A ceram c arnour elenent for use in arnmour The invention concerns an arnour
panel. More particularly, the invention relates to panels of arnour that
provi de pwoteatiosss1from projectiles. Ceram c arnour conpCiraiBgocaiipanel s,
whi ch are assenbled fromindividual ceram c elenents, are known in the art
to provide protection fromprojectiles, Ceram c arnour panels in the prior
art are conprised of ceramc el enents having a basic el enent shape
assenbled in an array. Ceranmics are very hard and physically stable, naking
them highly resistant to nmelting, bending, stretching, corrosion or wear.
Cerami c is known, for exfoc@hmicirmdoeecksedt fonussinmumoud nsul at ors and
prosthetic joints and nmay be made from al um ni um oxi de (alum na), for
exanpl e. The basic ceram c el enent shape for arnour may be a cylinder,
sphere or tile (for exanple, square or hexagonal shape). Absorption of
nmonment u et | | S,..L r ' Wop asons.
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to ensure.that the nonentum and. ki net.i c..energy i s absorbed in such a manner
t hat theO#%ﬂEWT@W£P$W§£6¥&?ﬁgmépﬁﬂQpn?éﬂﬁ%t conproni sed for subsequent

I npacts. British Patent Application GB 2149482A descri bes use of a plate or
fil mdf synthetic material for absorbing energy in the formof shock waves
in a projectile-proof material. The prior art has the di sadvantage that

mat er i al Ceamab sundir enmpyyingws patsts, aditbcire egsambled|fom ndividugd geramic

elements, are known in the art to provide protection from projectiles. Ceramic armour
panels in the prior art are comprised of ceramic elements having a basic element shape
assembled in an array. Ceramics are very hard and physically stable, making them highly
10  resistant to melting, bending, stretching, corrosion or wear. Ceramic is known, for
example, to be used in armour, insulators and prosthetic joints and may be made from
aluminium oxide (alumina), for example. The basic ceramic element shape for armour

may be a cylinder, sphere or tile (for example, square or hexagonal shape).

15 Absorption of momentum and kinetic energy is important in ceramic armour for two
reasons. Firstly, to prevent penetration of the armour by a projectile and secondly, to
ensure that the momentum and kinetic energy is absorbed in such a manner that the
functionality of the armour is not compromised for subsequent impacts. British Patent
Application GB 2149482A describes use of a plate or film of synthetic material for

20  absorbing energy in the form of shock waves in a projectile-proof material. The prior art

has the disadvantage that material to absorb energy must be added separately to the panel.

In British Patent Application GB2147377A elements are packed together in a mosaic

arrangement and bound to a backing plate by an adhesive. An adhesive is distributed



In British Patent Application GB2147377A el enments are packed together in a
nosai ¢ arrangenent and bound to a backing plate by an adhesive. An adhesive
i s di striwotedbesiseen t he enbedded el enments in Eur opeanpPatGBr006£B0343149B1.
In order for adhesive to flow evenly and be distributed evenly in a packed
arrangenment it is necessary to have s&aci ng between the el enents. Elenents
that are touching enable energy in the& formof shock waves to propagate

t hrough adj acent elenents. That is, energy froma projectile is transferred
to an element in the panel and further transferred between touching

el ement detwiieartee ehberelad slearcatstio Futipegn BatentdiP (848 b4t da order dargddhtdies panel

as if the panel was one |l arge el enent. European Patent EP0843 149BlI has the

di sadvans flge dvealy dnddeistidbutbbe@nlyeinalpadiedd/art Ak aBeMIES MeYeshal WERN el ement s
which is not filled with adhesive or ceramc, particularly ere spheres
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projectilTe to penetrate the arnour at the space tween” el enents. This
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t echni que has_ the di sadvantage that the panel does not offer a
cor r espoXbeteglammaisas iouchingeneiay paonagatas Yooy ehi thei panel ps i itee panel wasend n

arnmour wei ght due to the addition of small spherical spheres.
large element.

European Patent EP0843149B1 has the disadvantage that there can be a relatively large

10 vacancy between elements which is not filled with adhesive or ceramic, particularly where
spheres are used as the prior art element shape. This vacancy may allow a projectile to
penetrate the armour at the space between elements. This disadvantage occurs because of
the segment geometry and irregular adhesive distribution within the frame used to
assemble the panel. US Patent US3,523,057 attempts to overcome the problem of the

15  vacancy between elements by filling interstitial voids with smaller spherical spheres. This
technique has the disadvantage that the panel does not offer a corresponding increase in
performance associated with the increase in armour weight due to the addition of small

spherical spheres.

20 Prior art panels, such as those in European Patent EP 0843149B1 are comprised of
elements having a shaped lower face, which enables adhesive flow around the under side
of the element. Having a shaped lower face on the element has the disadvantage that
energy is dissipated over an area of the backing plate larger than the surface area of the

transverse cross section of the element. Where the backing plate is made from glass fibre |



Prior art panels, such as those in European Patent EP 0843 149Bl are

conpri sed of elenents having a shaped | ower face, which enabl es adhesive

fl ow ar ouwad 20dweioBusder si de of the el ement. Having a shapew/dBromvooisoe on
the el enment has the di sadvantage that energy is dissipated over an area of
t he backing plate larger than the surface area of the transverse cross
section of the elenent. Where the backing plate is made from gl ass
fibrereinforced plastic (GFRP) the backing plate fails in a progressive
manner, with each fibre failing under conpression or tension as the profile
of the gpapweed pasic (ERP) dlie bmgmglpéa’f@fmlsma@argr¢891vblmmnaeﬂwaﬂ1\mcldﬁbteorts t he
fibre lattice of the backing plate. The greater the radius of the shaped
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surface of the backing plate. Large tile designs, such as those in British

Pat ent mahe@@tth@ad@%ﬁ%wr& tha¥iBrdlafice 69@1@%&1hﬁg'gfa€€ T4 %:éa}tal the EL%OS es.

Large tiles are usually destroyed when struck by proj ec e an energy IS
transfer f res.i.n these
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bonded to | at.e, can induce de bondi ng fromthe backi ng pl ate of
t he |grrpz§8ff @ﬁﬁeggﬁ@&%ﬂﬁeﬂ | es. Conpl ete destruction of tiles |eaves a
| arge area of the panel having no ceram c | ayer and thus reduced protection
shoul d the panel be struck again in the sanme vicinity. The present
invention relates to an arnour panel conprising a |layer of ceram c arnour
el ement dasgeitileplasiens; sneheassthodedn Keitish Patent Applidation GBR 14PHA hayepeans
conprises a lug on a

capability for multi-hit purposes. Large tiles are usually destroyed when struck by a

projectile and energy is transferred to adjacent tiles, potentially causing fractures in these
10  tiles. Energy is also transmitted through the thickness of the tile, and if bonded to a

backing plate, can induce de-bonding from the backing plate of the impacted and adjacent

tiles. Complete destruction of tiles leaves a large area of the panel having no ceramic layer

and thus reduced protection should the panel be struck again in the same vicinity.

15  The present invention relates to an armour pénel comprising a layer of ceramic armour
elements and spacing means characterised in that the spacing means comprises a lug on a
side of a ceramic armour element arranged to co-operate with an adjacent ceramic armour
element. An element is a 3 dimensional object having two faces substantially opposed to
each other and having at least three sides joining the faces. Alternatively, the two faces

20  may be circular and joined by one side. A lug is a protrusion from a side of a ceramic
element. The spacing means provides substantially uniform spacing for formation of a
bond line between sides of adjacent ceramic armour elements in the panel. A bond line is a

layer of material between sides of adjacent ceramic armour elements.



side of a ceramic arnmour elenent arranged to co-operate with an adjacent
ceram c arnour elenent. An elenent is a 3 dinensional object having two

f aces subwDantd@B43y opposed to each other and havi ng at pceast2o0tdmesosi des
joining the faces. Alternatively, the two faces may be circular and joi ned
by one side. Alug is a protrusion froma side of a ceramc elenent. The
spaci ng means provides substantially uniformspacing for formation of a
bond |ine between sides of adjacent cerami c arnmour elenents in the panel. A
bond Iine is a layer of material between sides of adjacent ceram c arnour
el enment dnithe pregenpmysetivn, itheveateridmsed for tnetandilade isiseadtfesivet he bond line is
an adhesive. An enbodi nent of the invention utilises a hexagonal el enent
shape which incorporates a lug on each side of the hexagonal elenment. Wen
the ceramic arnmour elenent is rotated 60 through the axis of symetry of

the hexagoBabodiRACYNS feh@SiPuARE! h AlBbnd ekt A “aﬁcrbmm@m?@gﬁ%y ;Lhe

pOSItIOﬂ of the ugs on the ceramc ar S Su e

T | enment uId rt of
he. el encit e RhE ?*ﬂ%hﬁ g s G T S e B ge ha

I f | e nth neI S S Ifd.V\hena
panod 1| SO drREEE B axBi s el egw&%&@w wohRgursacRs 1heepl e cormic
hexagonal symetry of the el enents neans that elements can be fitted into
t he ar r Aym@ik olempi thgpositips of thedugs anctie teremis aypour element iasilbatantiolly theur e

tessel l ation. Moul ded lugs on the sides of the el enents provide space for a
cont r ol |satheuThe dugnrhagniok 41 inegral part of the element moulded as part of the element.

This element shape with integral lugs has the advantage that assembly of ceramic armour
elements in the panel is simplified. When a panel is being assembled, elements are

10 configured to tessellate. The hexagonal symmetry of the elements means that elements can
be fitted into the array with minimal effort required for proper orientation to ensure

tessellation.

Moulded lugs on the sides of the elements provide space for a controlled uniform bond line

15  between elements, equivalent to the width of the lug. A uniform bond line between
elements limits energy transfer to adjacent elements by providing a means for energy
absorption. Conventional spherical arrays do not have the uniform bond line achieved by
the use of an element with moulded lugs. In the invention, because of the reduction in
energy transfer between elements, there is a high probability that ceramic armour elements

20  inthe panel remain intact and adjacent ceramic armour elements remain bonded to the
backing plate. The panel’s inherent shock absorbing properties has the advantage that a
plate or film of synthetic material for shock absorbing does not have to be added

separately, as in, for example GB 2149482A.



bet ween el enents, equivalent to the width of the lug. A uniformbond |ine
between elenents limts energy transfer to adjacent elenents by providing a
means f orwenesigy3absor pti on. Conventi onal spherical arra¢g3/agoosiiisave t he
uni form bond |ine achieved by the use of an element with noul ded | ugs, hi
the invention, because of the reduction in energy transfer between

el enments, there is a high probability that ceram c arnour elenents in the
panel remain intact and adjacent cerami c arnmour elenents remai n bonded to

t he backing plate. The panel's inherent shock absorbing properties has the
advant agihetine¢ntimnplasthe forthdriadmantdgeshatttheligs sepatae adibcehbelembnis levatigor bi ng
does not have to be added separately, as in, for exanple GB 2149482A. The
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el ements evenly , thus the requirenent of an independent spaci ng neans
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spaci ng provi ded betwee acilitates i n-plane adhesive 1 nfusion
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is an inportant consideration in arnour_ because it affects the nobility of
t he wearig@npgeed for hpadditinn offextramatraiabio Blbinderstitial yoids betvesen glomentsepenent s
has the same nass as equivalent prior art panels, thus maintaining overall
pack weifghexankpla thestmablspbéresimpfdatent US3,523,057.

Weight is an important consideration in armour because it affects the mobility of the

10 wearer/user. The mass of the panel comprising the hexagonal elements has the same mass
as equivalent prior art panels, thus maintaining overall pack weight. Evaluation of a panel
according to the invention against an equivalent panel in the prior art shows an
improvement in ballistic protection. This has the advantage that an increased level of
protection is achieved whilst maintaining the same overall pack weight as a panel in the

15  prior art.

In a preferred embodiment of the invention, the element has a flat lower face. This
restricts adhesive flow around the under side of the element. The flat lower face produces
an advantage in the mode of failure of the panel. The flat lower face cuts through the glass
20  fibres of the backing plate instead of distorting the fibre lattice in the backing plate.
Distortion of the fibre lattice compromises the integrity of the backing plate. Cutting
through the backing plate avoids the disadvantages of elements with a shaped lower face,
as in European Patent EP 0843149B. Additionally, having lugs on the element provides a

preferential plane of movement for the damaged element to move through the array.



according to the invention agai nst an equi val ent panel in the prior art
shows an i nprovenent in ballistic protection. This has the advantage that
an i ncr easodoéemaiziof protection is achieved whil st mai RCaiGB20g/MONS0Ssame
overall pack weight as a panel in the prior art. In a preferred enbodi nent
of the invention, the elenent has a flat |lower face. This restricts
adhesive flow around the under side of the elenent. The flat |ower face
produces an advantage in the node of failure of the panel. The flat |ower
face cuts through the glass fibres of the backing plate instead of
distorting the fibre lattice in the backing plate. Distortion of the fibre
| attice conprom ses the integrity of the backing plate. Cutting through the
backi ng Phextdyantage dhavire aiflatd dweanfhegyers thefel amhentyewitich miatritains mbeppicylof theer
face, as in European Patent EP 0843 149B. Additionally, having lugs on the
el ement icRitigsie, opibeied il theladpdrdaR oFthdBueeBEhoélosbsbitenEigivpaeds 6F enment

to nove through the array. The advantage of having a flat |ower face on the
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advantage of th nher eént shock absorbi ng operties o panel
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perspective view of a ceramc arnour elenent of the invention

With reference to the figures, the invention is described:

10 Figure 1 is a perspective view of a ceramic armour element of the invention
Figure 2 is a diagram of an array of hexagonal ceramic armour elements
Figure 2a is a diagram of detail of a section of the array showing the co-operation of two
elements

Figure 3 is a cut away view of the interior of an armour panel utilising the hexagonal array

15 ofFigure 2.

Figure 1 shows a ceramic armour element 10. The ceramic armour element 10 is of
hexagonal cross-sectional shape when looking at the element in the direction indicated by
Z. The ceramic armour element 10 has lugs 12, 14, 16, 18, 20, 22 on each side of the

20  ceramic armour element. The element has a flat lower face 24 and a convex upper face 26.
The convex upper face acts to dissipate energy from initial impact of the projectile over a

greater area than if the element had a flat upper face.



Figure 2 is a diagramof an array of hexagonal ceram c arnour el enents
Figure 2a is a diagramof detail of a section of the array show ng the

co- oper atworro@f108480 el enents Figure 3 is a cut away vi eRCofGR2h@/Gomt5er i or of
an arnour panel utilising the hexagonal array of Figure 2. Figure 1 shows a
ceram c arnour elenent 10. The ceram c.arnour element 10 is of hexagonal
cross-sectional shape when | ooking at {he element in the direction

i ndicated by Z. The ceram c arnour elenent 10 has lugs 12, 14, 16, 18, 20,
22 on each side of the ceramic arnmour elenent. The element has a flat | ower
face 24 @ighra2chowexn appest Hexagordbeerdihie armouveslempyie inchelies eementtld atidssi pat e
energy frominitial inpact of the projectile over a greater area than if

the el enpRbtidddlemehisalooUBoTe 300,206, 510J608 PhéhewBom aghy Ryr@hgdibstal dnal
ceranic arnour el enents inél udi ng el ement 10 and identical elenents 100,

200, 300 , , ol ' ucho-nhat the |
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12, 14, on’ceram c ar nour enent co-operating with
adj acent ceram ¢ _arnmour el.enent , , ) 101,
500 301301a¢5R" CapAic %T%ﬁeﬁ‘ﬁ?téiQe{m%gr%@8#9@%0@80‘0&%86%@3%%@6: 600
are arranged to be on the opposing half of e sides of the adjacent
ceramc é&h&@ﬂ og|adipsertsleppmts ]2(29@,28%@@9 %56&@8 am"falnlgﬁ‘iqﬁogtéer‘ﬁ*ﬁ%@ ar nour

el enent 10. There is a continuous space 48 in the entire arr of hexagonal

a
el emrent sopmisinedralf dféhe sidessofhe adjecent egramicarmbhosipments éOO,a?@ﬁeﬁ/Q/ 409, ow

500, 600 from ceramic armour element 10. There is a continuous space 48 in the entire
array of hexagonal elements between the sides of the elements allowing for adhesive flow
and ingress and formation of a layer of adhesive between the sides of elements.
10
Figure 2a shows a detail of a section of the array of hexagonal elements showing the co-
operation of two elements. Here the line X through the centre of the sides 11 and 111
defines the left-hand halves and the right-hand halves of the sides 11 and 111. From the
perspective of ceramic armour element 10, ceramic armour element 10 has a lug 14 on the
15  right-hand half of the side 11 co-operating with the opposing lugless left-hand half of the
adjacent ceramic armour element 100. From the perspective of the ceramic armour
element 100 ceramic armour element 100 has a lug 101 on the right-hand half of side 111,

co-operating with the opposing lugless left-hand half of adjacent element 10.

20 A number of ceramic armour elements are assembled to co-operate as in Figure 2a to form
an entire panel in a close packed hexagonal arrangement as in Figure 2. A confinement
frame 32 is used to keep the individual ceramic armour elements in position while being
arranged. In fabrication, when the hexagonal array is completed to form an entire panel in

the confinement frame 32, additional adhesive (shown as 62 in Figure 3) is poured over the



and ingress and formation of a |ayer of adhesive between the sides of

el enents. Figure 2a shows a detail of a section of the array of hexagonal

el enent s whawag34sme co operation of two el enments. Her e PClma&HE2006800X150 hr ough
the centre of the sides 11 and 111 defines the |left-hand hal ves and the

ri ght-hand hal ves of the sides 11 and 111. Fromthe perspective of ceramc
arnour elenent 10, ceram c arnour elenent 10 has a lug 14 on the right-hand
hal f of the side 11 co-operating with the opposing |ugless |eft-hand half
of the adjacent ceramic arnour element 100. Fromthe perspective of the
ceram ¢ panvhuThedpaoebétwtontheelanints 48 favilitates asiinesive ib@teshamd restltsginBdbndn t he
right-hand hal f of side 111, co-operating with the opposing | ugl ess :

| ef t - hang,bBdtlved clefes e Whel RMte, ke pienispagtaligicutdrtaghablacasiir el ement s
are assenbled to co-operate as in Figure 2a to forman entire panel in a

cl ose pa ._he . | ' : At confinement franme 32
I s used @%{%Elggp@ﬁg&ﬁﬂfﬁfﬁlgﬁg@g?g?%%ﬁgvg? E%%ﬁ@?%ﬁgﬁt S in position while
bei ng arranged. In fabrication, when the hexagonal array is conpleted to
forman entire panel in the confinenent franme 32, additional adhesive
(shown as 62 in Figure 3) is poured qvef thepanel.. The s e.between the

el eneht s Austandaed panehasgdes %%e PORPRSUXIRY agm&tg|ﬁxstﬁp Ha’ge?g‘b% aft?\,&%ponet ween
el ements. Wen conplete, the panel is partially cured to enabl e easier

handl i ngbe Ptatectesh fRanelseane asserpied 3@irichide Sixingederaente(not shywmadidng A st andard
panel as descri bed above contains fixing points to fix the panel to the

articl e ekniatsprotseitedly Radifibd stacldhersgoashhddg the sameldimensionsiang cetagrient s
(not shown). Fixing

armour element, adapted to facilitate a bolt and adapted to enable lugs of adjacent elements

to co-operate with the fixing element. Fixing elements are incorporated into the panel at

10  any position, the position being determined prior to assembly of the panels.

Figure 3 shows a cut away view of the interior of the armour panel of Figure 2. The panel
consists of a backing plate 60 with ceramic armour elements 100 and 200 adhered to the
backing plate 60 by a layer of adhesive 52. The backing plate material is GFRP (glass

15  fibre reinforced plastic). The adhesive used to bond the ceramic to the backing plate 52
and that has been poured over the ceramic armour elements 62 to form the bond line can be
the same or different. An example of suitable adhesive for the purposes of panel assembly
would be toughened epoxy or toughened epoxy resin. The properties of the adhesive
should be at least one and preferably all of the following:

20 « To offer a high quality bond to both backing plate and ceramic.
« Have a viscosity sufficient to enable the adhesive to be free flowing, ensuring no voids

are present between the ceramic armour elements.

« Cures to a consistency of hard rubber or thermosetting compound.

« Requires only a room temperature cure or a moderate post cure at no greater than 50°C.



el ements are essentially nodified steel hexagons having the same di nensions
as a ceramc arnour elenent, adapted to facilitate a bolt and adapted to
enabl e | Ly® 2006/@B43acent el enents to co-operate w th thePCirsdBrgocaioersent .
Fixing el ements are incorporated into the panel at any position, the
position being deternmned prior to assgnbly of the panels. Figure 3 shows a
cut away view of the interior of the arnour panel of Figure 2. The panel
consists of a backing plate 60 with ceram c arnmour el enents 100 and 200
adhered to the backing plate 60 by a |ayer of adhesive 52. The backing
plate material is GFRP (glass fibre reinforced plastic). The adhesive used
to bond the ceramc to the backing plate 52 and that has been poured over
t he cer afhenaetrthemantldwithtthe gmfinomenirfrand 32 teoruyed) isencapsulbted imen smamed or
different. An exanple of suitable adhesive for the purposes of panel
assenbl yandder glass ecihfougddefited eppsdope G, t oughened epoxy resin. The properties
of the adhesive should be at | east one and preferably all of the foll ow ng:
To offer a high quality bond to both backing plate and ceramic. Have a
viscosity sufficient to enable the adhesive to be free flow ng, ensuring no
voi ds are present between the ceram c arnour elenents. . Cures to a
consi stency of hard rubber or thernpbsetting conpound. . Requires only a
roomtenperature cure or a noderate post cure at no greater than 500C. Wen
set, the panel (with the confinenent franme 32 renoved) is encapsulated in
an aram d and/or glass reinforced fibre envel ope 64.C ai ns



1. An arnmour panel for protection fromprojectiles conprising a | ayer of
ceram c arnour elenents and spaci ng neans characterised in that the spacing
means corpoie@sioad3iug on a side of a ceram c arnour el ememiGEDOGOYESI t O
co-operate with an adjacent ceram c arnour elenent. 2. An arnour panel as
claimed in claim1l1 characterised in thgt the spacing nmeans provides
substantially uniformspacing for a bond |ine between the sides of the
ceram c arnour elenment and the sides of the adjacent ceram c arnour

el ements. 3. An arnour panel as clainmed in claim1l or claim2 characterised
in that Chémeeram c arnour el enent has a lug on each side. 4. An arnour
panel as clained in claim3 characterised in that the 1ugs on each side of
a first ceramic arnour elenment are arranged to be entirely on one half of
the sides of the first ceram c arnour el enent, the |lugs on adjacent sides
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opposi ng cent sides of the adjacent ceram c arnour
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ar nour el enen I'n con h 't he
| ugs on the aqjacent.ceram c arnmour el engnts.6. An mour,. panel as cl ai med
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and the lugs forman integral part thereof.
armour element.

2. An armour panel as claimed in claim 1 characterised in that the spacing means provides
substantially uniform spacing for a bond line between the sides of the ceramic armour

10 element and the sides of the adjacent ceramic armour elements.

3. An armour panel as claimed in claim 1 or claim 2 characterised in that the ceramic

armour element has a lug on each side.

15 4. Anarmour panel as claimed in claim 3 characterised in that the lugs on each side of a
first ceramic armour element are arranged to be entirely on one half of the sides of the
first ceramic armour element, the lugs on adjacent sides of the adjacent ceramic armour
elements are arranged to be entirely on the opposing half of the adjacent sides of the
adjacent ceramic armour elements.

20

5. An armour panel as claimed in claim 4 characterised in that the lugs on the first
ceramic armour element are not in contact with the lugs on the adjacent ceramic

armour elements.



7. An arnmour panel as clainmed in claim6 characterised in that the ceramc
arnour elenent has at |east one flat face. 8. An arnour panel as clainmed in
claim7 oNenast®sissed in that the shape of the ceram c acm@EB20@&/@MEBsNt has a
hexagonal transverse cross section. 9. An arnour panel as clainmed in claim
8 characterised in that the ceram c arjmour el enent when rotated 60 through
the axis of symetry of the hexagonal ansverse cross section of the
ceram c arnour elenment the position of the lugs on the ceram c arnour

el ement is substantially the sanme. 10. A ceram c arnour el enent having a
spaci ng BeaAs amianr paheims shinedin daim 3 deragpatsedin iebths cerempe as@¥ra | ug on a
side of a ceramic arnour elenent arranged to be capabl e of co-operating

with a cerafifiet§ fRURoBIQIRIA the s E6inal mesprdl lpyrtttigeredf. 11. A cerami ¢ ar nour
elenent as clainmed in claim 10 characterised in that the ceram c arnour

el ement has a lug on each side. 12. A ceramc arnour elenent as clained in
claim 1l characterised in that the ceram c arnpur el ement is noul ded and

cl'ai mod 7n S BRRRERGS SeDER LRHES Pkl 8 B BRI aR AT 0,

el ement has at | east one flﬁt qI‘%}ace. 14. A ceram c arnour el enent as cl ai ned
in clai m 13clementdes atleadgne ot 138§ t he shape of the ceranic arnour el enent
has a hexagonal transverse cross section.

8. An armour panel as claimed in claim 7 characterised in that the shape of the ceramic

armour element has a hexagonal transverse cross section.

10 9. An armour panel as claimed in claim 8 characterised in that the ceramic armour
element when rotated 60 ° through the axis of symmetry of the hexagonal transverse
cross section of the ceramic armour element the position of the Iugs on the ceramic

armour element is substantially the same.

15  10. A ceramic armour element having a spacing means characterised in that the spacing
means comprises a lug on a side of a ceramic armour element arranged to be capable of

co-operating with a ceramic armour element placed adjacently to it.

11. A ceramic armour element as claimed in claim 10 characterised in that the ceramic

20 armour element has a lug on each side.

12. A ceramic armour element as claimed in claim 11 characterised in that the ceramic

armour element is moulded and the lugs form an integral part thereof.



15. A ceramc arnmour element as clainmed in claim 14 characterised in that
the ceram c arnour el enment when rotated 60 through the axis of symretry of
t he hexagwoabodmassver se cross section of the ceram c aPowGB2edEIS) t he
position of the lugs on the ceramic arnour elenment is substantially the
sane. 16. An arnour panel constructed @d arranged substantially as
her ei nbef ore descri bed and as shown in"the drawings. 17. A ceram c arnour
el enent constructed and arranged substantially as herei nbefore descri bed
and as shown in the draw ngs.

13. A ceramic armour element as claimed in claim 12 characterised in that the shape of the

ceramic armour element has at least one flat face.

14. A ceramic armour element as claimed in claim 13 characterised in that the shape of the

5 ceramic armour element has a hexagonal transverse cross section.

15. A ceramic armour element as claimed in claim 14 characterised in that the ceramic
armour element when rotated 60 ° through the axis of symmetry of the hexagonal
transverse cross section of the ceramic armour element the position of the lugs on the

10 ceramic armour element is substantially the same.

16. An armour panel constructed and arranged substantially as hereinbefore described and

as shown in the drawings.

15  17. A ceramic armour element constructed and arranged substantially as hereinbefore

described and as shown in the drawings.



