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invention relates to conposite arnor plates and panels. Mpe particularly,
the invention relates to an arnored plate which may be worn to provide the
user with lightweight ballistic protection, as well as to arnored pl ates
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3 1 Decenber 2004 peflets, said pellets and material being bound and
retained in plate formby a solidified naterial, wherein said solid~ed
material and said plate naterial are elastic. . The teachings of all five
~of these specifications are incorporated herein by reference. There are
four main considerations concerning protective arnor panels. The first
consideration is weight. Protective armer for heavy but nobi{ Ped8nhtid 2054
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absorb the energy of a bullet.



5 1 Decenber 2004 A common problemw th prior art ceram c arnor concerns
damage inflicted on the arnor structure by a first projectile, whether

st opped or penetrating. Such damage weakens the arnor panel, and so all ows
penetration of a follow ng projectile, inpacting within a few centineters
~of the first. The present invention is therefore intended to obviate the
di sadvantages of prior art ceramc arnor; and in a first enbopgLiEsiter 2004
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non-profitable.

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 protection.

A fourth consideration relates to ceramic plates used for personal and light

vehicle armor, which plates have been found to be vulnerable to damage from

mechanical impacts caused by rocks, falls, etc. -



Wth increase in speck gravity the stopping power of the plates increases
se that those plates utilizing pellets of higher specific gravity are al so
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In preferred enbodi nents of the present invention said pellets each have a

maj or axis and said pellets are arranged with their mjor axes
substantially parallel to each other and oriented substantially
~perpendicularly relative to said outer inpact-receiving major surface of
said panel. The pellets need not be of circular cross-section. The
solidified material can be any suitablesmaterial which retainpegskbnebdy
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i nvention, having two convex end faces and having a cylindrical channel
provi ded in one of said end faces; and Fig. 3 is a perspective view of a
smal | section of a panel having a plurality of pellets according to Fig. 1
provi ded therein.




There is seen is Fig. 1 a ceramc body 10 for deploynent in a conposite
arnor panel, the body 10 is substantially cylindrical in shape and has two
convexly-curved end faces 12 and 14. The body is provided with a channel 16
~cylindrical in shape and provided with a pyram dal-like end 18. As
‘illustrated in the 1 Decenber 2004 figure, the.ratio between the height h
of "the channel and the height H of the geram c body 10 is abopkcdifé 2004 | €
the ratio of the di anmeter d of the channel and the diameter D of the
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plastic or polyneric material, advantageously f1ber-reinforced, 1salso

sui t abl ethefdiy reducirg merwgbtlpet araa off each efssaid ppliets.rel ating to
epoxy- bound. ft| -l a ane bove W th referen ,
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_As described in US Patent 5,763,813, said pellets are preferably of a
geometric form having at least one convexly-curved end face and in accordance
with the present invention said channels are preferably of a shape selected from the
group consisting of cylindrical, pyramidal, hemispherical and quadratic, hexagonal
prism and combinations thereof.
As is known, there exists a ballistic effect known in the art in which a
| projectlle striking a cylinder at an angle has a tendency to move this cylinder out of

" alignment causing a theoretical possibility that a second shot would have more

penetration effect on a panel.
In the preferred embodiments of the present invention said solidified material
extends into said channels and provides enhanced alignment and adherence of the

channe! containing pellets within said plate.




Thi cknesses: Avg. Thick: 21 Table 1 Test date 11/08/ 00 Sanple No.: 1

. Weight: 1.52 kg Hardness: PiieslLam nates: AMMUNITION (1): AK 47 APf Lot
No.: 71-83 (2): 5.56 193 Lot No.: wcc98 (3): Lot No.: (4): Lot No.: SET-UP
~Vel. Screens : 1.8 m Shot Spacing : Range to Target : 13.5 mBarrel No.l6un
Barrel Backing Material Wtness Panel : Aluo 0.5 mm Conditions APPLI CABLE

STANDARDS OR PROCEDURES (1): a (2); (31:8Shot. NoAmmuni ti onMebesgdnbér 2004
ft/secVel ocity misecPenetrationTrauma
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pl ate which can withstand nultiple |rrgocts in arelatively small area,
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channel s lhBro%%belﬁfoft%ﬁugggj l\t\?éléhtf Sf motgctﬁl%' grn?oarnfénels without loss of stopping
power, as shown in the examples hereinafter.

In some preferred embodiments of the invention the majority of the pellets

each have at least one axis having a length in the range of about 3-18 mm, and the

total weight of said plate does not exceed 45 kglmz-
In other preferred embodiments of the invention the majority of said pellets

each have at least one axis having a length in the range of from about 20 to 60 mm,

and the weight of said plate does not exceed 185 kg/mz.

In preferred embodiments of the present invention said pellets each have a.
major axis and said pellets are arranged with their major axes substantially paraflel
to each other and ocriented substantially perpendicularly relative to said outer
impact-receiving major surface of said panel. The pellets need not be of circular -
cross-section. |

 The solidified material can be any suitable material which retains elasticity
upon hardening at the thickness used, such as aluminum, epoxy, a thermoplastic
polyr_n'er such as polycarbonate, or a thermoset plastic, thereby allowing curvature
of the plate without cracking to match curved surfaces to be protected.,.inciuding
body surfaces, as well as elastic reaction of the plate to incoming projectiles td allow
increased contact force between adjacent peliets at the point of impact.

In French Patent 2,711,782, there is described a steel panel reinforced with
ceramic materials; however, due to the rigidity and lack of elasticity of the steel of
said panel, said panel does not have the ability to deflect armor-piercing projectiles
unless a thickness of about 8-3 mm of steel is used, which adds undesirable
excessive weight to the panel and further backing is also necessary thereby further
increasing the weight thereof. .‘

It is further to be noted that the elasticity of fhe material used in preferred

embodiments of the present invention serves, to a certain extent, to increase the -



It wll be evident to those skilled in the art that the invention is not
limted to the details of the foregoing illustrated enbodi nents and t hat
the present invention may be enbodied in other specific forns w thout
departing fromthe scope of the invention as defined by the appended
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nitride, magnesium oxi I'Tcon al um num oxynitride and m xture er eof
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are spherl ear%ai 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 cores of
the bails from each other, and will act to dampen the moment of energy which is
transferred and hence shared between the balls in response to an impact from a
bullet or other projectile. Because of this and also because the material of the
coating is inherently less hard than that of the ceramiic cores, the stopping power of

a plate constructed as described in said patent is not as good, weight for weight, as -



10. A conposite arnor Plato as clained in claim1, wherein said pellets

have a hardness of at |least 9 on the Mha scale, 11. A conposite arnor

place as clainmed in claim1, Werein said pellets each have a noor axis and

laid pellets are arranged with their nmajor axes substantially parallel to
each other and oriented substantially perpendicularly relative to said

" outer inpact-receiving major surface of 18ai d panel Is 1 Decppfgpibes00d4 12.
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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 also substantially increases the overall weight of the armored panel
and decreases the stopping power thereof, due fo a billiard-like effect upon impact.

L in U.S. Patents 3,523,057 and 5,134,725 there are described further
armored panels incorporating ceramic and glass balls; however, said panels are

- flexible and it has been found that the flexibility of said panels substantially reduces
their stopping strength upon impact, since the force of impact itself causes a flexing
~ of said panels and a reduction of the supporting effect of adjacent constituent
bodies on the impacted constituent body, due to the arrangement thereof in said
patent. Thus, it will be noted that the teachings of U.S. Patent 5,1 34,725 is limited to
an amor plate having a plurality of constituent bodies of glass or ceramic material
which are arranged in at least two superimposed layers, which arrangement is

similar to that seen in US Patent 3,705,658. In addition, reference to Figures 3

and 4 of said.patent show that pellets of a first layer do not contact pellets of the
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10D@z[ yteral confinement of the pellets, as taught in the present invention.

As will be reaiized, none of said prior art patents teaches or suggests the
possibility of introducing channels into pellets forming an armor panel and the
surprising and unexpected stopping power of a single layer of ceramic or glass
pellets in direct contact with each other which, es will be shown hereinafter,
successfully prevents penetration of fire-arm projectiles despite the relative light
weight of the plate incorporating said pellets and the channels introduced therein.

Thus, 1t has been found that the novel armor of the present invention traps
incoming projectiles between several pellets which are held in a single layer in l’lgld
mutual abutting and lateraliy—conf ning refationship. The relatively moderate size of
the pellets ensures that the damage caused by a first projectile is’ localized and
does not spread to adjoining areas, as in the case of ceramic plates and the
channels do not diminish the stopping power of the individual pellets, even though
common sense would suggest that such channels would weaken the same.

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

1. Center contact. The impact allows the full volume of the peilet to participate
in stopping the projectile, which cannot penetrate without pulverizing the whole
pellet, an energy-intensive task. The pellets used are either spheres or other regular
geometric shapes having at least one convexly-curved end face, said end face
being oriented to substantially face in the direction of an outer impact receiving
major surface of said plate and the opposite side of which peliet is provided with
said channel and this form, when supported in a matrix of pellets, as shown, e.g. in
the figures attached hereto, has been found to be effective in arresting ballistic
projectiles. | |
2. Flank contact. The impact causes projectile yaw, thus making projectile
arrest easier, as a larger frontal area is contacted, and not only the sharp nose of
the projectite. The projectile is deflected sideways and needs to form for itself a
large’ aperture to penetrate, thus allowing the armor to absorb the projectile 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 appiied
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to the pellets are resisted by the pellets adjacent thereto as held by the matrix, and
penetration is prevented.
An additional preferred embodiment according to the present invention is one -

~wherein the ceramic material is SIAION in its alpha structure of SigALONg,, in
which “z” is a substitution coefficient of Al and O in the SisNg and the “beta
structure” of the formula MenyarSit2(m+mAlmnOnN1sn, Wherein Me is a metal such as
Li, Mg, Ca, Y, and lanthanide's, m and n are substitution coefficients and val is the
valency of the metal.

The invention will now be described in connection with certain preferréd
embodiments with reference to the following iliustrative figures so that it may be
more fully understood. , |

With reference now to the figures in detall, 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 providing 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 is made to show structural details of the invention in rﬁore detail than is
necessary for a fundamental understanding of the invention, the description taken
with the drawings 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 cross-sectional side view of a cylindrical peliet according to the present
invenjtion, having two convex end faces and having a cylindrical channel with a
pyramidal end provided in one of said end faces;

Fig. 2 is a cross-sectional side view of a cylindrical pellet accord'ing o the present
invention, having two convex end faces and having a cylindrical channel provided in
one of said end faces; and

Fig. 3 is a perspective view of a smalt section of a panel having a plurality of pellets
according to Fig. 1 provided therein.

There is seen is Fig. 1 a ceramic body 10 for deployment in a composite
‘armor panel, the body 10 is substantially cylindrical in shape and has two
convexly-curved end faces 12 and 14. The body is provided with a channel 16
cylindrical in shape and provided with a pyramidal-like end 18. As fllustrated in the

5& ()-:!L#10965& ()-:i910%& ()- 10 U U
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figure, the ratio between the height h of the channel and the height H of the ceramic
body 1Q is about 66%, while the ratio of the diameter d of the channel and the
diameter D of the ceramic body is about 43%.

There is seen in Fig. 2 a ceramic body 20 for deployment in a composite
armor panel, the body 20 is substantially cylindrical in shape and has two
convexly-curved end faces 22 and 24, The body is provided with a channei 26
cylindrical in shape and provided with a flat end 19, As illustrated in the figure, the
ratio between the height h of the channel and the height H of the ceramic body 20 is
about 62.7%, while the ratio of the diameter d of the channe! and the diameter D of
the ceramic body is about 40,85%. _ '

There is seen in Fig. 3 a composite armor plate 30 for absorbing and
dissipating kinetic energy from fire-arm projectiles (not shown), said plat;:z
comprising a single internai iéyer of pellets 20 according to Fig. 2, with channels 26
formed therein, said pellets being an'arnged in a single layer of adjacent rows,
wherein each of a majority of said pellets is in direct contact with at least 6 adjacent
pellets. As Seen, the entire array of pellets is bound in said single layer of a plurality
of adjacent rows 'by solidified epoxy 28 and said plate 30 is further provided with an
inner backing layer (not shown) made of DYNEEMA® or of similar material, to form
a muiti-layered armored panel. ' |

4 The nature of the solidified material 28 is selected in accordance with the
weight, performance and cost considerations applicable to the intended use of the
armor.

Armor for land and sea vehicles is éuitably made using a metal casting alloy
containing at least 80% aluminum. A suitable alloy is Aluminum Association
No. 535.0, which combines a high tensile strength of 35,000 kg/in? with excellent
ductility, having 9% elongation. Further suitable alloys are of the type containing 5%
silicon B443.0. These alloys are easy to cast in thin sections; their poor
machinability is of little concem in the application of the present invention. An epoxy
or other plastic or polymeric material, advantageously fiber-reinforced, is also
suitable.

Table 1 is & reproduction of a test report relating to epoxy-bound multi-layer

panels as described above with reference to Fig. 3, wherein said panel had a

dimension of 20.3 x 19.9 cm and a thickness of 21 cm.
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The panel was impacted by a series of five AK47 armor-piecing projectiles
and then by a series of three further 5.56 mm projectiles fired at 0° elevation and at

a distance of 13.5 meters from the target.
None of the 8 projectiles penetrated the panel.

Table 1
Test date”  11/08/00

TEST PANEL

Description: Liba M3 B
Manufacturer: Mofet Sample No.: 1

Size: 20.3x19.9 cm Weight: 1.52 kg
Thicknesses: ' _ Hardness:

Avg. Thick: 21 Piles/Laminates:
AMMUNITION ' N :

(1): AKA4A7 AP! Lot No.: 71-83

(2. 5.56193 Lot No.: ‘'wce9§

(3): Lot No.:

(4): Lot No.:
SET-UP

Vel. Screens : 1.8 m .

Shot Spacing : , Range to Target:  13.5m

Barre! No./Gun : Barrel Backing Material :

Witness Panel : Aluo 0.5 mm Conditions :

APPLICABLE STANDARDS OR PROCEDURES
(1)
- (2)
(3):

Shot. ‘Ammunition | Velocity | Velacity | Penetration { Trauma | Obliquity

No ft/sec m/sec mm
1 1 2413.00 | 735.48 none 0
2 1 2417.0C | 736.70 none 0
3 1 2397.00 | 730.61 none 0
4 1 2371.00 |1 722.68 none - 0
5 1 2392.00 | 729.08 none 0
6 2 3442.00 | 1049.1 none 0
7 2 3432.00 | 1046.07 ! none 0
8 2 3432.00 | 1046.07 | none 0

COMMENTARY:

1. shot No 3 — 15 mm from edge.
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As will be noted, the peliets according to the present invention, when
arranged in a single layer, enable the preparation of a composite armor piate which
can withstand multiple impacts in a relatively small area, which mu!ti—impacf

~ protection, despite the inclusion of weight-reducing channels in each of the peliets
forming said panel

it will be evident to those skilled in the art that the invention is not limited to
the details of the foregoing illustrated embodiments and that the present invention

may be embodied in other specific forms without departing from the scope of the

invention as defined by the appended claims.
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L1090 () - ) i °ﬁ§§1g( sigle | i-ﬁalB!%%}e@ pellets which are
_ directly bound and retzined in plate form by a solidified
material such that the pellets are bound in a piurality of
adjacent rows, said pellets having a specific gravity of at
least 2 and being made of & material selected from the group
consisting of glass, sintered refractory material and ceramic
material, a majority of the pellete each having at Jeast one
axis of at least 3 mm length and being bound by said
solidified material in said single internal layer of adjacent
rows such that each of a majority of gaid pellets is in direct
contact with six adjacent pellets in the same Iayer to provide
mutuel lateral confinement therebatwesn, said pellets each
having a substantially regular geometric form and first and
second end faces, wherein said solidified materisl and gaid
plate are elastic, characterized in that a channel is provided
in said first end face of each of a pluratity of said pellets, said
first end face being dxsposed substantially opposite to an
outer impact-recejving major surface of said plate, thereby
reducing the weight per area of each of said pellets which
channel occupies 2 volume of up to 25% w:thin its respec-
tive pellet,

2. A compotite armor plate according to claun 1, wherein

said ¢channels are of a shape selected from the group con-

_sisting of cylindrical, pyramidal, hemispherical and que-
dratic or hexagonal prism.

3. A composite armor plate according to claim 1, wharein
seid solidified material oxtends into said channels and pro-
vides enhanced alignment and adherence of the channel
contairiing pellets within said plate,
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carblde silicon ox:de. sﬂxcon nitnde, magnesmm ox:de
silicon aluminum cxynitride and mixtures thereof,

7.A composite armor plate according to claim 1, whercin
a majority of a said pellets each have et least one axis having
8 length in tho range of from 20'to 60 mm, and said plate
does not execed 45 kg/m’ in weight.

8. A composite armor plate s claimed in claim 1, wherein
a majunty of said pellets each has a major axis having a
length in the range of from 20 to 30 mm.

9. A composite armor plate as clmmed in claxm 1, whersin
said pellets are spherical.,

. 10. A composite srmor plato as clmmed in claim 1,
" whereln said pellets have a hardness of at least 9 on the
Mohs scals,

11. A composite armor plate as claimed in claim 1,
Wherein said pellets each have a major axis and said pellels

are amranged with their major axes substantially parallel to
each other and oriented substantially perpendicularly rela-
tive to said outer impact-recejving major surface of said
panel.

%
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i d in claim 1,
12. A composite armor plate 23 claimed in claim
wherein sald solidified material is a thermoplastic resin.
13. A composite armor plate a8 claimed in claim 1,
whereln suid pellets are made of SiAION. ’
14. A multi-layered armot panel comprising:

«mpact-receiving layer formed by 2 cognposzte
anac:;ig? ;?;pt: according_gm claim 1 for deforming and
shattering an impacting high veloeity projectile into a
plurality of fragments; and .
an inner layer adjacent (o said outer layer, said inner layer.
comprising a tough woven textile materisl for causing
an asymmetric deformation o_f fr.agments of said pr«?é
jectile land for absorbing kinetic energy from sal
fragments, o .
i f-layered panel being capable of stopping three
sm;r:}:lcﬁlegﬁred feqmnﬁauy at a trianguler area of said
multi-layered panel, wherein ths height of ss.ud m?tr:;
gular area is subst?nﬁgcllly {1.!:::1 to three times
axiz of said pellets. .
ls%eignu:u?éflg;md armor panel according to claim 14,
.~ wherein said inper layer is made of polyetpylcne fibers. 4
, 16, A multi-layered armor pancl accordmg‘to_ claim 1.‘i
wherein said inmer layer is made of tough light armi
: .. o
h syxi?egc:gubfé-laycred armor panel accorﬁ:_ng to ciaim %4,.
wherein said inner layer comprises _mnltx?le layers of a
i tting. . .
POllySa.mlAd;glii-lasered armor pansl according to clum 14,
comprising a further backing iayer of aluminum,




