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WD 2008/ 077605PCT/ EP2007/ 011324 1 BALLI STI C RESI STANT
SHEET AND BALLI STI C RESI STANT ARTI CLE The present

WO 2008077605Nn rel ates to a ballistic resistant shkeaFtEP20NT/041324

ballistic resistant article. 5A ballistic resistant
sheet conprises a stack of at |east 4 nonol ayers, each
nmonol ayer containing unidirectionally oriented
reinforcing fibres with at -fost 20 mass% of a matrix
material, and with the fibre direction in each

nDnoIayer being rotated with respect to the fibre
direction in an adjacent nonol ayer. Such a ballistic

resi sgant SIS RESISTANT SHEET WND BATL9S TIBTEE $IBTARMAREISEE
or noul ded ballrstic resistant articles such as panels
and especially 10curved panels. Such a ballistic

resi stant stieeprebént kivewior reRifasUS abafidic feéidtant sHe®t and a ballistic
ETgubllcatlon di scl oses the manufacture of ballistic

S URE- sheets by cross plying and stacking a

plurality oA bamstiglregistanst,she@t@dmptisds distack df € lebstnBmbiyolayers, each

RRPPYS, REP IO PO NEeh b B re Y Fei A acty 20 masst6 of a
malrxehater2t a:‘rmlvﬂthlﬁdf ok dtréxtion ¢ sachasanoyertdingooatédweith respect to
h%r#%%u% iﬁ; Oenn@ an; agb r%ln?c}cli'nofagle)y sﬁ@% | BS‘I‘ §t>é réNrs:%QrR sﬂget is very suitable
fonoee Blpmprdssed ombl]]d@d?balwlthtasmntvaslcles egchtas mamels anbespecially

' ionally aligned fibers. A plurality of the
C%ﬂé@bg %%lned nonol ayers was stacked whereby the fiber

di recti on i9uch apalistiayasistant shest isemdivo diloar US &,6235 741 beis
pQifcSidn Aftidd2s Mk r’ﬁgh@f?ﬁﬂfe &%ﬁﬂét@%&énsta&%ﬂe&% 'cFI?s@ @Arﬁ%‘nd

was put et ween para tes In

stapking)p eI O m@noéaysrswg@n \eﬂﬂbﬂnlglr%:tlwmaly@ilgrsed exténded chain
pél?é’fﬁﬁéff’é Mfe?s 9hd & 3thtrix hateridl, fNIGWEESyY preddi h@%% i a sheet. Example

cooling. There i s continuous drive towards | nprove
1phihis disglesureateationsitherpipduelionaf eireqnelayanty helisaly waering

phItBNE R ﬁbeh@?!@e%?fsﬂfe' &1 éTSrlu)h \ﬁ/iﬁééﬂmﬂar?@!} a K?étd)r?D1 107 solution was
resi stant she fth manuf act ur e

ugesrigcaidBg ublaﬁ%qt@n%'ry %5??4 @t% wgrag&yéaﬂfherfﬁuﬁ a%ta'"ed monolayers
was btiackexbwivdreby tA2ififr dieetornmld rdarlailéyet ¥ pdrpgdaued to the fiber

moul dabi l'it. ans at_u
fRepE P e REro i EHE e arE Ba® pufhahGeqn saraifel lates i
am AsolB:t mets ad pressed vadthngppriessung os@ 6 kA atlzatehipgtadtare of 130 °C for 5
s ﬂ ggeet of the invention a honogeneous

d} &hé} bR this can be judged by the human

eye e.g. byTrebs sruoetumfouauinizmtmun@empmmd teligte refistahiemoulded

arp 81!9% ér?& h% p:rggss n?%@%&or%%%%?#gﬂsﬁ@k Eital béll% (?Ietses{ant sheet that

ccor PRt
emawﬁsdh@mab@fabtua ofcomhea@sed Isarprsmnbdlbsnc remtpmtl rscpmqﬁdaartlcles with

oﬁ%glﬁéulﬂblllygéﬁro%MM# Wl%ear?sqﬁ%t L]Iﬁg ﬁ# o C of a ballistic

] rectlona oriente
reﬁistﬂnégrtlobeterqspac'aléfraswneedstta"@ﬁrgtqslst@nt Hticloeaompgsing aﬁveﬁalﬁbalhstlc

resitant sHVRCH AR RverEtr B%%E&%Zé 990113&45 3btained; this can be judged by

the human eye e.g. by absence of an inhomogeneous drape of the ballistic resistant sheets

in said article after moulding.
According to the present invention an improved ballistic sheet is
provided, comprising a stack of at least 4 monolayers, each monolayer containing

unidirectionally oriented reinforcing fibres with a tensile strength of between 3.5 an 4.5 GPa,
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and at nost 20 mass% of a natrix material, the areal
density of a nonol ayer of at |least 25 g/n2 and with

wot2ees/f77émse direction in each nonol ayer being roTatPea)7/011324

with respect to the fibre di-r2ection in an adjacent
nonol ayer. 5The ballistic resistant sheet according to
the invention provides good noul dability.

This can be seen upon nnulding of a curved ballistic

si st a arti several piled u

Ia\tf@tspéo F‘@§?Z’t gﬁtmé{ﬂggla t he inveﬁti on vvlger e, a
th@memu@ofmmodeld?ardglaclgesu%gjbfailned Wi t hout )
|rre of the tic ant eet s

b e s iR et MobSue el oo 1 2t felbbed 6 s ore

dr@ﬁﬂldﬂlﬁ@h aﬁmehtm@m;@rng to the invention shows a
further inp ant i istic perfor
In the pr eseﬁ\eetiqq\?gﬁf‘?séfﬁ tﬁg'e?‘éﬁ?? tgge%pvpgtfcg}%roylges good
rAodl@tiity.of unidirectionally oriented reinforcing
fibers and mat r mat eri al that si cal nol ds .the
fibers togearﬁlésrC<’=‘”I1@AS€E‘F£|LIHOthQP"fl ’é%?fz‘% I%Hﬂ’e‘g%%&%‘: resistant article,
c{_@aﬁmgurg @éve?;?lsptnae I@pcbfau.aﬁc Heglgfatnt éhdwlcﬁfk ltigey ﬁwsntmrvaf]eeé ably

e at | ea nke ratt
ORISR RO o ShyBines uitbowt TR Toeing L eSS

redistant dheefsi A &dditioe) adedntade ie #ed tHewmil sy eés@ehMeet according to
ofated wi th re&gt ct.to the fibre direction in an

the) nYeRYRN SHoMG er ipEoSd AU-RAlIstic PEROBIANCGNI ch means
the smal | estip ﬂﬂﬁbr@s@ﬂﬁv@ﬁﬁﬁw By tériembndis_s réfiarsttba Iayer of
L@GJ acent nono-| ayers, 20pr ef er abI y bet

we%l%préqné?dd Vors@g 15 ag aRa rlé@watwgaéf at basncaqu holds the

fiberftegathéry, the angle is between 45 and 90.
The fibres in the ballistic resistant shee

e
i nvent i on hdvRAISHC EpRistpRl shEPILAOMIRNISET @ Slackhoba! lgasgua{%polayers,
pleferabljathe BhRabt bﬁ@ﬁolﬁ?@%&feﬂ@ nhkbmseaaadh@a% bee Shétﬂélgﬂ'he

of etvveen referably betwee
nPURIREF 5 £iAsRR B Us A0 RRe By BB SR MPBORKe being
rétaQedGﬁm resp?ct éo the fibre dlgectla'mm dnl 4o &%n(ﬁﬁn&g@dr”ﬂi&gaﬁgfl@ of rotation,
or organic fibres. Suita i bres are
géns @ea%‘%auie?tb?’@ie %fg?%&rpyftf‘%?g@sé’ﬁ 3@t mono- layers, is

pfréfgfa%ﬁ/ between 0° and 90°, morS@tdiélbl HhveeeH foofdrer&s®. Moktpreferably,
such a high tensile strength are, for exanple,

tee angle icbgiwegmtbtend Pbtes (al so often referred to as
aram d fibr ?Inﬁ‘%g'sb?ecﬁuﬁ%@éél}fst%qggiﬁ%ﬁps'r%%?PV hEMent tjon have a

t er apht hal a , lirquird crystalline polymer an .
tensaild strengtheof petwesn 3.5 atg €8 GRas T hadibiss| preteratilyhanezatensile

stten ﬂ'&f*BS %ﬁ%ﬁ’érﬁ%&%@a ME%@&eébMé&P@?%n@4 1 GPa or

benzobi soxazol e

npesit peferablyi Hatvekivdf 3 a6d B.04GP8' - e] pyri di nyl ene-1,4-(2,5

- di hydr oxy P - d

and fibres é@% oérse@g(%\béllrled?%ncl)‘?éiﬁg% ﬁiE%Fe% Fbﬁa@ﬂn@amc
fiatesaive] for exampe] glagy fdresicarbdndibigs arid @afemm fgmesy

oriented, SuGhaBg orfRiCANRE MihQ0RTHdHRANE Qhhddtard, for
example, aromatic polyamide fibres (also often referred to as aramid fibres), especially
poly(p-phenylene teraphthalamide), liquid crystalline polymer and ladder-like polymer
fibres such as polybenzimidazoles or polybenzoxazoles, esp. poly(1,4-phenylene-2,6-
benzobisoxazole) (PBO), or poly(2,6-diimidazo[4,5-b-4’,5-e]pyridinylene-1,4-(2,5-
dihydroxy)phenylene) (PIPD; also referred to as M5) and fibres of, for example,
polyolefins, polyvinyl alcohol, and polyacrylonitrile which are highly oriented, such as
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obt ai ned, for exanple, by a gel spinning process.
Hi ghly oriented pol yol efin, aramd, PBO and PIPD

WO 053%6050r a conbi nati on of at | east two t hePE€BEP2005/011324

preferably used. -3- High perfornmance

pol yet hyl ene fibres or highly drawn pol yet hyl ene
fibres consisting of polyethylene filanents that have
been prepared by a gel spinning 5 process, such as

| o @B 2042414, A . O . .
B 15 xairple, B G Sainha oGl o gty Brhiel Boolefin, aramic,
REO bh@PﬁDID Ifrbfe%Sorijas cdbl’:’nﬁhgﬁchewf E?aev\flt Wﬁ{ hehdof Ia;]d mfﬂrhlely used.
t t coO | he W ,
ST OTaR B otancd ppb B sBRsar ot Mot i vatpyiene

fibedd domisising efpayethylend filbeledts. that have been prepared by a gel spinning

AipaEs e reootb kel ro i Coty b 4 AR TV, Qfff AR are even

nhdte préfefadiyvisteoFhé ﬁdﬁénta@e cbfelﬁéée fibred isghat they have very high tensile
iter of a srr&%e fil these fib

s)apott oL 2 PG oRicee BaiBry are i Lo dpBy e for use

i f‘ghﬂveigﬁfbaﬂl‘rstr&-réi;r@@hﬁarftrblleaﬁent of these fibers is at

nost 1.9 de resul t n.a ter .nmoul dabi | it
Tt he bar | st preFgaplyf GeRTs e e il e Vs of ppitigh moter
nhdys linahrd pcﬁyﬁdth‘yldr%SM&I @rnintrﬁ\bi%eﬁscoMySdf aPleastes aly. y t he

titer of a e fila ese_fibers
st 106 deniBliSais e TiRgtent of eSS IIeLF of ¥R ergragy i at
it @ldedler, irh@re pbéf@%lylhe higdrd$ atshyd filbinest dfagedeergiacht most 1.9

e close the fibres in r in

ier, T¥aieSvisdn Sttt Gpuapiy e hegmysi bt mbulte et

cBHprisiflg frsiiisng reviantakestgmost prefefaplyree tﬁé‘rﬁﬂfaSslngTé‘l @lament of
terial can have been applied in

mat r rial
t'\“FaSrefl@t%s ‘F(ﬂ?ﬁjé’ 'a\?rgaqﬁ/ﬁ 5. 20for example as a film
bet ween nonaihaytemns erfm)J mB®Fial rRferaitd 4 Alxterkl gt Bmadiongolds the

Str bet ween the unidirectionall, lJigned fibers or
RiSottPastoiAIRy Bpelaeq (Hed e Je TS BE fuedr gk fiat the
stoetdie @rqhe Arimb- réy&reﬁ@tam@d diihg HaMdeag ahd ﬁ@ka@dff@reformed

the fibhres with a matrix materi.a

SB?%th'E he aE’WHB%ItieH%'rﬁ'atef'ﬂ'ecaﬁ‘élar’? Peanapplieg)i |n vgrr%ps fgrms and ways;

fEradxafRld §s AN bitwileRBh&ididfers afftbelBls Peardsverse bondrng strlp
t her np In mat eri al

ett rial or ather | asti
DRMASHBS UBIOTE DT ORRE BRI G HRrS atee (Brngvetse wit
rédpekt 1 th@lRidirattidnal fdred)eorb) ynpgegatiag ahban ekibedding the fibres
el ongation of the fibres. The matrix materi al
wWithex Bk atRHR- an el ongation of 3 to 500% In anot her

preferred emnbagirérentd ebibodidnt, the ARG ﬂnalenbas@ polymeric matrix
n%ﬁe meric matri x materi al referabI%3 as an el ongati on

4l andBay e G eTmAsE g SPAPUY ) At heSRORIRSIE rafeffrhogr mixtures
oBthEnive. Phetehaiion dtpeardsiiné ﬁwalrm%er@ﬁ@%réfé}%bg'fgw@teﬂfhan the

t her m)settl n rraterl al s, viny| t‘e?tfers unsat ur at
R'E

elppoptian efrthe fikissy lae MaryRalegR! 3hly basan PE’P@?%%W ?f 3 to 500%.

|r$Qh&ﬁéﬁﬁ’reﬂa‘?reﬂ&irﬁbd@lrﬁarﬁtefﬁeahatn?ﬁ%rtdﬂ% Qb@ylﬁheﬁé matrrx material
t hernopl astic material s ur et hanes,

PRI PRN S 2L IORGRPDICE P ke AO0N Gore ratesebl Tam bBiG1500%,

nre pkefERBHY ISR 460 $3/¢P00%5. From the group of thermosettlng materials, vinyl
pol yi sopr opene- pol yet hyl ene- but yl ene- rene

or
eﬁiﬂ’%fé{”f/?télf?ée‘ibBP'}‘?%%ﬁr ew'e%%meyerry?@ﬁ@r P’@ ably selected as
nSAROMAIREE 6B tné EBak%r&egegﬁ@ﬁka@arﬁabénymrrwneéI @lyvinyls,
WD 2008/ 077605PCT 007/ 011324 4
pWPEWb‘FSeP@'rVSBf'S}S phiberreriasticaiastemeic black FI%POMB‘?! &sych as
p@@i‘s@b g@ﬁe%lyﬁeh@lérﬁ"tﬁﬂ&lé@@pb@ﬁy@néW%Mk&n@pdﬁrs rene-

hi's i s understood be a secant nodul us
pﬁBﬁ@/Cﬁf@ob'%‘éﬁc‘EﬂP&iyﬁbeW 8rq iefesably gelegted @s Ma{ripmaleyisd,
Particularly suitable are those matrix materials that
can be applied as
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5a dispersion in water. Exanples of suitable
thernopl astic materials include: acryl ates,

wopobsprre@shanes, nodified pol yol efins and et hyPEMEP2OTION1324

acetate. Preferably, the matdix material contains a
pol yuret hane. Mdre preferably, the pol yurethane is a
pol yet herurethane, that is based on a polyetherdiol.
Thi's provides good perfornmance over a w de terrperature

range. In a eci ur et hane or.
10p ol yet her ‘g’ %gq%éy @ggrén%r%ﬂ'lagqr‘abﬁ\%% process according to the
itlientiot fanatesvanodlius of atriédse 3 MH@H&W@S updeddturid to be a secant

BB oy e B ionB inan 687 PLa Al 2300 W e

100% nodul u?arﬁclﬂ}aﬂ?@uﬁthbly aromese ek MAteridEahatldam be applied as

SSUSHSE0I Wa'eh Exaliss ¢ uthPls R P s it larial gde Horvates,
poflutdtBanes, ﬁfbﬂffl@ﬂfﬂ%l’y@%flaﬁldn@mﬂy[é@blvinyt acetﬁéepféf@bbw fhleematrix

anount of matri X nmno er i S at nost
O cB e BT By HIBie S el RS PORIRERE S #hi o
pofetHetsrethananthavie rmab@d bea ;fbwé‘mern@bl qrnlsqfro\b@éd g@dd gerformance
erfor nce and noul dabilit S r ef er abl
Bt MIPaa e TR a1oP ot BoREH e P br e of
pb@eﬂm@'%ha}ﬁbll§bés§é‘dtdri Sliphatid Hikobraiatesoadthizelitivgr idbroves product
[ 1istic 20perfaor nceﬁitaag nmoul dability of the

ps PIManSeces @Yﬁﬁ? Hu Yarticle.

I't was foungpréfeadbly the Q00% mbdUIGLi iaeé@stIMPaETvE 1@, modulus is
nmoul dabi it tﬁBﬁ 'qﬁ@l ght, or areal density, of the
9rBeahalpeer g é-at least 25 g/nR2. Preferably, the

wei ght of t h‘hefﬂhﬁtﬁlnﬁwﬁmatr& rﬁ@bﬁ@&rﬁttﬁ%@rﬁkﬂa%@@s &Y 8st 20 mass%.

Mre preferably, the weight of the nonol ayer is
THS: ‘Rewls 136 9904 CPaWINARD . of Plﬁ'gi“cpﬁﬂéfPHP%'bqe;ﬂ’}/q TReuigabifitys Preferably
u@é arhb@ntrmmatmymétdr@l lﬂgh?ﬁidhﬁh b@ ?A@taaﬁ@sﬂﬁi)f)tgﬁdg@% more preferably
ure o e pDalll StIC resista
ok 03 1 50 48s e TBiS Eiac GR cVER el AP GaPeyote.

péﬂbrrnrﬁaﬂcjélafma rﬁmﬁtrtﬁmwmst rpspéf@@wtad awiouht émﬁatﬁﬁfrﬁdténal in the
rial for instance one or S
MANorRYet § at eost 6% masga %ﬁﬁsdggﬂét'ﬂ ﬁ%o'gPé??é"SBF
peH6rmidrize &mdanslildaty Qﬂﬁélﬂéﬂlsﬁ&@%ﬁtarﬂ ﬁﬁﬂcre@rarumé h the
fibres, through heated %@gressure rolls. Preferab

hovever , t hd WaasPEad et InrdBR AFhiSHE iRt isquUiree pieLlaiaply the

vsfe@"‘ﬁl&%réél deRsityd bAthe maHoRyePRASE bl Atheddh zemﬂhbréﬂera’:bly the
Idﬂci‘éﬁ subst ance, cont ai nj n%‘i‘ﬁ’tr he matri x materia

hgENYIolRT & hedweenaO frst €0G gfp) d\/'awoprsf&r%t& he We"ght of the

mMdMBa9eNa beteedf30tdiRl f80y/@3. M6t pedteRpEd theWbgight swhélmonolayer is
subst ance ma% e,for exanple a solution, a dispersion

bgpvegn 49 andoko ‘plastic. If a solution or a

di spersion %r tHeemah Asétue dfhalbQIfstictesiSBNNBHYet a6ddidifg to the
of 35t he nmpnol ayer, the process al so conprises

lré@am the w@dn(q,%og@[y\@ﬁ@rgpg (gpgrﬁ@‘rg mpregngfed with the matrix material
A GRRARLET AFEROOr h@ﬂelﬁaého'inlhe kS théadp, %d@@ﬁ%rad&ﬁ sﬂdés of the

obt ai ned. ubse entl at | east 4 of such nonol

plane of thecliases apd erpaas'mamsmtog?wér it the f&f’?%é'ﬂr OHEh Pﬁated

pRASOre TN IFR¥RFatME ind@elér Betibrd, iter @éﬁlﬁ’@@ﬁleﬁt@d H"@arﬁ!lél"fé?shlon in
direction in an adjacent nonol ayer. Final

Oge aaasdafﬁ[ﬁ?ate&y@%afaﬁ@oavvé@ 'kSUtdr%Jé)tSWé‘ﬁ? C%tat”m&th? [eAfrix
nidt&ridl. |TH@éH@hta§bb@H“§Q th& ridve rapiatangbettér |ﬁ1#rég7ﬂ§é|t|6n of the fibres

5treatmant may be pressing or |am natlngf t he stack at
SAqhsvsdr B@%V‘E"@ﬁ‘f*ﬁt@%ﬁﬁ?wb%@g §Xapi6i $TWioRg A &ispgFsion or a melt

o&?‘n@%é’étﬂcyw a sBiLeibe br 5 ARpeFsRrldfehdblaktidis Bed iP®ktRanufacture of
adhesi on. The adhesi on may be further increased b

y
t"%fp’BPW'ﬁ)gers%‘ﬁé" PrEss S{ROCOMGIISER BY P Y7 GNP €0y ARt or dispersant. In
tenperature can be found by sone routine
experinmentation. In the event of high performnce
pol yet hyl ene fibers such tenperature nmay not exceed
150 C. 10The ballistic resistant sheet according to
the invention may suitably
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be piled up and conpressed to forma ballistic
resi stant nmoul ded article. Wth ballistic resistant

worzol/fe@sarti cl es are neant shaped parts, conmPpCIT&iP2¢)7411324

| east two ballistic resistantssheets according to the

i nvention, which may be used as, for exanple, a pane

for use in e.g. a vehicle, especially a curved panel,

a hard insert e.g. for use in 15protective clothing
ul l et resi.st

d .
B Ponees bPledt Bhfieshefyatheest B By monolavers are
stagkad irsswihchwayg tHat tHecfitse dinelctioalih Esth moholagerebeirsg rotated with

SRR N o L Ry BE Bl GBI ABhotayers
dresiveh artesthensttsd tagcthey aredinked bhettaghednid bne andiber. tthauitable

U A AR 5 S 5 Oy o
dbesn atikediors [Bagleraliya Kiditerasmperlature wilbgivé adstteldhesimne The

AT RN T T
t@mpérdzage @ah be |f@r?f byt ibtlené rwa‘n% ieﬂpsehrWhékdtatnm}:] Irbmetdvbnﬂ@mégh
than 125 mm rerera not e thicker than 1 n

e PEn GRS it e ETREr A T B0tk con pad C.

bal I'i stic reHetatiatic rasistatGhastdccbriirartoand invention mBe suitably

RerRyEn Un i Gopreasen o fosfea B Ralcrestsion Mafldrg P Yyihballstic

régistant msultibe élrtigﬁﬁietré er_re%flt ﬁiadeb@a&isﬁ&anﬁﬁr:sltdg%tb@éd_t hed ballistic

resi stant nou rfrrcile racin t he a 1 St | act

eSSt est s gatpig Gibe vEnticls VR ey Rapsedas.dal Prade a

pafsli b geni inrgogl | thashic tdspbialdes ourtted gahe), 4 hard3Asdrvent fopDse in
S use

[ in ballistic appljcations re a threat .
Prdiat ecioiing angtuhesw388n] et oS, ATEeEe Snplialiis ptfer protection
a@bfn'bkltﬁallflsi’ﬁieﬁmpéd% teu@bésybdjlpéttﬁarﬁlﬂ?aﬁéti@ flagptedts. | N this way

an article | Q al.ne W ere structure a .
folTons: ! cerbrmvarpe st hides BS el Gslla Moblieg artice
cbﬁh@i'i&’htglét |e<abtetwo&>da_ut@pb 'rézmdalu | rht)éh@etg@tcad)rdlr@%/tﬁ théTyemtdn. For the
present, as an | .an aver N e ceramc

Bl s A g A Bna S odtt e et fr e e tutiamher of
bahietd GesistaNDsRENS DA é GO/ dtieH30 70, Adrdfefefably at least 15 and

Suitabl e ceram terials include e.g. alum na oxide,
W?sfﬁFﬁQﬂﬁPUﬂtgeé’,sgg&Fi ci um oxi de, silicium carbide,

E%LI i ci um ni tcliér!é%ll@gﬁ'e b@igam réastﬁhd'laoumlb@ a][rtmbezéfflrtpémv@ﬁtion will

e ceranic er depen on lev o) allistic

nphbe kgL ihaga oAy Greyalably SO SiRkeY a4 QAN 30 fere preferably
nbhbé tHiekeEp asintsd mrf.icle will be positioned preferably

such that th%e5bc‘ﬁ,ram c.layer faces the bal]isti

t hr eat . The ballistic resistagftimoylded 'ngpgcqrﬂi@gdgléﬁ:e invention may

sairt]éﬁlé BY RombBR@EAss ihterbimidBysHBndld RAEtal Ry6K Sluch metal and/or
cnrom um .,

) beryllium iron 1ncluding their alloys as .
cBIagC Kbis BrPet st A e tidept B el o G AR arice
fadindtheBNRSE WApdcs 9eCas hedikalfaed. num 5000 series), and

al l oys of alum numwth zinc and ma%e& umor wth

zinc, magnest Hid e4eat bapihebaflishc tesisiat meyidasarHemageging to the

ifRhti®$ds-used in ballistic applications where a threat against armor piercing bullets
may be encountered, the strike face preferably is a ceramic layer. In this way an article
is obtained with a layered structure as follows: ceramic layer/compressed piled up
ballistic resistant sheets. Optionally a metal layer may be present as an additional layer

between the ceramic layer and the compressed piled up ballistic resistant sheets.
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The invention furthernore relates to a process for
producing a ballistic resistant noul ded article. In

WOt200807p605cess t he invention the piled up bal | iPSTIEP2007/011324

resi stant sheets according t®&-the invention may

suitably be conpressed at a pressure of nore than 16.5

MPa, in a press or conpression noul ding machine.

Preferably, the pr essure is 15at least 20, or at |east

25 MPa sinc hﬁ urtherten ancg% bal I j sti c de. tit i
resi stance tF & UG NP Ee P aﬁ‘gﬂlb‘@%t Gir {fanium oxide,
sdﬂdfuhﬂgxiﬁél%nlﬁ:ﬂlﬂfpb%&ieol|I|¢|8mp11teﬂe aad byrdnatankidel THESthizkaess of the

150C. . A hi,gher t enperat he ant a e
BT ver s S ORE It B R s B BRAG IR a1 pefiveen 2
nivin Gine BOtranithnatoorr@ositmadtndlesmmbe positiesst préfdcatile kast thhethe
te er at u Ejh \A@q” t he mechani cal properties of the
Flaé'teé SRAUSICHERL. | n the 20event of high
perf or mance smbmetrﬁmblen@chﬁdéa@nmurtuhe nhaJnesiudd, titzdishadpPer,
ceed 150C . that | ow the el ti

not e re .
Fk, NG HeST VHue 7o7 lnolcFBab S BLaYS disci s end Shinless stee
aﬁbamkys%feﬂ@ﬁabinwmompgnésum (So-palled W @hihames0mBtseriss), and alloys

0?3 r.ial essed for at.least 60 mnutea at a
{H‘Hlé l\ﬁ'g éﬁaﬁfﬁ"%ar‘i’%ém@?%’?esﬁ%ég GgPRE" (so-called
atlrevaherdobeenes)at ure, before removing fromthe press,

t he stack i cool ed t ture bel ow 25 100C, .
prof or abl y DEPAWeBtRS fflerr el eriaes ke Binses (EREUihg a balist
r&digtant m@nwpérﬂdewﬁlth.e pfdcesd thund/ehn@f BepileEup pamétRIradibtant

f at | east MPa, nore ref under the sane
B sgrdidng 19 trcrimien o el SHiABby o i CSyes Al & preseure of more
thdned. 5 WFEhm 4 preesibi cmmfrelsst?éremogmng rﬁaicshtrecpref@rag@r ffeIPressure is
Si.stan VES

R lepri 2b pratrest 25 4TS Wit s coaose BTG e SHnes AT the

nhdﬂxlddﬁ!%rﬁ@é.@h@t@:ﬁpéahﬂé dufrayiak coﬁ@ﬁdssﬁﬁl'@@@ﬁar@ﬁy between 125 and
referred to in the Eresent application, are

1661G- dwigher|tgmpergiuire Ras fheadvanipee ke the time Qfépé?ﬂﬁ?%@a' can be
(SR B30 10 SEIANT LA BN 08, A i fotn e
tesepergtulesativiiesthe m@haoe@/mmwmmmgwmﬁsmomte In the

e\g%r?t%f Pgﬁgegérnzég{cb ggfé/}e{??ﬁqalf rg%/@fsegrj(r)b%}?t@fea%o% not exc&ed 150°C,
tratt ischiefrfagr tmhd;w dte_rmelnng etnge vf thedibeest axpne@&rrqdrembqument the stack
oT AR SREPRRE SulPRRALIRH oA chRTsG T 0800
néhaegat a mm;mreﬂureeadxtwaee 188 Bndddsah d\fidepessing atielevated
stk PR s ARG R HrRRS. S adhp Sa0eis Mmeeialt petow
100Cs prefadbly ety 86°Co(Ha meferréarerhﬂswuhaﬁl eqtackhi€cooled while still
neasured stress-strain curve dulus is determn

ed
BRI AT Ao LB WP aro S rbndebfhe same piessure

aga{mglpaéde@mgqfregsh@ gn?iul us and strength, the tensile
forces measured are divi ded %l the titre,

det er i ned biPa3keig H“Y?g‘t'ﬁ'@)r%%t? o groteding earmfmaﬂua%es Arpullet

rédiftartvestC 8draptisticttle BaMUHE REistart AdSIded ficld oftfe tveRfon in the
TenS| | e qEror%ﬁrtl es of thin filns were neasured in
ARGt h 1 SO 1184(H).  The nodul us of the
rmtrl x material was determ ned according to | SO 527.
The 10%m)d | us. was determ ned on fil mstrl ps with a
J{Rethods as paterred forip the presentiapplication.areas foliows P9s)  and

oa Wndihe ﬁ*ﬁnn%ﬂ: VWBtoshh & dAEiRBIHESRdiNG td MBRAGRIMNE-179 (Hercules
nc. Rev. Apr. 29, 1982) at 135°C in decalin, the dissolution time being 16 hours,
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15nmodul us neasured between strains of 0% and 100% The
i nvention shall now be further elucidated with the

WOf2009/09708g exanpl e and conparati ve experi nent PCREPREAT011324

being limted thereto. 20 Examle 1

First a unidirectional nonolayer was nade on a drum
wi nder. To this end a siliconised paper was attached
to the drum of the drum w nder. The drum had a

pol AP aS P edlet S holf pF2 B SuBStay SyGogiatng e
ti t elscoditylasddesknedat difereht canventratioas tmmer?cbonnerttmon
ore

drum wi nder with a 25 08 nm g
MourTSIF BRBSHER (AR T4 Fhedicy TRt g enpi{OhSrengh) tensit
di Sﬁ%@l@(o@fno@u@%)lémléloh?ﬂnm%l(brei‘ik)dréﬂefuﬁ&d)é‘q’m determined on

r rn water ut | i spersion.the
oo TR TG s 25 R0 T80 DS RLOGENT GBS & aptinalayes fength
%\ISI \/Mf%:é/\ﬂlﬂré of S6P AR, at?ogsh%adhﬁﬁééﬂ o%\f;?ﬁﬁlg On thg ba%}:f%he
wat er was ev orate \ (? e rum - \
' dB e eSS BV e (S s deleTiinec s he gradignT between
denso 3 }én@ﬁ YfStrefin. Foralenidtion at&hé lmbd@rtﬁaindd&ﬂéﬁgﬂqytrﬁftensne forces

10.7 ore ad e
rmndv%aﬁé!feq e divided by ihgditgyas d%Sg“'P@&BM g@'qf}"&ﬁ ) Fﬂ?tres of fibre;
dr URjaldedimePaile 2BRUREGY dbsailirCaaehdit) of b©7cb"/¢rm‘ Tdnking

the sane procedure a second npnol ayer was

L e FFoRartic e dyBs Ve TBRSHIAG Ty acarasnoe RO TEAHD.
MO 20084 QM EOS G MBRARAE R Wd HetBminedAcBSdfg th N8O 527. The

second | ayer are oriented essentlall¥ perpen icular to
t he 1)99%1@011‘#1“% wes detegninge /B filwy &¥ips wHh & lendde e1A%m 1R%mp&ree length

r epeRbictnitAe @Féﬁhp@) hid & chﬁlﬁ‘ df 29rit. ThEBI00% AY¥&llus is the secant
The final sheet, e i ballistic sheet

. ant
accanefluy PEASUFRd 'P?Wéﬁ'ﬂ p%ns effiveiped d80Gf 4 nono | ayers
oriented in a 00/900/00/ 900 direction. It had an areal
densit 5(ADI) of 237.4 gi In total
Tée imenere phali nesy besvetberelietidates with #1m faklowing exarpele and
oRPEENGE eAHinfire SRSt tSEuQ% At therekal |1 stic panel . The
pressing conditions to obtain the anti-ballistic panel
were as follows: 10The stack with the 67 final sheets
E@mpgie 3ced between two platens of a standard press.

The tenperature of the platens was between 125-130 C.
The package filigsa peigisgdienalimonolryepwas g1agaon|a ¢ryen winder. To this

etn@ %fo@ﬁn@é@ gé‘ﬁertv&b% &ﬁeﬁ&f toQﬁe HREn BRRK BERN WiRIeP aHeRRIM had a

ubsequent | pressure was increased to
cacwemr@@ﬁnd év'@ihé*é%u\feée b@théép/pa\ A vetiylengoreay withadenacity of
paCEa%e%rt.témf% Q%rd’eﬁ‘ﬁé#rp%r fi9heRBWAY WounsSHE YRk wndela Qith a

e was cool ed to a tenperature of 60 C at the

pievel T88Pnafafoe bﬁmgfgqgng on the drum the yarn was wgieg,wida p dispersion
o@@@ﬁyr&ﬂe %BpFeIH@ Sﬁyr@ﬁé SQCIP@&%IyrH@rS?n ngteg é@%ﬁﬁng HeiseRbn the

density of yarn in panel
ampsinbef selide kgrahabsthﬁeyaén yaﬁjaé@ﬁ*@d t@é @ﬁ%dﬂth{gswéto tha amount
9grgrdance with the procedure set out in STANAG 2920.

.62 x 39 nm M Id Steel Core bullet,
All water was evaporated by heating the drum to ~65 °C. In doing so a

monolayer was made with a yarn areal density of 48.6 g/m? and a matrix areal density of
10.7 g/m?.

Before adding the second monolayer the first monolayer was removed
from the drum, turned 90° and again attached to the drum. Using the same procedure a

second monolayer was adhered to the first monolayer by winding yarn on the drum. The
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20 often also referred to as ~AK47 MSC bullet', was

used. The bullet was obtained from Messrs Sellier &
WOB@Vd/470605 Czech Republic. These tests were perPCarEPee)7/011324

with the aimof determ ning-&-V50 and/ or the energy

absorbed. V50 is the speed at which 50% of the

projectiles will penetrate the arnored plate. The

testi ng procedure was as follows. The first proj ecti l e
fired at e ant | ted speed

VERB s i Pl P s EhBR Eent@Po B ol o ffe i in the frs

nidrRjset. iThes ;ynaeecmte)waeabpeatedemad@ adhietand feulamdhon®@r.at

an i nt ended e bo 09 L f it . .
per f or at ed, ﬁ’ﬁgn 'e%?\e gf S]Utb%taM' %‘%\g s%??teqfcgctd'r@nto the invention,
consisted efi4 ﬁrﬁfneda)@frs afsntéd ihQLOVIDARr/90 Ttieectioh.Ubhadsg@readadensity

S, gl ways neasured. V50 was the average of the
%&ngﬁé%\% f“stops and the two | owest perforations. The

per f or mance |@fotélBF ABOEH finsRsShedtsof 4xue i wierd siicked together and
cal cyl ati n%m_ge ki neti c energy of the 30projectile at

PURR§ES IO 8p Asthaehby the AD of the plate, the

so-cal | ed " Babgressiigecordbions tot dbai dredntvimsistio patk! Werdas
f782 m's, and the Eabs was 186 J n2/ kg WO
9oM87 077605PCT/ EP2007/ 011324 9 Conparative experi nent

The stack with the 67 final shBéts WviE|dtied bethen m%laﬂ@@bfaﬁstandard press.
T%escr i bed in

le 1 to nmake exce t he ) .
e smpaniis 0y P e svasprRe 125 T HBLC Jhepas e Vs retained n
trﬁteprefss hﬁtmﬁﬂi tenipaeatiiatat the @enfarenthemkég%%@m@bt%en Y8525 °C.
@gtch was 08 mMm Thlsresultedlna

BRpENLY. ﬁ'@e BIESAUrRYYASI135F8RSS %P?WOE‘&E??S%%?W&? ofAMRR,and the

pécWa%;rerWé%f Ife%k u:ﬁ’@’ﬁh@ pre@burédords mimg S@b&q@eﬁtﬁlthe YadkRRlwas cooled
densi t pressing 134

& pemadratim a0 F580he samp camRISHVE RSl | dons! Ly of

16. 7 kg/ n2 amd areal deRsikidf e Préssedk@neBuasiT®o kamit. Pbe areal

bei ng .equal to th r in exanple 1. 10The V50 of
depdity{am inde ‘P%’l?ﬁ\?fg 635@%66 m's, the Eabs was 142J

2/ kg. The obtained panﬁhﬁﬁ@e rsasjébtbﬁ te EtutihG &dst mesdebitoance
wine agerdect oan SENURG D Ag 5 PV MG ol Foe b
oft¥@ BRb Sefdrred B AR 43 IMBT buNedNivad) UQEH:E ThE®0fet wa¥@btained from
l\/lzegcs)rss/ Soe7lll7e?%5§eclzl-lro/t Egzze%?JAe%%Jtl)l?cz 4I'heéleotest-ls-avs?elre p%rformed with the aim of
determining a V50 and/or the energy absorbed. V50 is the speed at which 50% of the
projectiles will penetrate the armored plate. The testing procedure was as follows. The
first projectile was fired at the anticipated V50 speed. The actual speed was measured
shortly before impact. If the projectile was stopped, a next projectile was fired at an
intended speed of about 10% higher. If it perforated, the next projectile was fired at an
intended speed of about 10% lower. The actual speed of impact was always measured.
V50 was the average of the two highest stops and the two lowest perforations. The
performance of the armor was also determined by calculating the kinetic energy of the
projectile at V50 and dividing this by the AD of the plate, the so-called ‘Eabs’.

The V50 of the panel was found to be 782 m/s, and the Eabs was

186 J m%kg



Exanple 1 Conp. A tensile strength[GPa] 3.6 3.3 #

nonol ayers per sheet[-] 4 4 Mass )/0 matrix 18 22 AD
WOaoa07pes nonol ayer[ g/ n2] 48.6 24.3 AD nat ri x PE@rHPg9aTd}i1324

nonol ayer 10.7 6.9 AD nonol ager[ g/ nm2] 59.4 31.2 AD per

sheet[ g/ n2] 237.4

Comparative experiment A

The same procedure was used as described in example 1 to make a
sheet, except the yarn tenacity was 3.3 GPa and a titer of 3.3 denier per filament, the
matrix content was 22% and the yarn pitch was 6.08 mm. This resulted in a sheet

5 comprising of 4 monolayers with each monolayer having a yarn areal density of 24.3

g/m? and a matrix areal density of 6.9 g/m®.

By pressing 134 sheets a panel was obtained with an areal density of
16.7 kg/m2 and a yarn AD of 13.0 kg/m2. The yarn AD being equal to the yarn AD in
example 1.

10 The V50 of the panel was found to be 666 m/s, the Eabs was

142 ) m?/kg.

These results show that despite the same amount of polyethylene fiber
in the panel, viz. 13 kg/m2, the panel according to the invention in Example 1 showed a

significant higher Eabs.



124.9 # sheets per pack 67 134 AD pack[kg/n2] 15.9

16.7 Yarn AD in pack[kg/nR2] 13.0 13.0 V50[nfs] 782 683
WORAbK0776sn 188 143 WO 2008/ 077605PCT/ EP2007/ ®TIZP2007/011324

11 - CLAIMS 1. Ballistic resi@tant sheet conprising a

stack of at |east 4 nonol ayers, each nonol ayer

containing Sunidirectionally oriented reinforcing

fibres with a tensile strength of between 3,5 an 4,5

GPa, and

Table 1 Example 1 | Comp. A
tensile strength [GPa] 3.6 3.3

# monolayers per sheet  [-] 4 4
Mass % matrix 18 22
AD yarn per monolayer  [g/m2] 48.6 243
AD matrix per [a/m2] 10.7 6.9
monolayer

AD monolayer [a/m2] 59.4 31.2
AD per sheet [a/m2] 237.4 124.9
# sheets per pack 67 134
AD pack [kg/m2] 15.9 16.7
Yarn AD in pack [kg/m2] 13.0 13.0
V50 [m/s] 782 683
Eabs yarn 188 143




10

15

20

25

30

_.\

%l ai ns Ng-

at nost 20 mass% of a matrix material, the areal
density of a nonolayer is at |least 25 g/n2 and with

wot2aes/G77émse direction in each nonol ayer bei ng peTatPee)7/011324

with respect to the 10fibre-#lrection in an adjacent
nonol ayer. 2. The ballistic resistant sheet according
to claiml, wherein the areal density of a nonol ayer
is at least 40 g/n2. 3. The ballistic resistant sheet

according to claim1 or Z,Mn t he nonol ayer
conprises at nost 18.5 nas he matrix material .

154 The bal listic resistant sheet according to any one

t h ] ted
o o Bl e A B AR e e
3, 6 argcH mbncRger &anTehmn@al listic resist ant sheet

accordi n 0 a 1 -4 wherein the

uni di r”é‘t&? ‘.‘Pé}a%%%ﬂ?%&eéﬁofwgﬁm%dr'wg fibres are

hi ghl )etdhammabmeifbyma 35 & 85. Glﬁé)ﬁanfahel bal listic
resi st etaocr toan one of claine 1 - 5
wher ei g (ﬁﬁla??;qgﬁt ﬁ’émafﬁi@ 'a 100% nodul us of at

| east tl3e H2al d%SItﬂ' 512%) h‘@hblby‘éﬂ@afl@ést%@hﬂé sheet of any
one of claj erein the titer of

1T amshe W1 G T SireslannPar menoladitebe retd GEnd spectto the

nmoul dedreaditdclbeincagdjaceni@onsdlayerast 10 of the
bal | i [ TeSISt ant 25sheets accordl ng to an

one of
1S5 Faray Shee Spestrios b pomy b oA e gel density of a
accor ghdrpldyer glaalgasBad ghicher conprl sing a ceramc or

metal _strike face 0. Prote e gar such as
%ul I et Pé’éh@?%ﬁ?'#ﬁé‘i?heeéaﬁ?ﬂf 06 1 c R T Bap i Ip the monolayer

r esi stcampng@&td@@btaetsrﬁb@watﬁémamﬁm@fenal 3011. Use of

t he ||IS 1¢ resistance sheet accordin one
4l ai nré1r he b? liste Eeﬁ@t%g}ﬂﬁeééﬁﬂ’ ing {0 a2y ?’]es‘igfu i:a'ff‘é is% ‘é(H?’e'” the

ar ti clugilirectionally oriented reinforcing fibres have a tensile strength of between 3,6
and 4,3 GPa.

5. The ballistic resistant sheet according to any one of claims 1 — 4 wherein the

unidirectionally oriented reinforcing fibres are highly-drawn polyethylene fibres.

6. The ballistic resistant sheet according to any one of claims 1 — 5 wherein the

matrix material has a 100% modulus of at least 3 MPa.

7. The ballistic resistance sheet of any one of claims 1-6, wherein the titer of a

single filament is at most 2 denier.

8. Ballistic resistant moulded article comprising at least 10 of the ballistic resistant

sheets according to any one of claims 1-6.

9. Ballistic resistant moulded article according to claim 8 further comprising a

ceramic or metal strike face.

10. Protective garment, such as a bullet resistant vest, comprising the ballistic

resistant moulded article of claim 8 or 9.

11. Use of the ballistic resistance sheet according to any one of claims 1-7 in the

manufacture of ballistic resistant articles.



