-piercing projectiles, said plate comprising a single
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internal layer of high density celramic pellets which are directly bouhd and
retained in plate form by a solidified material such that the pellets are bound
in a plurality of adjacent rows, characterized in that the pellets have an Al,0;
content of at least 93% and a specific gravity of at least 2.5, the majority of
the pellets each have at least one axis of at least 12 mm length and are
bound by said solidified material in a single internal ayer of adjacent rows,
- wherein a majority of each of said pellets is in direct contact \with at leésf 4

adjacent pellets, and said solidified material and said plate are elastic.

In WO-A-9815796 there is described and claimed a ceramic body for
deployment in a composite armor panel, said body being substantiaily
cylindrical in shape, with at least one convexly curved end face, where‘in the
ratio D/R between the diameter D of said cylindrical body and the radius R of |

curvature of said at least one convexly curved end face is at least 0.64:1.

In WO 99/60327 there is deséribed and claimed \a composite armor
olate for absorbing and dissipating kinetic energy from high Veloci-ty -
projectiles, said plate comprising a single internal layer of pellets which are
directly bound and retained in plate form by a solidified material such that the
pellets are bound in a piuralify of adjacent rows, characterized in that' the
pellets have a spe.cif\ic gravity of at least 2 and are made of a material \
selected from the group consisting of glass, sintered refractory materia!,
ceramic material which does not contain aluminum oxide and ceramic
material having an aluminum oxide content of not more than 80%, the
majority of the pellets each have at least one axis of at least 3 mm length and
are bound by said solidified maternal in said single internal layer of adjacent "
rows such that each of a majority of said pellets is in direct contact with at
least six adjacent pellets In the same layer to pfovide mutual lateral
confinement therebetween, said pellets each have a substantially 'regular

geometric form and said solidified material and said plate are elastic.

In WO 99/53260 there is described and claimed a composite armor

plate for absorbing and dissipating kinetic energy from high veiocity,
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armor-piercing projectiles, as well as from soft-nosed projectiles, said plate |
comprising a single intemal layer of high density ceramic pellets,
characterized in that said pellets are arranged in a singlelayerof adjacent
rows and columns, wherein a majority of each of said pellets is in direct
contact with at least four adjacent pellets and each of said pellets are
substantially cylmdrlcal In shape with at least one convexly-curved end face,
further characterized in that spaces formed between said adjacent cylindrical
pellets are filled with a material for preventlng- the flow of soft metal from
impacting projectiles through said spaces, said material being in the form of a
triangular_inaert having concave sides complimentary to the convex curvature
of 'the sides of three adjacent cylindrical pellets, or being integrally formed as
part of a special interstices-filling pellet, said pellet being in the form of a six.
sided star with concave sides compllmentary to the convex curvature of the
sides of six adjacent cyllndrlcal pellets, said pellets and material being bound
and retained in plate form by a SO|ldlfled material, wherein said solldlﬂed

material and said plate material are elastic.

The teachings of all five of these specifications are incorporated herein

by reference.

There are four main considerations concernlng protectlve armor
panels. The flrst consideration is weight. Protective armor for heavy but
mobile military equipment, such as tanks and large shlps, IS known. Such
armor usually comprises a thick layer of alloy steel which is intended to

provide protection against heavy and explosive projectiles. Holzlrever,

reduction of weight of armor, even in heavy equipment, is an advantage since
it reduces the strain on ali the components of the vehlcle Furthermore such
armor 1S qulte unsuitable for light vehicies such as automobiles, jeeps, light
boats, or aircraft, whose performance is compromised by steel panels having
a thickness of more than a few millimeters, since each millimeter of steel

adds a weight factor of 7.8 kg/m?®.
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Armor for light vehicles is expected to prevent penetfation of bullets of
any type, even when impacting at a speed in the range of 700 to 1000 meters
per second. However, due to weight constraints it is difﬁbult to protec{ light
vehicles from high caliber armor-piercing projectiles, e.g. of 12.7 and 14.5
" mm, since the weight of standard armor to withstand such projectile is such

as to impede the mobility and performance of such vehicles.

A second consideration is cost. Overly complex armor arrangements, |
particularly those depending entirely on synthetip fibers, can be responsible
for a notable proportion of the total vehicle cost, and can make Its

manufacture non-prOfitabie.

A third consideration 'in armor design is compactness. A thick armor
panel, including air spaces between its various layers, increases the target
. profile of the vehicle. In the case of civilian retrofitted armored automobiles
which are outfitted with internal armor, there Is simply no room for a thick

panel in most of the areas requiring protebtion.

A fourth Consideration reiates to ceramic plates used for personal and
light vehicle armor, which plates have been found to be vulnerable tddamage -

from mechanical impacts caused by rocks, falls, etc.

Fairly recent examples of armor systems are described in U.S. Patent
'No. 4 836,084, disclosing an armor plate composite including a supporting
plate consisting of an open honeycomb structure of aluminum; and Us.
- Patent No. 4 868,040, disclosing an antiballis-tic composite armor includ\ing a
shock—absorbing layer. Also of interest is U.S. Paten’t 4,529,640, disclosing

spaced armor including a hexagonal honeycomb core member.

Other armor plate panels'are disclosed in British Patents 1,081,464
1,352,418; 2,272,272, and in U.S. Patent 4,061,815 wherein the use of
sintered fefractory material, as well as the use of ceramic materials, are

described.
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According to the present invention there is now provided a ceramic body for
deployment in a compaosite armor panei, for absorbing and dissipatihg Kinetic
energy from high velocity projectiles, said body having a peg-like
configuration consisting of a stem section and a head section wherein a
crosé-sectional area across said stém IS iess than a o.rc\)s.s-sectional area

across said head section.

In preferred embodiments of the present invention, said stem section

has a regular geometric cross-section and especially preferred is a stem

section with a circular cross-section or a regular polygonal cross-section such

as a hexagonal cross-section.

In further preferred embodiments of the present invention, said head

section also has a regular geometric cross-section and especially preferred is

a stem section with a circular cross-section or a regular polygonal

cross-section such as a hexagonal cross-section.

While the head and stem sections can have the same, but differently

sized, cross-section, this is not necessarily the case and, e.g., a body with a
stem of circular cross-section and a head of hexagonal cross-section can

- also be molded for use in the present invention.

n a further aspect of the present invention, there is provided a ballistic
armor panel for absorbing and dissipating kinetic energy from high velocity
projectiles, said panel comprising: . '

a plurality of ceramic bodies, each of said bodies having a peg-like
configuration consisting of a stem section and a head' section wherein a
cross-sectional area across said stem is less than a cross-sectional area
‘across said head section; and a substrate for assembling said bodies in a
close-packed, single layer array, such that each of a maj'orit‘y of said bodies is |
positioned with its head section in direct contat:t with the head section of at
' least four and preferably six adjacent bodies and the stems of said bddies are

supported and held by said substrate.
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in especially preferred embodiments of the present invention there is
provided a ballistic armor panel for absorbing and dissipating kinetic energy
from high velocity projectiles, said panel comprising: '
a pllurality of ceramic bodies, each of said bodies having a peg-like
configuration consisting of a stem section and a head section Wherein 3
cross-sectional area across said stem is less than a cross-sectional area
~across said head section; and '
a plate member having a plurality of openings, each of said opening sized to
receive a stem section of a body with the underside of the head section of

said body overriding the periphery of said opening, such that each of a

majority of said bodies is positioned with its head section in direct contact
with the head section of at least four and preferably six adjacent bodies

inserted in said plate.

"The armor plates described in EP-—-A-0843'E49 and European patent
application 98301769.0 are made using ceramic pellets made Substénti'ally
entirely of aluminum oxide. In WO-A-9815796 the ceramic bodies are of
substantially cylindrical shape having at least one convexly-curved end-face.

and are preferably made of aluminum oxide.

In WO 99/60327 it was described that the improved properties of the
plates described in the earlier patent applications of this series is as much a
function of the configuration of the pellets, which are of regular geometric
form with at least one convexly-curved end face (for example, the pellets may
be spherical or ovoidal, or of regular geometric cross-section, such as

hexagonal, with at least one convexly-curved end face), said panels and their

arrangement as a single internal layer of pellets bound by an elastic solidified
- material, wherein each of a majority of said pellets is in direct contact with at

least four adjat:ent pellets and said curved end face of each pellet is oriented

——

to substantially face in the direction of an outer impact-receiving major
surface of the plate. As a result, said Specificatiion teaches that composite -
armor plates superior to those available in the prior art can be manufactured

using pellets made of sintered refractory materials or ceramic materials
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having a specific gravity below that of aluminum oxide, e.g., boron carbide
with a specific gravity of 2.45, silicon carbide with a specific gravity of 3.2 and

silicon aluminum oxynitride with a specific gravity of about 3.2.

Thus, it was described In said puplication that sintered oxides, nitrixdes,
carbides and borides of magnesium, zirconium, tungeten, ‘molybdenum,
titanium and silica can be used and especially pkeferred for use In said
publication and also in the present invention the ceramic bodies utilized
herein are formed of a ceramic material selected from the group consisting of
sintered oxide, nitrides, carbides and borides of alumina, magnesium,

zxrcomum, fungsten, molybdenum,-tntamum and silica.

More particularly, the present invention relates to a' ceramic body as
- defined for absorbing ana dissipating kinetic energy from high velocity armor
piercing projectiles, wherein said body is made of a material selected from

the group consisting of alumina, boron carbide, boron n_itri'de, titanium

diboride, silicon carbide, silicon oxide, silicon nitride, magnesium oxide,

silicon aluminum oxynitride and mixtures thereof.

In USSN 09/924745 there is described and claimed a composite armor
' plate for absorbing and dissipafing Kinetic energy from high velocity '
orojectiles, said p|‘ate‘comprisinge single internal layer of pellets which are
directly bound and retained in plate form by a solidified material such that the
‘ pellets are bound in a plurality of adjacent rows, said pellets having a epecific
gravity of at least 2 and being made of a material selected frem the group
consisting of glass, sfntered refractory materiel- and ceramic materia'l,* the
majority of the pelletseach'having at Ieast_ one axis of at least 3 mm length
~ and being bound by said solidified material in said single internal layer of
adjacent rews such that each of a majority of said \pelle‘ts 1S -in direct contact
with six adjacent peliets in the same layer to provide metual Iateral.

confinement therebetween, said pellets each havmg a substantlally reqular

geometric form, wherein said sohdmed mater:al and said plate are e!astnc

characterized in that a channel iS provaded in each of a plurality of sald
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- pellets, substantially opposite to an outer impact-receiving major surface of

said plate, thereby reducing the weight per area of each of said pellets.

In preferred embodiments described therein each of said channels

occupies a volume of up to 25% within its respective peliet.

Said channels can be bored into preformed pelle{s or the pellets

themselves can be pressed with said channel already incorporated therein.

The ieachingof said spebific'ation are also incorporated herein by

reference.

Thus, in preferred embodiments of the present invention a channel is
provided In said body to reduce the weight per area thereof and preferably

said channel occupies a volume of up to 25% of said body.

In accordance with the present invention said channels are preferably
of a shape selected from the group consistihg of cylindricial', pyramidai,

hemispherical and quadratic, hexagonal prism and combinations thereof

As is known, there exists a ballistic effect known in the art in which a
projectile striking a cylinder at an angle has a tendency to move this cylihder
out of alignment caUsing a theoretical possibility that a second shot would

“have more penetration effect on a panel.

As will be realizedq, since material is remox)fed from the pellets of the
present invention their weight is decreased, as |s the overall weight of the
entire composite armor plate from which they are formed, thereby providing
the unexpected improvement of 'reduced weight of protective armor panels

with_out loss of stopping power, as shown in the examples hereinafter.

In preferred embodiments of the present invention said pellets each

' have a major axis and said pellets are arranged with their major axes \
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substantially parallel'to each other and oriented substantially perpendicularly

relative to said outer impact-receiving major surface of said panel.

In a most preferred embodiment of the present invention a ballistic
armor panel as defined herein is provided for incorporation in an opening

provided in an armored vehicle.

Thus the present invention also provides an armored vehicle having

ballistic armor panels according to the present invention incorporatedtherein.

In further embodiments of the present invention the ceramic bodies of

the present invention are constructed of transparent ceramic material.

In especially preferred embodimeots of the present invention the plate
member utilized in the ballistic armor panel is formed from a plurality of
interconnected rings which optionally are further bound together by a

solidified material.

The solidified material can be any suitable material, such as aluminum

a thermoplastic polymer such as polycarbonate, or a thermoset plastic such

as epoxy.

In French Patent 2,711,782, there is described a steel panel reinforced
with ceramic materials; however said panel does not have the ability to
deflect armor-piercing projectiles unless a th_ickness of about 3-9 mm of steel
IS used, which adds undesirable exoeseive weight to the panel and further

backing is also necessary thereby further increasing the weight thereof.

According to a further aspect of the invention there is porovided a
multi-layered armor panel, comprising an outer, impact-receiving layer formed
by a composite armor plate as nereinbefore defined for deformihg and
shattering an impaoting high velocity projectile; and an inner layer adjacent to

said outer layer and, comprising an elastic material for absorbing the
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remaining kinetic energy from said fragments. Said elastic material will be
chosen according to cost and weight considerations and can be made of any

suitable material, such as aluminum or woven or non-woven textile material.

In especially preferred embodiments of the multi-layered armor panel,
the inner layer adjacent to said outer layer comprises a tough woven textile

material for causing an asymmetric deformation of the remaining fragments of

said projectile and for absorbing the remaining Kinetic energy from Said' '
fragments, said multi-layered panel being Capable of stopping three
projeCtiles fired sequentially at a triangular area of said multi-layered panel,
wherein the height of said triangle is substantially equal to three times the

length of the axis of said peliets.

As described, e.g., in U.S. Patent 5,361,678, composite armor plate
comprising a mass of spherical ceramic balls distributed in an aluminum alloy

matrix is known in the prior art. However, such prior art composite armor plate

——

suffers from one or more serious disadvantages, making it difficult to

manufacture and less than entirely suitabie for the purpcse of defeating metal

projectiles. More particularly, in the armor plate described in said patent, the

ceramic balls are coated with a binder material containing ceramic particles,
the coating having a thickness of between 0.76 and 1.5 and being provided to
help protect the ceramic cores from damage due to thermal shock when
pouring the molten matrix material during manufacture of the plate. However,.
the coating serves to separate the harder ceramic cos“eé of the balls frorh
each other, and will act to dampen the momént of energy which is transferred '
~and hence shared between the balls in .r'esponse to an impact from a bullet or
other projectile. Because cjf this and also because the material of the coating
S inherently less hard than that of the ceramic cores, the stopping power of a
plate constructed as described in said patent is not as good, Weight for
weight, as that of a plate in accordance with the oresent invention, in which

the head of each of the bodies is in direct contact with six adjacent bodies.
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U.S. Patent 3,705,558 discloses a lightweight armor plate comprising a
layer of ceramic balls. The ceramic balls are in contact with each other and
leave small gaps for 'entry of molten metal. In one embodime’nt, the ceramic
balls are encased in a stainless steel wire screen; and in another
embodiment, the composite armor Is manufactured by adhering nickel-coated
alumina spheres to an aluminum alloy pla'te by means of é polysulﬁde
adhesive. A composite armor platé as described-in this patent S difficult‘ to

manufacture because the ceramic spheres may be damaged by thermal

shock arising from molten metal contact. The ceramic spheres are also

sometimes displaced during casting of molten metal into interstices between

the spheres.

In order to minimize such diSplacement, U.S. Patents 4,534,266 and
4 945 81 4 propose a network of'interlinked metal shells to encase ceramic

inserts during casting of molten metal. After the metal'solidifies, the metal

shells are incorporated into the composite armor. It has been determined
however, that such a network of interlinked metal shells substantially
increases the overall weight of the armored panel and decreases the

stopping power thereof.

It is further to be noted that U.S. Patent 3,705,558 suggests and
teaches an array of ceramic balls ~disposed in contacting pyramidal
relationship, which arrangement alsc substantially increases the overall
weight of the armored panel' and decreases the stopping power thereof, due

to a billiard-like effect upon impact.

In U.S. Patent 5,134,725 there are described armored panels
incorporating ceramic and glass balls. it will be noted that the teachings of
U.S. Patent 5,134,725 is limited to an armor plate having a plurality of '
'constitueht hodies of glass or ceramic material which are arranged in at least '
two superi'mp‘osed layers, which arrangement is similar to. that seen In

US Patent 3,705,558. In addition, reference to Figures 3 and 4 of said patent

show that pellets of a first layer do not contact pellets of the same layer and
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are only in contact with pellets of an adjacent layer and therefore do not
benefit from the support of adjacent pellets in the same layer to provide

mutual lateral confinement of the pellets, as taught in the present invention.

As will be realized in the preferred embodies of the present invention
there is provided a structural, load-bearing ballistic armor wherein the plate
- member having a plurality of openings provides the structural framework
while the peg-like configuration of the ceramic bodies of the present inven'tion
assure that the bodies are still in direct contact with each other via their head
sections thereby providing mutual lateral confinement and reinforcement not
~available in armor wherein‘.the pellets are separated by a rigid honey-comb

array.

Thus, 1t has been found that the novel armor of the present invention
traps incoming projeCtiles between several pellets which are held with their -
head sections in a single layer in rigid mutual abutting and laterally-confining

relationship.

An incoming projectile may contact the pellet array in one of three

ways:

1. Center cohtact. The impect allows the full volume of the pellet to
participate in stopping the projectile, which cannot penetrate without
pulverizing the whole peilet, an energy-intensive task. The pellets used are
preferably of circuler. or hexagonal cross-section or other regular geometric
shapes having at least one convexly-curved end face said end face being
orlented to substantnaliy faoe in the direction of an outer impact recelvmg

major surface of said plate.

2. Fiank contact. The impact Causes projectile yaw, thus making

proiectlie arrest easier, as a larger frontal area is c.ontected and not only the

sharp nose of the projectile. The projectile is deflected S|deways and needs
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to form for itself a large aperture to penetrate, thus allowmg the armor to

absorb the projectiie energy.

3.  Valley contact. = The projectile is jammed, usually between the
flanks of three pellets, all of which participate in projectile arrest. The high
“side forces applied to the pellets are resisted by the pellets adjacent thereto

as held by the substrate or plate, and penetration is prevented. \

The invention wili now be described in connection with certain
preferred embodiments with reference to the following illustrative figures so

that it may be more fully understood.

With reference now to the figures in detail, it is stressed that the
particulars shown are by way of example and for purposes of illustrative
~ discussion of the preferred embodiments of the present invention only. and
are presented in the cause of' prowdlng what is believed to be the most useful
and readily understood description of the principles and conceptual aspects
of the invention. In this regard no attempt I1s made to show structural details
of the invention in more detail than is necessary for a fundamental
understandmg of the invention, the description taken wsth the drawmgs
making apparent to those skilled in the art how the several forms of the

~ invention may be embodied in practice.

In the drawings:

FIG. 1 is a perspective view of a prefer red embodtment of the ceramrc body

accordlng to the invention:

FIG. 2 is an elevational view of a similar ceramic body provided with convex
- ends; ‘

FIG. 3 is a perspective view of an embodiment provided with a hexagonal
head; ' ' .

FIG. 4 is a perspective view of an embodiment provided with aprismatic stem
section: ' . ' ‘

FIG. 5 is a perspective view of a ceramic body having a square head: -
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FIG. 6ais a perspective view of a ballistic armor panel constructed using the
ceramic body seen in FIG. 3;

FIG. 6b is an elevational view of the panel seeh in FIG. Ba;

FIG. 7 is' a perspective view of a panel built using the ceramic body seen in
FIG. 2; ' '
FIG. 8 is a perspective view of an armor panel built using a ceramic body
similar to that shown in FIG. 3, the head section ehd being convex;

FIG. 9 is a partially-sectioned elevational view of a ceramic body having a
weight-deducing slot; '. o .
FIG. 10 1s a fragmented perspective view of a further embodiment of a
pallistic armor panel; and |

FIGS. 11. and 11a are schematic illustrations of an armored vehicle

incorporating a panel of the present invention.

There is seen in FIG. 1 a ceramic body 10 inten_ded' for deployment in a
composite armor panel. Examples of several such panels will be shown
starting with FIG. 6a. The panel is designed for absorbing and dissipating
Kinetic energy from high velocity projectiles, such as rifle fire and smalli shell
fragments. ' ‘ | ' '

The body 10 has a peg-like configuration consisting of a stem section 12 and

a head section 14. As can be seen, a cross-sectionai area across the stem
section 12 is less than a cross-sectional area acfoss the head section 14,

In the preferred embodiment seen in the figure, the stem section 12 hae a
regular geometric 'cross-section, which in this case is circular. In the present
embodiment the head section also has a cichlar cross-section, and a flat top
face 16. | -

The body 10 is formed of a ceramic material. Preferred ceramics are sintered
oxide, nitrides, carbides and borides of alumina, magnesium, zirconium,
tungsten, molybdenum, titanium an-d silic:e. | |
Where the pellet is intended to be used for absorbing and dissipating kinetic
energy from armor piercing projectiles, other materials are preferred. These

materials are typically alumina, boron carbide, boron nitride, titanium
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diboride, silicon carbide, silicon oxide, silicon nitride, magnesium oxide,

silicon aluminum oxynitride and mixtures thereof.

FIG. 2 i!luStrates a ceramic body 18 wherein the head section 20 is provided
with a convex head face 22 and a convex end face 24. The convex head
shape 22 encourages sideways deﬂection of bullets impactihg‘ the pellet
nead. Thus the projectile is stopped as explained above regarding"‘Flank '
Contact”. ' ' . .
The cdnvex end face 24 facllitates assembly of the body 18 into an armor

panei, which will be seen in FIG. 7.

Referring now to FIG. 3, there is depicted a ceramic body 26 wherein the

head section 28 has a regular geometric crdss~sectiom; in the present
empodiment the head section is hexagonal.
The armor panel resulting from use of this arrangement will be des\cribed_with

reference to FIG. 6b.

FIG. 4 illustrates a further embodiment of a ceramic body 30 wherein also the
stem section 32 has a regular polygonal cross-section. Such configuration is
useful in applications where it is advantageous to prevent the rotation of the

body if the head section 34 is impacted by a high-velocity fragment. '

Seen in FIG. 5 is a ceramic body' 36 wherein' the head section 38 has a.

regular polygcjnai cross-section, in the present embodiment '.this being

square. As in previous embodiments the body has a peg-like configuration

consisting of a stem section 40 and a head section 38. The cross-sectional
area across the stem section 40 is less than the cross-sectional area across

the head section 38.

Referring now to FIGS. 65 and' ob, thére IS depicted a ballistic armor panel 42
for abSorbing and dissipating kinetic energy from high velocity projectiles.
The outer face 44 of the panel 42 comprises a large number of ceramic

" bodies 26, as described with reference to FIG. 3,
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The ceramic bodies 26 are inserted and held in a close-packed, single layer
array 46. Excepting the ceramic bodies 26" around the outer borders of the
panel, each body 26 is positioned with its head section 28 in direct contact
with the head seCtion 28 of six adjacent bodies 26. Thus the ceramic bodies
provide mutual ateral confinement and reinforcement, which is important for
retaining stopping power after a first projectile has impacted the panel 42 |
resulting in some damage to the ceramic body 26 which was hit.

The stems 12 of the bodies 26 are supported and held by the substrate 50.

FIG. 7 shows a further ballistic armor panel 52 for absorbing and dissipating
kKinetic energy from high velocity projectiies. ' '
A plurality of ceramic bodies 18 are seen, as described with reference to
FIG. 2.

The bodies 18 are retained in a plate member 54 having many openings 56,
each opening being sized to receive the stem section 58 of one of the
ceramic bodies. The underside 60 of the head 's;ec\tion 20 of the body 18
ovefrides the periphery of the op.ening 56. ' ' -

Except for the outer edges 62 of the armdr panel 52, each body is positioned
with its head section 20 in direct contact with six adjacent bodies 18 inserted

N fhe plate member 54.

Turning now to FIG. 8, there is seen a ballistic afmor panel faced with
ceramic bodies 68. The body 68 s similar to the body 26 seen in FIG. 3, .
except that the head of the pbody 63 IS convex. o -

The plate member 70 is formed from a plurélity ot Interconnected rings 72.
‘The rings 72 'can. be mass produc_;ed using dedicated tooling-therefor.

Advantageously the rings 72 are further bound togethér by a solidified

material 74, for example aluminum, or a thermoplastic polymer such as

polycarbonate, or a thermoset plastic such as epoxy.

FIG 9 shows a further embodin‘ient of a ceramic body 76. The body 76 is

similar to the body 18 seen in FIG. 2. An important- feature of body 76 is a-
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channel 78 provided in the body to reduce the weight per area thereof
Suitably, the channel 78 occupies a volume of up to 25% of the body 76.

The body 76 is particularly useful for airborne use and for personal

applications.

Referring now to FIG.10, there is seen a further embodiment of a ballistic
armor panel 80. The \panel 80 has an inner 82 and an outer 84 surface, the
outer surface 84 facing the impact side. Ceramic bodies 36 are arranged in a
plurality of adjacent rows. The axes of the stems' sections 40 of the bodieé 36
are substantially parallel with each other and perpendicu‘iar to the surfaces of
the panels 82, 84. ' ' '
Preferably the inner layer 82 is fdrmed from a plurality of adjaCent Ia‘yers 82
82" each layer comprising a plurality of unidirectional coplanar anté-—bal’lisfic "
fibers embedded in a polymeric métrix. Advantageously, the fibers of adjacent‘
layers 82’, 82", are oriented at an angie of between about 45° to 90° to each
- other. '

In operatio'n- the outer, impact-receiving layer deforms and shatters an
impacting high velocity projectile. The inner layer, being elastic, is then able
to absorb the 'r\emaining Kinetic energy from the projectile fragments. The
elastic material is chosen according to' cost _and weight considerations
applicable to the designated application. Although any suifable material can
be used, such as aluminum or woven or non-woven textile matérial, the
preference is for at least 90% Aramide fiper, fiber orientation ,being as.
described. The final material selection is based on meeting weight and

volume restraints at lowest cost.

Referring now to FIGS. 11 and 11a there is seen an armored vehicle 86
wherein a panel 88 of the present invention has been provided in an opening
(not shown) of said vehicle, the panel 88, in the embodiment shown,
incdrporating Ceramic-'bodi‘es 90 having cylindrical heads and cylindrical

stems, said panel being shown in an enlarged detail view in FIG. 11a.
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As will be realized since the panels of the present invention are lighter in

weight then steel panels of comparable size and provide even better
_ 'protection it is advantageous to incorporate several panels according to the
~present invention in such vehicles in'place of standard steel armor in order to

reduce the overall weight of the vehicle.

As is known transparent ceramic material is available as described e.g.', in
H1567 and H1519 and such material could be used in the panels of the

present invention.

In order to establish the effectiveness of the ceramic bodies of the present
invention and composite armor panels incorporating the same a ‘pane\ Was
prepared with the size of 10 X 12 in. and ceramic bod'ies having a oy'lindr_ical
stem and hexagonal'head section with a convexly curved end face as
ilustrated in FIG. 8 was prepared and sent to the H.P. White Labbratory, Inc.

in Maryland for ballistic resistance testing.

The description of the test and the results are set forth hereinafter.
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As will be noted said panel naving a weight of only 7.2 pounds

provided exceptional multi-impact performance wherein none of the 7.62 X 51

mm, 130 grain, armor piercing, M6 1 projectiles fired at a distance of 45 feet

from the target penetrated said panel.
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it will be evident to those skilled in the art that the invention is not

limited to the details of the foregoing illustrative embodiments and that the
preseht invention may pe embodied in other specific forms without departi‘ng
from the spirit or essential attributes thereof. The presént embodiments are
therefbre to be considered in all respects as illustrative and not restrictive,

the scope of the invention being indicated by the appended claims rathér

than by the foregoing description, and all changes which come within the
meaning and range of equivalency of the claims are therefore intended to be

embraced therein.
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WHAT IS CLAIMED IS:

1. A ceramic body for deployment in a composite armor pahe!, for absorbing
and dissipating kinetic energy from high velocity projectiles, said body having
a peg-like configuration consisting of a stem section and a head ‘section
wherein a cross-sectional area across said stem is less than a

cross-sectional area across said head section.

2. A ceramic body according to c\a_im 1, wherein said stem section has a

regular geometric cross-section.

3. A ceramic body according to claim 2, wherein said stem section has a

reguiar polygonal cross-section.

4. A ceramic body according to claim 2, wherein said stem section has a

circular cross-section.

5. A ceramic body accoraing to claim 1, wherein said head section has a'-

~ regular geometric cross-section.

6. A ceramic body acco'rding to claim 5, wherein said head section has a

regular polygonal cross-section.

/. A ceramic body according to claim 5, wherein said head section has a

circular cross-section.

8. A ceramic body according to claim 1, wherein sald body is formed of a
ceramic material selected from the group Conssisting of sintered oxide,
nitrides. carbides and borides of alumina, magnesium, zirconium, tungsten,

molybdenum, titanium and silica. -



CA 02439183 2003-09-02

22

9. A ceramic body as claimed in claim 1 for absorbing and dissipating kinetic
energy from high velocity armor piercmg 'projectiles, wherein said body S
made of a material selected from the group consisting of alumina, boron
carbide, boron nitride, titanium diboride, silicon carbide, si’licon oxide, silicon.

nitride, magnesium oxide, silicon aluminum oxynitride and mixtures thereof.

10. A ceramic body according to clam 1, whereih sald ‘head section is

provided with a convexly curved end face.

11. A ceramic body according to claim 1, Characterized N that a channel is

provided in said body to reduce the weight per area thereof.

12. A ceramic body according to claim 11, wherein said channel occupies a

volume of up to 25% of said body.

13. A ballistic armor panel for ébsorbing and dissipating kinetic ehergyfrom
nigh velocity projectiles, Said-panel comprising: '

- a) a plurality of ceramic bodies, each of \said bodies havihg a peg-—lik,e\
configuration consisting of a stem section and a head section wherein a
- cross-sectional area across said stem is Iess'than 3 cross-section‘al area

- across said head section; and

b) a substrate for assembling said bodies in a close-packed, single layer
array, such that each of a majority of said bodies is positioned with its head
section in direct contact with the head section of at least four adjacent bodies

and the stems-of said bodies are supported and held by said substrate.

14. A ballistic armor panel for absorbing and dissipating kinetic energy from
nigh velocity projectiles, said panel comprising: ' _

a) a plurality of ceramic bodies, each of said bodies having a peg-like‘
co'nfiguration conSisting of a Stem section and a head section wherein a
cross-sectional area across said stem is less than a cross-sectional area

across said head section: and
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b) a substrate for assembling said bodies in 3 clbse—packed, single layer
array, such that each of a majority of said bodies is positioned with its head
section in direct contact with the head section of six adjacent bodies and the

stems of said bodies are supported and held by said substrate.

15. A ballistic armor pahel for absorbing and dissipating kinetic energy from

high velocity projectiles,. sald panel comprising:

a) a plurality of ceramiz:: bodies, each of said bodies haviﬁg a peg-like .
configuration consisting of a stem section and a head section wherein a
cross-sectional area across said sfem IS iess than a cross-sectional area
across said head section: and ' ' .

b) a plate member having a plurality of openings, each of said opening sized
to receive a stem section of a body with the underside of the head section of
said body overriding the periph‘ery of sald opening, such that each of a

majority of said bodies is positioned with its head section in dired contact

with the head section of at least four adjacent bodies inserted in said plate.

16. A ballistic armor panel for absorbing and \dissipatmg kinetic energy from

high velocity projectiles, said panél comprising:

a) a plurality of ceramic bodies, each of said bodies having a pegl-'-like
configuration consisting of a stem section and a head section wherein é~
cross-sectional area.across’ said stem is less than a cross—-séctiohal area
abross said he.ad séction; and '

b) a plate member having a plurality of openings, each 'of said opening sized
to receive a stem section of a body with the underside of the head section of
-said body overriding the periphery of said opening, such that each of a
majority of said bodies is positioned with its head section in direct contact

with the head section of six adjacent Dodies inserted in said plate.

17. A ballistic armor panel according to claim 16wheréin said plate member

Is formed from a plurality of interconnected rings.
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18. A ballistic armor panel according to claim 17 wherein said rings are

further bound together by a solidified material.

19. A ballistic armor aecerding'to claim 16, Wherein sald panel has an inner
and an outer surface, said outer surface facing the impact side and said
ceramic bodies erearranged In a plurality of edjacent'rows, the axis of the
stems of said bodies being substantially parallel with each other ,end

perpendicular to the surfaces of the panels.

20. A bal!iStic armor according to claim 17, further cemprising an inher layer
adjacent said inner surface of said panel, seid inner layer being formed from
a plurality of adjacent Iayers; each layer comprising a plurality of

unidirectional coplanar anti-ballistic fibers embedded in a polymeric matrix,

the fibers of adjacent layers being at an angle of between about 45° to 90° to

each other.

21. A ballistic armor pene{ according to claim 13 whenever incorporated in an

- armored vehicle.

22. A ceramic body according to claim 1 wherein said body is formed of a

transparent ceramic material.
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