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devices for providing defense against bullets,
shrapnel and the |like. Mre specifically, the
invention is in the field of personal protection

agai nst offensive armmunition. 10 BACKGROUND OF THE

I NVENTION Bal | i stic resistant plates (BRPs), sonetines
referred to as ballistic resistant arnour plates, are
used for defending against the effect of bullets and
fragnents of artillery ammunition and m nes. BRPs used
for such an end are 15 typically |am nated, conposed
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made, a schematic description of bullet 20 is shown,
projected in the direction of arrow 22, to eventually
hit ballistic arnour 24. Ballistic arnour 24 is a

| am nat ed body, made of juxtaposed |amnae. In Fig.
1B to which reference is now nmade, a schematic 20
description of a bullet is shown, wherein bullet 20
has already hit the arnmour, creating a bulge 42. In
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The present invention relates generally to devices for providing

defense against bullets, shrapnel and the like. More specifically, the invention is

in the field of personal protection against offensive armmunition.

BACKGROUND OF THE INVENTION

Ballistic resistant plates (BRPs), sometimes referred to as ballistic
resistant armour plates, are used for defending against the effect of bullets and
fragments of artillery ammunition and mines. BRPs used for such an end are
typically laminated, composed of stacked laminae and covered at one face with
ceramic plates. In Fig. 1A to which reference is now made, a schematic
description of bullet 20 is shown, projected in the direction of arrow 22, to
eventually hit ballistic armour 24. Ballistic armour 24 is a laminated body, made
of juxtaposed laminae. In Fig. 1B to which reference is now made, a schematic
description of a bullet is shown, wherein bullet 20 has already hit the armour,

creating a bulge 42. In the short event of bullet impingement and penetration, the



plies are separated locally, this phenonenon is
referred to as | ocal delam nation. Thus, as
wa@ehveeIsscal |y shown in the figure, |am na 44 P@EEIL2004/000056
separated fromlamna 46 bysgap 48, whereas | am na 46
has separated fromlam na 50 by gap 52. Lamna 54 is
separated fromlamna 56 only to a very small extent.
Spliescare sdpdratedriadallprthisphenbmenoreis refemedtid as iloval delamination.
-on and penetration of a projectile into a | am nated

CPRIR) 9k sehdradticaly sHowaT ahe figurs, laiha £PhEsSsepafatéd from lamina
del am nati on, a considerable proportion of the energy

S S e, 1B brs WrRina e s SebArpled ol i S0 by gap 52
corEe S Foyir ron BARECSe ol 1 KB Syl Bdere 70,
nmust neither be too weak or rigid nor too strong. A

s 511000, AR BROVEED € HERGL yHBh 2" Tpblement on anc
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vi ew descri bing a projectile reaching a ballistic, )
cHIRRANgG gro,;ﬁcyleghlglggit @faoyy is slissipaged. dihgg phengmenop is taken
schematic cross sectional view describing a projectile
sadvantagedPf in a daminaled Arenoko ewsyven i orderigtfagilifateseftactive local
delam nation as in the prior art; Fig. 2 is a chart

10 déelaminstiony the adbesjor sirength musipwitber be dep weakian rigid nor too

strong. A strong adhesion tends to inhibit delamination altogether while weak
adhesion would promote loosening of the bonds between the plies without

withdrawing energy from the impinging projectile.



preparing a | am nated arnmour plate in accordance with
the present invention; Fig. 3 is a schematic cross

W@ ewtioeissé n a prepreg of the invention; Fig. 4PCHIZN04/000056
enl arged view of the cross sgction in a prepreg of the
to invention; Fig. 5is a schematic cross section in a
stack of prepregs of the invention; Fig. 6Ais a

schemat i ' ' | at e descri bing
the ar 5@@53&@?%@&&%39?. S E face of an
arnour plate of the invention; 15 Fi g. 6B is a

schemat iHy. sk tis @nachematiy abssiseetiomaliviepl describingt Aeprojectile
i nvention describing the arrangenment of ceranmic tiles

| reaétify ABakistf confipsite brd asmIthe pribmet; f ace of the
pl ate.” WD 2004/ 065886 PCT/ | L2004/ 000056 4 DETAI LED

DESCRI PRdONEis E"ch%ﬁ%%’é’\ﬂ—roéé\'\é%ng\'view d68@bHY8 Eprojectile

vvlth the present invention, a stack of pre -
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rma alli1stic resist ate The

Ségﬁreidﬂe Dl B R o P&’E’“ﬁnﬁ@%&s%@@ drTSHEDS | lmbd out in
w&@%ﬁ‘&%ﬁf}%?%%f?fﬁ%r?%t%@eapﬁcaﬁ;@a%%@ %ed%?%%ﬁ?%m%

are

cer tai nFiaRe FhE rﬁ?s%ﬁrg%%ct'?'h Fon bigets offee Prenss
gLSed u%?%kgld{sgargén%r cﬁ% o% ﬂ_'e ros s |SonS|Inaa prepreg of the
10  invention;
Fig. 5 is a schematic cross section in a stack of prepregs of the
invention;
Fig. 6A is a schematic top side view of an armour plate describing the
arrangement of ceramic tiles on a face of an armour plate of the invention;
15 Fig. 6B is a schematic sectional view of an armour plate of the
invention describing the arrangement of ceramic tiles in the mass of the

elastomer on the face of the plate.



pressure. 10 Prepreg preparation A prepreg in
accordance with the present invention consists of a
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resin. The elastomer in accgrdance with the invention
functions as a filler and binder, but does not 15
necessarily interact chemcally wth the polyaramd

fibers. ' j r by
| mer o1 R CHEEPTIRSERITION OF TEEPRERENT INVERTIS
precursor of the elastoner, which is typically a )
di ssol vén aotordamndesiith the presentinventich, taygtaciedf prel-uimptegnated
xyl ene. The el astoner/solvent ratio effects the anount

Oamirfleds torsausiRNEssufsland hédtqo Forfid @ﬂusuara@buétamqﬂatéqmp)
of the ballistic and 20 mechani cal properties of the

pTI%)f)l%ﬁedLﬁ& f6rqitbbating the BRIEofthe HiveiBéd BUestied sthefatically

control of the delam nation tendency of the arnour
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refefence I's ma S a sch
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84 o polLyaramid fabri.c own, ndl es o
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matrix 86 of the non - cured WO 2004/ 065886

Fetgokedoanrh imGtaps 66 the grgriegfestackoiorred ysing-tenperatuse and
whi ch reference is now nade, an enlarged portion of
tpressiget i onal view of the prepreg 80 is shown. Bundl es
84 are

Prepreg preparation

A prepreg in accordance with the present invention consists of a
polyaramid fabric plate impregnated with an elastomer resin. The elastomer in
accordance with the invention functions as a filler and binder, but does not
necessarily interact chemically with the polyaramid fibers. The elastomer is
impregnated for example by immersing the fabric in the liquefied form of the
precursor of the elastomer, which is typically a dissolved or emulsified monomer.
A typical solvent is xylene. The elastomer/solvent ratio effects the amount of
elastomer deposited in the prepreg, and hence some of the ballistic and
mechanical properties of the brepreg. By controlling the elastomer/solvent ratio a
control of the delamination tendency of the armour plate can be achieved. To
describe its siructure, reference is made to Fig. 3, which is a schematic
description of a prepreg 80 of the invention. In a front cross sectional view 82 of
the prepreg, bundles 84 of the polyaramid fabric are shown, the bundles of the

fabric are embedded in the semi — hardened matrix 86 of the non — cured



conposed of filanents, designated 88. Matrix 86 fills
t he space between the upper 90, and the | ower 92
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solvent is evaporated, |eavigg the prepreg dried, non
- sticky, and stiff enough to be easily handl ed.
Piling up a stack and curing the el astoner After

delgstomer tniehopnezp ire Bi. a8 @ WhichimeferencenisSew irhade, Sdr? enlarged
which io determnes the vertical di mensions of the

Sparidn of\ thé asdsticHial NiGR STOthe! SrePREC 8D B8 dshowil esm{dlé“sabhyare

in Fig. 5 to which reference is now nade. Prepreg 102

i éonH;?ds%g OfEflaménts pa&ﬁ%ﬂ&% slsa:l\ﬂ%tr%é’ 86 S ThE %ge&&%em%éﬂ the

over respectlv tomer nono

< AnRE o8 i MRz TR ol 77 "Can take

Sligiur@?@hﬁﬁh{?ﬁaﬁﬁ%ﬁpﬁﬁ aalent 2 oypgbeind le@ifgdne prepreg
d b I h ress or
d g?l c%'ﬁ?’ E@ff I C%Shr{‘gggr}sg?égé@ﬂaégz pl n a cl osed

charrber. Tenperatures used in such curing are
recommended supplied by the manufacturers of

el astoner, and can al so be found in various technical
dat a pulBilingaup arstackeand during the elastomen i ng t echni ques.
Chl oroprene is 20 an exenpl ary el astomer precursor,
known ad\ftise ajyying,e theef tpeepregs i arg. triMimedittbea $pecifies side awhich
an el astoner, vulcanization is applied as a curing

ndetéradnesthe a!el‘tﬁall-dlmeﬁ§loﬁ§16f tho istatl. ASRER©F prepdgs is described
vul cani zation in the case of rubber) a |am nated BRP

Richbmaticall9 M Fig) §do Wit refetercelit Rblv HAN.. ‘Pcreérﬁﬁ 102 i Ialdhover
el astoner  spans the | am nae between both faCes of the

BiEpreb 104! RS oV HSprel M08, 5P Sver 108, respectively. The elastomer

monomer now forms a continuum throughout the cross section of the stack.

Once the stack is formed, curing can take place, typically by applying
temperature and pressure on the piled stack. The pressure can be applied by a
mechanical means such as a press or isostatically by means of compressed gas
in a closed chamber. Temperatures used in such curing are recommended
supplied by the manufacturers of elastomer, and can also be found in various
technical data publications regarding various curing techniques. Chloroprene is
an exemplary elastomer precursor, known as Neoprene after curing. If rubber is
used as an elastomer, vulcanization is applied as a curing method.

As a result of the curing process, (or vulcanization in the case of
rubber) a laminated BRP plate is obtained, wherein a continuum of the elastomer

spans the laminae between both faces of the BRP. In other words, in a cross



WO 2004/ 065886 PCT/ 1 L2004/ 000056 6 section of the
BRP, the cured elastonmer forns a conti nuum in which

weoigaeees d fabric | ayers are enbedded. Cer anPCT/1L20@4/000056

10

15

20

application 5 The use of elagtonmers in the preparation
of a BRP lends itself to straightforward attachnent

of ceramc tiles on a face of the BRP. In a preferred
estxlion mf tHe BRP} the curedesiastomer foema i contindues, inwhidhi pobghramid
to BRP using the sane elastonmer as the one used to

pfabfie iyefsdre BRbedded.Fi g 6A to which reference is now
made, a part of an arnour plate 120 of the invention

is shown as viewed io fromthe top side, in which
ceramc tiles 122 are enbedded in the el astonmer 124

of the aéé@“{""ﬂ'ﬁvﬁ ﬁﬁbﬁw of the arnour of the

invention is s Ig. 6B to which reference is

now mad sho

ol ast omene! 155 o1 idhers AOWR SERSRHGH i e lepds splf to
l.ast bi nd

RIS %ﬁgﬁ%séf%r"%s%%ﬂ?% o8 1. 8ie FRRdne Biterred

ove that a BRP pre or dance

o PRoaent B Helifeftife cBravmic s, Rk Bach b BRPCHGIRG Hhe same

durability as conpared to other BRPs. A BRP prepared

| HaSIORSF @k o2 o HRed I0cPTPRICHE BIVF dh Fid BA 19 wilitureference is

stand nore 20 rounds of ammunition shot at fromthe

sBoW neRde; grivast oft ae aMnedlaief 120Rpisthednventiem i shawn a6 wiewed

extended durability of a BRP of the invention nmeans

t fiern théntopside] ircwhich ceramic tiles 122 are embedded in the elastomer 124

of the armour. A side view of the armour of the invention is shown in Fig. 6B to

which reference is now made. Tiles 122 are shown embedded in the elastomer

124 at the top side of the armour plate.

Operational benefits of using an elastomer as a binder and filler in
accordance with the present invention

Experiments prove that a BRP prepared in accordance with the
present invention provides for extended durability as compared fo other BRPs. A
BRP prepared in accordance with the present invention is able to stand more
rounds of ammunition shot at from the same distance other makes of BRPs were
shot at. The extended durability of a BRP of the invention means that the product
of the invention is able to provide protection for a user, against more rounds of

ammunition shot at.
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user, against nore rounds of ammunition shot at. WO
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bal listic resistant arnmour cenprising a | am nated
plate, wherein a stack of |am nae is bound by an

el astoner and wherein each |amna conprises: 5 a
poLAMSM d fabric; an elastomer inpregnated in said
fabric, and wherein said elastoner forns a conti nuum

t hr qugoUpalfisticd resistamtk aftholif oRifising0 a2 lanfinBRld! ipkité,C
resistant arnour as in claiml1l and wherein to one

face i d,l e e t '
{7 os WheiBhta SELK A nindl 3s Bolndl bf AP IAA6REL Bnd

produ%mgm?é%b?%ﬁ]%ﬁﬁg@%gg; arnour using 15

pol yaram conprising the steps of:

preparing prepreqgs_by.jimaregnating a plurality of
said fabric ﬁl%cﬁ&'aﬁqf@%ﬁc,‘ i quefied formof an

el astomer nononer; drying said prepregs
e an gExstomer ir‘\;lpreggnatel,-d inlosa(ieci3 fa%%c, and

wherein said elastomer forms a continuum throughout said

stack of laminae.

2. A Dballistic resistant armour as in claim 1 and wherein to one
face of said laminated plate are attached ceramic tiles

embedded in said elastomer.

3. A method for producing ballistic resistant armour using
polyaramid fabric plates , comprising the steps of:

e preparing prepregs by impregnating a plurality of

said fabric plates with a liquefied form of an

elastomer monomer;

drying said prepregs

trimming said prepregs;

forming a stack of said prepregs, and

curing said stack;



20 trimmng said prepregs; formng a stack of said
prepregs, and curing said stack; 25 WD 2004/ 065886

WEDDAN6BOO4/ 000056 8 4. A nmethod for produci NBCT/IL2004/000056

10

15

20

ballistic resistant arnmour ag in claim3 and wherein
said curing conprises heating and pressing said

stack. s 5. A nethod for producing ballistic resistant
ar mdurA amethodcioniprodiicirgnballigtier resistant lacmouz as iroolaim 3
applied in said curing step. 6. A nethod for

cont r carld Whetdie sditl aintRcomprices Heating ahd Pressing Balded
arnmour plate inpregnated with an el astoner, by 10
changidigckk, he anount of el astoner inpregnated in said

| am nated arnour plate. 7. A nmethod for fixing ceramc
tiles to a lamnated ballistic arnmour plate, wherein
said tiles are enbedded in a face of a continuum 15

of an &I ARiREfor PRAMRIN b AR RERZRIN aPhBliCas 7P claim 3

and wherein vulcanization is applied in said curing step.

6. A method for controling the delamination tendency of a
laminated armour plate impregnated with an elastomer, by
changing the amount of elastomer impregnated in said

laminated armour plate.

7. A method for fixing ceramic tiles to a laminated ballistic armour
plate, wherein said tiles are embedded in a face of a continuum

of an elastomer spanning said armour plate.



