- 1 - BALLI STI C RESI STANT SHEET AND BALLI STI C RESI STANT ARTI CLE The present
invention relates to a ballistic resistant sheet and a ballistic resistant
article. A ballistic resistant sheet conprises a stack of
at | east 4 nonol ayers, each nonol ayer containing unidirectionally oriented
reinforcing fibres with at nost 20 mass% of a matrix material, and with the
fibre direction i npgachrFRQe)@yalT S6tPOAKLALEETH kBSKEAREHRTICLH he fibre
direction in an adjacent nonol ayer. Such a ballTistic resistant sheet is
very suitable for use in conpressed or noul ded ballistic resistant articles
such as panel s and espeTh@ple¥ert iHveérttbnpaBek %o a ballistic resistant sheet and2Hselisfe
ballistic resistant sheet 1s known fromUS 4, 623,574. This publication

di scl oses t h&" ﬁga\ﬁ%iﬁ ure of ballistic resistant sheets by cross plying and
stacking a plurality of Amaligiicagestant skt borwrises aistedi of @t lergdahdnplagbns greetl

ext ended c h%aqoq@by@nl% regnﬁmf.rbaehguy%ﬂgm@d @%&&.@ mé@w,&@épmcfspéd AUEd, ﬁfy

pressing theminto a anmpl e scl osure nentions t
product i on ofatEx Wﬁﬁﬂ?'a@l@rw'wh%@l"? E‘éﬂcf' 'V\Fa‘ﬁb’f‘?@ 3y8 Rrdtagleisdevithirgpest to

si de- by- si dehefibra dikctiton Wanderacymefoehyyea Kicat oallifdt kst khddt Bvenasitased to
coat the uni ¢tionall | igned fi plurality of the thus t ai ned
ronol ayer s Ve oS LR B Pub SRR PPt B bRl Pong Erdgrep ol

per pendi cul &rved Petes. f i ber d| rection in an adjacent nonol ayer. The obt ai ned

stack was put between parcalaltelmsm r@&@@nt'sﬂee’%ﬂ; ;Aewhlfremmea%z@e% phgssed with a
pressure of 0 m nutes, foll owed by

e
cool i ng. S@ERI'Cﬁl\%‘aﬁi 9 Ossfafih 'IE get g‘ﬁ? O@?‘?@'@‘ﬂc r?§5t3“t§‘8€??‘18¥/\ﬂ OF$ YHng and
W)2005/ 06646Baking hipBirgitiadf incablagers thast Mils esidirdvdomsin afigret! ekienddd dhalnl 1 st i C
resistant s n
each with u%ﬁ%tﬁegﬁ ?r?gss OioEw‘mge e'flt§ @%ﬁ%@h@’?% Jﬁgtﬁyﬂr“% eHg&fl@ ‘”’2’?"? and a
matri x nat ericfhis Cf'%ﬂ’qsemaefsy% PEpdygtians mrigreleve ydebieally Bxappjsidses 22 and 23

of this di S@blg)étuﬂ@ndlf&i@td Se- waad@b@duﬁrm @mdafw@réeymkrawﬂrmwot Boip@nwishyl ene
fibers havmge ar.eal ities of the

n
monol ayers aré ?thegumdxref%onjxgﬁ Q%ﬂ'tasr? ﬁ\eohé{ﬁlg fth%fhuao ame monolayers
styrene-i sop'ﬁeﬁfecwwer@mﬂmﬂbecdfpmlmra ragnateger i perpabdcdlad to dfe fdbout 15

mass % SUChd;?é?:ﬁ&{ﬁa%@%c@ﬁt%ﬁ%gyénﬁh@éﬁéﬁ&gsté&t\%sapupg&%en arallel p!ates
There is continuous drive towards inproved ballistic resi s? d’

articles and fRECHFEsERt pfeﬁ%‘f"&%prﬁa%e ehf+-HMPSiah g tSmRsRtHE oé 1B‘af¢ foét”l c

resi stant sheetestobdwednglibeitgt he manuf acture of conpressed panels or

bal I'i stic resist roved
oul dabi 11ty oane Ehat oot s Pty s AR RIS ERAER i b PR
especial ly & 'W@%d"eb@ﬁ*f’tif%‘itw@ qfeeli*%eaa‘efstamttaheete by corpsrahdingnds evelia a

bal | i stic resirstitgnbf s:he:edlaye@é tchen | wmenImIavbcaomvogﬁ%e%x%egéﬂ%é 7

obt ai ned u ed absence of

i nhom)geneo[}J %ﬁﬁggng%}o éi"ts’he b%l"f{?t@f m??%“gﬁ Q@P!Yﬁ?’ ebgh@"ﬁ%“q fegqingp ar%ﬁe@ﬂr e after
moul di ng. Examples 22 and 23 oAdtordilogire oenhien fegsedictiomeeatrhemlsr ivipr oved
bal I'i stic S%@bthyiéné)ﬁ%\fé A8¢ng 8%@@5 t§ 'R g Zaresc’ﬁ ack el Bk Ar SoFensatles %ayer S

each nonol aye ontain uni di recti onal oriented rern orc ng ¥es with
a tensile stTERGYH® 6F {fEen'ss gy gng ”F W”t ofza athd”%tSOmswaﬁab@sls% of a
mat ri x mat ercbpdlymérhes areal mdensidryanalit 85 MeReYaYREN Ghedl RSy GidT2 and
with the fi lgpe%SQ iggcatdagg, in each nonol ayer being rotated with respect to

the fibre direction in an aéacent nonol aye
There is

ontinuous drive towgrds improved ballistic resistant moulded
articles and the present inventors have surprisingly found a ballistic resistant sheet that
enables the manufacture of compressed panels or ballistic resistant moulded articles with
improved mouldability. Improved mouidability means that upon moulding of a ballistic
resistant article, especially a curved ballistic resistant article, comprisihg several ballistic
resistant sheets of the invention a homogeneous product is obtained; 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,



The ballistic resistant sheet according to the invention provides good

nmoul dability. Thirs can be seen upon noul ding of a curved
ballistic resistant article, conprising several piled up ballistic

resi stant sheets of the invention mher? a honogeneous noul ded article is
obt ai ned wi thout irregular folding of fhe ballistic resistant sheets. An
additional advantage is that the ballistic resistant sheet according to the
i nvention shows a further inproved anti-ballistic perfornmance.

In the present invention the term nonol ayer refers to a | ayer of

uni di r ect izagal mystarg ;ﬂa§§£ﬂof§hf§tf@(;ﬁgt@galfl bers and a matrix material that
basically holds the fibers togeth A ballistic resistant

sheet conpis ¥ed d&”§‘fya%ﬂ@@P”‘é?yqré’ééﬁ'e@lst@é%?ayers preferably the at |east 4

monol ayer gn@@itAehe ﬁtﬂgﬁﬁie&’bn% éé’&hﬂgndl /e BEing hethik@rwithraepeBe ROthaYieres ar e
stacked in such a way that the fibre direction in each nonol ayer being

rot at ed wirertipedparadipeent RONPIAPe direction in an adj acent nonol ayer. The

angl e of rotation, Wh'TﬁE'bEFﬁ@tﬂ}Sre%@%niS%ét%ééer@ﬂ@'t@tt@nﬁb@&m gpvii&egdddr es of
t he adj acent nono-layers, is preferably between 0 and 90, nore preferably

bet ween 1008K@b#ty: Most preferably, the angle is between 45 and 90.

The fibres in the bal h’hi%tc'aﬁ bé%@bﬁhé&ﬂ m%bl@f:hg; b duRRdiHMBH FeRtdrwaick, tensi | e
strength of between 3.5 and he fibres preferably have a tensile

strengt h edmpisineayes! e”%shlép aa*@t'%'st%ﬁ@eﬂ?@f Eedpysplige tWeen @3, 7 and 4, 1

GPa or rmﬁém@ééﬁe%ﬁé‘m%!dé@ta‘fﬁ‘?é‘ls%b?aﬁwe@ﬂﬂt%uﬂrr@ﬁ@arfoldmg of the ballistic The fibres
may be inorganic or organic fibres. Suitable 1norganic fIRI’eS are, for

exanpl e, EsEEOt sheptaAn %C&'t@@ﬁ' éfCiVBP@Q%Sn'BaUB?Qﬁ’i“E“CT"eﬁ&sé%“S eet aCCOfdlng to

Sui t abl e @EGRRINGCA ‘sﬁ%ﬁa%ﬁﬂér%ﬁﬂ%v@d Bh@ballignsidrerpbnengt h are, for exanpl e,
aromatic polyamde fibres (also often referred to as_aramd fibres),

especi al |y pol y(p- pheWP%ﬁ@%@‘r‘ﬁ}fﬁﬁ'ﬁ%%ﬁ?%)ﬂonpiaﬁﬁr giees e YR e pol yner

and | addefpdiidcBoml YABAted 'r@ﬁf%%@ﬁﬂér@%@@hﬁé‘ﬂ‘%ﬁbﬂéhgﬁﬁﬁﬂ E8icAly holds the
pol ybenzoxazol es, éesp. poly(1, 4-phenyl ene-2, 6- benzobi soxazol e) (PBO, or

pol y( 2, 6-Hernioaae[-4, 5-b- 4" , 5 - e] pyri di nyl ene- 1, 4- (2, 5-

di hydr oxy) phenyl ene) AB!H‘PQ'C ahig@nf §feat 6&%&3@5%%@@0@%@55!@%0@ ersf Or
exanpl e, polyol efins, polyvinyl alcohol, and onacronnltrlle ich are

hi ghl'y orfirelsrably theat pass4 mpnolyarsaing frdedex aRpeied Bypng aetnas b ng
process. hiedih)erOhiceth&ddRPSNP! £ivhPihatihamibeb d.&%ﬁb@mdedaﬂ?ﬁbrfdléa/ee@emgr a

conbi nation of at least two thereof are preferably use
H gh per frefefasheih ipsp@in ifedipes direstiaa ingn @ﬁ%‘?ﬂ“&”@ﬂaﬁﬁeﬁaaf‘ﬁé‘f’ﬂvl‘grﬁ%ta'?'?rbr es

consi sti Rghief mléahyﬁ{ef%%et fhdie@BRAbSed Hpthe TiBMS &Qﬁé‘aajbe@ﬁrr@&]d?béy@rs&m'
Sspi nni ng process, such as described, for exanple GB 2042414 A or WO

01/ 73173, prefeeabbyestwasn 6° pne 087, 4porg meféaﬁblmﬁéwemam 5%8%? Maségeefeiebles i s
t hat the){h@%?@e‘(s%%w@éﬂ%g g,ngbe strength conmbined with a |ight weight, so

that they are’in partrcular very suitable for use in |ightweight
bal i stic-resist ant arhtel fidressin the ballistic resistant sheaof therieyentigblhgve@se i s nade

of Ul 1 G AATROL AR B8 Bidlh SRR FERSpLIAGAY nBG) Kekdykene wi th an
g.
strength of between 3,6 and 4,3 GPa, more preferably between 3,7 and 4,1 GPa or
most preferably between 3,75 and 4,0 GPa.

The fibres may be inorganic or organic fibres. Suitable inorganic
fibres are, for example, glass fibres, carbon fibres and ceramic fibres.

Suitable organic fibres with such a high tensile strength are, 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



The titer of a single filanent of these fibers or yarns preferably is at
nost 2 denier, nore preferably the titer of a single filanment of these
fibers is at nost 1.9 denier. This results in a better nouldability of the
ballistic resistant noul ded article conprising the ballistic resistant
sheet. Most preferably the titer of a syngle filament of these fibers is at
nost 1.8 denier. The termmatrix material refers to a
material that binds or holds the fibres together and nay enclose the fibres
intheir entirety or in part, such that the structure of the nono-layer is
retai ned during handling and naki ng of prefornmed sheets. The matrix
mat er: al ma?ejcalfoi@amm@yw@: Sai[ﬂpIn'ge}!l0¢f9$8vﬁ@hb@‘%i@@'%@ﬁ%\?ﬂlgf or
exanpl e a ween yer. i ng
Strip bet i eph PR ol ? BBRENSy anierFfy PRrr HEDRIEEEG RO 1D,
(transverse w th respdtigh perferengaipdlyethyteneridres oridrighly drawn pslyéthyeegnat i ng
and/ or enmyeddi i i ' ri i.al oo I na
preferr e(rjﬂ? lgﬂe%ocg;%ﬁ%sﬁrﬁg I"’t‘%ﬁ%@‘%’%&"ﬁ'&‘t@gﬁ tg r{%{eg{egﬁlpﬁ%arr?% b}{rgtgrell PHaleri al ,
and may bereceshesurh sstdesoipatfarreixanpte; ireGBIROE ARG AsrVEOHY E31i78] areg@ven
m Xt ures T t i i 4.
pr ef er abl 3% Ogr(% ggeffépr%{yhuasggt ﬁ%&g or?éagq%l %ﬁh%&?ﬁ%ﬂsi tb%}:tggy%\éé(\r/r%?%@ﬂ t?}g?"é:)ri al
pLef er abl ystrbxagiha:prnibir@dgdtﬁ @ hghdfwedght osbD@Ythey areahatltdﬁ@m l?r\'@nebfwi@ﬁleefﬂbu%ﬁ ment ,
the matri x er.i IS4 2 . trix material preferably has an
el ongat i or'1nl R\ﬁ?'gﬁte%as" Ugég%txﬁ%&éagggf erably from 300 to 1500% nore
preferably from 400 t &Mdk2p@¥erably arsetitenage ofipubifilarest parsetof Litrg-higit wpelaal s,
vinyl esters, . t yest ers. j r resins are
pr ef er abl &%gpﬁ%f@g%@&%& tht(] ama'b@? I§1g|vf%8§§rﬂg%§ta ﬁ'&agtp‘g%' of thernoplastic
{rﬁt eri a: s, : pol y:Jr et haiias itgpoff gy Ellampot gfabegelrnﬁims opwdrpe Ipedferablyds at

er mopl ast i S .
pol yi sopr gﬁéﬁ%gﬁ'ﬁ%%{‘/k%ﬁ%&g@? 9‘%@%@9 %%?fyn?]{eiﬁrf ée:ngﬁtoorf these fibers is at most 1.9
pol yst yr edenigroTissepiiteirep beiistmoddadilly ottke bofisionesistanhmeulsiedfagticieh| y
sel ect ed gsmg;ﬁsﬁr{%e%hlgﬁc! l%lsi'stanflshe t. Most preferabl théﬂ?l'feﬁ o?%%ﬁr%%?la%ehpﬁf mat rix
material 9 edprocess according o the T Rvention has a )om) ulus of at
| east 3 MpBase Tibérs is st uosier&tever.t 0 be a secant nodul us neasured accordi ng
to I SO 527 at a strain,_of 100%. , Particularl L le are
those matrix materi al Eh? Leértn 'g%{;ﬁlxﬁgatg%%lr?fgag tgsa 'gat In‘%{)ttgra nglgﬁé P%h@g% gfeb
Exanpl es fifres ttgetisr ent heaynoplasstthe fibmsén thelirentirety adie: paat sythathes the
pol yur et hgne i fied polyal ef i WalV2 referably,
Phe” mat 1 urRe Ry e i B R CaCiae Rl s B Bl Ak g BB el
pol y_u;et mslfmeési. §hafnpajtiyataltmriaunat¢rmh_ean h?\ea beées dpadied immarwtpdblymamd?yﬁl;. Thi s
provi des 4og rfor e.ove re I : . eci a
Crbodi merle S By B aRES b Ry i a2t e oon s B phat 1 o
di i socyanatteserathetumidirefctiondiigraligngs fivess opas tfacsveper filvesiinosyvesspati al |y its

col our stabili e , Pr. ef. . 0 [ | east 5
VPa. The S0 IR rLees el Gt PG AP ROk SR g Ry T brdl Teo
anount ofwithed matrixmattrieal in the nonol ayer is at nost 20 mass% This
results in a good conbination of ballistic : 1Ge LLity.
Preferably the arr[)ungt'%@fpr etrrrefixenﬂr%@éq]?itr lqenrggr'gé%rrag%@%%/%% @{Qé??egilthﬁ%g% 18.5

mass% nonatepaleded alaly eat theosdsetiihdbmatesialor althiesmopigstic matemiahor evdarelset t er

nbi nat i f ballistic,. f il bly th
epant - o gt wiek PhieRinodio BT dRRRBOAE 0 MRAET R prkletnl Bk RhEHRP Y (e
resul t s ieforigadoetthedibrds. Mae inmatriomabeld pstferablydvak anneongatiandf Goobadisi | ity
of the ballistic resistant ulded article. . . . . s found
Shat o 3h absheserefteR EbedMERE TR AGthal fanas pepvmricri g, Lo
densi ty, pedfetabey maznoi elgegativasofiad Idaet 200% easte RBfegat froRr 8dGtoatdople,t he

wei ght of the n er i.s.b n_30 and 200 ng. re preferably, the
wei gnt_ o eraiERanaED b8 welEEnrae BRerdunotiferotilio BRETEENY « ne
wei ght okstehs umeatatAy® polysstbat wpexie4 Or pitahol E3irg/ ar@ preferably selected as  For t he
manuf acture of the | listic resistant sheet accordin ho t he j nventi on,
the uni diAUet TBIRAFI-ToraithE BIUPrRS e BEPIESLT BalSH e GRYL BRI TR T POMENHE: r i x
mat eri al pbigécrkﬁtfst, polgelehis appkithtiglastitte gstomerie bipkRebpalyfiets@uchast he top,
bottom or both sides of the plane of the fibres apd t hen Eassi ng t hese,

t oget her PAYISAPTORENE PRIVELYIaNgr i Aneragly sl sy SoPE M &1 BOVIBPRESFab! v,
hovever , pbstyfdnBtsok @pbEdrsbROpRFdrapl 8dictdrrrmbkrikImatasdi on in one plane,
are coated with an anount of a |1 quid substance containing the matrix
material. The advantage of this is that nore rapid and better inpregnation
of the fibres is achieved. The liquid substance may be for exanple a
solution, a dispersion or a nelt of the plastic. If a solution or a

Y . .= Y T Y b1 o o S M



5 this way a nonol ayer is obtained. Subsequently at |east 4 of such

monol ayers_are stacked in such a way that the fibre direction in each
nonol ayer being rotated with respect to the fibre direction in an adjacent
nonol ayer. Finally the stacked nonol ayers are given a treatnment so that
they are linked or attached to one ano#4her. A suitable treatnment may be
pressing or lamnating the stack at a tenperature sufficiently high to

obt ai n adhesion. Cenerally a higher tenperature will give a better
adhesi on. The adhesion nay be further increased by applying sone pressure.
Suitabl e pressure and tenperature can be found by sonme routin

experinentation. |n tRcrepesferagly tﬁ?@?ﬁt'ﬁé?‘?@'ﬁhﬁéé‘? pBIcyEt ﬂ?‘?c’éﬂ@gft‘? K& s such

t enper at ufQ,HRYy R9S 29¥695Hodns 6 at least 3 MPa, This is undbetdvd tbibstd sedadsi st ant
sheet accorgl ng to the 1 nvention rrag?swta y be piled up and conpressed to

form a balmadsfusoneasiired aerording AP a2t pta atraifyof ﬁo‘géi listic resistant

moul ded articles are fﬂ?’ﬁf&ula?@%ﬂﬁgbl%Féﬁ]oséwx r%hfé@la%tthél%ﬁtbetémbhbabbl stic
resi stant sheets according t6 the I nvention, which be used as,

exanpl e, & diepession bywaise Examples. of guijeite meémog@a&ma qr‘?'sd”‘éﬁﬁ"?fe‘?t%ﬂ@ﬁ%l a
hard i ”SerBHGrthaJeermHEmea 5%¥I%Ehd’@th9ie% RirpPadtste bElr&bbK EBeShARk Vests,
etc. ese a cati o 0 rotéction against ballistic inpacts
such as butdtesial camidmﬁai wamre@am? d\gﬁfémrgferably the polyurethane isfie | nventi on
further r %nge@%rl}r&hané’%éﬂ.§bb§eo[18§5%b@/ethem&| @'ﬁ?é p%\hdecsl GoRQIBHHbAG at
| east two I'stic reésistant eets according to the invention. For the
bal | i sti coress3 widgriempeiatyedange: it p sredalpmrodingotreRAUrelPpee Pesi st ance t he
nunber  of ngla hbﬁﬁétﬂaﬁ@%‘ &%@B%n%ﬁﬁ’étﬁ: dn@o&)@‘ﬁa%rstds%@ fu@hé‘tlmbﬁﬁ@& pidduchor e
pr ef er abl y | east nost preferabl’y at |east 20.
Gener al | ypetiermsace| fme@raerés @Q'@WtSt%UVded article of the invention will not
be thicker than 125 ef@aﬁ%%@%()%%duﬁ% it bi iekars Mhanrrﬂé)mv% AdunRNS
preferably not beth er t The ballistic
resi st ant gm@l&éqwarrtha@ﬁ@) dbPeording to the invention may sui tabl e be
conbined with a ceramrfe Layght &’?ﬂétﬂi n%téWJlﬁlthE%Y&{day%H%tﬂﬁéﬁboaﬂﬁh’s%

of

ceram c Iayer is then p03|t|one he si de ballistic resistant
noul ded af bik ¢t e p9god ﬁ@mb@Iat'@%Pf fza“istﬁfﬁ@@fformar@e aé.@ rRoWgakilty. Frgfesably

I'n the evm'atanﬁ(ﬁm of R%g&%étbﬁél':ﬁtﬁ&%bﬁé@%r iSBUhE8th 98 hiacb®; ARFOPAI&EbLRO t he

invention Is used In istic applications where a threat agal nst ar nor
pi erci ng BuNet!d hagsye- Bmwﬁrwtérrean eyeebetter cr@binaien pf elkstisbl y is a

ceramc | AIrmah8e b %ombﬁf} Ridst Erle?erbﬁly% ahbest oM flridnlaBtRI Rkhet ruct ure

as follows: ceram cm?a er/ conpressed pi l up ballistic resistant sheets.
Opt i onal | yoaolgeards al @9&15@953% Priesesuits Hbthﬁr?eéﬂ%ﬁm*?'%t&” ¥ Rplistiget ween t he
ceramc |;?éfﬁ:r LeRist ant sheets. -6
Sui t abl e ‘cer erlrr?lgﬁgen%#gpﬁgﬁgBﬁwghéé)bgﬁgl.cqgﬂgﬁlh{nﬂggglg%g, titani um oxi de
silicium oxide, sili cltwaséengitoat mgq!qrétp ashiave edeawrry HEVIEALIENEE de.  The
thi Cknesslv@ghé BEakal Adfshy,! YRS m@ﬁen@g&lsna@no bt |e%‘é?i5 efmZbaréfé@buycﬁehr reat but

general |y ries between 2 nm an nposite article wll

posi t i oneweiphtetf dheamiopolgyriiis belween 36 8@6@&99196’“? zMFé? pf%@'é?@'% e waioht Sfithe
threat. o0l er is betWﬁen %‘bﬁ@%@ JH Q’b%t br@?éré'ﬂ? 1Bk WEIGH ¥ tHEBEORIA ) EMs
titanium coppe nic , c romum beryllium |ron|nclud|ngthe|r al I oys
as e.g. sheéeqeera‘iﬂja@d #Bho/eds steel and alloys of al uminumwith magnesi um
(so-call ed alum num 5800nsfiah6bbiurBring!daAKEe Risriheumatbidhgiotge and
magnesi um or with zinc, nagnesium and copper (so-called al um num 7000
series). invention, the unidirectionlly fetverangipers prenaResatekVEl the matrix matedass f or
pr oduci ng,a,0ahtd 6y 55"'9 g lonb 3 mdPYIARE iRt Ethetop! BokdTh Br BEALAES: diike

i nvention the pi I'Trstic resistant sheets according to the

i nvent i ormlaf@wfﬁm fl@bsyﬁnbéhwmstéaseaﬁogetmﬁre\ﬁ%m@ flafeSrrHV@Uqfh%ﬁﬁt% 5 MPa,
in apre r is at
| eant 20 B U R R R O 2 e e et i Pl €S

r esi st anoeeplaneherenendtetbditapp aoiceint gheliquidpebdanaecantaning the@28dnpr essi on
|5 P et CTAlka DREERrAAR AN KRG mprdioBhPind BIRATA UERMFSo e gdyant age
that the tine o st on can urt er reduced, but such

t enper at i achédvedl ?Hhstlayd aubdtm maP Oe el exampirea Sélwﬁ@"rl & @iﬁ@eféton\ﬂfﬁ |adﬁ€|t he

mechani ca f I nt of
g per PorTRatediepl fyeliigh dha detBirdd Ple rlbsEicyesR A i rlluld e ET.
150C, thé#te r'rnsmjleyml mel:;&bcmstaim carhpriseg ervapqetmg thetsofanber dispeénsaat. pr ef er r ed
enbodi nent, the stack preferably conprising a pol yurethane matri x materi al
is conpressed for at |least 60 m nutes at a tenperature between 125 and
135C. After pressing at el evated tenperature, before renoving fromthe

press, the stack |s cool ed to a terrperature beI ow 100C pref erabl y beI ow

NN N Y R T - o, - o - .



IV: the Intrinsic Viscosity is determ ned according to nethod PTC 179
(Hercules nc. Rev. Apr. 29, 1982) at 135C in decalin, the dissolution tine
being 16 hours, 7 with DBPC as anti-oxidant in an anmount of 2 g/l
solution, by extrapolating the viscosity as neasured at different
concentrations to zero concentration; _glensile properties (neasured at
25C): tensile strength (or strength), tensile nodulus (or nodulus) and

el ongation at break are defined and determ ned on nmultifilanment yarns as
specified in ASTM D885M using a nom nal gauge |ength of the fibre of 500
mnm a crosshead speed of 501% mn. On the basis of the neasured

st r ess- st ithis way armendaléyer imohthined i Sulsenaentyrad teagt 4 ohsugy manelayerb&féveen 0. 3
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comprising at least two ballistic resistant sheets according to the invention. For the

ballistic resistant moulded article to have a good ballistic resistance the number of

ballistic resistant sheets in the article is at least 10, more preferably at least 15 and

most preferably at least 20.

Generally the ballistic resistant moulded article of the invention will
not be thicker than 125 mm:; preferably not be thicker than 100mm and more preferably
not be thicker than 80 mm.

The ballistic resistant moulded article according to the invention may
suitable be combined with a ceramic layer and/or a metal layer. Such metal and/or
ceramic layer is then positioned at the side of the ballistic resistant moulded article
facing the ballistic impact, i.e. as a strike face.

In the event that the ballistic resistant moulded article according to the
invention is 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.



-8 yarns of the second | ayer are oriented essentially perpendicular to the
yarns in the first nonolayer. This procedure was repeated to add a third
and fourth nono | ayer. The final sheet, i.e. the anti

bal listic sheet according to the invention, consisted of 4 nono | ayers
oriented in a 0/9/0190 direction. It hgd an areal density (AD) of 237.4

g/ n2. In total 67 of such final sheets of 40x40 cm were
stacked together and pressed into an anti-ballistic panel. The pressing
conditions to obtain the anti-ballistic panel were as foll ows: The stack
with the 67 final sheets was placed between two pIatens 8£dﬁastandard
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that is remain below the melting range of the fibers. In a preferred embodiment, the stack
preferably comprising a polyurethane matrix material is compressed for at least 60
minutes at a temperature between 125 and 135°C. After pressing at elevated
temperature, before removing from the press, the stack is cooled to a temperature below
100°C, preferably below 80°C. In a preferred embodiment, the stack is cooled while still
under pressure, preferably of at least 5 MPa, more preferably under the same pressure
as in the preceding pressing step.

Finally the invention relates to a protective garment, such as a bullet
resistant vest, comprising the ballistic resistant moulded article of the invention in the

form of a hard panel.

Test methods as referred to in the present application, are as follows:

. IV: the Intrinsic Viscosity is determined according to method PTC-179 (Hercules

nc. Rev. Apr. 29, 1982) at 135°C in decalin, the dissolution time being 16 hours,



By pressing 134 sheets a panel was obtained with an areal density of 16.7
kg/ n2 and a yarn AD of 13.0 kg/n2. The yarn AD being equal to the yarn AD
in exanple 1. The V50 of the panel was found to be 666 nis, the Eabs was
1423 n2/ kg. These results show that despite the sane anopunt
of polyethylene fiber in the panel, vi.z.. 13 kg/nR2, the panel according to
the invention in Exanple 1 showed a significant higher Eabs. -10- Table 1
Exanple 1 Conp. A tensile strength[GPa] 3.6 3.3 # nonol ayers per sheet[-] 4

with DBPC as anti-oxidant in an amount of 2 g/l solution, by extrapolating the
viscosity as measured at different concentrations to zero concentration;

. Tensile properties (measured at 25°C): tensile strength (or strength), tensile
modulus (or modulus) and elongation at break are defined and determined on
multifilament yarns as specified in ASTM D885M, using a nominal gauge length
of the fibre of 500 mm, a crosshead speed of 50%/min. On the basis of the
measured stress-strain curve the modulus is determined as the gradient between
0.3 and 1% strain. For calculation of the modulus and strength, the tensile forces
measured are divided by the titre, as determined by weighing 10 metres of fibre,
values in GPa are calculated assuming a density of 0.97 g/cm®. Tensile
properties of thin films were measured in accordance with 1ISO 1184(H).

. The modulus of the matrix material was determined according to ISO 527. The
100% modulus was determined on film strips with a length of 100 mm (free length
between the clamps) and a width of 24 mm. The 100% modulus is the secant

modulus measured between strains of 0% and 100%.

The invention shall now be further elucidated with the following example and

comparative experiment, without being limited thereto.

Example 1
First a unidirectional monolayer was made on a drum winder. To this

end a siliconised paper was attached to the drum of the drum winder. The drum had a
circumference and width that were both 160 cm. A polyethylene yarn with a tenacity of
3.6 GPa and a titer of 1.92 denier per filament was wound on the drum winder with a
pitch of 3.08 mm. Before being wound on the drum the yarn was wetted with a dispersion
of a Styrene Isoprene Styrene block copolymer in water. By diluting the dispersion the
amount of solids taken up by the yarn was adjusted to 18 wt% with respect to the amount

of yarn.
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



4 Mass % matrix 18 22 AD yarn per nonol ayer[g/n2] 48.6 24.3 AD matri x

per[ g/ n2]

nonol ayer 10.7 6.9 AD nonol ayer[g/ n2] 59.4 31.2

-8-

yarns of the second layer are oriented essentially perpendicular to the yarns in the first
monolayer. This procedure was repeated to add a third and fourth mono layer.

The final sheet, i.e. the anti ballistic sheet according to the invention,
consisted of 4 mono layers oriented in a 0°/90°/0°/90° direction. It had an areal density

(AD) of 237.4 g/m°.
In total 67 of such final sheets of 40x40 cm were stacked together and

pressed into an anti-ballistic panel.
The pressing conditions to obtain the anti-ballistic panel were as

follows:

The stack with the 67 final sheets was placed between two platens of a standard press.
The temperature of the platens was between 125-130 °C. The package was retained in
the press until the temperature at the center of the package was between 115-125 °C.
Subsequently, the pressure was increased to a compressive pressure of 30MPa and the
package was kept under this pressure for 65 min. Subsequently the package was cooled
to a temperature of 60 °C at the same compressive pressure.

The areal density of the pressed panel was 15.9 kg/m®. The areal
density of yarn in the panel was 13 kg/m?

The obtained panels were subjected to shooting test in accordance
with the procedure set out in STANAG 2920. A 7.62 x 39 mm Mild Steel Core bullet,
often also referred to as ‘AK47 MSC bullet’, was used. The bullet was obtained from
Messrs Sellier & Belliot, Czech Republic. These tests were performed 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



AD per sheet[g/nR] 237.4 124.9 # sheets per pack 67 134 AD pack[kg/ nR2] 15.9
16.7 Yarn AD in pack[kg/n2] 13.0 13.0 V50[nfs] 782 i

-9-

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

142 J 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.



683 Eabs yarn 188 143 CLAIMS 1. Ballistic resistant sheet conprising a
stack of at |east 4 nonol ayers, each nonol ayer containing unidirectionally
oriented reinforcing fibres with a tensile strength of between 3,5 an 4,5
GPa, and at nost 20 nass% of a matrix jpterial, the areal density of a
nonol ayer is at least 25 g/n2 and wwth the fibre direction in each

nonol ayer being rotated with respect to the fibre direction in an adjacent
nonol ayer. 2. The ballistic resistant sheet according to claim1, wherein
the areal density of a nonol ayer is between 30 and 200 g/ n®.

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 24.3
AD matrix per [g/m2] 10.7 6.9
monolayer

AD monolayer [g/m2] 59.4 31.2
AD per sheet [g/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




3. The ballistic resistant sheet according to claim1 or 2, wherein the
nonol ayer conprises at nost 18.5 nass% of the matrix material. 4. The
ballistic resistant sheet according to any one of clainms 1 - 3 wherein the
unidirectionally oriented reinforcing fibres have a tensile strength of
between 3,6 and 4,3 GPa. 5. The ballisfie resistant sheet according to any
one of clains 1 -4 wherein the unidirectionally oriented reinforcing fibres
are highly-drawn pol yethylene fibres. 6. The ballistic resistant sheet
according to any one of clainms 1 - 5 wherein the matrix material has a 100%
nmodul us of at |least 3 MPa. 7. The balljisti.C resistance sheet of any one of
clainms 1-6, wherein the titer of a si i lament is at nost 2 denier. 8.
Bal listic rﬁsistant noul ded article conprising at |east 10 of the ballistic
resi stant sheets according to any one of cl ai 1-6., 9. Ballistic resistant
moul ded ar'ti cl e Babighs @sisint %%ﬁtéPWQS'F%?Ff?éﬁog%Hﬁ?géﬁ MY ami ¢ or net al
strike face. 10gakf RloR6lkiereoadini®it, such as a bullet resistant vest,
conprising the ballistic resistant noulded article of claim8 or 9. 11. Use
of the ballisti &ndEestiopafycrieatrdeinireias dPis§ WS any one of claims 1-7 in the

manuf act ure of BabAdigtirendts of 6&td@en 83 4rth 8SGPa, and
at most 20 mass% of a matrix material,

the areal density of a monolayer is at least 25 g/m?
and with the fibre direction in each monolayer being rotated with respect to the

fibre direction in an adjacent monolayer.

2. The ballistic resistant sheet according to claim 1, wherein the areal density of a
monolayer is betweea 30 and 200 3/m.

3. The ballistic resistant sheet according to claim 1 or 2, wherein the monolayer
comprises at most 18.5 mass% of the matrix material.

4. The ballistic resistant sheet according to any one of claims 1 — 3 wherein the
unidirectionally 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.



