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BALLISTIC ARMOR 

FIELD OF THE INVENTION 

[0001] This invention relates to ballistic armor and, in 
particular, to such armor comprising ceramic bodies. 

BACKGROUND OF THE INVENTION 

[0002] It is known in the art to provide composite armor 
plates With a plurality of juxtaposed ceramic bodies such as 
tiles, cylinders, or spheres in order to protect against impact 
ing ballistic threats. 

[0003] US. Pat. No. 3,616,115 discloses a composite 
armor plate comprising successive layers of small discrete 
ceramic blocks encapsulated Within a metal matrix by solid 
state diffusion bonding. The ceramic blocks are maintained 
under compression in order to increase the amount of energy 
required by an impacting projectile to shatter the blocks. 

[0004] US. Pat. No. 5,361,678 discloses composite armor 
comprising ceramic spheres embedded in a metal matrix. 
The spheres are fully coated With a binder and ceramic 
particles in order to insulate them from thermal shock Waves 
produced by the molten matrix during the embedding stage, 
as Well as to enhance the ballistic performance of the armor. 

[0005] US. Pat. No. 6,112,635 discloses a composite 
armor plate for absorbing and dissipating kinetic energy 
from a high velocity, armor-piercing projectile, the plate 
comprising a single layer of ceramic cylinders arranged in a 
plurality of adjacent roWs. The cylinders are in direct contact 
With each other and are bound by a solidi?ed material. 

SUMMARY OF THE INVENTION 

[0006] The present invention suggests ballistic armor for 
providing ballistic protection from an impacting projectile 
threat, the armor comprising a plurality of composite armor 
units, each comprising a ceramic body having a cylindrical 
body portion With tWo end faces, one of Which is adapted to 
face said threat, and a non-ceramic belt member assembled 
With said ceramic body so that said member contiguously 
surrounds said cylindrical body portion Without covering 
said one end face. 

[0007] Preferably, each composite armor unit according to 
the present invention is bound to other such units by a 
binding material to form the armor. The armor preferably 
further comprises a backing layer as is knoWn in the art for 
trapping fragments of the armor ejected by the impact of the 
projectile threat. 

[0008] The cylindrical body portion of the ceramic body, 
from Which the composite armor unit of the present inven 
tion is assembled, may have different cross-sectional shapes 
such as eg circular, polygonal, or the like. 

[0009] The end faces of the ceramic body may be ?at, and 
one may thereby constitute a base for the body portion. As 
additional examples, the end faces may be convex, bulging 
aWay from the body portion, or they may be concave, 
dipping into said portion. Various such designs may enhance 
the ballistic performance of the armor or yield other advan 
tages. The tWo end faces may not necessarily be of the same 
design. 
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[0010] The ceramic body of the composite armor unit 
according to the present invention may be made of any 
knoWn armor ceramic material, such as Alumina, Silicon 
Carbide, Silicon Nitride, Boron Carbide, or any other refrac 
tory material such as ceramic glass and the like. A ceramic 
material containing reinforcing ?bers, as knoWn in the art, 
may also be used. 

[0011] The belt member, assembled With the ceramic body 
in accordance With present invention, has an outer perimeter, 
and an inner perimeter de?ning a holloW region to receive 
and adjoiningly surround the ceramic body to ?t about its 
cylindrical portion. The inner perimeter of the belt member 
is designed to conform to the shape of said cylindrical body 
portion to enable the member to closely hug the body after 
assembly. The outer perimeter of the belt member may be of 
any design and its dimensions and/or shape may vary along 
the height of the belt member. 

[0012] The belt member according to the present invention 
advantageously alloWs for a variety of possible shapes and 
siZes for its outer perimeter. For example, the outer perim 
eter of the belt member may be circular, elliptical, rectan 
gular, otherWise polygonal, or may have an irregular shape 
but it is preferable that it have a simple geometry to facilitate 
its manufacture. Such possibilities alloW the composite 
armor unit and the ballistic armor of the present invention to 
be suited to a Wide range of needs. For example, the belt 
member may have a hexagonal outer perimeter to alloW the 
unit With Which it is assembled to be contiguous With 
neighboring units in the armor, thereby eliminating the 
interstices betWeen the units and increasing ballistic immu 
nity to smaller projectile threats. As another example, in 
order to reduce Weight of the unit, and therefore the armor, 
the belt member may have recesses, such as holes or 
depressions, formed therein or may have a thickness Which 
varies along its height. In addition, the belt member may not 
necessarily extend along the entire height of the cylindrical 
body portion of the ceramic body With Which it is assembled, 
but rather may, for example, have a ring-like shape to simply 
adjoin the perimeter of the body at a certain height. The 
above tWo design possibilities may both be embodied 
together in the belt member When in the form of a spiral, for 
example. The spiral belt member may extend along the 
majority of the ceramic body With Which it is assembled, 
With a space separating successive turns of the spiral. In this 
Way, the spiral design of the belt member serves to reduce 
the Weight of the unit Without sacri?cing its ballistic per 
formance. 

[0013] The belt member of the present invention may be 
made of a variety of materials so long as the belt member 
possesses a minimal amount of tensile strength, Which is at 
least about 3 kg/mm2. Possible materials include but are not 
limited to metal alloys such as Aluminum, Titanium and 
Steel alloys, composites TM such as glass, carbon and 
aramids, KevlarTM, high strength plastics such as Nylon, 
polycarbonates, and polyamids, High Density Poly-Ethylene 
(HDPE) Within various resins, carbon ?bers and the like. 
The various resins may include simple fabric, Winded fab 
rics, or mats reinforcement resins. 

[0014] Calculations that Will be presented beloW shoW that 
one of the main advantages provided by ballistic armor 
comprising composite armor units according to the present 
invention, is a much desired geometrical Weight reduction 



US 2004/0020353 A1 

per unit area of armor. To maximize this advantage, the 
average density of the belt member should be less than that 
of the ceramic material from Which the body is made. The 
average density of the belt member depends not only on the 
material from Which it is made, but also on its design. 
Providing the belt member With depressions as mentioned 
above, for example, Would serve to reduce its average 
density. 

[0015] The geometrical Weight reduction enabled by the 
present invention is achieved by providing each of the 
composite armor units, from Which the armor is composed, 
With a belt member of such a design as to reduce each unit’s 
average density Without decreasing its ballistic effective 
ness. Determination of the optimal design of the belt mem 
ber may be made by computer calculation and simulation or 
by trial and error, bearing in mind the nature of the expected 
threat from Which ballistic protection is desired, in particular 
the types, calibers, ranges, and inclinations of the impacting 
projectiles. In general, the most important parameter to 
consider in selecting such a design is the maximal thickness 
t of the belt member. 

[0016] It is clear from the above that the maximal possible 
reduction in the average density of the composite armor unit 
and the ballistic armor of the present invention is dictated by 
the necessity to keep the ballistic performance of the armor 
at a high level so that it may protect against the expected 
impacting projectile threat. Inde?nitely increasing the thick 
ness t of the belt member Will surely further reduce the 
Weight of the armor but at some point, ballistic performance 
Will also be compromised. It Was found that both signi?cant 
geometrical Weight reduction is achieved and high ballistic 
performance is maintained so long as the thickness t of the 
belt member does not surpass about 10% of the ceramic 
body’s diameter D. 

[0017] The minimal reduction of the average density or 
Weight of the body that Would still be considered essential is 
limited by the need to justify the costs of manufacturing a 
belt member according to the present invention. Thus, While 
the provision of a belt member having a thickness of 0.01%, 
for example, of the diameter D of the ceramic body Would 
also render the composite armor unit lighter to some minor 
extent, this Would not constitute an essential reduction in the 
unit’s average density as it is not suf?ciently bene?cial to 
justify such a belt member’s manufacture. In general, a belt 
member having a thickness t of at least about 1% of the 
diameter D Would be considered an essential reduction. 

[0018] The composite armor unit of the present invention 
employed in ballistic armor provides additional advantages, 
Which increase the armor’s ballistic effectiveness. Firstly, 
the belt member of the present invention con?nes the 
cylindrical body on Which it is mounted so that upon a 
projectile’s impact on the body, the member radially resists 
and delays ceramic fracture of the body outWardly toWards 
the member’s perimeter and also applies resistance forces, 
Which prevent penetration of the projectile. In addition, the 
belt member provides separation betWeen the cylindrical 
bodies, Which along With the radial con?nement it affords, 
prevents one body’s ceramic fracture due to projectile 
impact from affecting neighboring bodies. In order to 
enhance these tWo advantages, the belt member may be 
assembled With the body so as to hug the body tightly 
providing it With inWard radial compression, thereby 
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increasing resistance. Both of the above advantages increase 
the armor’s multi-hit capability, alloWing it to Withstand a 
plurality of projectile impacts While maintaining high bal 
listic performance. In certain circumstances, the latter 
advantages may be crucial to the point of being preferable 
over a reduction in Weight, in Which case heavier materials 
may be used to form the belt members in order to enhance 
ballistic performance at the expense of geometrical Weight 
gain. 

[0019] The ballistic armor of the present invention is 
preferably assembled from a single layer of composite armor 
units, but may also be formed from a plurality thereof. The 
composite armor units may or may not be in direct contact 
With each other. The ballistic armor is preferably in the form 
of a plate and may be curved to alloW it to conform to 
various surfaces Whose ballistic protection is desired. The 
binding material used to hold the units together may be any 
knoWn suitable material such as thermoset plastic (e.g. 
epoxy resin or polyurethane) and thermoplastic material 
(eg polyester, polycarbonate, polyamid). The backing layer 
of the ballistic armor in accordance With the present inven 
tion serves to trap ceramic fragments as Well as the residual 
deformed projectile or fragments thereof, resulting from its 
impact and penetration. The backing layer may be made of 
any suitable material knoWn in the art, e.g. aluminum, 
Woven or unidirectional fabric laminates comprising Spec 
tra®, Dyneema®, KevlarTM, TWaronTM, S2 or E glass ?bers, 
HDPE, aramids and the like Within various resins. The armor 
preferably also includes a cover material, such as a frontal 
spall cover, to cover and seal the front of the armor and to 
keep the units in place, as Well as to minimiZe outWard 
de?ection of the impacting projectile threat, fragments of the 
threat or the units resulting from impact and/or other frontal 
debris. The cover material is preferably made from layers of 
?bers, such as KevlarTM and ?berglass, saturated Within 
thermoplastic and thermoset resins. 

[0020] The ballistic armor according to the present inven 
tion may further include an intermediate layer, as knoWn in 
the art, betWeen the composite armor units of the present 
invention and the backing layer to provide a stand-off 
distance, enhancing the ballistic effectiveness of the armor. 
Such an intermediate layer may have any design, such as a 
cellular honeycomb arrangement, and may be made of any 
appropriate substance, such as foamed materials. Other 
components knoWn in the art to be used in composite 
ballistic armor technology may also be added to the armor 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] In order to understand the invention and to see hoW 
it may be carried out in practice, a preferred embodiment 
Will noW be described, by Way of non-limiting example only, 
With reference to the accompanying draWings, Which are not 
necessarily draWn to scale and are provided merely for the 
purpose of illustration, include: 

[0022] FIG. 1 is ballistic armor according to the present 
invention; 
[0023] FIG. 2A is a ceramic cylinder used in composite 
armor technology as knoWn in the art; 

[0024] FIG. 2B is a cross-section of an armor plate as 
knoWn in the art comprising ceramic cylinders of the kind 
shoWn in FIG. 2A; 
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[0025] FIG. 3A is a composite armor unit according to the 
present invention; 

[0026] FIG. 3B is a cross-section of a piece of ballistic 
armor shoWn in FIG. 1 according to the present invention; 

[0027] FIG. 4A is another embodiment of the composite 
armor unit in accordance With the present invention; 

[0028] FIG. 4B is a cross section of the composite armor 
unit shoWn in FIG. 4A; 

[0029] FIG. 4C is yet another embodiment of the com 
posite armor unit in accordance With the present invention; 

[0030] FIG. 4D is a cross section of the composite armor 
unit shoWn in FIG. 4C; 

[0031] FIG. 4E is yet another embodiment of the com 
posite armor unit in accordance With the present invention; 

[0032] FIG. 4F is a cross section of the composite armor 
unit shoWn in FIG. 4E; 

[0033] FIG. 4G is yet another embodiment of the com 
posite armor unit in accordance With the present invention; 

[0034] FIG. 4H is a cross section of the composite armor 
unit shoWn in FIG. 4G. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] FIG. 1 shows a section of a ballistic armor 30 
according to the present invention for providing protection 
from an impacting projectile threat P. The armor 30 com 
prises a plurality of composite armor units 32 according to 
the present invention arranged in a single layer of parallel 
roWs. Each unit 32 is assembled from a cylindrical ceramic 
body 34 having one ?at end face and one convex end face 
adapted to face the threat P, and from a belt member 36 
mounted thereon in accordance With the present invention. 
The belt member 36 is a thin-Walled tube Whose circular 
inner and outer perimeters conform to the shape of the 
cylindrical ceramic body 34. Each belt member 36 contigu 
ously surrounds one cylindrical ceramic body 34 to form one 
unit 32. The units 32 are in direct contact With each other 
forming interstices 38 therebetWeen. The units 32 are bound 
together by a binding material 40, Which occupies the 
interstices 38, as Well as the periphery of the armor 30. The 
armor 30 further includes a backing layer 42 covering the 
?at end faces of the bodies 34 on the rear side. On its front 
side, the armor 30 includes a spall cover 44 covering the 
convex end faces of the bodies 34 and sealing the units 32 
in place. 

[0036] The cylindrical ceramic bodies 34 are made by 
standard methods of ceramic manufacturing knoWn in the 
art. The belt member 36 is produced in different Ways 
corresponding to the material from Which it is made. For 
example, for alloys of Aluminum, Steel, or Titanium, any 
knoWn metallic production methods, such as extrusion, may 
be employed. For belt members 36 made of ?berglass, 
KevlarTM, or carbon, for example, ?lament-Winding manu 
facturing methods are used. In any case, the belt member 36 
is made so that its inner diameter matches closely to the 
diameter D of the ceramic body 34 to alloW it to be mounted 
thereon by simple sliding. 
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[0037] To assemble the composite armor unit 32 according 
to the present invention, a single belt member 36 is mounted 
onto one ceramic body 34 by hand or by machine. 

[0038] The geometrical Weight reduction achieved by the 
assembly of the belt member 36 in the composite armor unit 
32 according to the present invention can be best understood 
by comparing composite armor as knoWn in the prior art 
With ballistic armor 30 in accordance With the present 
invention. 

[0039] FIG. 2A shoWs a typical, knoWn ceramic cylinder 
2 With a circular cross-section and one convex end face 4 
adapted to face an impacting projectile threat. FIG. 2B is a 
cross-section of a piece of composite armor plate 6 com 
prising three ceramic cylinders 2 as shoWn in FIG. 2A, each 
cylinder 2 having a diameter D and being arranged in close 
contact as is knoWn in the art and creating interstitial spaces 
8 betWeen them. The cylinders 2 are typically held in place 
by resins (not shoWn) occupying the spaces 8 and are 
covered by layers of ballistic fabric (not shoWn). Since they 
typically contain material lighter than ceramic, the intersti 
tial spaces 8 serve to decrease the Weight of the plate 6 Whilst 
being small enough not to reduce its ballistic performance. 

[0040] A ?rst imaginary equilateral triangle 10 may be 
considered by connecting the centers of the three cylinders 
2 in FIG. 2B. The triangle 10 may be taken as a represen 
tative area for the entire plate according to Which the 
ceramic cylinder’s Weight proportion 110 may be calculated. 
Using the geometry of the triangle 10, it can be shoWn that: 

[0041] Therefore, approximately 91% of the area of the 
plate 6 is occupied by ceramic material, Which is the plate’s 
heaviest and most abundant component. The interstitial 
spaces 8, Which are fully or partially ?lled With resin, 
constitute the remaining 9% of the plate’s area. 

[0042] FIG. 3A shoWs the composite armor unit 32 
according to the present invention assembled from the 
ceramic body 34, Which is similar to the cylinder 2 shoWn 
in FIG. 2A. The ceramic body 34 also has a diameter D and 
includes the belt member 36 in accordance With the present 
invention mounted thereon. FIG. 3B is a cross-section of a 
piece 46 of the ballistic armor 30 shoWn in FIG. 1 com 
prising three composite armor units 32 as shoWn in FIG. 3A, 
the units 32 being arranged and bound similarly to the 
cylinders 2 in FIG. 2A. The belt members 36 have a 
thickness t and as a result each unit 32 has a diameter D+2 
t, Which is larger than that of cylinder 2. Consequently, 
interstice 38 is larger in area than interstitial space 8. 

[0043] A second imaginary equilateral triangle 48, may be 
considered by connecting the centers of the three bodies 34 
in FIG. 3B and may be taken as a representative area for the 
entire armor 30 according to Which the armor unit’s Weight 
proportion 11 may be calculated. Using the geometry of the 
triangle 48, it can be shoWn that if x is a ratio betWeen the 
thickness t of the belt member 36 and the diameter D of the 
body 34, namely ><=t/D, then the armor unit’s Weight pro 
portion 11 for belt members 36 of average density pbrn and 
ceramic bodies 34 of average density pCb is 
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'1 = $ ' 

[0044] Where the factor 4) is given by: 

Pcb 

[0045] It is clear from the above that When ><=0 (i.e. When 
there is no belt member 36), then 11=11O. 

[0046] The above calculations shoW that as long as the belt 
members 36 have a loWer average density than the ceramic 
cylindrical bodies 34 (i.e. pbm<pcb), the factor 4) Will be a 
fraction and the armor unit’s Weight proportion 11 Will be less 
than the ceramic cylinder’s Weight proportion no (i.e. 11<11 O). 
The latter, in addition to the enlarged area of interstice 38 in 
comparison With interstitial space 8, renders the Weight per 
unit area of armor 30 loWer than that of the plate 6. 

[0047] The folloWing table shoWs an example of possible 
extents of Weight reduction as a function of the ratio X for 
ballistic armor comprising composite armor units according 
to the present invention assembled from a cylindrical body 
made from 98% Alumina (A203) and having an average 
density of pcb=3.84 g/cm3, With a belt member made from 
an Aluminum alloy and having an average density of pbm= 
2.75 g/cm3 mounted thereon: 

Approximate 
Weight 

X (I) 7] reduction 

0.01 0.989 0.896 10% 
0.02 0.978 0.886 11% 
0.03 0.968 0.877 12% 
0.04 0.958 0.868 13% 
0.05 0.949 0.860 14% 
0.06 0.940 0.851 15% 
0.07 0.931 0.843 16% 
0.08 0.922 0.836 16% 
0.09 0.914 0.828 17% 
0.1 0.906 0.821 18% 

[0048] As can be seen above, for a ratio x of 0.1, a Weight 
reduction per unit area of about 18% over the plate shoWn 
in FIG. 2B can be achieved Without a signi?cant decrease in 
ballistic performance. 

[0049] For a given projectile threat P, the number, siZe, 
shape, and arrangement of the composite armor units 32 in 
the ballistic armor 30 of the present invention yielding the 
optimal ballistic performance may be selected by trial and 
error. In the present example, the folloWing parameters have 
been used and results achieved for the units 32 arranged as 
shoWn in FIG. 1, for successfully and repeatedly protecting 
from the threat of 14.5 mm caliber API-B32 armor piercing 
bullets ?red from an equivalent range of 250 meters, at an 
inclination of 0° (Nato) and having an impact velocity of 890 
m/s): 

Feb. 5, 2004 

[0050] Ceramic material of ceramic body—98% Alu 
mina (A1203) 

[0051] Density (speci?c gravity) of ceramic material: 
3.84 g/cm3 

[0052] Dimensions of cylindrical body: circular base 
of diameter D=19 mm; height of 19 mm; convex 
spherical end faces having radii of curvature of R=31 
mm. 

[0053] Material of belt member: Al 6063T6 

[0054] Thickness of belt member: t=0.7 mm 

[0055] The armor plate in the form of an add-on module 
is bolted to a 7.3 HHS (MIL-A-46100D) surface, for Which 
enhanced ballistic protection is desired. The plate includes a 
10 mm KevlarTM backing layer Weighing 14 g/m2. It Was 
shoWn that an armor plate With the above parameters Weighs 
65 kg/M2, in comparison to an identical competing plate (as 
in FIG. 2B) not employing the belt member of the present 
invention, Which Weighs 69 kg/m2. This considerable 5.8% 
decrease in Weight is achieved Without any reduction in the 
plate’s ballistic performance for the above threat as Well as 
for other projectiles. In fact, the ballistic performance is 
improved by 10% as the multi-hit capability is found to yield 
a 90 mm spacing betWeen shots, Whereas the competing 
plate yields a 100 mm spacing betWeen shots. 

[0056] Clearly, various modi?cations Within the scope of 
the composite armor unit and ballistic armor according to 
the present invention may be made. For example, FIG. 4A 
shoWs a composite armor unit 50 in accordance With present 
invention assembled from a cylindrical body 51 With tWo 
convex spherical end faces and a belt member 52 mounted 
thereon having a circular inner perimeter to tightly surround 
the body 51, and a hexagonal outer periphery. The belt 
member 52 includes depressions 53 formed therein to fur 
ther reduce the average density of the member 52, and 
thereby the geometrical Weight of the unit 50. A cross 
section of the unit 50 is shoWn in FIG. 4B. In order to 
achieve extremely high ballistic performance, such hexago 
nal units may be used in ballistic armor to form a contiguous 
plate devoid of interstitial spaces. The depressions 53 aid to 
offset the gain in Weight resulting from the absence of the 
interstitial spaces. 

[0057] FIG. 4C shoWs yet another embodiment of the 
composite armor unit according to the present invention. 
The unit 60 is assembled from a substantially cylindrical 
body 61 having a hexagonal perimeter and tWo ?at end 
faces. The belt member 62 mounted on the body 61 has a 
ring-like shape and does not extend along the entire height 
of the body 61, but rather contiguously surrounds only a 
central portion thereof. As can be seen in the cross-section 
of the unit 60 in FIG. 4D, the member 62 has both a 
hexagonal inner perimeter to conform to the body 61, and a 
hexagonal outer perimeter. The ring-like design for the belt 
member 62 serves to further reduce the geometrical Weight 
of the unit 60, but also alloWs for ballistic armor devoid of 
interstitial spaces and therefore having high ballistic perfor 
mance. 

[0058] FIG. 4E shoWs yet another embodiment of the 
composite armor unit 70 according to the present invention. 
The unit 70 is assembled from a cylindrical body 71 having 
one ?at end face as its base and one convex end face adapted 
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to face the projectile threat. The belt member 72, Which has 
a circular inner and outer perimeter, includes indentations 73 
formed therein, as can be seen in a cross-section of the unit 
70 shoWn in FIG. 4F. The indentations 73 serve to reduce 
the geometrical Weight of the unit 70 Without sacri?cing 
ballistic performance. As is also shoWn in FIG. 4F, the belt 
member 72 is in the form of a cup Within Which the body 71 
sits. The belt member 72 eXtends to cover the base of the 
body 71 and includes a through hole 74 on its underside 
beloW the base of the body 71. During assembly of the unit 
70, the body 71 is placed into the cup-shaped belt member 
72 and pressed doWn until its base contacts the bottom of the 
member 72. Since the belt member 72 contiguously sur 
rounds the body 71, air occupying the cup-shaped belt 
member 72 cannot escape along its Walls When the body 71 
is placed therein, and therefore eXits via the through hole 74 
designed for this purpose. 

[0059] FIG. 4G shoWs yet another embodiment of the 
composite armor unit 80 according to the present invention. 
The unit 80 is assembled from a cylindrical body 81 having 
one ?at end face as its base and one conveX end face adapted 
to face the projectile threat. The belt member 82, Which has 
a circular inner and outer perimeter, is in the form of a spiral. 
The member 82 is mounted on the body 81 and eXtends 
along a majority of its height. As is also shoWn by the 
cross-section of the unit 80 in FIG. 4H, spaces 83 present 
betWeen successive turns of the spiral belt member 82 serve 
to reduce the geometrical Weight of the unit 80 Without 
sacri?cing ballistic performance. 

[0060] It should be understood that the above described 
embodiments are only eXamples of composite armor units 
and ballistic armor comprising them in accordance With the 
present invention, and that the scope of the present invention 
fully encompasses other embodiments Which may become 
obvious to those skilled in the art. 

1. A composite armor unit for providing ballistic protec 
tion from an impacting projectile threat, the unit comprising 
a ceramic body having a cylindrical body portion With tWo 
end faces, one of Which is adapted to face said threat, and a 
non-ceramic belt member assembled With said ceramic body 
so that said member contiguously surrounds said cylindrical 
body portion Without covering said one end face. 

2. A composite armor unit according to claim 1, Wherein 
the ceramic body and the belt member each has an average 
density such that the average density of said member is 
loWer than that of said body. 

3. A composite armor unit according to claim 1, Wherein 
the ceramic body is made from one of the folloWing: 
Alumina, Silicon Carbide, Silicon Nitride, Boron Carbide, 
ceramic glass. 

4. A composite armor unit according to claim 1, Wherein 
the belt member is made from a material having a tensile 
strength of at least 3 kg/mm2. 
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5. A composite armor unit according to claim 4, Wherein 
said material is a metallic alloy. 

6. A composite armor unit according to claim 5, Wherein 
said alloy includes one of the folloWing: Aluminum, Tita 
nium, Steel. 

7. A composite armor unit according to claim 1, Wherein 
the belt member is made from one of the folloWing: glass, 
carbon, aramids, KevlarTM, Nylon, polycarbonates, polya 
mids, High Density Poly-Ethylene, carbon ?bers. 

8. A composite armor unit according to claim 1, Wherein 
the ceramic body has a diameter and the belt member has a 
maXimal thickness, Which is at most about 10% of said 
diameter. 

9. A composite armor unit according to claim 1, Wherein 
the belt member includes recesses disposed therein. 

10. Acomposite armor unit according to claim 1, Wherein 
the belt member is in the form of a spiral. 

11. A composite armor unit according to claim 1, Wherein 
the belt member has a height and thickness, Which varies 
along said height. 

12. Acomposite armor unit according to claim 1, Wherein 
the belt member is adapted to provide the cylindrical body 
portion With inWard radial compression. 

13. Acomposite armor unit according to claim 1, Wherein 
the belt member has a cup-shape and is adapted to receive 
said ceramic body therein. 

14. Ballistic armor for providing ballistic protection from 
an impacting projectile threat, comprising a plurality of 
composite armor units as de?ned in claim 1. 

15. Ballistic armor according to claim 14, further includ 
ing a backing layer adapted to trap fragments resulting from 
the impacting projectile threat. 

16. Ballistic armor according to claim 15, Wherein said 
backing layer is made from one of the folloWing: aluminum, 
Spectra®, Dyneema®, KevlarTM, TWaronTM, High Density 
Poly-Ethylene, aramids, S2 glass ?bers, E glass ?bers. 

17. Ballistic armor according to claim 14, further includ 
ing a frontal spall cover adapted to trap fragments resulting 
from the impacting projectile threat. 

18. Ballistic armor according to claim 17, Wherein said 
spall cover is made from one of the folloWing: ?berglass, 
KevlarTM, themoset resin, thermoplatic resin. 

19. Ballistic armor according to claim 14, Wherein said 
units are bound together by a binding material. 

20. Ballistic armor according to claim 19, Wherein said 
binding material is thermoset plastic. 

21. Ballistic armor according to claim 19, Wherein said 
binding material is a thermoplastic. 


