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WD 2004/ 065886 PCT/ | L2004/ 000056 BALLI STI C RESI STANT
PLATE AND METHOD FOR PRODUCI NG SAME 5 FIELD OF THE
I NVENTI ON The present invention relates generally to

WoMbERessbr providing defense against bull &y 20941000056
shrapnel and the |ike. 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 ammnition and m nes. BRPs used
for such an end are 15 typically |am nated, conposed
of stacked | am nae and covered at one face wth
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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 nade, a schematic 20
description of a bullet is shown, wherein bullet 20
has already hit the arnmour, creating a bulge 42. In
the short event of bullet inpingenent and penetration,

the VWO 2pR#HUEPRE INFEHHEAP04/ 000056 2

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), sometfimes referred fo 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 afmour 24 is a laminated body, made
of juxtaposed laminae. In Fig. 1B to which reference is now made, a schematic

-dgscription of a bullet is shown, wherein bullet 20 has already hit the armour,

éreaﬁng a bulge 42. In the short event of bullet impingement an_d penetration, the



plies are separated locally, this phenonenon is
referred to as | ocal delam nation. Thus, as
schematically shown in the figure, |am na 44 has
woRdsAtRes from lamina 46 by gap 48, wher easpépifhfiRothfss
has separated fromlam na 50,by gap 52. Lamna 54 is
separated fromlam na 56 onlff to a very small extent.

5 Local delam nation is exhibited upon the inpingenment
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conposite ballistic arnmour. In the course o

de Wnﬁ@', A3 bkrifatidally SREWS BY RO fidure) | HRiRA It {aﬂ% &g)aHl@d #61R idina

of the 1inpinging projectil®e hitting rmour 1s

! 810, W SRR S o MOREERT 2

a lam nated arnour, however,
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strong adhesion tends to inhibit delam nation
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view describing a projectile reaching a ball
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schematic cross se nal view describing a projecti

5 fdvehtagé ofin 'a%ﬂ@fe@%n%ﬁﬁ?%w&)eﬂﬁﬁor’gﬁf l%efé&iﬂ&ele%ﬂ{ve local
delamnation as I1n the prior art; I g. I's a chart

10-degetrhiRite, iHaCadhBSHR 3FEndth niisERSiNEADE 165 weHk of Rgid nor too
strong. A strong adhesion tends to inhibit delamination altogethér 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
section in a prepreg of the invention; Fig. 4 is an

Wol2004@6sksy i ew of the cross section in a preppegnbosfoitse

10 invention; Fig. 5 is a schematic cross section in a
stack of prepregs of the invention; Fig. 6Ais a
schematic top side view of an arnour plate describing

the arr ] [ face of an
armour piie BESERPTIRMARE Tk oRARES o5 s s
schemati c sectional view of an arnour plate of the

i nvent i oFiglelgCIsi biseherhditie erosegstionalt view describmgCa tprdjedtile
in the mass of the elastomer on the face of the

pl miaching/®baié combosie pid ad in dpaR056 4 DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON I n accor dance

Wi th theFRy eBeist a isoh@ndticotrossa sedtivdl vidw RIeScribing a projectile
i mpregnated |amnae is cured using pressure and heat

5 t ohifting enlamihated bfhdup plats; cabfiil lodd] délaminBRE as in Teprior art;
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procedure for preparing the BRP of the invention is

descr i beHigs ehigenatcham | delcribirighthki gbquandeCoiétesd &ftfied euEm
is now made. In step 60 pre - inpregnated sl abs,

hegreparing tadaminafed iahsuripiitdm dRESBARSWithaheprRs& R fivestion] N
step 62 the prepregs are trimmed to fit - in a

certai n Bigo¥Rla schemhlitdicdsHectionn SlpfspréglofitheinPeriph,e 9s
are stacked and in step 66 the prepregs stack is
cured usFigg4tie mpcsmdrgéd vieRdof the cross section in a prepreg of the
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;
Fig. 6B is a schematic secfional view of an amour 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
polyaram d fabric plate inpregnated with an el ast oner
WOShdlns38€ €l astonmer in accordance W th thepdpysiliosiase
functions as a filler and biFder, but does not 1s
necessarily interact chemcally wth the polyaramd
fibers. The elastomer is inpregnated for exanple by

I mer si n ric in the liquefied formof the

or ecur so DB BESCIEHEN OF AE FRESENTINVENTION

di ssol ved or enulsified nononer. A typical solvent is

xyl ene. Thacsetdsnte Wit (Heqireaint invérition, £EheIEbFpré D in@agiddd
of elastoner deposited in the prepreg, and hence Sone

of [dhiadiabired Lsifg prassudd anerd il forh abanRRTédiftant platd (BRP).

prepreg. By controlling the elastoner/solvent ratio a

COMhé proceduré fP prtphiny e BRIFMofROAeSRIsN R ddsbifbed séRethatically
pl ate can be achieved. To describe its structure,
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"84 of the polyaram
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description of a prepreg 80 of the invention.
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abric are shown, the bun

t h@impred’ B -Cin & GerBPGRRtid &%ﬁ%g%?ﬁ‘&e&%fh@%@&egs are

matri x 86 of the non = cured

o eRof o B A 8 R FranbR Sack B RIRY st Erfherdnb and

th&eﬁéi 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 fypical 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 p-repreg. By controlling the elastomer/solvent ratio a
.oo_ntrol of the delamination tendency of the armour plate can be achieved. To
describe its sfructure, 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 matlrix 86 of the non — cured



conposed of filanents, designated 88. Matrix 86 fills

t he space between the upper 90, and the | ower 92

faces of the prepreg. 5 After inpregnation, the
wolweaksske evaporated, |eaving the prepreg pﬁ,ﬁgmwm%
- sticky, and stiff enough to be easily hand

Piling up a stack and curing the el astoner After

drying, the prepregs are trimed to a specific size

whieRibtorriep nbofierTi 10 Fg.t # 40 Whichi @ﬂrerﬁbﬂ?ﬁawmeofanté?ﬁ ed
stack. A stack of prepregs iIs described schenati car?y

| Npéitien of the sebtioRll Olé\ﬁreéfeﬂl@epl‘eﬁre OFy TR dowrl." %9 é'xpére

is laid over prepreg 104, laid Over prepreg

ov e
ForomadiRy RSOl YR Yraind 8a°MREbHE fi B8 1AE! bifitlen tre
stgﬁ;@r @n&g f curing can take

° tﬁ%\”%)%(:éﬁs?/flu%g&s q@gi enperature and

pl ace, typica y app
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reconnended supplled by the manufacturers of
el astoner, and can also be found in various technica

cat 2. PUbiAG UL B S Mrecursor,
e A e e
\r/recf cani zat N rfc%%n&ngﬁ%%ésh Ceuét%l{]%ggqta)cﬁg?p@néeﬁgfseq?sgﬁsd
o o b OB b v
B%Fr)eprajeé] 184 ri id o%)r prepreg %él and over 108, respeciively. 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 & closed chamber. Temperatures used in such curing are recommended
suppfied by the manufacturers of elastomer, and can also be found in various
technical data publications regarding varlous 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
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BRP, the cured elastoner fornms a continuum in which
polyaram d fabric |ayers are enbedded. Ceranic tile
AoRbisariss@n S The use of eI astomars i n the ppepanhadydobddse
of a BRP lends itself to r.ai ght forward attachnent

of ceramc tiles on a face ofs the BRP. In a preferred
enbodi ment of the invention, ceramc tiles are fixed

t 0 sBetidnws thedBRHA) ¢hescumad e]ﬁétﬁmbpﬁﬁﬁs 8 soritheuri A whicholyaramid
prepare the BRP. In Fig 6A to which reference i s now

namncaaygméregmbmear mour plate 120 of the invention
is shown as viewed 1o fromthe top side, in which
ceramc tiles 122 are enbedded in the el astonmer 124
of the armour. A side view of the arnour of the

i nvent i orcdramitie\Applitatiod. 6B to which reference is
now nmade. Tiles 122 are shown enbedded in the

sel ast omermhe idé &f elhdiémbiBPinSthe SredaritdR &' SHHP Rirdk Stselt So

Operational benefits of.using an el astonmer as a binder
angtrdigitiotard BttachfifeAt SRdteamititildl dneides SFRRIBRM! \4ﬁ B preRred

Experinments prove that a BRP prepared in accordance

W bmbbdifentPbfSRe Mvehfibfe Rbtatiic BiledVare IRed & BRI GdiStF the same
durability as conpared to other BRPs. A BRP prepared

| NeRSIBABAANER ofb LBed FpBpAS TR BRPVWI*l%%R tb%{rﬁ’éﬂ e é’nce is

stand nore 20 rounds of ammunition shOot at fromt
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extended durability o BRP of t e I nvention mean
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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 piate.

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 to 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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of the invention is able to provide protection for a
user, against nore rounds of ammunition shot at. 7
CLAIMS 1. A ballistic resi;tant armour conprising a

| am nated plate, wherein a stack of |am nae is bound
by an el astonmer and 5 wherein each |am na conpri ses:
a PoAys am d fabric; an elastonmer inpregnated in said
fabric, and wherein said elastoner forns a continuum
t hroughout said stack of |am nae and wherein at | east
tol.one A apslidt sedigdertanimairedompading 4 Olafieated t asteed
ceramc tiles errbecide.d in.sajid el a@tomsr. 2t A net hod
f MEIPBaFei FEhat!l i'pinge r i BQW: oY rAllre1BTIANES 899 ng
pokiyereinmach fadbind conmbratags, conpri sing tlhe slt_eps 011:: 15
reparing prepregs by inpregnating a plurality o

gai d fabrfc ap&%ag%mwf?@f‘ca | i quefied formof an

el ast omer . MpUEtomerdhyidibaaifsHg RRFE%Hd L i MM ng
said prepregs; form nfg a stack of said prepregs, and
g

20vhereiRi it eclasiornari | feENY 0 2a FRINIHEAD e dhipapheUt | aid
ardiRik of PArdih&e and wherein at least to one face of said laminated plate

are attached ceramic tiles embedded in said elastomer.

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

* preparing prepregs by impregnating a plurality of
said fabric plates with a liquefied form of an
elastomer monomer;

e drying said prepregs

* trimming said prepregs;

s forming a stack of said prepregs, and

» fixing ceramic tiles to a laminated ballistic armour plate,
wherein ceramic tiles are embedded in a face of a
continuum of an elastomer spanning said armour plate,
and '

s curing said stack.



wherein ceramc tiles are enbedded in a face of a
conti nuum of an el astoner spanni ng said arnour plate,
and curing said stack. 25 30 8 3. A nethod for
produci ng ballistic reS|st§nt armour as in claim?2

and wherein said curing conprises heating and pressing

sagd sAasdthod A produBRidpalidtie rreﬁét@ﬁi“&*nﬂﬂlr kalihi gdinc2

res t nt arm)ur as in claim2 and wherein

Bihorsaids APpYi EaMPrsesaingating i a1yl shrepsings. said
rregtagpa for controlling the del am nation tendency of a
| am nated arnour plate inpregnated with an el astoner,
by 10 changing the anmount of el astoner inpregnated in

5 sah.d | RMHdARGE br r8RngPhAksBc rdSstant armour as in claim 2
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and wherein vulcanization is applied in said curing step.

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



