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MULTI LAYERED MATERI AL SHEET AND PROCESS FOR I TS
PREPARATI ON The invention relates to a nultil ayered

woraioen2ab9 sheet conpri sing a consol i dated st ackCDEP2007/003684

uni di rectional nonol ayers of -drawn polynmer, and to its
process of preparation. The invention also relates to
a ballistic resistant article conprising the

mul tilayered material sheet. A mul til ayered materi al

from EP 1627719 A 1 Th| S publ | catl on d| scI oses ”
mul tilayered_paterial sheet, conprij sin of . .
uni di rect | ongFHWﬁatwage%mFr@Itw% eyl Shael fobrising a
dehRMgAtal s%k%hhmﬁ@éc)t@hbl%@rﬁkﬂay’ﬁw oﬁ@l‘éﬁ/ﬁtpoﬂ)mef dﬁid/w |ds process of
of bondi n? matri ces, eﬁa é B %r aw di reclgt of
Q[ﬂ@é&i@@n h‘?rtS‘H%W“&“éi"%"T teh ko 2 pallisticdpsiptaptartige °°mp“s'”9 the
& materiahshdatl ti |l ayered material disclosed in EP
1627 19 A1 is produced b itioning a plurality, of
tapes of ult P‘d“ﬁf"@ﬁerﬁﬂl'%%té!"%rs}s‘ﬁ%ﬁ C@H{Pf%&gfgﬁ?WPh dd Stack of
aﬁwa&&%at@oﬁgsybrgbheﬁamﬁw |§ﬁ||1cﬂ¢refﬂbﬂn)EFD¢62'l7l1©nﬂeﬂ This
t apes overl ap at east gartl al on t heir Sl?rzi’f ?
PHBation SREOBYR M ASEEd matRa o P Bred RETEiTe D
GARREtioRal rﬂbﬁ&ﬂﬁ@g coﬁé@tﬁ\g df Rilte KigH miofeclkir Wégm?ﬁgrethylene and
antiballistic properties, the material sheet o

eg3enfially dovpi Glpgematdies, AMGEDy Tt St FIERRHGR of two subsequent

mn%%%l%rmw 8tk &ﬁbbéekhﬁérﬁﬂ@yer eshemuifhyared rn@eﬁc eﬂ QIi’chosed in
matrices. Al though the nultilayered

§ﬁe@27§&%6\ﬂd$ REpdusedhy ReStoning APKIalioRaReS oty tg? H@Pdwecular

h@tdhlt pblyEthpehé @H}é@@ﬁtﬁto etabh &r@ewh@rrewraapcsmw Bssitioned tapes
i nproved further. j ect of resent invention

pxeriap aileast gartly a.lﬁngtthway@? @egﬁ%u%thoau ”‘sﬂw‘é’@('aﬁ RR Fpwdt

hﬁﬂlﬁéye?éd"?ﬂaﬁinaﬂ@édr@@bé 'pﬁddu@e@ WQ@ firh bl%%r Ebsotitblﬂ d@b@%tlbalhstlc
mat er’i al , and whi ch she an be easjily produced,

Thi
srpegtesi @eae@i?@%'é@eab%fﬁ%ﬂw 718 AHBakes AR PsHisHlY of litFahigh

RIdRufHr %lg'ht %ly@tﬂyﬁ%@r EshehBdIf ! fro‘m 86hdifE Fitricesn 9 a
consol | dat ed uni di reécti onal nono

drawn pol ymaNth%‘@ﬁymf'ﬂéyﬂ?ﬁwaéﬁ’r%é?‘?ed ﬁ°6$lrdt'\%° EP 1627719 A1
SHHRES %ngfaéf@%améﬂé petfinidhe SthRGerfrhafdeScanhieinfivvert further.

'east one nonol ayer comprises at |east one
uni di r ect i ondheckjsst %ffth? REESEPRIMETSIEN Yo Prowde @ mypigyered

SRR §ﬁe°et|h@0i9Fta't' @a@%lmﬂgﬂﬁﬁlbam&ﬁfﬁbweﬁll?@ a8 BHEOKrRY mberial, and
free fromover or free of an area of el evated

W‘?i%‘l@fﬁ'@@%cad'tﬁ’%ﬁ%ﬂt’ PresiugRd al ong the substantial |ength
of the I ongi trygdi db?éct ?sd&%vegra@f:&ﬂﬁ@'td the lhﬁeﬁflbﬁcﬂyaéf&ﬁdlng a

is free fromoverlaps, or free of the area of elevated
mltiayesed matgriab shaet coMaFising p &R idates sacksy yinidiggtional
Kgﬁbla%@%) of%@a@nﬁ) |E>o|9r%%? Aherbrsy ths gV d@éctkh Q)f b 8l dedue

es ~of | east one unidirectional ape Most
m@pa\/aﬁﬂ ip thq ﬂec‘h@ﬁ‘ewsay/éereibg af [egat negRPBIIRYSTH0EPriges at least one

Uh@Re&lonatapé %@th%fdr%ﬁY)%Fyﬁ@rté‘dcﬁ kaRSSoriprided IGHHtudinal edges,

adj acent to the entire

whereby the monolayer is free from overlaps, or free of an area of elevated thickness
adjacent to and along the substantial length of the longitudinal edges. Preferably, the
monolayer is free from overlaps, or free of the area of elevated thickness adjacent to
and along at least 50%, 60%, 70%, 80%, 90% or 95% of the length of the longitudinal
edges of the at least one unidirectional tape. Most preferably, the monolayer is free
from overlaps, or free of an area of elevated thickness along and adjacent to the entire

length of the longitudinal edges of the at least one unidirectional tape.
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| ength of the |ongitudinal edges of the at |east one
uni directional tape.The formation of nonol ayers which

wae®@7fized from overl aps or excessive | evel s of POI/RE®NT003684

enabl e the nonol ayers to be npre readily stacked and
conpressed into a nultilayered material sheet with
uni formareal density resulting in a nore honogeneous
antiballistic perfornmance across the multil ayered

mat eri al nboment of th

h
Hiabelte ons eﬁflg fQSB'jaEE'P o{,mong ag&rﬁ,wé\;:goarsyreg from overlaps or

erk&etﬁsivaﬁiklwzbfrmﬁs 8hatsé gt manslayerp tolseford eaaipstacieed and
SucC mu Il a

] er rial eet, eet
SOEBIESHEY (iR a‘@ﬁ%&e F*atﬁﬂaﬁg?e@iwtﬁﬁalh%ﬁf&a W%Ya?su%ng ina
fHoPe\RorRBg&EdUs antisHIIRibY peffernikrte atrdseaheé ﬁWItﬂﬁye?Wmatenal sheet.
subsequent npnol a égrs in the stack diff

| east one noHLPRE b%‘!ﬂf‘?ﬁm fdhe areﬁp[}trlayqrﬁ ngthis oebject%X/e is achieved

ﬂ B b Phiifaydred Matémd §ﬁeétfanH|”aepr66@éM”to pedaue rsucﬁhmn@@rémmatenal
e sane direction, and whereb s do

adj acent ta
kst thg sheet qomniiging.a cansgtidate pek JP%}MW%?H?E»; FagnolYges of crawn

ESIQQEF“V\WQ:ré@ h@@jrévmﬂﬁéﬁtioﬁrbf two %bs@qﬁ&ﬂ%oﬂ&@/e% i thé ek differs,
el evat ed 't hi ckness adj acent to and

waﬁ@bv@aleﬁat or@j@egolavertq?@qn'ﬁ?aﬁP&E@'l%ﬁ ynig g?y‘é'?“@ tgpes of the
HRAGH pohth&rakiigherilih @RSsdthe HREWESN Odnd AIRGELE K@ BSHt 8bas do not
bound together with overl appi ng binding material are
svAlaPanti al |y absent, not only inproves the

antibal ['isti Rtlﬁ’fﬁ@@bﬁf tth'af-‘§ nifitildyRe nfehEl sh&\ttacG@@{hg&@ theinvention,
an unexpectedly high extent. Preferably, the nonola ﬁ)@gltudmal

-8 g shast wheggin aﬁe@a OBPIeé@téd Ahigness, ?@'J@ﬁ%@,téo RAf @leng,the
@h@é&of&ﬁ@merre&iaﬁal tbbé‘é“é\jefoﬁ U] 096Hapa A s esPest O

t he 1 ongni tudi nal g{es of e at |east one
gﬁpmny@tppmqogggﬂgé ITpger&Rpmg( Rinding graterial gee gybstantially absent,

ﬁrﬁjprb\msothg %ﬁﬁb%@tl@ Ibrcﬁ?%%dﬁ tid St and doed §§&ﬂén to

the ['ongi t udi nal edges uni di rect’i onal tape or
UReXPEFteati mgiaﬁxtﬁaﬁo Esefarra@'ynﬁwernanql@xem ireq 8f anpigRcf elevated

mg%‘ﬁ/ﬁiéﬁ e‘i@ﬁ%@'al L RAhStRSKtraRIVEAES GiciddspaRdadiatent to the
el evated thickness attributed to the transverse

tonenitusingl gdoes ofiihe at leastansriditestienal tapge hThesoqecHEpnce of areas of
?Q§§t@& MR WHLS &ARRE 6%y Ad &!]E&n?t&thetlé}@tuﬁﬁﬁb’edges of the

orma woven structure. A partl cul arl%c re erred
Hiifreqtigpaltapa Pevnidireciinaalitaprscae g dificutie fory @ Rpmegeneous

E@ﬁ%ﬁbaﬁ@& sfacR E@ﬁ\'ﬁa%fd B RevatedtRIcRMYss@AGButed to the transverse

nmonol ayer 1s built up of a plurality of unidirectional
p¥gslappe of wéldﬂfe@tmab@pywc ap ithat ehServed whes ffiutapes are aligned

diidrPihbi By f@Rfa we@é@gyudtmeeach monol ayer adj acent
tapes do not overlap. A material sheet according

t he i nventi oft RastiGwarly m@ﬁﬂ@@ﬁ@&d@yqﬁﬁﬁeﬂﬂéhkﬁ@ﬁﬁommg to the
W‘ﬁéﬁtﬂ IfdonfitRet a sltélfi’(ecﬁqnorﬁﬂayEer th@FébSt'ééBﬁ nﬂfno%F |sBHilt tup of a

nown material sheet have zones of increased

plueaity efatniditegtionah tanes 06 ﬁ@s,drawe palyssis aligned itthe sagedirection, and
Wﬁél%% |ﬁé£&ﬂﬁ10h6\a§&ead’8¥eﬁf fapbs ab a6t O\iéfrlag h& nld shékt-according

eature surpr|S|ngy | Mproves anti listic

by bpdnventien isanersvimgaeneeds thas tmmkrtqwnameterlﬁb%f@er dndeed, at the
RREESNsHF vBRap, BYERNdviHmiaferial sheet will have zones of increased areal

density. These zones are absent or occur to a lesser extent in the material sheet of the
invention. This feature surprisingly improves antiballistic properties.

A monolayer of the multilayer material sheet of the invention is
preferably produced by positioning a plurality of tapes with their longitudinal edges as
close as possible to each other, and preferably in touching proximity. However, in order
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preferably produced by positioning a plurality of

tapes with their |ongitudinal edges as close as
wpoesioe t o each other, and preferably in touRti/RRR007/003684

proximty. However, in orderi3e be able to produce a

nonol ayer on an industrial scale at econom cal speeds,

it would be desirable to allow a gap between adj acent

tapes (i.e the adJ acent tapes in a nonol ayer are not

e SBlL Bek bt R G TS Bl peeos.
vfu#rdnbd Ué%rdtbqb fofwloiavrwgéﬁ bétvees adjaaeractams (tedhe adjabertt tapes in a
e ap ot S SR RS el ) U brbatr nan 0%)
F:r‘ﬁfe?’étiéﬁg/ﬁé ﬁ{é&%nlal s ac@d?dlng\t@;hermv@tlgh?s‘ eﬂafrectesm ihefiat the gap

an St even no rererre
nefwaanLAdidgeRt kanes ivh ARl P L e AlapBen et HSwihietye
ddi&lelaﬁm@egcﬁ@ﬁm té&dsaﬁﬁ@bvérﬁmﬁﬁe préfefredsntd|iay tHani 5%, still even

er

1 et d
porErErTPEed i Shisameth ”P%QG!PF apegég@:ﬁ'agﬁﬂeyg\ﬂﬁr%ﬁgmb'y
tﬁé‘hbb;tbﬁétlv\)et‘éhla@%d@éﬁﬁ@béé Psa mbnslay@rl |§§m:a|ﬁéf&har&$ wag eri al
sheets wi t hou aps no er, accor.din
the inventi dhMm@ rﬁ} ghest 35?%7 'ﬁgé‘a Bfe%re&o%w?@[&rﬁﬁﬂgs seadily
p%&lfc%ﬁ'a‘h}d yet showresntivalibtid propértib® bodimilgh 189¢| sedBsterial sheets
ai nst each other, npnolayers built fromjust

V(' H@%%MU%@OBP'%W%CW@?&t%h‘%lt”l*{e%"l' Sfpé?fﬁra%'y produced
B&"do"s‘ltlﬁnhb% GRRG d?ftaﬂeléemtﬁ'thélmd Wudlﬁél%@ge§d &inét each other,
nmonol ayer does not show areas o ed t
raIjokER: DYl TaMUs) ey aReaueh) P F%@C'P%\@'PM?%%" within the
Legesr Mk itveRtian, siteduch '&Qnéﬁbléverr G@éé Adtadhoedreas BVeIevated
aligning the plurality of drawn ta

(hekiiose adinceniie and RAAInp otk BEadIng Sges Eﬁle at least one
Jnﬂp,%gtlo@%pguch that a substantial armount, i.e

l east 90 % of adj acent tapes does not overl ap,

i nproved antByoaligningithe Pzt piRIAWR ppy%ﬁ?@\?eﬁﬂ’cai‘)@t each tape

|¥Bﬁ<¥\’€le dﬂrbﬁﬂl%a St e, ARy Sl tRAY @éulﬁténtlaﬁémount i.e. at least
described in EP 1627719 A 1, the unidirectiaona

Ycthar agiacentdangs dass not grerian AR ymBoved ghtikallistin gﬁﬁomame s
ééﬂle%a %Géﬂ KRN RALHSE NERREInG BPAS prieF Ak Hsedbsichbed i in EP 1627719
ara in one plane but partiall overl a pin Hﬁ?
i éhe %6‘!%05?'%0'?9&#%@5 BAMPIIRE PIHERItYAT hyfhgt(w gnigiigctional
d@lﬂ;ﬁw Ieﬁ'féctg?é’é '?ﬁeﬁt@di?ﬁ‘ pﬁf‘ailaruﬁ‘ 8hé b%n@ '&Pﬁérﬂﬁw ove@laﬁé\lhg Othve
pol ymeric til'm about e, IS

Rt stsm et GAbe BEPRELS M AR Bite. ASHREIngAR an altemative
éi‘r%o‘im@ﬁ}ala nQQM@%%%r%ffllﬁ\ h@ocmtj bitb baYieth widd, 8¢ Iafd ot @ area of

referred di ment of the present invention i

contact brween fwo AdiaRBRIdaRRS ASRcHaaMANaNag® Bb R amiayer materia

dhebi 18 a br@fé?fe@%mﬁd&rﬁ@ﬁt%f %@Gf@gelﬂﬂﬁ\}éﬁﬂbﬂ\ isSthhCthere i IS no need for
properties. Further, through having tapes whj

ch
sucl @dditiong! @gb'mﬂmé'l're% dp etfer 9 elktﬁ@&ooda?@t'%h#f&ffenﬂwerﬁ'% eFurther,
tﬁlro%éﬁ Rbvih Y@ﬂgs'v?rﬁch biRGrea TeREREHTtel SiafldthRBnédy] as defined in the

conSolidalion of the nonol ayers under_ pressure wl|l
presant inveptien, Nﬁ@%@ﬁwﬁﬁ&%@gaﬁnéalmﬁ‘@ﬁ@ﬂ?'wwe monolayers under

ﬁreééi}f@ﬁ,ﬁﬁebmt inEmBH thdrhéyeesds H%taeaéﬁﬂ.ty P eftkresspahed

prior art. A particularly preferred enbodi nent
@Itllpmgreﬁumatew'%lféﬁetrmr%sﬂ tosthe gfior art.

A particularly preferred embodiment of the multilayer material sheet
according to the invention is characterized in that the polymer from which it is made is
selected from the group consisting of polyolefins, polyesters, polyvinyl alcohols,
polyacrylonitriles, polyamides, especially poly(p-phenylene teraphthalamide), liquid
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according to the invention is characterized in that
the polynmer fromwhich it is nade is selected fromthe

w@e@ap22wensi sti ng of pol yol efins, polyesters, POI/ERI00%003684

al cohol s, polyacrylonitril es;4-pol yam des, especially
pol y( p- phenyl ene teraphthal am de), |iquid-Acrystalline
pol yners and | adder-1i ke polynmers, such as

pol ybenzi m dazol e or polybenzoxazole especial ly

%?%%-ﬁ%%?@? Egl‘l[',ned;ladééélgﬁ%en I%gql aoxugﬁ i)olyb%zi%%e}%% &
pd*yt(e?\zlixai'ow dspeigllypony erm)enylbheme beroblsokaok)eor pigl2.6-

@Iml oi%ga}lﬁ tyH i%ﬁg 0| yng $ gﬁ@ro&’ )%}1 %ngb%n’legtional tapes

and mBnolayers fr@bﬂ thabe ﬁolym&'m%érétpué@rabwmbhlyl I@ndntéetwldbmhg material

ggﬂﬁg ﬁ’e al?Igt@Hg{] aye %abn%ﬁ%ﬁ#g;& ﬁ\eﬁo@}tﬁc&xﬁtcggnalttapes and
mbﬁéla{;éreds méamnh ﬂte @uht@& of thes @splivatn taped asd mnelagzers which
| rectl

directiagn_of dra
Shelsca prateirerarnAIBne! Tl PORE SRR Obe ArPiAhs: n the direction

S RAWIhg DS YcHopape hR h@hoﬁywm béprbdutéd bEdlawiig, preferably by
ani sotropi c nech erties The mul ti | ayered

cal
AR dPWBg R Wl SXRB ERROPIEMeshPRRA ATRRETES of

drawn pol yneTte multityeridrhatéeribsHeerorthe &ﬂr@hfbn Alvs the use of
t herefore does not need ultra h'@ghqr?tjg[ | ar we

FaWp Sofes with selatiel WeRltHoRh AN doesanct 29 bitra high

rH@!éﬁMQf wéugﬁf @cflﬁ!thﬁén@mh.mbd ahgsartic ‘b@ﬁ@fnﬁéﬁ% Hb\livé@er a
h nol ecul ar wel eth | ene. The ul

PO
FPfﬁ eér@e|embqﬂévﬁfﬁtthifgpmnmf|88ﬁe ﬁdygfwopqcmgéweaht pglyethylene The
@fran@lhaﬁeleé\h&méagm mﬁtwaﬁl May b8 @iasar? lbysidnet eaghough

used. Linear ne is herein understood to ne

SBTeyaRIF 15RO DPIHIE S et s meaS PR BM A AT SO derStaod o

haak polyethPiEEe wiR Cl’es@rtﬁéﬁ?ﬁ 3feychairt ;sbrlwss;attiwmamgl e@lﬁi preferably
chai n Fer 300 carbon atonms; a side chain or branc

Wihiessithap tyde shain Rgr 300 Farken a?ﬁ'i‘"'sc érséﬁ?n‘:*ﬁ’b%braé?"dge“e’a”y

&Jh?éuﬁiﬁg %ﬁhéa§tlﬂd &vbon El%n’@s&iéf &ﬁlr@}mé—yﬁﬁa@w b’ia rﬁeﬁ%ﬂred by FTIR
thick conpression nmoulded film as nentjoned

P2 6 70 PBjek COMRESHIPR SIFUIGRS| §r Ay MEABOTRLne.g. EHipSedtst. The

IFRBE BolfetHPehd® may Tltiér @onRituPio SRR, OF B6E oPmbRNSBet ARénes that
are copol yneri sable therewith, such as propene

afetceﬁ@ymﬁmbéwew%ﬁm #eRopRRE. hytqnen Bentepes4smetiiyjpentene,
ddiénd. PR&arabROtheainR %t s&g/ethﬂeﬁé i HYHPRbRF RS Wlthnhn@lﬁsw

intrinsic viscosit determ ned on solutions in
VREOAIY AV SRS deferyned onsolutigay npegpinat 5Ye) et adsaya: more
&fefe?ébl} Sﬁéitleé%t gldi/g, mH&%reﬁFéﬁl@b@&'lé/as@fIO@/? | Qﬂ:fhtpomgthylene is

dl /g. Such ene is also referre oas ultra
EH?QJW ?ffﬁdef@LﬁSdHtr%@ligémolgwlyéqqgmté}?gethy}ﬁqer Hdrinsic viscosity is a

MESHPS f&rYndléclﬁ’erW&Wtﬁatfdéh nﬁ@b%‘éﬁi'lyaﬁe M@bgﬁhe& Bfin il molar
nore easily be deternmi ned than actual rolar mass

passhAeBeters [ieMmand Awadvpoluethslepe filiy peihis type welds rarticylarly

dosRanyibalis r}?é‘;SérhééJ' arly good antiballistic
properties. The tapes according to the invention nma
é@ form of

be prepared T"W tapes peraqding tg ﬁhleﬁ'ﬁve”ﬁ\mbﬂ'@h/é}er@ép?f?@@é

f][hgg d/ii‘ Egéfér%d@rtob@& fof theUsfndtiohBt sQ&n filRRSY taE iR Res feeding a
polymeric’ powder between a combination of endless belts, compression-moulding the
polymeric powder at a temperature below the melting point thereof and rolling the
resultant compression-moulded polymer followed by drawing. Such a process is for
instance described in EP 0 733 460 A2, which is incorporated herein by reference. if

desired, prior to feeding and compression-moulding the polymer powder, the polymer
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pol yneric powder between a conbi nation of endl ess
belts, conpression-noul ding the polyneric powder at a

wWao eqopeeAdur e bel ow the nelting point thereof aPdI/EP2007/003684
rolling the resultant conpres%i on-noul ded pol yner
foll owed by drawi ng. Such a process is for instance
described in EP 0 733 460 A2, which is incorporated
herein by reference. If desired, prior to feeding and

SRR ey s i HoalE {ofbapad Faring g boling point

h‘ig@aﬂhﬁn fherpeltingl pbiay ofnidipdlpmbr. CPnipdessiornmgbringtmayalso be

%ﬁ?gshtgbyﬁgﬁgrag rﬁgalrggslp ﬂ]éggo %{] W%%&%Q% endless belts

\ﬁvﬁﬂeﬁédﬁvégng reenp or{whs“rmey mﬂmanm@m tt;?proeaamgq&s.e,mg glstens
onve em IS ns one . .
0 alers Mo Bt Wi RS . e WARE BoyeF uSLd inthis

roBERCdedB tovbé Ardviibleintthe 86lidsthtes . The UHMAPE pol ymsr

used in this grocess neads to ge gr?vvabh.e i€fthe sol

state. Anot HAPOIRSTRTElErTEd REPGsSE I the formgtion g |°8H“%‘Fes
feeltilﬁg g%mﬁérﬁﬁf‘anfe&&dﬂérgeﬂnﬁmglﬂﬁrm btoa wm;f@rétutw@wove the melting
extrudin a

ilmat ate ture
mntﬁhe&eﬂg?%ﬁraw e 2alrviged PrOESE f."mdﬁdieawi REPT pifPeling the
;bcfly:ﬁ@ﬁtbrtﬁ@'extﬂide@rthé PolyRfed iy He’}ﬂlxﬁal\nbﬁﬁ%rsdt@blehi@uud organic
extruder t he pol be m x th a suitable

FATERAUIO o M AoE 5 BT AIGSH SHeP A5t AFATeraply The FRIGWEEY using uitra

54§ holscula? wiight poRelnylehBe case when using ul tra high
nol ecul ar wei_ght polé/et h}/l ene. Draw ng,

uni axi al dr BN GrETRREYNIRNR! CEwing tfﬁ%groggc%ddglms‘éaay be

SttiedPVut B NSk NOWNI iR thd gt Bich nREH3 dbﬁﬁj?i%e%ﬁﬁ@ﬁlbﬁ 6tretching and
extrusion stretching and tensile stretchln

tepsileapiretcningon fiyjtable drawingdinis: Te Attain E]Cé%ﬁs"'@a rﬂ%‘%ﬁ‘ﬁﬁ?h%ﬁ ength

Sid Siebss, arslving hfafyrlfésc?arnéﬁ éw.m chulfitye 18p€.ah bh@éioﬂué préferred
multiple ste n case of the preferred ultra

%q! aigh rgcplegwgrgﬁglg}btoqg,)@tmr@nfgmﬁ qlrﬁgnngdg %lqﬁﬂy icgrne% out uniaxially

ih YA U erof a@v\r@ epytTHérﬂeraMng stdp r’ﬂa?‘ wmes"tame comprise
first drawi n ste for instance

drawi ng ste

BVOIS @ SHelan fAGOE 6f 3 Miinle SFRikG, My tepicaly rREHI If @ sretoh factor
&Hrovet aﬁwtemrétaﬂebm p'te Qbic Ianstﬁatéﬁ faelor lbf Daedrraviihg O

for draw ng rraeratures up a stretch factor

tgmpgEatyrgs Uaﬁ%nlﬂ & @@Hﬁé‘&t%fégt% Bf 5%“1@@7@19 ifepeyatures up to

&id &ovB 1582t .08 g l‘ﬁfJItIEQ Jré\ﬁnn?%@‘(ﬂc?éhsﬁr@f@ﬁfpﬁé!ur@% $tivtétPractors of
and above 150 drawi ng at i ncreasing

bé’h‘bé? and meoge myrb@t r@ﬁcffe&@tT B'{s§e%‘f'tsd'b8[91" %’G"SWdaﬁ%ﬁ &vheegpy for
mﬁeg mﬁﬁﬂrghmlécm@r%l?ﬁt ﬂdWe'iHyﬂgheSEfr hdof ﬂB‘GF?a to 1.8 GPa and

ereby for tapes of tra hi gh mol ecul ar wei ght
’B@'I%?Yl??@ﬁ@'“e&rengt hs of 1.5 GPa to 1.8 GPa and nore

may be obt ai ﬂ%jresu—lhﬁg H%WH tbb@grr@sl@éﬁhsbarég%ueﬁ}b pRduses
as such to produce a nono] ayer, %@ee cut to

PeRqlayeiedi theymay bereut B‘rthg'{)pﬁ%“%ﬁ ‘%'ﬁ@‘ Ph‘ép'ﬁlia ttheyfirggtion of

diﬁﬁmrgngrefé’rasfy%@moﬁota &r m%du@wnomagé M‘l“sel%tfsh@&! The width
that is not slit he width of the th

qutmjth@é@rmceﬁ P@E’tfﬁ—@ﬂ?&‘?' ‘eppeis qniy nitsd by Wietveathtgf the,@m from
whieh the9fard BRdUEedNTTHeQRUth of the tapes preferably is more than 2 mm, more

preferably more than 5 mm and most preferably more than 30 mm. The areal density of
the tapes or monolayers can be varied over a large range, for instance between 5 and
200 g/m?. Preferred areal density is between 10 and 120 g/m?, more preferred between

15 and 80 g/m?and most preferred between 20 and 60 g/m?.
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whi ch they are produced. The width of the tapes
preferably is nore than 2 mm nore preferably nore

wo ban/1Romm and nost preferably nore than 30 mMmPCTTRR2007/003684

areal density of the tapes or64tonol ayers can be varied
over a large range, for instance between 5 and 200
g/n2. Preferred areal density is between 10 and 120

g/ nm2, nore preferred between 15 and 80 g/ n2 and nost

preferred between 20 a t her art| ul ar | .

et orrod musinay Bariauar prafrEaaifias ey shgef hesbraing to

”‘I@?‘m'eﬁ cemmsessas?m ohe a&inowyer rpsesff_eniaawfm mph&hwsreBuilt up of a

a nmno ers | rallity O

iy rvarestonal anes of TherAatin Boliies) S8R0 suph tyatthey form a

woedh éthaturehsicH @pa&. maWé&ﬁal’tiIféc?Grlfedltt@ apELW’@; feﬁﬂ§$edm1ques such
extil e ecnni

be manuf act ur ed n

a8 WRRYDY. rrgga'dmgaﬁm ﬂfgf"w%”g%?f drayn P°@Fﬁfd§ §8d gt %ﬁbefs which
RAUsVEW/ dorleNAltRashhah tiNE eﬁibbarn&ant polyeRr sGipy auaiaw adé)d%ﬁbf elevated
Al though in this enbodi nent polyner stri

HickBESONheIedDR FERS PAMIGYEYRP Péf@ﬁ@@&ﬂﬁa US tB%Pf‘?%v‘* of elevated

%Y&hé@tréﬂsvbl%% thé Ib?@ﬂucﬁhall@élbe.% f thepidreefsnabtape| Eé\flﬁérﬂﬁlan
t hi ckness transverse the i tudi nal _edges

exieed plopg iapH diacgpido t'?'ea{°ﬂ8'|‘“ 7 §Agss: e%%chatﬁeﬁzb%ma woven fabric
AR edifipd) B b&‘sﬁtldrféﬂgﬂubhl thatab oedwocoﬁa@betwa@ﬁ a@%@éﬁ&aées

woven fabric stri i s positioned such that

Aligngd dn th@psa&%@ﬁ%d'ﬂ%t ﬁéé%?cg@pé'&%mpef spelsthahthegeam fnes in
Hlﬁgreﬁﬁﬁ%ngiay%tdré’ Btag E&reﬂtvﬂﬁkﬂagﬂe& ReeddP&Bies BAtbAIRAE properties
the seamlines in different nonolayers are staggered
aretfirtherdmpeavedlo each ot her, antiballistic properties

are further IHQUn%/SﬂboJilﬁéﬁﬁﬁe ARy EEMa |ﬁdﬂ.ﬁ1e a binder which is
nonol ayer may include a binder which is [ ocal

@ﬁﬁlfy anpliedtq anchstabilisg the plurakify obprughgpqtlppaldppes such that the

Sk 9% tHeomBhoIRRES rétéﬁédtcﬂf?lhﬁhaﬁdlﬁbréiﬁtrﬁélﬂn bf tt.ulﬂﬂlrectlonal
nmono- | ayer is retained durin

e« SutAbis N 85t GescPy Aoe g B 18T A00ES T dTRgARAT, EP

bEB3374- B1Ea;?100éI9]13Q@745® A1 Eﬁ’e Eﬂa&@fgragy Pe hpphdd lﬂ%ﬁ&?é‘foﬁmi and
and EP 1144740 A 1. The bi nder nmay be [

vays: drexepPisasa éramﬁ\gﬁgse bondirgstrip |('@r§ye@gtw'§\f§§e¢°§é° the

Qﬂ&%éﬁgnﬁttéb&) (Tﬁé‘éﬁﬁn@é% SHithd1binBEMRring ttﬁe td?ﬁnat.on of the
unidirectional tapes). The ap Ilcatlon of bi nder

mqﬂplﬁgerta@an@gﬁaﬁh@ﬁaewsw@e m» thye @”QEW%@&BM‘JWO" cycles
f%t@ebééHléi%a vitie dveRfy oJehH?s BEAREA %Qjaf:@ﬁ‘tttﬁ?e@r oduction

cycles to be achieved e avoi di ng overl aps between
adj acent t apsone emigedimenh adaindehis arpligd Fﬂj@ifmg'lé agytAdigggnt

amd.ﬁéaf.bnsaltap@basngflmeﬁq&xg.tuaﬂb%dg%st 'A%riﬁé rdléﬁﬁﬁlefﬁlr%& is to
heir i tudi na he rol e of bi nder is

tegrosarhn Fedain apd stabilisg %a'usa"abwﬁilsqstw@ t@mﬁr%nﬂswand"ng and
H\Bkﬁb ro?ﬁﬁbf?@&‘onélaé?ﬁ%tsd Wc'apébdrh?ﬂﬂ)m:étﬂﬁ R Hﬁ&érﬂg pﬂafferred Local

uni directional sheets, |ocalised ap i cation of

aprligation of the binget is@ppiicatian thas s reéﬁpfe@irfoéhe trmf@e@awmlty of the
loﬁ Wdl %a?éspﬁnd Pn%? |dc‘ﬁcheQﬁt‘éH1ﬁtEﬁfjioEé?lsE@ %pblﬂ?&ﬁgh @5 t application

dinit Itudi nal edges and may inclu
B'ﬁﬂ@mﬁ |Pﬂ@h{d'ﬂad)§ﬁg¢ ed application (spot appli catl on

al ong the | opgirdigiyNie HPGERIbN of the binder results in a maximum
elevated thickness of the monolayer (raised edge) of 150% of the average thickness of
the unidirectional tapes forming the monolayer. More preferably, the application of the
binder results in a maximum elevated thickness of 120%, 110% or 105% of the
average thickness of the plurality of unidirectional tapes forming the monolayer. In
another embodiment, the application of the binder results in an increase in thickness of
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Preferably, the application of the binder results in a
maxi mum el evat ed t hi ckness of the nonol ayer (raised

weoge)22009 150% of t he average thickness of thePCT/EP2007/003684

uni directional tapes form ng-T-he nonol ayer. More
preferably, the application of the binder results in a
maxi mum el evat ed t hi ckness of 120% 110% or 105% of
the average thickness of the plurality of

sErcer SRR T R, Igen O reeCasrm ess than

2hitrbAs, 9RGre préfeidblyClksetand, Rive 1rm|aninayer adj acent to
the longit ud| nal edges of the UBI di re nal

oos Chon 4 s it jhErBRaR 1651sed Sopich B8 SrRg pinder,
thePrépgcMish oflthe %Qﬁﬂlﬁﬁ@d@eg\fcbrhpmﬂﬁgﬂfél Bt tis b@fétbbl?%‘bs than

| t f t
B PRk a1 O G o STBI31Y - 1R BRATiRD of Be ordiuriag griges (or
488§ atijaaent20 e Iaﬁﬁﬁudaﬁq/@&é@é)) o5ﬂﬁ>eQImd1r%t:tn§idlﬂdp@f which Ishaised due

ortion of the i tudi nal ar
RFBEplIcater PHES BHET (R RIFIRADILIESE SN0 D%, 50% 10%, 5% or 2%

p@fé}tab@qhé%n@ier t:aasny&sl 1645 thain rze%s adudee, % 144€0.5%, or 0.2% of
plication of bi nder is preferably | ess than 50%

t@e%elgmvcf ﬁ'@%‘m@@)@rr opepnssfidated $KACk  t he bi nder
conpri ses | epsalitehsfive 8Mbodid¥ént ¥ birdihd Meafls, Xtich @k Lmra%%hlc

of the weight of the nonolayer or consolidated stack
weldingirednke Hsad teriptstmitientisfuse sestions ﬁgth?é@m@tudmbﬁd%@ of the

é}djggea@gﬁ],uﬁemhgntggembe{p@r used tointermttently fuse
sections of the | ongitudi nal ges of the adj acent

uni direct i on\é’i'thtaﬁﬁégntt‘ﬁ@‘@ﬁ%?na' \Agta\jna%@mnolayer intermittently
BElndi ISy AdplAIng IHREdiWhE dides AhBRA cauﬁrnud.rgcﬁéﬁantté;féatdra

bound al ong adljl oi ni ng | ongi_t udi na t he adj acent
'Uﬁi“&ﬁ"?eé’c'f‘lao??éﬁ gl aﬁeggw@tnahﬁ@apvr@aon ﬁf ‘é‘erﬁfﬂ%r IeQPb'eS the

&4 BB R ctiondRa e ol Bﬁh'cﬂféecﬁroilrhﬁy mtﬁ@lﬁrsuﬁﬁéhiléi%véﬂ@ppmg of
adj acent uni directional tapes be in close ?rommt

sdieinDatonsilaginaldoss. DeRloralsn ¥gnaonairknesg of the monoiyer is
éd@%ﬁiab@guw}eoﬁgg@&om%d %nwéﬁ%n‘é%bﬁélbws Qith overlapping

t hi ckness of he nonol ayer 1s a dvant ageous Yy reduce
lppgitdinabedaes QMR BNHS QHSFBPRIYE PRIYTIETiR binding SifRs) NeHich

é&%&é&b'ﬁes@l%&?oﬁoh&ét&& sFaQ:Wo\‘ ﬁiéﬁbll%yé]’é%ihaé)mo@ homogeneous
tg@g ymeric binding stri whi contri butes

0gssi g hehss sireemdistl § itk of nmonol ayer s vvlth a nore

honpgeneous 1Y flcRASSs Gke RRABRYES R t5pedictitd MultiRBred material
The thickness of the nonol ayers”or tapes of

t he
sheet sFanipdriagiplpehesssiegted Webin Wide rangepr Prefarably hgwever, the
r%@l'h%%rer?laté‘nbhér{ée%&%r&lﬁ@ Uthe uE’Je%ilsr'i RNr 4R Eain tHathe

mul tilayer material sheet according to the invention
thickeersrof @t leaptene manelayer dogs nphexaerd d30 oM. aore @aeferablyedoes not

&TRBE4 8Y %Fn @ﬂe%dk@breﬁér‘éﬁﬁ% &SHpiBd HBAEerP5 8h8R2aRINY. Fdé?ﬁé%larly
not exceed nost preferably is conprised

wd\ﬁé@halsst&rmoamwr%ﬁhﬁveq ifahe hickpees alali rpanglayars ef the stack
RIRRRE Ek2da2® |6 eSS efetatiGoddidt kRess 4 pﬁ\l hnd most preferably

nmonol ayers of the stack does not exceed 120 nor e

is camprigasl Betweer 3iepd 29488 fstherrieferray W?B%'taYBEGé‘ff@?@BFBFheet
according to the invention is characterized in that the thickness of the at least one
monolayer greater than 10 pm and not exceeding 50 um, preferably not exceeding
100 um or more preferably not exceeding 120 um.

By limiting the thickness of at least one of the monolayers in the stack to the claimed
thickness, sufficient antiballistic properties are surprisingly achieved even with
monolayers having rather limited strengths.
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Is conprised between 3 and 29 nm A further preferred
multilayered material sheet according to the invention

wo goochzaoexct eri zed in that the thickness of thePGEE/EP®A% 003684

one nonol ayer greater than 108m and not exceedi ng 50

mm preferably not exceeding 100 nmmor nore preferably
not exceeding 120 mm By limting the thickness of at

| east one of the nonolayers in the stack to the

e surpri si A0 3t eeal el L6 aksi e REMABIoREPRE orE aroe

Hepeiris dnithe pelgnet fromauich THey até prdgtéd, eindtdmethéiapesaial) stretch

L, T St o e B ol e atsd et e BB el ot
(¢a8f @BIGHS, n$dré Prefbrabhtatdeasi he GPé esﬂ@h tnaré préferabhpstdeast 1.5

and nonol a i S ea refera
OB Re Ve Do ArerkahiE afPer e B RA. 400 FRalLymors bretaaby b logst 2.
OPRe afd ﬁi‘o@f @bfefamy at ;east3 &Pa. ﬂ%unlﬂwwloﬁ@lrrﬁormﬁéts akd preferably
at_|east 1. and even nore g F
glreqqpé\a monolayers do

sufficiegly '"'&ﬁ??'\'?ﬁ%t?d B ERE AtBPY, "éﬁa”

H& dHidrRidhieiier ABM a¥6 béncﬁmsngwﬁ %&%ttj )ét g teﬁh;%‘rhﬂuye
i nterconnected to each oth mean

Nt G 1 ect § ondne FOMGAYE) SRR SheRt Saerainoathe fgrion preferaby

B&HpRdestt fodsoD @htdir@&ﬁ)n%llmbnaﬁyé}s,QpreféfratilpQﬁlbast 4 unidirectional
tenperature. The nultilayer nmaterial shefft accordin

menplyersnierR P@F?%‘?'lé?é‘eéﬁﬁ § unigiRstica@lmonolayess ieven more

preféthbi) Gt I€A8E8 uRRRELRNEr BondlaRire BA® hwsagrelf@asw a{’rleast 10
uni di rectional nonol ayers, nore prefera | e

uridigestional meRlayRshdNEpasiag tW?ﬁSPéUB'F‘E? ] WO%?'ayers in the

hftfdyeB mafdriél 58St ioP el invateh @mlme@ﬂﬁ BSifadtues 6aMiias form
at |east 10 unidirectional nonolayers. Increasing the

Hese aiaterfal sheels rfetinsignse aRihalisiyelRtes n the mul til ayer

material sheet of oﬁé‘@mbﬁﬁlﬁ@nt @ﬂhé'p’?@ge’nf in@&ntidhCthere is provided a
manuf acture of articles formthese materi al sheet S,

pracesior ieorensralienpl @ Byutiaysred waterialshast camBURIngrent

?ﬁ) pbBiﬂo:ﬁ]h@%ﬁﬁﬁét at @é@ﬂéh@@ramﬁ%ﬁnér&nﬂf ¥ st tabeldrdé 8 $oving
preparation of a multilayered material sheet

é@ﬁﬁﬁr.atesﬁhﬁgeby(f@yn P aififst Manetpyer. Mheﬁby&ihe mepofayshis fepeRfppn area

BOAI¥VEREd Hﬂ!k%é@ﬁ&;!aéﬁiﬁ'to hAP8IORG e Su¥RIAIBCeAGtADF i IBngitudinal
t hereby form ng first nonol ayer, whereby the

ﬁ@ﬁﬁﬂ‘ﬁ)}'@? aj |§a$tr°é‘8 upidirgptioNabtarst el evat ed t hi ckness
Fdé]h%ﬁfﬁf&thb@irs'%"r‘r%n%ié%@goﬁtmhéH*&in@%bé&'ratéengt h of the

ngi t udi nal edges of the at | east one unidirection
fc@\pesm?rwg ﬁ@reewbattlﬂ%stpnﬁ§(an;ﬁeiway@vme'fﬁfélowéam%wtﬁghe first

ﬁ%hsrapéft @hus@@ﬂmﬁ?@'s&b&m MGn@la?&CWHQreB? theEdiRdction of thea®Bond
yner uni directional tape onto he i rst nonol ayer,

pol
fenslayerr hakes ap %’&%ﬁd“'%ﬁéﬂ’%@the\ﬁﬁ%r% the direction

gf) cbf:h%re%%ﬁﬁrlﬂe tm&%@a/&r staamscoagomgé meanancnsyewm@eédf
first; and (d) conpressing the thus forned

§h%éﬂn&obd%teﬁ§tﬂck@éﬂ@n9h¥ermlweﬂ@msenws thipkgess / areal
tehi i L?ke)g?a/?éaatrétetg& Bri6H arl A0 AR e di@dn P hBs BRI BRERUST elevated
thickness along and adjacent to the longitudinal edges of the at least one unidirectional
tapes in, preferably, each of the monolayers.

In a preferred embodiment of the present invention, there is provided
a process for the preparation of a multilayered material sheet of the claimed type. The
process according to the invention comprises the steps of:
(a) providing a plurality of drawn polymer tapes, aligned such that each tape is oriented

in parallel to adjacent tapes, and whereby adjacent tapes do not substantially overlap;
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density conpared to the prior art, due to the
reducti on or absence of areas of el evated thickness

wab®@ng2zamd adj acent to the |ongitudinal edges PET/EPI®0OZ003684

| east one unidirectional tape® in, preferably, each of
the nonol ayers. In a preferred enbodi nent of the
present invention, there is provided a process for the
preparation of a multilayered material sheet of the

B AP Futd i oL BSOS ot e e S5 thereoy

forraing mbmﬁemolam,es al i gned such that each tape is

| |t dj t ot d wh b
&ih5Bs6iine BrsbEioRglafien ot ARFPasISRER, Moo (b ©
@y positierihgng kE}futitaldy pf ?rﬁwhlﬁowmér tﬁbe%\/whtwﬂieyﬂl‘etrt mbr&tﬂiﬁ-’ﬁeroﬂmug forming
Vi n strate re no
3 S50 e PR STPEY TG EATLFT B e 8eHm RRAIFHRG makes an angle o

Witlbﬁésba&teo tr(edf)rsp@ﬁutl oning a plurality of drawn
nmer ta t the first non thus formng,.a
BR EdErastiRB s s fobectathcth sonr g gate bt miaholayer L BE g
s&qumay opwdfRay mmtagh@?ﬁpm?&h ofepiAgér drdvindity eahs to retain or
e us or

SRl the ZOBoETIoRES S el MermaREB Prodieion Rgedsaye attainable.

\Pith Itmahiméd pretekdea inLtilaypbd AtdrRiNsiidet dubitamtRilly @evoid of
bi nd mggrreans to retain_or stabilise the adj

%HERPING (RO AE- ’Fﬂ@ﬂé%@d"%?%ﬁﬁ?&r?%ﬁegﬁ'g’eagayaqeeread"y produced.

RhfeAbnetlets thifé bRbdub&d Ravdl iFRoRIdQHEBAllistRt propértibaWRh eskpect to a
mat eri al sheet substantially devoid of overl appi ng

atgrigiheet With regionsR{OVGilaM i ncreased areal density,

may be readi F’r)éfé?éﬂgttﬁé%luréﬂﬁ ef drabvns:lawes thpusSis RhWEUSEHom an
have inproved antiballistic pFOéfi) %g with respect to
lé[‘vvm'@g stafion gpd steR) (Ph'SrP@@fPEm g theplurlitysal Pé?dvfyPO'ymef
tapées o lééﬂ'plahw dHto ﬂé@ﬂWo@@bb@@bb&%@%ldrﬁht? awm ;5dly@ﬁér tapes is

an_unwi ndi ng statjon and

RSHARG Suso gt eI TyH=NaT SRS SNl palfsesre lode cirecton

&%édeﬁne%bﬂthbtsﬁﬁétfate MNHeEroRIrRS i§ paRbimed $1RhRK4ttAS FIY 1S extends
ol ynmer tapes is positioned such that the first

SHObP AL 6 HieAaRon AL MBVEM Rt (e, hsiptey She pEbcess acording to

tle rrﬂ/éht.msqmm\cﬁamtereéd hhl‘haﬁt‘h@sahgfét@ls bRdedrP4GlbRg 50 Yegrees,
perforned such that the fold |ine extends about

‘%%%rﬁlPlr e rpestirefered apgle Gis aPOWAPIRIFEESHf t he
substrate. T%tlﬁ’ér%@féﬁea‘bﬁﬁegs Bchr@inb lft?tHe"li«(\ﬁiﬂ.‘ﬂtlblﬁl"‘s. tifaracterized
further characterized in th he an [

i 81t o SRF0DH GrRGIRYEnIRCH APt DY AEleTe rt%ff@rfrrgfomara@m@rbms may

il B dtcdhrpldA8d B¢ Sor .m@ﬁdréqntrmoeﬁ&»éleﬂg PA&SRSSof a low melting
according to the invention is characterized in that

{eat aRlRenaHBY ALPPLMEhadcel Gontas (aVpre@aeinen Adperance of the

Jelcbﬁé moRBRYeyRIthe fifdt & pratér éufﬂc@ﬂl Q#r%ﬂgl% leﬁélﬂé’ tr’@Msportatlon of
for instance ultrasonic wel |t|on of a

the pe$sTpPly of menalavers m@wbsubé}an §| rgﬁyvq)mqggmﬁm <|>fdae §eparate

tapeiamgod RYRGISydreget her . Adherence of the second
nonol ayer to t¥1e first is preferably sufficiently

strong to erfseeding totbp Hracess ghthgrinvention, a multilayered material
sheet is produced wherein the draw direction of two subsequent monolayers in the

stack differs by an angle of a. For the preferred process in which the fold line extends
about paralle! to the direction of movement of the substrate, the angle a = 2. Although
the angle a may be selected within wide ranges, angle a is preferably between 45 and
135°, more preferably between 65 and 115° and most preferably between 80 and 100°.
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the assenbly of nonol ayers w thout substanti al
relati ve novenent of the separate tapes and/or

worenwelizpey s. According to the process of the | PUERP100TI003684

a multilayered material sheeti0rs produced wherein the
draw direction of two subsequent nonol ayers in the

stack differs by an angle of a. For the preferred

process in which the fold Iine extends about parall el

to the direction novenent of th supstrate, e ,
ligp Bt il e Ande AP VA RGP TETRS AR Sikis QP GA materia
BiddOEeY Hécdedih@ B préfedied embodiniém ietiendied Seh\oreR- |:4)'5|n the art.
and 135, nore preferabl betvveen 65 and 115 and

preferably bébeariilaner Aiaterahsheqt aﬁﬁ%falngttf’ wﬁrftgnrlgaamcularly

LSeT0I8n PaPfdctifingdalistid Fedistart aetioRsy E@chaas ﬁes@@@ﬁ&mﬂﬁwed“plates
mat eri al produced accor di nfq to thi sbé)re err

Brlistis anpteations gamprisriaprlicatiensoyith ball 'Fﬁhr@ﬁtea%ﬁwst Pigjgctiles of
Salleral kR indIBdiRY b@dinSthRRbr plefdidlisBalléd AP®ullStsIRtiHARd particles
I's particularly useful in manufacturing ballistic

puat) ag @At fragroents aad skigPRelas vests or arnoured pl ates.

Bal | i stic apiphé saflistResicRmparticR a%@@r‘dir@ﬂb'tﬁ’é‘mvéhﬁdh comprises at
ballistic threat against projectil several Kkinds

least 2 HnidigedigariTaenclayess. %?f@raabh@t 'e%% 19é1nrdér&°§&rﬂab monatayers.

%?e B%?&aﬂ%rai Ie‘ébﬁfo SM@ifelidn 8- rBond|dyRESTRAVES nfRél preferably at least 30
shr apnel listic resistant article according to

vwélrwil@eﬁltm@mplwﬁ)an% moshpreferally ablegsli 4f] yrigirqcyaagl monolayers.
TRE Gl'eﬁsy SifsotioR bEARY éﬁys)éq@ént |nﬁﬁ}%iayé% iHh&lstaee HiffersAdy an angle of a.

nonol ayers, nore preferably | east 20 unidirectional .
hbeanalgeris prﬁe@hlymﬂt\@ew %5 éa%ﬁ@ giore peeferably between 65 and 115

HH& HosEsiR IR bERReh®B0d fijtd. nost preferably at | east

uni di rectional nonol ayers. The draw direction of
tvvo subsequeRtefarghby|thg balisticTesintant aicie ageprdingstoghe iyention

ahyabhsedfa ﬁrthé_lhé?ne%f‘gﬂ |ﬁo@ah§ rﬁét@flﬁrs@@ctédbﬁin\i\@%ngrﬁﬁp @b#kisting of
135, nore preferab et ween 65 and 115 and

peramis; @nﬁtgl peeferakly %mlaﬁm rf@enewraft'mﬁmym@'f% Shromium and iron
B?‘ih@lr%‘lbfs E;%%é %{r@ﬁ“nte‘aBF E&hBinaGdrRItAéraef. PartichRirly 'PYEBfrE@ s metal.

onpri ses heet of 1 norganic materi al

y@@et@ae mquetah@ the digtalehast Referdplyhag a maling ot of @t least
@ @ﬁ@rrﬁglle)’pr@e%ly%'ﬂbame@' st bkﬁ-ﬂbb{?’bt Féb&l‘&jo °C. Suitable

romiumand tron or their alloys | ass:; % hite, or
mﬁaﬁ ingltude riumiRBme BYRINER KM, &tanlam 90@99& Rigk oChrgmwez Heryllium,

h’@n aHg Eo;?p%?‘ﬁwcﬁd%d‘f'ﬁ%ﬁ"allbﬁ ide g”ﬁéé"anﬁ%%ﬁﬁle@é §8r & Mioys of

as a ol nt of | eaSt
plugtirira Mith rmgneéwm (sgomlied aWﬁ‘Smurﬁﬁg@‘éP%’Hﬁs} %nd 3lleyg pf aluminum

GARA PE: anﬁ%ég?f@s%n{r@rt \ﬁlltﬁmh@ %é@fesﬁ]n\l ghdd HéBpéFWSﬁleHrﬁlumlnum

titanium cop ni ckel romum beryl'lium iron
£8Q0 serjgserin ﬁﬂ@lajgym@etamunt af ¢.gyaluminua, gﬂagﬂeéMm difanium and iron

?F@ér@b ?éaﬁéﬁﬁ'so%‘% airé@y@d%@'éﬁ%@l&&ﬁﬁr&mgmﬂﬁawm

SO- Cca um num 5000 series and
alagnesium uﬁaﬂwrrmnwbelaﬁhronwgnewm 'Br'r% Pﬁ'uﬂinﬂdhelf alloys. More

pRACIEH lg‘fﬁ% ﬁié?’al shpfe bé%&%lhﬁmﬁ% %g?%@?u?rp%rf-ﬁﬁﬁ i @8Rel,

amount .g. alum num’ magnesi um
chrogmim ir Qi’h@hd thein aioyst Ehﬁb’ﬁ%"issn atighteantibaliistic arijgle with a good

BuRbfity. deRid pRIA&GEDE thOFOR bk R afdyd T e Thetal sheet have a Brinell
hardness of at least 500. Most preferably the metal sheet is based on aluminum,
magnesium, titanium, and their alloys. This results in the lightest antiballistic article with
the highest durability. Durability in this application means the lifetime of a composite
under conditions of exposure to heat, moisture, light and UV radiation. Although the
further sheet of material may be positioned anywhere in the stack of monolayers, the
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magnesi um titanium nickel, chromum beryllium iron
including their alloys. Mre preferably the netal

WG b@at122089 based on al um num nagnesi um titani RBOF/EP2007/003684

ni ckel, chromum iron and their alloys. This results
inalight antiballistic article wwth a good
durability. Even nore preferably the iron and its
alloys in the netal sheet have a Brinell hardness of

at | east 500. Most ferabl a based ., . . .
SHfeaeg, RSN roRRAT IR o pEatieted Kot gt sBgst of ateral s
Jd%ﬁt%né&%tﬂﬁe%dtéidé bethé i@tk @F inoABlay&@| ot preferalily at lRast at the
gfhest durability. Durability in this
%Hﬁﬂﬁaéﬁfh%?f’ neans the lifetine of a conposite under

condi ti ons Wh@%ﬂ@ldfr@slétﬁntr@ﬁéle ab®draing @ the |h@§ﬁtloﬁﬁiﬂefb¥ébly
radi ati on. Although the further sheet of mater

GRENRSISSH @ TRy SQH?Wfé'F%a‘P?YetCF?éC%*?%Pc'R%@“WdH%tFB?'&%""g g 3 thickness
SRR €60 B, Bbler sy he'malimUANthicRAddstdf ehd further sheet of morgamc

characterized in that the further sheet of n?% a,l&
paterial is 16 At MereePrsiarably 80 mm: and estqreisrabhy his fesults in
tﬁ@%gﬂ?a@érﬁi’e@tﬁeéﬁ wkigAsinPdntibBfistid ;‘Sﬁob@rﬂé@@eféﬁ@tﬁl? ah the event

[istic resistant article accordin

thatteafurbier shestaf iiarganiomgtarabis ametd shrst Yopd é'?é?kfl?ﬁs phipe metal
%@Y@s Qﬁ§§§t'0b25jmhn %&é??éfeﬁé%tyedt'lé’dst b&hmd afAd FiYsE fieesiably at

of at nost mm Preferab t he maxi num t hi ckness of
least O 1 MR rThSﬁ'r@é't"tsdf‘ ever PEYe %‘t'ﬁﬂu@ﬁ REMOmeanss. mm  nore

preferably 5'f)némhhétné11e'§9§fmBrrgﬁﬁi%rrﬁ&leb{al%%Mtloﬁﬁllysbe pre-treated

results in the best bal ance bet ween

inrdasde imerove aghesien vith the rpw'&kaé?farBPS?"a'i ﬁ%eﬁh §%9B'ﬁtpre-treatment
SfRd rLH?\%r Enidt Miudes ‘?ﬁéchﬁhchﬂ%éﬁﬂ@htce ?%@Qhéﬂlng 8r deaning the

met a heet, the thickness of the ne heet, 1s at
w@ﬂe thgroef hvmanﬁws@r grindiag «ghepnieal efchingwith & gnfifric-agd and
atiRg it RRjethyine fi@st 0. 75 mm This results in even
etter antiballi'stic performance. The further sheet of

i nor gani c rra'ﬂ@ﬁoﬁ'lefﬁ“ﬁ&boémqf%ﬁélhlewaﬂ@t"b@ﬁtt?@@ﬁ&? a ponding
19 &ebgt Gnla aﬁWée nNESa e Wbk ivdeh@ndHrhet Sivédt aRBURS maltilayer

eet . Suit re-treatnment of the further sheet
mﬁtﬂr IQH@?EMBWE%'VQ May CREWwIis@ ag epP%@ﬁ@n?r’?@'YGPter resin, a

ﬁ%ﬁﬁ@fhﬁ eﬁ'&‘?n ] t/ﬁﬂ%sttep fdsiPfin BXotRerstergre@lentibddiHemTthe bonding

emcal etching with e.g. nitric acid and | am nating
kayerrmanfuptengereprisera WﬁYeﬂ 9 NATOVOMEN laYRs Of INREIRNIGiibar Higr instance

Qg# fisriof cér%%h $Ibémt @éfsb ‘b'o?snﬁieb@ BHAEOthE 3N &er sRet toe multilayer

esi ve, appl 1 ed between the further sheet and
mAteriglsheet bx/mech@v@al inganshawah assy @ hscagwe Solie ane gnap fits. In the

fria® II%BQ}‘é/snsrtStﬁ'a%clé‘a@ﬁ?&rdﬁﬁé?&fherlﬁ\?énﬂon & used in ballistic

pol yurethane resin or a vinylester resin. In another

arriitations vhene  diieehagainsi &P letsn fragrgets omipPioyised gxplosive
§| ber ';ﬁ?yoﬁe Bhddttered uHﬁé/reéheE%%efgfaqun%}&bg a|nt1etal sheet

I 1 nstance ass ber or carbon
eaveredhwiths a lseeamic laxet. dr thig wey anentealisiip @étclét '§ qbﬁﬂéned with a

IgyérreHls?rM@tﬁré@"iﬁﬁlb\ﬁé c%Fﬁﬁk I@ériﬁ%@&l%ﬂéé@ét |dB28fvo uﬁHi‘F&t@ﬁal

. SCrews ts and snap . In the event that
shestoulth therditeciarspisha fibersin ih,el @I@utessﬁer@ﬁl sheetat @Rangle a to the

? ﬁ%‘ﬁgﬁ bPthel fﬁe%siﬁ% H&% urﬁ#h?é%tlaﬁ’ﬂls'hgét SGEEbIe‘!"@@rraﬁlé‘matenals

eat agal nst ragments or inprovised
@glp{:l@g;g,@lumlna oxide, tltanlum OXIde silicium oxide, silicium carbide and boron
carbide. The thickness of the ceramic layer depends on the level of ballistic threat but
generally varies between 2 mm and 30 mm. This ballistic resistant article is preferably

positioned such that the ceramic layer faces the ballistic threat.
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devi ces may be encountered the further sheet is
preferably conprises a netal sheet covered with a

w@enantwod ayer. In this way an antiballistic aPCT/EP®0T/603684

obtained with a | ayered strud2ure as follows: ceramc
| ayer/ metal sheet/at |east two unidirectional sheets
with the direction of the fibers in the unidirectional
sheet at an angle a to the direction of the fibers in
an adj acent unidir ct L ong eet

material s i BIORGEMPGIMes Lﬂtrﬁ}‘?aorﬁ? é;wepF?rbﬁhgﬁ]l%groaged a

ﬁbééé@lfymemmfacﬁurleloﬁ aWballie e &vsmmnehdmmpwgm de.
The t hi ckness of the cer ds on

(FLStapking Shigast ZumEraclpgal oIt PRVEr JohgIayars, BachiBepgiaret

comphistigtht hsiBhe bhidFedtidhbl tape, GNrreeémsmardrawatrealoa dfswo
preferably positioned such_ that

Riesiant ElasRlavpesn 44 StRELRITPT. BHESEK G0 AERATe DPnIRueT s free of

&%S Ik eleUXt%Btthlel(hesE téﬁfa@ehtgco RhG\Gldhgdhée sﬂbﬁQﬂi‘aﬂS ldngth dfltee
manuf act ure of listic resistant arti

lpegtivding ﬁ@eeS(q)th%@tdewﬁgeé&n'q'rsa%q"atta@ﬁl anff 3 eheehphmaterial

ééfé&% ﬁ%xn@grmr&hay Pof cRAdihicRB8l AMRTNUR,TRANiSMNglass and
| east one unidirectional tape, whereby the draw

grapkite; posomapingtignsdiereat@8At nonol ayers in the stack

@) f:ér%roﬁdatW@Qﬁ@ Btacréd ér%%‘ﬁ& uRdt? témpatbRiy€ and prdssgr. of an
area of elevated thickness adjacent to and al on
gleﬁ%lsaqrowded

subst anti al Inawjeferigd Wdl"'ﬁ%}qumﬁ prgpert inyestion

) S@%&s%?tlﬁéﬁhghtﬁfﬁ&hfé)&% b3 IRSBE reistenteartidle ebmpFisiAgHRY étaps of:
sel ected fromthe group consisting of ceramc, steel

@) starkingnat lepstzhunidirecipaaldrame PelyaISH moeolaaﬁrs whereby the draw

SR mat M%b&@@d&\@ﬁwonaﬁ%r@bﬁ tl'feoé”i%ld diflévisi WHereb§ at least one
st acked sheets under ten‘g&rature and pressure.

[peRgiayer eanRisiriabhe Al Mmanoayersp FRBRRRES hRIBFAIYSR Linwgrreéthf?' tapes
SR B Solhec Sﬁgﬁmefd% tHehgarh@Bivd clibh Wikerby adjBadntitaddsto not

resistant articl onprising the steps of: (t
@vesaRi ang %furtlhéh%eeﬁ °D'ﬁP@aP@dP?t8H3'I Se&ﬁcéﬁﬂnfr?ml V%@'P”p consisting of

ﬂglca&%éﬁ alu‘MlﬁurﬁbMaﬁlUﬁ\ gfa§§vaﬁd1 bRPhitebreombirations thereof; and

equent nonol ayers in the stack differs, whereby at
Gbéa@rtsob%@mﬂh@ls@y d shaets yader deraperatuse P"%Fﬁ?ﬁﬁ&ﬁer S,

conprises a jplay a?de'rﬁa\flvé’ﬁrd&ébéjﬂfeeé%&él@éfaﬂt léa%pﬁﬁn@fre&t%al drawn
drawn polyner, aligned in the sane direction, whereby

ralyrReEAENAlayRss has baen Manutackued inmseparale PrREESS Hvieh aafhas been
dé’é@ﬁﬂ@d“é%\}éaﬁ'ﬁl%'p?é mxpLfeiRed Sfaeksithén Gbrﬁﬁmeg Yihithé FUtther sheet

ceramc, alum num_ titanium_ glass and
@‘rr@qjﬁqm@ele@tedcfm,th@agrpgp,gomsf@m(qfcemc s‘ggel alumlnum titanium,

%Qwé}lld &%bhﬂg of B%Sh@ﬁ&%@héfé@?ﬁ@ sﬂéBQ@)f of&ﬁé"ﬁﬁfc@&é‘r e and

ressure. In an alternative process the stack of

| east 2 uni dPersslifdien forplbRiecpines depcriredAbRYye m,ayrﬁagtably be
Nn Eﬁ?dfé’l@& gFe%@ CBnébha@tRﬁ\r |§'irﬁerﬁHé€l°c8$§ear§tH§hthé$n61ﬁﬁayers are
een cribe

n de above. pre-manuf act ured stack
fetpdively Girmlyradlached to qm@mecr e formrpmne ungf Th%nteémeaﬁture during

c}ﬁs@ﬂaﬁﬂg fgeRGRalR &hﬁHIﬁéoctﬂg&Jgﬁtthé‘fédﬁfer&ﬁFé‘éﬁ the pFds8EA minimum

um nuny “titantum gl ass hite, or
teoweratane aanerally ds @hgsen isHCRy thapa (ggsogpblp ﬁ@egql gk eansolidation is

éfglé} ﬁQ% Iq"{‘ﬁlé ?ébpfeetr 8C is QGRBRASWELRAPDRRGreARAY PrétBiably this
lower limit |s at |east 100 °C, more preferably at least 120 °C, most preferably at least
140 °C. A maximum temperature is chosen below the temperature at which the drawn
polymer monolayers lose their high mechanical properties due to e.g. melting.
Preferably the temperature is at least 10 °C, preferably at least 15 °C and even more at

least 20 °C below the melting temperature of the drawn polymer monolayer. In case the
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done in a hydraulic press. Consolidation is intended
to nean that the nonol ayers are relatively firmy

w@rdoagtmwod t o one another to formone unit. ThePCT/EP2007/003684

tenperature during consolidajzng generally is
controlled through the tenperature of the press. A

m ni mum tenperature generally is chosen such that a
reasonabl e speed of consolidation is obtained. In this
respect 80 OCis a suitable |ower tenperature |int,

q@a\@m BelymIeRy MoRPlayeiIRas Nat gxkibit @ clgar melting tepgeaturgpthe
t%gér%ﬁﬁg laY which tfa8fawhZsbIfer rﬁ@ﬁdlaﬁé’r aifisab |Ic)ée<’4is Hw@@ﬁafmcal

maxi mum tenperature i s chosen bel ow th

prenpstgsashauld e reaniiesieadhel meling tesenerature. i s tgg;@,og thergferred
Jltt'?hlgh m%bd'ﬁ?%@é'ﬁt(fﬂyemy%%r hk@npéteird Bel@w@h 45M¢] géritGally will be

reférably the tenperature is at |east
qbpaﬁre TaBInfessure during conselidating Pesferablyds at 'S?Stl 7eME? PErRC

a} 5{%2@? 5NN, [RBR B GE %F&er‘&i)lytd? foddt QMVWIFI%PéNd"ﬁbst preferably
I'n case t hedrawn pol ynmer nonol ayer does no

aéi@asba N&’ac ircthis way @ st an@-‘rﬁﬂ@ﬂ%\?nw@ is ph@"teéinﬁa? aptmem time for
d?)"\sémlbﬁﬁh g ?Iiyat‘ﬂﬂ SOy torﬁ‘éﬂ%lﬁM@E é;ép'érnﬁﬁlgtd?\ éd?\‘é!ﬁlons such as
ts nec I ca pro erties should be read instead
temperatige t rapiraand part thickness ead sap pe vRefigs f@ffélghereutme
é&g&ﬁrﬁeﬁb%\w rﬁ’?'trfe‘:é{)eﬂf thABLGHEd lHtllﬁé‘ﬁfshé’ Iaﬁi@?es e to be prod_tlgﬁed it may

erature b 0C generally w be chosen
qﬂaﬁsfsmace@m ﬁoﬁgstcnﬁmbawejmeufn@hqsrséegtr%fbmqﬁeﬂ@ intp the-gagired shape,
fMPo@ved"Hycf%nQBIﬁi‘alﬁﬁgth éﬁé Hoﬁ@%&eé%n%&mﬁﬂ%rm@nal sheet.
preferab MPa and nost preferably at
| east 35 prreiaaahlhul@omtcaatéam ahigiRallisdic resistaece, cooling after
c"gé{ S@% sforl rﬁo@lﬂﬁwg'aﬁ’ﬂ t%ﬁﬁe%rb@?&rrﬁé%utftﬂ{der ressure as well.

ol'1 dat1on gene ranges m nut es,

Rregssinel isrrefenakly ﬁ@irttalbﬂ% atlgast unyl theAereperature is gfticientlydow to

;ﬁé\%np?éléxaﬁ thmefewé?gmr@aarbseg bbifshed b s,g,ﬁe%qhea et When
experinentation. Int event t at curve

aa!pallnsmalmslstantdarmle cempssiag eanglayersmf sditacligh molemwartyeeight

p%@éﬂ'ﬂﬁé?‘f&qlg %gh cﬁdrégtst}/@g% c%ﬁ?’@ss‘dﬁetefn%gékﬁ%s SRR & 90 to
SO onretesabintiom 115 toi80 nﬁn&'m@ ICOMBFRESION nf9$&lif¢$a!&?@ee between
ft;églttﬁ riibélbalsr}) Q’Erab ﬁfoet()al%loynar' rﬂo@rﬁgferébﬁr\[pﬁd 4 T60PbdH @hereas

stic 'resistdance, coolin ter conpression

qeppressian tatleﬁar@rtymeaﬂyé:eﬁu@ﬁ Q to WO mingtesout under
pressure as l%ultuﬁ%@éﬁ%ﬁehaﬁ SREEf f{daé?‘lt%allﬂa'id"érﬁble%gtr@ present
| east until the tenperature 1s sufficient low to
ipveatiomarer ygarawianly)advamtaggou%qmrpagm@lmmmgantlbalhstlc materials as
tﬁ%{ ?l%wdﬁl?f%agy thQ%%n%kileJ/él%ﬁd gllo?eéntlﬁ allthe kryg‘v?rpfr‘ﬁt'icles ata S|gn|f|cantly

resi stant npri sing nonol ayers
lowenrweigitybr amineravest ball@tlgmerfpmmmt eanal weight compared with the

Q/Hfagtgcq%‘rsqgrgaéﬁmtpr s g@@%&%?rg@?n a&x?@ﬁ@h@h?g@@nha'&g&ess is

ervemshcubmpd thusicost effestivr) Sincerdifffentnalyoeens maobe dsgbio
#@%ucg%g Fﬂ]tme\fe& Qtdrid 48kt IBf"(he ifntioR [)PJp%H%Q' f@g opfmized

ereas conpression tinmes are
deeordingtodide partit@er appligatisn. BEhlge&baHl$tlcayels@ocmr@p¢rﬁes include
fﬁhﬁgﬁ Qéqqeé'{nsttéﬂ?lﬁ# léh%ﬁ |If‘e 35%'@ rfes{s{b‘:ﬁce r@oﬁ'ﬁﬁﬂg capacity to other
PhVeRETon are I"ar I"'y "advant ageous ‘over
paterialshebts, fqnmhlhfanamdm bhstic materials as they
provi de at |
known arti Cl'lgr%sih}/érm%n%ﬂﬁ?\b %}é?%rtr‘rgr eRpiIain8a by Re AtiofiMy figures
1-4, without however being I|m|ted thereto.
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| ower weight, or an inproved ballistic performance at

equal weight conpared with the known article. Starting
woreaoen12bs are i nexpensi ve and the manuf act ur i PQI/EP2007/003684

process is relatively short -a4d thus cost effective.

Since different polynmers may be used to produce the

multilayered material sheet of the invention

properties nay be optimnm zed accordi ng to t he

articul ar applicati.on. I resista
g R meloA hEPPIGaeTS A eadEE AL 2D “BPaaHys Byany Ut the

prbeisk debdrBingde tiy inBénitieR. r esi st ance bondi ng capacity
to other materi al sheets, fornmabj |It%€8?nd so on. The

Fign23aNeBYatiGRIYI reprsaene armbitiaysr f@ﬁt&r'a by the

Fﬁ%'ﬂ %H&tr&él@%ﬁr@séntéa r\ﬁbrﬁ&!@}etr ohW(apB@l ng limted
thereto. Fi g. schematically resents an enbodi nent

Fig- %?Fhﬁﬁﬁﬁﬁ%ttyﬁprteée"&‘ﬁ@r’?”'ﬂ'@t’ert’H tefRlEEL according to
the invention. Fig. 2 schematically represents a

mul tilayer material sheet Fig. 3 scherratrg g/
represents aRq{grﬁragég,ggurgﬁ %@gﬂaqagﬁegtomr@ uce a multilayered

nﬁé’t@ﬁﬁ%bé@éﬂtb{e Elgﬁﬁeﬁﬁ?ﬁé % ghoWl. Thé awséramstoerrrpatses heehs 2 for
Referrin

an apparatus 1 to prod
preNiding 8 rémyﬁégewnanolm@éﬁp%? § ribecneanses) 3 inslance

cd e ah AW Sthtich 1%9 PNs 0% B§Iym%afb?>e3 1b°Po|9ﬁr@Vté§Jesgoéhre
plurality of drawn ynmer tapes 10. The neans %pparatus1

aﬂlgned sighatheteeachipng g‘é iszavientRs IR @Pr?é'ebtpétdﬁ?ﬁ“t @Pet P
fGrfthé?%M{BﬁEeé émmhosubé’ebﬂéf@ KvhichD #5thd @niboBlindérit 8R6@N $§J£ Belt,

each tape is oriented in parallel to_adjacen

ctrupeéw o csctwgaraaitr@t!ss 4 Thgraeeyis @tﬂvepteﬁs Sei>eﬁ6\)/3r1@ the direction
ﬂd%t rﬁﬁ@ a?fow""hl'rc—?ﬂlurdlrfy 6fh§pe%'mé’f'e'w§ttloﬁ€@6ﬁtol @b@trik@'fﬁ by

drive [indrical rolls 4

RAS9IAB e épe& 196'@@59*\/3 SPhOftﬂ‘ierQﬂ'Pfsd@Fr %tn E'PR)RH"%'}/Y ¢fiapes 10 are

r?ef Mo stB&rdtt 8" HoidingmebA®For |i119taﬁlé@b¥fl Qéﬁérbmﬁtj?ﬁ1e%b§trate 3,
strate 3 by passi ng the tapes 10 roug

qrndpprp\adrng BsSpas@ 6. which Can @erﬂugpraqlqrtvecwm p&,gg@plbb%jpg substrate 3.
%@t tn‘Pov%BRﬁéJb@fr@te% I%yoeh‘ﬂr@ésn@ Hg@gﬁronécp lcohipPitAB&Ro heated

oratr ng substrate 3, provi ding a space
szs:rfam@% 3and@@rmncwn@r&al Rdle@dm by punp 7 bel ow

substrate 3.7RehbaskstfeormngABltRe NEStidneddptised uRRIrding a

press 20 is positioned, conprising two heated surfaces
r(lmhty op ppiaxighy SramniRpIvear; tes 1QIrOMoMNGNg Staien pPba &psed V1.

?é ’i‘@aFeopc;shﬁ)nea‘éGEH th%f‘ aejae&rt kfR3 do Wit Rdb&tEntially overlap, and
uni axi ally dravwn polyner tapes 10 from

t em afelisH temtaatlv 8a gaPaftypicalydess wan 2 mmg betyees agipcgpitapes.
Stipdpe e?H‘@B tﬂrB@éh el s"é@ smrpfrélfé?ss(ﬂ%ﬂ)ohs shown in frgure 1, the

substanti a overlap, and there are substantial |

ajﬁpwbtytqf plhwmqey2|a@g set of4Hp gollﬁrg (5B e SRIERYCERES aPand own the
Fﬁ'ﬁte 3Tﬁgﬁe$tr%@s)v€k% &u'?:%f‘or{ e &M&W \ia'&@ur%%lt%fubﬂt'reﬂe 3 moves

ers shown 1 n ure 1, he asse

ajfa speet ivddp adirggtipnsegseptially; qgrpeﬂ ayaf to g'ge tragigyerse drre)étron The
r%fr@ﬁ@ﬁm%%ﬁ s (AQMBsE SucHAPat t‘h@%ﬁh@lrty Bf iaBSs 10 is positioned onto
transverse direction at a speed Vacuum bel
tbe bwving: substrate\deaf an angle of about 45 degrees with respect to the direction of
movement of the substrate 3, thereby forming a first monolayer. The first monolayer is
held onto the moving substrate 3 by the suction produced by the vacuum means (6, 7).
When the unwinder 2 reaches the side of the moving substrate 3, its direction of
movement is reversed, and the unwinder 2 moves in the opposite direction. Thereby,
the plurality of drawn polymer tapes 10 is folded at least partly onto itself. More in

particular, the plurality of drawn polymer tapes 10 is folded such that the fold line
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at a speed V3 in a direction essentially perpendicul ar
to the transverse direction. The ratio between V2 and

w/207822000sen such that the plurality of tapesPAQUEPR07/003684

positioned onto the noving stbstrate 3 at an angl e of
about 45 degrees with respect to the direction of
nmoverment of the substrate 3, thereby formng a first
nonol ayer. The first nonolayer is held onto the noving

SHERRE aPest phralepfathe AHECG SRS abe suBet S Thergpy 2

sebendmvhoigy&rud pbsiedriedonto tHe fdstrmemol@,mr ohherewemlrecaon of the

reversed, and the unw nde

P EL POV RN 219 Bl 2icuk DY oateSa iR SRS e first n

drams ehSureshdtahslaskenivly 6Bkt a1y ddcpnd ﬂ‘tdholatjéﬂ:én bewamsponed
particul ar, thetpkurallt of dr@ynﬁ émr t d

VY'%‘OPUIe!fé'Me SRvEMenkel the sepyate tAPeany/eHIeNABYRIs t Reon

rﬁ@ﬂoﬁ’éﬂeﬁ bf faPeé Readieferrtbithe figt mopgRYEM4t Iedst bhﬂlyssbwdblatn@ans to

ereby a second .nmonol ris sitioned
PGNP 80 noLETeag UABoRie VAN ACORIop a6 4o Frising fim,
dW4HPesivE a H&'ﬁﬁélt ¥ anyeirer ﬁfetrﬂh{bftboﬁemg Weﬁi@ﬁ)g‘é/tﬁeh
respect to first. In order to enérﬁreth

assenbly of Ff‘“ﬁ"gtthﬁr‘i'a‘%féﬁ’ﬁﬁ‘&a?ﬁﬁm'b9 ORo|AYEss is 185 into a bet

préAsRAldnaEr 20 fdﬁ‘ﬁHéI doRk@lidatién BPMEiilapdred RfaterRid 8héételn the
t apes and/ or nonol ayers, the second nonol ayer, of ta

ol Pighee caIAnget AR NI Saskerh iR 6F tBRes pislagndsd &l pysmberature

cﬂé’eﬁ@hﬁeem@’ﬁiﬂ@%otn@oﬂtﬁettﬁbe% TRE résiRing Whulflb fere@imaterial il the
to ultrasonic wel di addi ti on of alowmsltln fllmhe

d&ﬁcrme%nw'msn%@mﬁ%med o layRs neatREa! madefERym apes wit
JHRBEHA S thé¥pes at 88 ahHIBTof abbiitals degrédiaotthe!Biré AibARH movement of
assenbly of nonolayers is fed into a belt press or
suBpteMBSr 20 for final consolidation of the

nul ti | ayer edrnaagigth cﬁ'théblﬁﬁdllty éfﬂaéé&ﬁ (b@rli meBh§2Ss Gétermlned by the
cal ander 20 the stacked pl ural ‘I?él ges are
'th?h'é

ed
wigithzof thenpultilaygres reatssd qrosubsta ﬁﬁps'&iPn%gnto the belt

PrédEs- ca-g?ﬁef fSHbér 210 Iﬁﬂhbtévbﬁﬂtﬂbﬂﬂefﬁb%rﬂ af the $arid% vtnl’hethe
descri bed enbodi nent a cross

dirggtiort pfanevemnd of stsiatensisty’ Echednﬂd%\fofﬁ'i’%mvaa&sfsofé@%ﬁﬂo is V2

A hCf Hhe MORIY epe'ij rs@riges to the direction of novenent
of substrateg he width of the plurality of ta

10
on means 2 |%ef§fé'ﬂ@|t?rf'9+€9 29 graRbiGH! at%eaﬁat'%ef muitiayered materia
SULL AdcBidin dgeféa tﬁ@ﬁr{%h@én S SiENe] & 8bsofld4tedistdck of @ dhﬁ:hrectlonal

positioned onto the belt Bress or cal ander nunber 20
menalayeregkdrawn palymerevhargbethe Qsﬁwmsctﬂ%@éwwsyhsqu@nt

rﬁéﬁcﬂ‘&fe‘g@fﬂl tRé sfRX %ﬁte@@OSWﬁéréW 8ach ﬂnénéiﬁ@é? cohhﬁlses a plurality

plurality of tapes 10 is t he

qﬁymdire@tgp@ab@pﬁ%p@hp SrawREeer aligned in mﬁa@ezd'r%cﬂon whereby

48R @pks B6 ﬁ%%\ﬁeﬂtab 08 sRbWALE dridiatEreadomties indlvidtiaP@bes
according to the invention conprising a consolidated

extendiat dhe ngml%th%@ﬁlt'!ﬁélﬁfedfmﬂ'@r'am of drawn pol yner,

whereby the draw direction of two subsequent
nmonol ayers in the stack is rotated 90 , whereby each
nonol ayer cdgieiriaado Bgue @ algraghieal praseatatie of emﬂnolayer

a&@&%ﬁwgo(t) thdl ﬁlvgﬁtﬁiﬂhmjayﬁ% AbhdIARA id Builk DB of 8 PRurality of
rectl on, whereby
unidirectional tapes of the drawn polymer, aligned such that they form a woven

structure is shown.

Referring to figure 4, a graphical presentation of a multilayer material
sheet according to the invention comprising the monolayer of Fig. 3 denoted as number
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20

adj acent tapes do not overlap, is showmn. For clarity
reasons, the individual tapes extend at the edges of

wao b@7medovd | ayered material sheet. Referring toPdTi/geroe7/003684

3, a graphical presentation-1® a nonol ayer according
to the invention whereby the nonol ayer is built up of
a plurality of unidirectional tapes of the drawn

pol yrer, aligned such that they forma woven structure

i S shown err to ur a al
1adbite v Giow th ebond Fisiciiee ot iRBIREE denotedps gumber 2
(ih AottEE lihedy R dHoWh. T ﬁéﬁétﬁmom&wmmﬁmd@ucﬁmt tf% seam lines
denoted as nunberl (in @Q{‘” ?%dg? ft below it a
LR aePasH YRR BRY S a1 pldNed PSR L RS nunber 2
(in dotted lines) is shown. The second nonol ayer is
p03| tioned such that the seat s of th esspect ive
TRekBethagas 85 afermed (9JRdee PressTaPRICRIPRCR 28HPIAN Test

et hogrirsic VRESSiIfyq)li®déterrhiRgd EE&ﬁGlﬁb t@ ﬁ'@thdiﬁPT@ﬂJQE(H@rcules
as follows Intrinsic Viscosity (1V) is determn

accor fonRevoArre2BotPoRrat 11375§C("F-I§F€41'Pe§‘eldﬂr‘ts°|%0 tmpptpelng 16

29. LRgans @hnb%’ifééﬂaﬂﬁs%amm BRERLAEG! 2464 S6lutidiTBy

bei ng hour s as anti-oxl dant™in an anmbunt

of 2 gxuramtlmgutbenwsa@ﬁl@wmwum atglifferentGossentratipng do zero

msasugﬁrqce% rafidd-f erent concentrations to zero

concentration; ' Tensile properties (neasured at 25

0Cp: fensilel mosertlemgtld!aspmd att25c16yt tepsile: sirenigthe(amstiength), tensile

(or )

ot oAbt oPPE Gl e R it ot RS oo ale Bfihed and

speci Hetednined ABTVIIIHSBRNt mmmgs apemflﬂdnalASQ'MJ@é%Mnngm a

o MR ofiriiPhale RAGH i OF 505 A, 36685 b DA b s0%/min
On the asured s ress-'strain curve

modul @ the bdeis of themodasused bteesgraitgirecurve thevwedulos & datermined

1% st 0 [ ot

st nge e 9adlepEBUREEAD PP 1o BT REHESRUERE of the produius and

the t lslremgthahe (tiensde mrqwmbysuned gre digided bynthe titse, @s determined

fiber | ' L

of 0. b Bt AmER; B o it Th G P BR i SELRHY o

neasuueusuiymf@ca?og/dmﬁcTeenmle nropsmespsttwawlrrsmmqasuped in

nultll t conprising a consolidated

st ack %(oerum r@"ehg{éq;na?wﬁgnol ayers of drawn pol yner,

whereby the draw direction of two subsequent

nonol ayers in the stack differs, whereby at | east one

nonol ayer conprises at | east one unidirectional tape

of the drawn pol yner, each tape conprises |ongitudinal

edges, whereby the nonol ayer is free of an area of

el evated thickness adjacent to and al ong the

substantial |ength of the |ongitudinal edges of the at

| east one unidirectional tape.
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2. Multilayered material sheet according to claim1,
whereby the area of elevated thickness is at |east 4

wor@roreogr eat er than the thickness of the at PEEBP200TI@N3684

uni directional tape. 3. Mil t1T-ayered material sheet
according to claim1, whereby the area of el evated
thickness is at |east 50% greater than the thickness

of the at |east one unidirectional tape. 4.

Mul tilayered material sheet ding to any one of

claims 1 to 3 , whereby thec—'iiﬁreast one nonol ayer is

free of an area of elevated thickness along and

adj acent to the entire |ength the | on d'nI e
s AmuliiRrero Talsipl ise! Comering 7 FaRsRdpigi] ek of unidrectiona
Ml ti |rﬁUrﬁﬂé%/ér§Bﬁ<ﬁéWﬁ'poﬁ;h%ﬁwﬁ@éby mertgawraMeotlitm afftwo subsequent

clains 1 to 4, where asto nonol aye

but | 1 RPaAYEES 11105 SIFCk 16rS MEERTRRHTATLGe TRpEEVGS Cqgises at
dr awn |padt BAB LnidRbEtnartab8 of e &rawe pdlyfr%@teabh tawé‘ledsrﬁbry'ses

the adj acent {eg s do not over

|
mat er ilengivdva oVaeiREY the @Pﬁ&?ﬂ% s {fRe Pfelﬁ@/ aélar&&éesvlated

one "Qﬂuekr?éé%fadféégﬁi tbSaefa a’a"oer ﬂhé%hbét}intﬁaﬂ lgmatribfitee torgitadinal
tapes of the drawn d wherein the gap between

ol yner
adj aceasiges ghtbe qt?%ﬁﬁ'l‘? ewdv?fawna'da% of the width of
4 he a%@ﬁlﬁﬁérelﬂ %&éﬁﬁ%ﬁé@t@com@ﬂ% claim ™Milhkerdbgptae atka of elevated

mat eri al et accor I Ng to clai
bet wedhickegssdeat Iee%tae@lqrgnssqfaﬁqeéwama%@%ﬁ of fig 3 feast one

wi dt h \pfiditdforiflkapeent unidirectional tapes.
Multil ayered material sheet accordl n

cl wher eb
3 he | ddtilayered anaterr) sheskaqcarlingo f’@ﬁé%byalbe |aé%?39fyelevated
par ti ghicknédaus aﬁ@ﬁft b §featet- thMih%'thl@WS@%f R &néast one
sheet according claim8, whereby the adjacent tapes at
| east Lﬂ‘éﬁ'ﬁ%@’l‘ﬁ?@ﬂ%@dl y abut each ot her. 10.
4VU' til Iﬂulﬁfa?greﬁ‘?ﬁﬁéhﬁ|sh§@%cowcﬂd9%nb%f emOnco af whereby the

the preceding cl ainms, whereb

t hi ck
| east aIRASEBA® welayab'égreﬁdaf e acenef clesien @v%ﬁgss glng and

Ml ti | Qygde@dltd b @ntird leﬁé\ﬁ%?trﬁéqw’?dlﬂhﬁﬁl édyesl dtitthe A0east one
wher eby 't he thickness o | east one nonol ayer does

not exduditectionalitan€ns. 12. Multilayered naterial sheet

@CCOf HN10elia g&eﬁlrﬁétg}lé@h@ét éélsordM’g?ér%bUné Srecidifis clkiaes hefeby the at

the at t one nonol ayer greater_than 10 m cronsf
13. I\/lJB@$tI°@9éF@U>|QV&H§rlPLNF UBH&%P'%%PW%@%%&W% the
of theyBHLAGR ﬁ"nﬂﬂ SlgRkdth th\é‘%%hi%hiiretch&w HWHerEWI the @djant tapes do

| east one olayer is at least 0.9 GPa.
not overlap.
6. Multilayered material sheet according to claim 5, whereby at least one

monolayer comprises a plurality of unidirectional tapes of the drawn polymer
and wherein the gap between adjacent tapes is smaller than 10 % of the width
of the adjacent unidirectional tapes.

7. Multilayered material sheet according to claim 6, wherein the gap between
adjacent tapes is smaller than 5 % of the width of the adjacent unidirectional
tapes.

8. Multilayered material sheet according claim 5, whereby the longitudinal edges
of the adjacent tapes at least partially abut each other.

9. Multilayered material sheet according claim 8, whereby the adjacent tapes at
least partially fixedly abut each other.
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14. Multilayered material sheet according to claim13,
whereby the strength of at |east one nonol ayer is at

WO e@st22bod GPa. 15. Multil ayered naterial sheePCT/EP2007/003684

according to any one of the-p8-ecedi ng clains, whereby
the polynmer is selected fromthe group consisting of
pol yol efins, polyesters, polyvinyl alcohols,

pol yacrylonitriles, polyam des, especially

8: %@E@tllg%%ea gbqtﬁé}r,[l ?EF%%{?E&QEPQ)@ any %8?1 o&@ey E’rtegeJlng glalms

pol ybawarébma@hm@ss pOhYIBast PTG otayee dpes hall dxgeed 100

poly(1,4 ghenylene 2, 6- benzobi soxazol e), or

pol y(i"'ém& i mi dazo[ 4,5-b-4",5 - e]pyridinylene-1

114- (2, mlmbaefda @d@témeﬁé’ét%edrdlnbﬁo cMitht1io] ayiereds the thickness of at
ee

mat eri al t accor |ng to c 15, whereby the
pol yol'gast ANe Bimelayes Qﬁst’?‘ﬁeﬁ??ﬁ# iﬂ)@&?ﬂs‘ar wei ght

120! yetNniigyéred haterl 8B&stactevdirighte cpiirap@rati1pwhefebs the thickness
mul til a ered materi al heet accor@epgpto any one of

cl ai mf e atfegast eﬁﬁﬂ}q”s? aygr is@agatph AYC®i urality

1af dr thl_ﬁﬁ’ér}ématémgﬁeetfﬁcbﬁﬂﬁ@ t6 t:mb\ ohB af teasrBcddimeclains,
aral | to adj acent ta

2] acaferetBe Hengibi! 8L ERHATE MENOIBEETS ARG SarH-

1l ur a'l\hﬁltﬂa?ére@ faAErid) ShyeétRiccbraffyto @RI 13, WREIERY the strength of at
substrate herebéyform ng a first nonol ayer; (c)

hol di Aeast REe Mangfayrpist iepst 181582t he novi ng substrate;

16d) P AiItilh Pered thatedtl 'dhé’ét'dc)tor@fngdb%W? ohe loy treY prb@él:ﬁﬁg claims,
onto the first nonol ayer, thus formn

monol dyfered wmerpetymrP%sedwt@%frpwﬁh%srq@ecogéﬁmof polyolefins,

nonol gyRfestER %Iy@lﬁy?é]%iﬁl@ pNbery[dﬁ&ﬁlé@tpdlyhrﬁlhés fdspeéially poly(p-
and (e) conpressi n%ZEJ us forrred stac

consolAhgaylene tesarht myM; Ilnqeolyrppgcg&ladder-hke
accor Qofendrs, sﬁ]cﬁ'a@pb@beﬁilﬁi’ dﬂiﬁle&ir%ly@éhzém&blheéspeC|aIIy poly(1,4-

h
raans AR BrRenEas QXA ) it 2 SR e ROl 0 -2 m

17 or e]@yndﬁ?%rn%bb/ﬂ(@s dﬁMF@beﬂfﬁén?I@né’f awn pol yner tapes
i s unwound from an_ unw nding station and step kg;%.gtplyolefm

18er f or\iitiaysred matenia) shert aﬁpeﬁdmg. tewlaim 1y ‘é(ﬁﬁreﬁbil

t apes c%FndnSé§bltrth“ dH Mofé@hl@r Wb%ﬁ{ 5% Rylefg.0ocess
according to claiml ereby the pluralijt

gt dr &UACYSSIT9Be W%R?é%t'q@fMP'f"aMﬁ@é ’%%f@ﬂa'tsﬁﬁ?t %q?@rd'ngm any

first granglcahs 5f_ng'ﬂ§oﬁ\Pn§§ﬁ@| e b with respect to the
direction of novenent of the substrate, and foldin

per f or{@:Rro¥iding & piaalityRf drawryPelymer tapeeRIgnad siieh tha?eacsﬁ tape is

par al | glenfed iA ?Sraﬂélﬁ@%ﬁja@@nﬂﬁpé@‘éﬁﬂﬁiﬁerﬁy ddjcent tapes do not
substrate. Process according to clai m20, whereby

t he arﬂjf?@an i s between 40 and 50
(b) positioning said plurality of drawn polymer tapes onto a moving substrate

thereby forming a first monolayer,;

(c) holding the first monolayer onto the moving substrate;

(d) positioning a plurality of drawn polymer tapes onto the first monolayer, thus

forming a second monolayer, whereby the direction of the second monolayer

makes an angle a with respect to the first; and

(e) compressing the thus formed stack to consolidate the monolayers thereof.
18. Process according to claim 17, whereby step (a) further comprises the step of

applying a binder or a binding means to adjacent tapes.
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degrees. 22. Process according to any one of clains 17
- 21, whereby the second nonol ayer is at |east partly

w@olenzmods o the first nonol ayer. 23. Process fRCT/EPE®07/003684

manufacture of a ballistic rt&istant article
conprising: (a) stacking at |least 2 unidirectional
drawn pol yner nonol ayers, whereby the draw direction
of two subsequent nonol ayers in the stack differs,

181 niPipessaceHAInoNg SEn A SrE. Bhereny T o/ wéﬁr@vr%aow
i Nt heaseyTe uAivb@ed fre anWiavisdiyg etdjiee and stbpﬂd)slsqlmrfmhed by
overl a and a sheet of rraterl a%@sel ted m t he
or oup Feldingiias Plgalb of dipwn pelvmer P et

Jol t aniptpesslResrdyto drawp izt €8 0PN w@ewemamp of efwn
and (b) consolidati n the sh c e heet s

d
F enperRIVTS (s 1pPeStenes: sush ek i isf Goneieyedpeys,ap andle B with

arti clrgsgerfifythé 'dﬁ@ctﬂan@'n’ﬁd\)eﬁtéﬂf eftheelibstizae, aﬂma‘el'dlng |s performed
according to any one of Bal

resi stSHAR t *mtfhec%td '@@&ﬁ‘?ﬂdﬁ@b?ﬁt Wé‘ferlnt%ﬁ‘e ‘E’Sﬁﬁb‘?’] %tjl rﬂave&reent of

| east Hdsubyt@dtd ecti onal nonol ayers 26. Ballistic
resistant article according to claim?24

. 25,
Lonpr iREPERFSACPRAAINGSP CHBLD. whereBy e igle fis E?W@e” 40 and 50

sel ectpdrddsom t he group consisting of ceram c, steel,

al um num nmagnesiumtitani um nickel {1 n}Dum and
2% on dirogessiaccandingyte anyops of ‘a"ﬁtﬂ“@?éﬁﬁﬂtw ergby the second

combi Gﬁéﬁd?iy%rtsh&ﬂ@&ft gaﬂ@ adﬁé&eﬁltélhéflrembﬁ&ayér art | cI e

according to claim?2 whereby the further. sheet

23nor gﬁfpﬁeﬁﬁt?réh?eﬁ'l‘aﬂ“ia%&qf ?&?B‘ét"hfestsf@t atics Sce“?ffs"igne

stack (gf stHER? @M@és‘% 2ainidiRRESNA dradvitepYrkkMohalagers, whereby the
t her eof". allistic resistant article acc rdl

cl ai mdraw @irreqwn of e é\é?/squSnttrﬁP’&%?ﬁ@é%'rﬁf‘etsF?é g,é/yher eby at
sheet 104stbRe rrrmla(yeﬂ?érﬁﬁﬂls%ls d ;ﬁur%hty@%hldﬁgctmnal t3Pes of the drawn

Ballistic resistant article accor oa%ey oneﬁ{o

cl ai nPopINeroaligned ihesynedimstion. Hﬂ“qr%ﬁe?dl? nhiaRes

bet weeReh&§ dndrd SHet shagteriaf sélét@écgﬁ&théfPio%bl o@hsraﬂﬁﬁ JW&:eramlc
mat eri al sheet accordi ng to any one of aji ns

t he bdteRrAUMEyET tltﬁglﬁm,ggqﬁega qrapfate. sf cthmmrfhereof and

| ayer (gf cdﬂ%@ﬁ&%ﬂb‘ihé étQSlEed sHeetsRlirRkfe? Eemperbturd 8nd pressure
ﬂoepar atiton of a nultilayered materi al sheet accord

anyA bajlistisrresitanhartiglecompgising @rpyitiayergd matprial sheet ac%ordrng

DOS't'tQ'&hQQn@ofbléﬁﬁs fito {@ast one drawn pol yner
uni directional tape onto a noving substrate thereb

Z5r mi rRpllistic resistanftitle pesording &9 elagrn EheCOmRIiSingallegss 40

free qQfnidfecBbmdninoflysat ed thickness adjacent to and
al ong the substantial |length of the Iongltudl nal ed

2t hBallistic sesistantrsticle, amc}f@ee itdFigIm 24,9625, comprising a riher
sheet of inorganic material selected from the group consisting of ceramic,

steel, aluminum, magnesium titanium, nickel, chromium and iron or their
alloys, glass and graphite, or combinations thereof.

27. Ballistic resistant article according to claim 26, whereby the further sheet of
inorganic material is positioned at the outside of the stack of monolayers at
least at the strike face thereof.

28. Ballistic resistant article according to claim 26 or 27, whereby the thickness of
the further sheet of inorganic material is at most 50 mm.

29. Ballistic resistant article according to any one of claims 26 to 28, whereby a
bonding layer is present between the further sheet of inorganic material and
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(b) holding the first nonol ayer onto the noving
substrate; (c) positioning a second at |east one drawn

w@eioyea00uni di recti onal tape onto the first noOPCI/AR®NT/003684

thus form ng a second nonol &3@®r, whereby the direction
of the second nonol ayer nmakes an angle a with respect
to the first; and (d) conpressing the thus forned
stack to consolidate the nonol ayers thereof. 3 1.

Processfor t nufacture of a b st ant
r O e he watesa] Sham atcaging IaRy ok SrtiitnRey 1516 ebling layer
uni di ic8fptiSingla wsvantor peh wWeven rayepbeirieiganicdizen

3\%02?13%09%@ %Fié%\,‘cé'gﬁn é%pp&%gg'%ulﬁlageréa Bgaé @iﬁbe& accorculO ng to any

nonol ayelos clalind Neo 56, aoknpiisinger s, whereby at |east one
nmonol ayer is free of an area of eltﬁvat ed .t hi ckn

A ac 4PASHIoRNg T8t A g5t 0Be S} ROIMTET WhgeeligRal teRe onto a

| ongi twlindpduBftaRhereby Fimitig 4 8RS oABRAYyeH) be@@ltth@ Rednolayer is
tape; and a sheet of material selected fro

consi iepmY aBRreaelAlR @tedthicknessadiazant g and {’1?8 Substantial

gl ass| srtﬁehbdgﬁudlﬁm ezgeblonmelatnwast brs aaiiirectivdal tape;
consol i dati the stack sheet s under tengerature and

pressmﬁ'P)é“O'Q'JQQ thefirst manRlaxed opia tepmavingbstrdi€cor di ng to

any ong rS?:fsntlbhfﬁgCH SHcBRd %t feBstldhe dvaRA PBNYNRI uhﬂ&é&tldmetape onto
nonol aye onprises a plurality of unidirectiona

t apes thg firshone Ve, B@Pwng aﬁﬁwdnemfﬂwqrh‘ﬁhefﬁhéthe direction of
pl ur alhd YedhdWibrididyRF fiaRB& bn bAGIR T Wit fBsBe QY Gk firdliaha -

(d) compressing the thus formed stack to consolidate the monolayers thereof.
31. Process for the manufacture of a ballistic resistant article comprising:
(a) stacking at least 2 unidirectional drawn polymer monolayers, each
monolayer comprising at least one unidirectional tape, whereby the draw
direction of two subsequent monolayers in the stack differs, whereby at least
one monolayer is free of an area of elevated thickness adjacent to and along
the substantial length of the longitudinal edges of the at least one
unidirectional tape; and a sheet of material selected from the group consisting
of ceramic, steel, aluminum, titanium, glass and graphite, or combinations
thereof; and
(b) consolidating the stacked sheets under temperature and pressure.
32. Multilayered material sheet according to any one of the claims 1 to 16,
whereby at least one monolayer comprises a plurality of unidirectional tapes of
the drawn polymer, aligned such that the plurality of unidirectional tapes form

a woven fabric.



