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PLATE AND METHOD FOR PRODUCI NG SAME 5 FIELD OF THE

I NVENTI ON The present invention relates general ly to
evi ces for providing defense against bull
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invention is in the field of personal protection

agai nst offensive armmunition. 10 BACKGROUND OF THE

I NVENTI ON Bal listic 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 is 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 laminae. In Fig. |
B 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,
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The present invention relates generally to devices for providing
defense against bullets, shrapnel and the fike. More speciiically, 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 énd 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, fo
eventually hit ballistic armour 24. Ballistic armour 24 is a laminated body, made
of juxtaposed [aminae. In Fig. 1B to which reference is now made, a schematic
description of a bullet is shown, wherein bullet 20 has already hit the ammour,

creafing 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
schematically shown in the figure, |am na 44 has
arated fromlamna 46 by gap 48, whereas | am na 46
'WH&E4@ ¥rated fromlanina 50 by gap 52. [PAMIHR04PR005G
separated fromlamna 56 oAly to a very small extent s
Local delam nation is exhibited upon the inpingenent
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thtrgngt adhesi on tends to inhibit del am nation
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sfrong. 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.
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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

OB, | ov o, €1 058 sl on 11 e Pl

a. stack of prepregs of the? invention; Fig. 6Ais a
schematic top side view of an arnour plate describing
t he arrangemsnt of ceranmic tiles on a face of an

ar nour BRIGFPBICRIRTIONQE THERRAWINGS . 6B is a

schemati c sectional view of an arnour plate of the

! nvent i Pig. 4RS6 T Sihematid Brodd SesiBRA AW Béscﬁﬁf@ﬂ ﬁrofei:til@s
in the mass of the elastoner on the face of the
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DESCRI PTI ON OF THE PRESENT | ENTION | n accor dance

Wi th t heigbnBSeRl sdhBvalY te8s séctishdl ewdtedefiling a projectile
| mpregnated |amnae is cured using pressure and heat

t Fittih@ & Pnfindtdd dinddn platé, UPdatifcibéal BélahRatoRBE)n the phét art;
procedure for preparing the BRP of the invention iIs

descri bFg. 2adengHartCédstibity the $elglencd df tedsi Carrled Rk ance
is now nmade. In step 60 pre - inpregnated sl abs,

heregarng blhindied Soaehlite irfdectiSite WGth therGsehf ifvEAi&E. | N
step 62 the prepregs are trimed to fit - in a

cert ai nFigexsasthematic BR8SscRion ih 8 piipiiy df thetientiorepr egs
are stacked and in step 66 the prepregs stack is
cured UEigNg ist sirenlaed viewadtthe 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
amrangement of ceramic tiles on a face of an armour plate of the invention;
Fig. 6B is a schematic sectional view of an armmour plate of the

invention describing the arrangement of ceramic ftiles in the mass of the

elastomer on the face of the plate.




pressure. 10 Prepreg preparation A prepreg in
accordance with the present. i nvention consists of a
polyaram d fabric plate inpregnated with an el ast oner
resin. The elastonmer in accordance with the invention

WOZRMOFE#s as a filler and binder, but doedGigH204e00056
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necessarily interact cheméally wth the polyaramd
fibers. The elastomer is inpregnated for exanple by
imersing the fabric in the liquefied formof the

pr ecur s @ETAILEDNBESCRIPTIONOF THEIRRESENTINVENTON, a

di ssol ved or enulsified nononer. A typical solvent is
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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 ela_lstomer, 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 prepreg. By controlling the elastomer/solvent ratio a
control of the delamination tendency of the armour plate can be achieved. To
describe Its structure, 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 — harden_ed matrix 86 of the non — cured
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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

W?’%lg‘i‘/‘ﬁ‘@{? | s evaporated, |eaving the prepreg,ﬁa%rezh&%m&on

? and stiff enough to be easily h
Piling up a stack and curifg the el astoner After
drying, the prepregs are trimed to a specific size
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reconnended suppl i ed by the manufacturers of
el astoner, and can also be found in various .technica
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Eiﬁgpreé ?04? tchl?c? (r)ve\ll'\%lte%reg 1'08 and over ? 08, 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/|1L2004/ 000056 6 section of the
BRP, the cured elastomer forns a continuum in which
polyaram d fabric |ayers are enbedded. Ceranic tile

glP%Iication 5 The use of elastoners in theéﬁ_re aration
WEFOU/OREE | ends itself to straightforward® %ﬁ'l’ﬂ‘ﬂ??ﬂs“
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of ceramic tiles on a facefof the BRP. In a preferred
enbodi ment of the invention, ceramc tiles are fixed

iR o B ERE 85 BRI s PP LT o o el Bterl,

. arnmour plate 120 of the invention
Y KeR 3 oried in which

as " viewed'io fromthe top side,
ceramic tiles 122 are enbedded in the el astoner 124
of the arnour. A side view of the arnour of the

i nvent i i S S J N Fig. 6B to which reference is
Serigio W fpyAhon

now nad are shown enbedded in the
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Expe nts prove prepared T n accordance
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dura Ity as conpare préepared
, BeREREE 509G G L R REERE NIRATS uhiy bk
o O i, SRt ol HER £ S ISh i 3Pl 3 vishel
t Réh thd Yop BHE S hich ceramic tiles 122 are embedded in the elastomer 124
of the ammour. 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 to other BRPs. A
BRP prepared in accordance with the present invention is abie fo 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 fo 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. WO
2004/ 065886 PCT/ 1L2004/ 000056 7 CLAIMS 1. A

“}Sﬁazlg 4Ig'§§sl c resistant arnour conprising a |am nat

S8aherein a stack of |amnae is bour?&T%zo%‘“’“os“

el astonmer and wherein each | ami na conprises: 5 a
polyaram d fabric; an elastoner inpregnated in said

f#ﬂNlﬁ% and wherein said elastoner forns a conti nuum
o out said stack of lamnae. ro 2. A ballistic

e 7 K Al i hr%“bi { R B
111 5y erlip gl by Shflof 0 oy OB O

produ0|n I'C resrst ur usitng is

pol yar\m&gﬂ Eé'ﬂﬂrlérﬁmgkﬁ’ﬂ'l .00rrpr| SI ng the steps of:

preparing prepregs rrpregnatl ng a plurality of

said fabri capé@éaggm]\&ng% a liquefied formof an

el ast oner ylhg sai d prepregs
« an elastomer impregnated in said fabric, and

wherein said slastomer forms a continuum throughout said

stack of laminae. -

2. A ballistic 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:

+ 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;
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[ nd_wh
“g)gpﬂdmgsgﬁﬂ' ng conprises heating and pressi nd’%ggﬁgorﬁuooosc;

20 trimmng said prepregs; formng a stack of said
prepregs, and curing said stack; 25 WO 2004/ 065886
PCT/ 1 L2004/ 000056 8 4. A nethod for producing

jc resistant arnour as in claim3 rein

stack. s 5. A nethod for pfoducing ballistic resistant
arnmour as in claim3 and wherein vulcani zation is

apply, e h&hﬁ@hdg pgdé{ugiﬂg bafi&R: reggtﬁ %BD}S% ?;goc,rlerim 3

controlling t nation ency am nat ed

ar nour,.al ) b : : .+ 10
changiar?g ﬁﬁelgﬁ[ﬁ%}@? %%Fﬁj?%%n@é;a t'lﬁ#‘%ﬁggnat 2,18 b%éﬁd said

| am nageq arnmour plate. 7. A nethod for fixing ceramc
files to a lamnated ballistic arnour plate, wherein
said tiles are enbedded in a face of a conti nuum 15

of an el astoner spanning said arnour plate. 20
5. A method for producing ballistic resistant armour as in claim 3

and wherein vulcanization is applied in said curing step.

6. A method for conirolling 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 files to a laminated ballistic armour
plate, wherein said tiles are embedded in a face of a continuum

of an elastomer spanning said armour plate.



