WO 2006/ 103431 PCT/ GB2006/ 001150 1 A ceram c arnour elenment for use in
arnour The invention concerns an arnour panel. Mre particularly, the

i nventio o panels of arnmour that provide pr '

proj ecti Pve(';s.%(@tl@?%m c arnour conprising of panels, \/\h?%ﬁﬁ%‘rhg&géé@g%l ed from
i.ndi vidual ceramc elenents, are known in the art to provide protection
fromprojectiles. Ceramc arnour pangls in the prior art are conprised of
ceram c el ements having a basic el enment shape assenbled in an array.

Ceram cs are very hard and physically stable, nmaking them highly 10
resistant to nelting, b né:lin i ath ! h;gqforcorro?oog or wear. Ceramc is
known, for exanple, to Tt and prosthetic joints
and may be made from al umi nium oxide (alumna), for exanple. The basic
ceram c el ement shape for arnmour nay be a cylinder, sphere or tile (for
exanpl e, square or hexagonal shape). 15 Absorption of nonentum and kinetic
ener gy iTheiinyention pondernscaramiur panelh Uviofeqrartiontarly; thedoventiofirelstes o panelspr event
penetration of the arnmour by a projectile and secondly, to ensure that the
m)rrentumfm&iﬂmtpk@vi@@ﬂrowﬁbﬁﬁ@mbj@@meg,n such a manner that the
functionality of the arnmour is not conprom sed for subsequent inpacts.
Britksh Patent Application GB 2149482A descri bes use of a plate or film of
synthetic material for 20 absorbing energy in the formof shock waves in a
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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
Is distry 2006/ 103431 PCT/ GB2006/ 001150 2 betwgﬁﬁc ded
elenentshﬁﬁﬂﬁﬂyﬁggan Pat ent EP0843149Bl1. In order for a es?@@aﬁggﬁflow
evenly and be distributed evenly in a packed arrangenent it is necessary to
have spacing between the elenents. Elenents that are touching enable energy
in the formof shock waves to propagate through adjacent elenments. That is,
energy froma projectile is 5 transferred to an elenent in the panel and
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energy propagates throug e panel as | was one  [arge el ement.
Eur opean pPat ent . EP0843149B1 has the di sadyantage that there can be a
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adhesive or ceramc, particularly where spheres are used as the prior art
el enent SPapiagbetwaen sheelementy. Flements thapare t@i%}mqab@ epgrgypib the formeft he ar mour
at the space between el enments. This di sadvantage occurs because of the
segnent shgeb mavestoqmapagatedhuough adjaddens elemenlts s Thatdst energyvrdrhiaprojeetilé isane used
to assenble the panel. US Patent US3, 523,057 attenpts to overcone the
proly enriisférfed td an CRARAE 1h tAE hurRe BnEhpiNeNfrnshitreditetv dtdl toldheidl bbb, VoI ds

with snmaller spherical spheres. This technique has the di sadvantage that
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with theincrease In on o spheri cal

sphere Sl'arge 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 |



20 Prior art panels, such as those in European Patent EP 0843149Bl1 are
conprised of elenents having a shaped | ower face, which enabl es adhesive

flow ar der side of the element. Having a s ace on
the ele ﬁ?"%@*{*ﬂe di sadvantage that energy is dissi %g:?e %@ég@ﬁgﬁ area of

t he backing plate larger than the surface area of the transverse cross

section of the elenent. Where the backing plate is nade fromglass fibre WO
2006/ 103431 PCT/ GB2006/ 001150 3 reinforced plastic (GFRP) the backing plate
fails in a progressive manner, with each fibre failing under conpression or
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t he adhesive 0 e tice acking pla greater
the radjyus of the shaped |l ower face of,the element, the re prongounced the
o T oct e VR AR OaIE, o teRsongs Ueronleak T ABPel lower g 0t i Gagd: guo.
such as those in British Patent Application GB214977A have poor capability
for nulonded to the adhssive distentsithe fibredattise of thewarkipg glate. (Bhecgreatbicthe sadiuck by a
projectile and energy is transferred to adjacent tiles, potentially causing

f r act urefsheé shapédkevet Gadeidf dse elémentgiite moraponotmced sie éffextiovdrradanger t he
t hi ckness of the tile, and if bonded to a backing plate, can induce

de- BondiyP@cd sARE bhdki kieng pl ate of the inpacted and adjacent tiles.
Conpl ete destruction of tiles |leaves a | arge area of the panel having no

ceram c layer and thus reduced protection should the panel be struck again
in the sane vicinity. 15 The present invention relates to an arnour panel
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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 paﬁel 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
faces sufstantially opposed to each other and having E e sides

j 0i ni ng %eﬂf’%@gél Alternatively, the two faces 20 rrayq;§e11/§|€2r% ﬂﬁ@?s%and
joined by one side. Alug is a protrusion froma side of a ceramc elenent.
The spaci ng neans provides substantiakly uniform spacing for formation of a
bond |ine between sides of adjacent cerami c arnour elenents in the panel. A
bond Iine is a l|ayer of material between sides of adjacent ceram c arnour

el enents. 20 103431, PCT. 0Q1150 .4 I.n th resent invention, the
mat er i aﬁl%%@'gsqng%\{eﬁ orbg;h%mlafeﬁgg%gggq{%%ﬁ(gg ]\]fg.lsftﬁa B8 nent of the
invention utilises a hexagonal el enment shape which incorporates a |ug on
each side of the hexagonal elenent. Wen the ceram c arnour elenent is
rotated 5 60 through the axis of symmetry of the hexagonal transverse cross
sect i onAnfembhdinent efthe invention ntikdes abaxagonslelqmert shape vdfich ingotporatescn t he
ceram c arnour elenent is substantially the sane. The lugs nay be an

i nt egr alugareactodidé bethe her@ivhaladethett d Wageniibe éerthictdiiott €lemBit is rothted el enent
shape, wth integral |ugs has the advantage that assenbly of ceram c arnour
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el ements _neans th elegqents.can be fitted into the arra i t.h.m.ni mal
of fort  FEUH AEmeRp opean o ees o b st e @l S YpHamRE Gog | ugs
on the sides of the el ements provide space for a control]ed uniform bond
line same. The lugs may be an integral part of the element moulded as part of the element.

C

This element shap‘el 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  in the 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.




15 between el enents, equivalent to the width of the lug. A uniformbond |ine
between elenents limts energy transfer to adjacent elenents by providing a

nmeans fo absorption. Conventional spherical ar ave the
uni form %‘gﬁgﬁ%&%’énachi eved by the use of an el enment w%@%%&@@a?(ﬂgs In
the invention, because of the reduction in { energy transfer between

el ements, there is a high probability5that ceram c arnour elenents 20 in the

panel remain intact and adjacent ceram c arnmour elenents remain bonded to
the backing plate. The panel's inherent shock absorbing properties has the

advant a . I r.Ii i | for k_absor bi ng
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2006/ 103431, PCT/ CB2006/,001150 5 The i nvention has the, further, advantage
that t h8Ws Hsrequirement of ay eRY SPACIRE Meansharyeen qagk slemeat ¢0RE rerent of an
I ndependent spaci ng neans between each el enent can be dispensed with. The
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i n-pl ane adhesive infusion and allow for adhesive to be distributed evenly 5
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that there is no need for the addition of extra material to fill
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Pat ent US3,523,057. Weight is”an inportant consideration in arnmour because
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for example the small spheres in US Patent 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.



as equivalent prior art panels, thus maintaining overall pack weight.

Eval uation of a panel according to the invention against an equi val ent

panel i i art shows an inprovenent in ballisty i@Qn. This
has thengﬁegﬂﬁg%gﬁthat an increased | evel of protectigﬁﬁwg&@@ﬁﬁ%ygd whi | st
mai ntai ni ng the sanme overall pack meight as a panel in the 15 prior art. In
a preferred enbodi nent of the inventi®n, the elenent has a flat | ower face.
This restricts adhesive flow around the under side of the elenment. The fl at
| ower face produces an advantage in the node of failure of the panel. The
flat | ower face cuts through the glass 20 fibres of the backing plate
instead of distorting the fibre lattice in the backing plate. Distortion of
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| ower face, s in European Patent EP 0843149B. Additiqnally, having |ugs on
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el ement to nove through the array. WO 2006/103431 PCT/ GB2006/001150 6 The
advant athe aohourspanelpcomyirised of esegorfah elements; prodedes adantheravartagedin thati ns
integrity of the backing plate, conbined with the advantage of the inherent
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el enents, produces a further advantage in that 5 the nmulti-hit perfornmance
of the P2 P&haih Snta BIbL &SRSt ifas Bim bRSediddie! and backing plate
remain ?dnta p?cgr sﬁgsequent I npact 1ﬁi‘{)m projbggtlles. Wth reference to the
figures, the invention is described:

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 of Figure 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.



10 Figure 1 is a perspective view of a ceram c arnour el enment of the
I nvention Figure 2 is a diagramof an array of hexagonal ceram c arnour

el ement s Wwo3bdsRi03a11 S a di agram of detail of a section QETMEO@JJOQI??OShON ng
the co-operation of two elenents Figure 3 is a cut away view oT/ t he

interior of an armour panel utilising the hexagonal array 15 of Figure 2.
Figure 1 shows a ceramc arnour elenmenf 10. The ceramic arnour elenment 10 is
of hexagonal cross-sectional shape when | ooking at the elenment in the
direction indicated by Z. The ceram c arnour element 10 has lugs 12, 14,
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PCT/ GB2006/ 001150 7 Figure 2 shows an array of hexagonal ceram c arnour

el ement sthe kegsdd; by 16 & 23 on geramic gaouy elemeat Khargcg-operatingyath 300, 400,
500, 600. The hexagonal array is arranged such that the lugs 12, 14, 16,
18, 20, &Racent ceramniviarmannelemenrts & 06r200,13005480,5000606) divigad 0%y 201, 3QHj48tent
ceram c arnour elenents 100, 200, 300, 400, 500, 600. Lugs 101, 201, 301,
401, $ 5801, 660 én aBjacétit dRBitntse1 001200, 300,200, 361) 608 8 artiBed o oriBle ar e

arranged to be on the opposing half of the sides of the adj acent ceram c
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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



array of hexagonal el enents between the sides of the elenents allow ng for
adhesive flow and ingress and formation of a |ayer of adhesive between the
si des of 10 Figure 2a shows a detail of a sect} rray of
hexagonapﬁgﬁgﬁgg?glshomdng the co- operation of two elekgﬁggg&ﬁgggsﬁhe l'ine
X through the centre of the sides 11 and 111 defines the |eft-hand hal ves
and the right-hand hal ves of the sides8§11 and 111. Fromthe perspective of
ceram c arnour elenment 10, ceram c arnmour elenent 10 has a lug 14 on the 15
right-hand half of the side 11 co-operating with the opposing |ugless
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ceram c arnour elenents are assenbled to co-operate as in Figure 2a to form
an ent i rkandting| Therconfinement fiamk 32 isremaueshafier fabrigaiement as in Figure 2. A
confinement frame 32 is used to keep the individual ceram c arnour elenents
in position while being arranged. In fabrication, when the hexagonal array
Is conpleted to forman entire panel in the confinenent frane 32,
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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.



5 A standard panel as described above contains fixing points to fix the
panel to the article to be protected. Panels are assenbled to include
fixing e {4 ot shown). Fixing elenments are essenid i.k4 ed steel
hexagonskﬁg‘g@%o Ele sanme dinmensions as a ceramc ar mﬂéégkgﬁ%oﬁ@?hg%apt ed to
facilitate a bolt and adapted to enable |lugs of adjacent elenments to
co-operate with the fixing elenent. Fi%ing elenents are incorporated into

t he panel at 10 any position, the position being determined prior to
assenbly 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 arnour elenents 100 and 200 adhered to the backing plate 60 by a
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adhesive for the purposes of panel assenbly would be toughened epoxy or

t oughened epoxy resin. The properties of the adhesive should be at |east
one and preferably all of the following: 20 To offer a high quality bond to
bot h backing plate and ceramc. Have a viscosity sufficient to enable the
adhesive to be free flowi ng, ensuring no voids are present between the
ceram c arnour elements. Cures to a consistency of hard rubber or

t hernosetting compound. Requires only a roomtenperature cure or a noderate
post cure at no greater than 50C. WD 2006/ 103431 PCT/ GB2006/ 001150 9




When set, the panel (wth the confinenent frane 32 renoved) is encapsul ated
in an aramd and/or glass reinforced fibre envelope 64. 10 Cains 1. An
arrmour panel for protection fromprojectiles conprising a | ayer of ceramc
arnmour el enents and spaci ng neans characterised in that the spaci ng neans
conprises a lug on a side of a ceram fyarnour element arranged to
co-operate with an adjacent ceramic arnour elenent to provide a
substantially uniform spacing for a bond |ine between the sides of the
ceram c arnour elenment and the sides of the adjacent ceram c arnour

el ement s 2, cAn armour panel as clainmed in claim1 characterised in that the
ceram c arnour elenent has a lug on each side. 3. An arnour panel as
claimed in claim2 characterised in that the lugs on each side of a first
ceram c arnour element are arranged to be entirely on one half of the sides
of the first ceramc arnmour elepent, the lugs on adiacent sides of the

adj acent lcehmaineous paal for prpiegon Bommeojaetilemepmaprisingoelagen ofrceramis armops
opposi ng half of the adjacent sides of the adjacent ceram c arnour

el ements. Zlenfentaandspacing fedanschatacadrived in thacthaspacthgoieacoaprisesth lug ohhat t he
lugs on the first ceramc arnour elenent are not in contact with the |ugs

on the adj acgid ofcfERithie arRbIPSIEMENFRAES! to0-opBratd WRHan B3a6dnt d€rafi@i Med i n
claim4 characterised in that the ceram c arnour
armour element to provide a substantially uniform spacing for a bond line between the

sides of the ceramic armour element and the sides of the adjacent ceramic armour

elements.

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

element has a lug on each side.

3. An armour panel as claimed in claim 2 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.

4. An armour panel as claimed in claim 3 characterised in that the lugs on the first
ceramic armour element are not in contact with the lugs on the adjacent ceramic

armour elements.

5. An armour panel as claimed in claim 4 characterised in that the ceramic armour

elements are moulded and the lugs form an integral part thereof.



el ements are noul ded and the lugs forman integral part thereof. 11 6. An
arnour panel as clained in claimb5 characterised in that the ceram c arnour
el enent has at |east one flat face. 7. An arnour panel as clainmed in claim®6
characterised in that the shape of the ceramic arnour elenent has a
hexagonal transverse cross section. 8.;An arnour panel as claimed in claim?7
characterised in that when the ceramc arnour elenent is rotated 60 O

t hrough the axis of symetry of the hexagonal transverse cross section of
the ceramic arnmour elenment the position of the lugs on the ceram c arnour

el ement is substantially the same. 9. A ceram c arnour el enment conprising a
lug on a side of the ceramc arnour elenent suitable for use in an arnour

anel as_clained in a recedi ng.claim D )
P 6. An armour panerl%s Elalmed n cPalm 5 characterised in that the ceramic armour

element has at least one flat face.

7. An armour panel as claimed in claim 6 characterised in that the shape of the ceramic

armour element has a hexagonal transverse cross section.

8. An armour panel as claimed in claim 7 characterised in that when the ceramic armour
element is 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 ceramic armour

element is substantially the same.

9. A ceramic armour element comprising a lug on a side of the ceramic armour element

suitable for use in an armour panel as claimed in any preceding claim.



