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BALLISTIC-RESISTANT ARTICLE

This application is the 1.5, maticasl phase of intermational
application PCT/NL 2004000028 filed 1 Jan. 2004 which
designated the 11,8, the cetise coment of which 15 lerehy
incorparated by reference.

The imsention relales g o prefosmied shioe, 1o a0 assembly
of af least fwn shoots amd 108 flexible hallistic-resiaant aicle
conprisiog sid by, A preformed shest comprises ol
beast oo mooo-lavers, sach moooJoper sontaning unidirec.
tivaally ariemied fibres hoving a tensile strength of a8 heast
ahout 1,20GPa and a tensile modalas of 2 Jeast # GEs, 20d 2
himder witlya [hee direction i ael mono-loeer bang rotased
with regpent 10 1he fibee dirceton in an adjscenl mooo-Layes,
il 3 seporating Jidm on both euler sarfices.

Sncha prefoemed sheet is known from BF 0007304 AL B
OOOT50M A1 descrihes a composte layer {or prelormed
sheet), whick was prodiced by crossowise seckiog of 4
maonokayers ared applying o separating (ilm made fom a lncar
Ipa-density polyelbyiene, and subsegoendy conselidating
the stagk ar ¢levened semperature wder pressure. The mons-
layess con@ining, usndrectionally orooied fikecs wene pros
dnoed by arnmid yam fibres haviog & titer of 1680 diex being
gkl from o bobkan frame: over & camvh aml weting them
with an agoeous dispersion of a polysyrene-polylsoprene-
pelyaryrens block copolymer a8 & hinder or matiy msieril.
Flexible ballite-nesisant shaped artichs were made from a
- linked stack of several of said canposine layers, the stack
kzing stabilized by stitching ot the coreers,

A drhack of the preformed shes knewn fram the prior
st i tha the e bebaoon snerpy sheoapiion of o ballaric-
resistant article comgrising said shocts, which is a measure
far the kallzric protection lvel and the weight of tu: balhstic
resistant arficke is unfivousable. This mi = generlby
expressed s the specific energy nhsorptan (SEA), that 5 e
ey ahsarbid per arsel mass (genecally alked arenl densiiy
ALY, This implies thal o celarvely hesvy ballistc-reastat
artiele is pequined W achibevs b cernin desined proteetien bevel.
If the: ballistic-resastanl aticle, oo the other band, has a bow
weight, the artle provides a relatively Jow peotection Tevel
apninst ballizts ke, Por a large number of applications the
Trwest passible weight of the ballistic resistant-artcle 113 G-
junetion with a corlain migmmm profectan level is of great
impurtanes, This ks the case, for exemple, io te Toeded af
perspaal protective, such as clothing and body arenear, ke
for cnamnple bullerproof vists; b slee for application m, for
caample, whicke:,

There ix thios & comsot nood m indasey for a proliomed
sheet that crables making of ballistic-resktant anticle offer-
ing a higher pratection bevel ata certain weight of the artick.

Accowding to the prasent imvention, this is provided by a
prefanmied dbeet whenen the sepaeating fibm has a ponosiny of
bertwiinen 40 ol .

With the preformed shest amconting 1o the imventice, &
substantially higher proteetin Jevel at a coran weight of an
ssemhly of sheots or & ballitceresisant atiele comgprising
an mssemibly of shests acconfing 1o the nvention o be
obtzined, A Misther advantage of the preformed sheet accord-
i 1 the imvemiion i3 het, i additicn W Bnang & fireaarzhle
milia Bemween the protection leved and the arcal dengaty, 2
Eonl st -ressistant srtiche comprising an sstemihly of the pre.
Formusl sheess offers momne Dexibiliy, which incremses the
seape: forapplications of eoch halfistic-resstas amicles, This
maboes the article partienlardy suitable fr applications when:
high flesibility and comfuet-in-use is desimble, such &5 in
body srmour The sheets further slow Improved prisnability

e

x5

2
wilh differens tochniques, whick 2 an sdvasinge in vicw of
gerluction and quatiny coope] and tacabilily s,

With ballzte-resatant arbicles are meant shaped parts,
compirising an assembly of of least twe preformed sheets
aocording o e invention, which can be used a5, for example,
prodectine clothing o for amosaring of vehscles, and witich
offer protection azainst balliste impocts such as by bulles
and shragmels.

Ap assenyhly sccording to the invention conting a stack ol
prefarmed shoots thar are not lisked soone anothier; that 15, the
shanets are pol altached or mibened 1o eoch ather over @ wib-
szl part of User adjacent surfaces. s, Iowever, difficult
to bz @ ek ol prefarmed sheets that are not linked fooms
anoiher, hecause such sk Incks any coherenees reguired for
figrther processing. T achisve some hevel coberepce the bal-
Tistic-resispunt amicle can, for exampbe, be stitched thaoogh.
Such stitching i# dons &5 litle 2 posable, however, far
example only at he comers or aroued the edges, in onder
allow some movement of shests relalve Wocsch other
Another pezebiliny is 10 encloss e stk of prefonmed shocts
i a fedble cover ar emvelap. This the prefommed gheets in
the mssernbiy ar in the ballistic rezisant article remain bl 10
shift with nespest W one anatber, whenss the assembly or
artiele i irself does havi caberenes and shows good fleabl-
i
A preformed sheet comprises at lesst tan mooo-lyers of
pmidhrestionnl by oriented fbees, with 3 fibne droction i cach
- laver biing rotavsd with respact i e Bbee direction io
an ndjacenl mono-kver, and the ol ket Ten meoo-lapers
heing linked ar anached to one amother, The sople afmalaloo,
wisich mesns the smalbest angle enclosed by the Gores of the
aidfacent mono-layers, 55 between 07 and 207, Preferably, the
angzle 38 hetween 457 and 0P, Most preferbly, e angle e
berween B0° and U0°, Ballisfic-resistant article: inwhich the
fiboe: in the adjacont muosa-layers are o such an s Ko
anather huve beter antiballistic charcnerisies. The oo
mone-Fyer refers 0o bayerolonidineeiondly orieoted [ibnes
sndd a hinder tkal bascally holds the e wopethe

The ferm fihee comprises mod only o monoflament b,
fmter alia, also 3 molublament yam or B tapes, The wenm
pnidircebonally criented fibres refers w fbnes that, in one
plane, are exsentfally oricoed in parllcl.

The fibres in the preformed sheet of tw ivention keve a
tensilo strevgrhofat leastabout 1.2 4iFs and o tesile madulis
ol bl bemst 40 Gl The lhres may b imonganic of organic
fikpis, Suitalle morgnis libne: are, for example, plass Ghes,
carben fibres and ceramic fibres. Snitable coganic fihres with
such & Biph vessile srompih ane, for eample, armid fhees,
Tiquid erystallins polymer Gores and fibres of, for cxample,
pelyelefing, pobyvimyl akeahol, and pebyacrylontnds which
are: highly ariented, such oz obtained, for gxample, by o gel
spirming proveis, The fibres proferably bove » tersile sirenph
of at bt abowt 2 GFa, o1 Jefan 2.5 ar even al keet 3 G
Highly arieoted polvelefin Gbres aro prifesably nsed. The
achvaniage ol s filwes is that ey ez both & bigh tensils
strergib apd 2 low specific weight, so that they ang in partica-
lar wery suiinble for use m Lght weipht ballistic-resistand
artiches.

Zaitable polyolefins are in paricular bemepolymens and
coperymers of cily b ancd propylene, which may also oon-
fain small guaniities of one cr mare ether palymens, m pa-
ticlbar other alkene- 1 -polymes.

Crownid pesmuhis. are obtamed if Lnear pobyettndene (PE) is
selerred ns the polyolelin, Linesr polycthybme iz berein
understond o mean polyeihylens with Jess e 1 side chain
per LN sz, and preforably with fewer than [ sids chaan
por N3 C wioms; & side chadn of branch generally COnEaining
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al bt 1O amamas. The lisesr polvethylene may further
conlain up 3 mal % of ope or more other alkenes that are
copafymeerisable thorowilly, such xs propeoe. bubene, pente:,
demethylpenien, Gl

Preferably, the Bnear polyelhylene s ool hiph molar mass;
with an intrngic vseosity (1Y, as determined on solutions in
docalin at 135 C.) is ot least 4 dlfg; mare preferatly 21 best
% dltz. Soch polyethylens i alm refimed woae wlica-hoglh
mealar mags polvetivlens (UTIPE). Imrnsie viscesing is 2
me=rsupe for maolar mass (also called molecalar weight) that
can s easEily be determined than achuz] molar mes<s pamme-
eters ke B, and M_. There am several empinecal nelation:
brweign [V and ML, bt swch relslion is highly dependem oo
moilar mass distribaiion. Based on e egution M, 537107
[TV (same EIP 00954 A0 an IV of 3 or & dlig woukd be
cquivalent 1 M_ of sbout 360 or 930 kgfmol, respectively,

High perfonmmee polyetiodens: (FIFFE) filres consstiog
of polyetylens flaments 1har hove hesn prepared by 2 gel
spinning process, such as describod, for example, m GB
2042414 A or WO OLTITI, e prefershly used. A gel
spinming process essenlially consists of preparing & solion
of a hecar polvethylense wiil 2 high intrinsic viscosity, spin-
ning the solution into Glumenis o1 o laopernn: above e
alzsealving, HanpEEure, eooliog doam the Glimenis o below
1he: gedling 1empermiare, such that gelling ooours, and streick-
ing the filiments bedore, during or afier the mmesad of the
salvenl.

Tz tegin Bender relers 4o o muederial dhat binds o holds the
fikres together and may enclose the fikres in ibelr enlinety or
in part, such thad e structurs of e mono-layer & el
durirrg handling and making of preformed sheets. The hinder
material can have boen applied m v forms aod waye; for
cxample ns o film, as 2 impsverse booding, sirp or as nms-
vense fibes (rmeverse with respect 30 the unsdisecticssl
[¥ress], or by impregrating andfor embedding the Ghoes with
2 matriz mateniad, ez, with & palyier meh oF 3 solution o
dispersion of o polymenic materal in a ligoid, Prefembly,
et materil is homogensausly distritated over the eotine
siarface ol ihe mono-layer, whereas a booding strip or bondmp,
fihres cam be applied locadly, Suitsble binders ane deseribed 1o
no EPO191306 130, P 1170925 41, P O683374 81 and EF
1144740 AL

In o preferred embodiment, the binder & a polymeric
malrx makerial, sl may ke @ thermescliing matenal or a
thermoplastic moierial, or mixtunes of the e, The ekegs-
tiom &1 heeak of the matrix matesial is preferably greater than
the clangativm ol (b Ghres. The binder preferably has an
elangation of 5 to 5004, Suitahle thermosetling and thenno-
plastic muirix materials are enumersted in, for example, W0
QL1 203641 {pages 15-21). oo e geroup of thirmaosemiog
pohymess, vinyl eaers, wsaturaied polyssters, cpaxides ar
phemol resins arc preferably sehockod ax malis material, From
The group of thermeplastic polymers, pobyarethanes, pobovi-
nyls, polyaeryhics, palvelefies or theanmeplastic elnsiamedc
block copobymers soch @ polvisopropene-polyethyiene-tu-
Tylene-polystyrene or palysyrens-polyisoprene-palystyrene
hock copalymers can be selected 2 maitrix malérsal. Prefir-
ably the binder congiges essemially of o thermoglastic elas.
tnmer, which prefermbly suhstmimlly oo e mdvidoal
filamems of sod fibess in o meoclayer, nnd has a tensile
moirdulis {dedermined inacoamance with ASTM D638, a1 257
(2.] of less than abour 40 MPa. Soch 3 binder resudis in kigh
flexinility of a manc-layer, and of 30 msembhy of preformed
sheste. 11 was foemd that wery good results ane obnined ifthe
bindzr i the nuano-layers amd prefonoed shee 38 @ sTvrene-
sopre-sty e Hock copalvmer,

Lo

30
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In a sperial cmbodmment of the ieaention, he binder o the
predosmed shevl acconding B the Invention also contame, 6
aifdinen w0 the polymenc matnx material, a filler in an
ammumt of From 5 1o 0% by wilome, crlenlaied an 1he hass
afthe wial valene of the binder. More preferahly, the amount
ol filler iz froan 10 W 805 by voluome and mest prelembly
Lo 240 ey B by volimpe. 11 was foued that as & nesul, the
flexibility of the kallistic resistant ariche iDonzass withoul
significant adverse effects on the antiballistic charmclonisiics.

The Gllers do pat comirihule o the bonding helasen s
Ghrus, but rther soar for valametnes dilnon of the matnx
botwaen e [Thres, a2 a gt of which the kallistic resistunt
article is mops: flexible and b igher oy staompmon. The
filler prefarabby comprises o finely dispersed cubstanee av-
g a lerw wecigh ar density. The filler may he a ga=, although
wsine o o s [ller prosemns practical problens in processing
the mutrix material. The flk=r may also, infer alia, comprise
the subsinnces cnsomary for preparing dispersions, such 2=
cemdsifiers, siakiliwers, hinders and the like ar a finely dis-
persed poder.

It weas fouand dhat if the binder contaies an amoun) of filler
below B0 by valume, the amoust of binder 15 aufficiend so
wchieve ad=quate bonding between e libees, wilkh a comstmnl
ndza] guantity of matrix matersal. 10w also fwund ta of the
mETi containg o gmantity of fller greater tham 526 by volume,
Uy feabiliny of s hallistic nesistan aicle moreses.

Prefirably, Qe amount of binder o e meeo-layes i ot
meast M mass ¥, more prefiesbly ol most 25, 20, o &y ar
mers 15 mzss %4 since the fibees cantribute most 1o balliste

The preformed sheet of the Imeenbion comprises separaling
lilms wilh a poresily of beween 40 and WPEG on both owmer
surfaces. Said flms cn be for example pors polvetbylene,
polypropylens or polyietmfuomosthylens films, the prepara-
tion of which is described in ez, EP 0184382 Al snd EP
0504954 Al Parssiry of a Glm 12 the relstive voleme of the
vouls, pores or chammels i the film {expressed in volume
perseslage]), a1 determined from density measurements.
Porasity of o fikn can be delermined most comeensenthy
hefore it is applisd in the profommed sheet; porcsily may also
be reduced durmg lnmnanng wnder pressaoe to form the
preformad sheet. During, lamimation or pressms such coodi-
s (homgserafure, s, Tise) e cesen, et s consoli-
dated sheet 15 obiained: thal &= all Lyers af bt partly adbr-
g 10 ech otber, b withous subsinnginlly melting the
seorafing film as s woald deenorane possity  sod
w;ﬁmlpqmiiﬁﬂﬂm Gilma.

Prelerubdy, the separating film hasan mitial peaosity, thal is
belore making the preformsd ghect, of an least 50, 60 ar
et Al D TG,

Preferably, the flms ame so-called micro-porous filmes,
mesming, Ul the pores and chamels in e esasntsally con-
Himrois metn sirictore heave 3 eie between abeut (U001 and
10 microm, prefmubly befwasen about 07 and 5 sucrom,

T separming (i b 2 preferably mode from a polyocliefin,
maore prefirsbly a polvetbylone. There s many diffeveni

arackss that are very soited far [brming inla thin
Gl incTwding dafferent rypes of copohmess of cihyleneand
Al Jesst oo comessmer, Like s olpho-obefin. In o preforred
emhbodiment, the semandting film = estentially made from a
high melar mass pabpethylene, mons preferably o an alics-
high malar mass palyetlybione (UHPR) of TV ai least 4 4l
Such Glims shwow gznerally relatively bigh strenpth 2nd maoda-
Ios, and high sbmsion nessance,
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The preformed sheet can farher comprise an adbzive
baver betwien the poreas flm and other layers, in order b
s inter-laver adbeson, and thos consisency sl 305
Bility of the shet,

o 2 special emnbodiment of s wvemion, the prefarmeed
sheet contzins mane-bovers comprising HIPFE fibres and o
polyetiylens porons film, more prefecably o micre-pamns
LIHTE filns. Tlee advantype of sich construciion is that good
afhamsicen berospen he vers cocers withoo additons] adhes
sives, 1H0S comtrbamting to weight nadoetion. The fexikility of
o assembly compeisiog o stack of such sheetz e furhermone
very high, peohably hecanse of very low friction between the
surfane of the sheets. This prealy imquoves combart o G
wearer ol protectiee anicles made theeefrom,

Proferably the separating film = & biasially-stretched Blm,
mare prelrably & 10w 100 hizcially-sieched filem, A 10t
LMk Bimxilly-simeichad film 35 hersin undersivod & b
film, which is strefched in twe perpendicolar direetions such
that the sarface of U film iscrensed by o factoc 101 100, A
method for the mapafaciuring, of sxl streehal Olms is
diseribed in FF 0504954 Al An sdvancxge af biaxially-
strenched films is thet an even higher protection lovel at o
etnin weipht cam be obtuined. Preferably, e o 5 o least
M hinxially sireiched, 5 Jesst Moo, or even ot bt ke,
Bdare prfirably, bimsially-strobcbed Jilmes wek: froms THPE
are agplied in the sheets, Such films kave relatbvely logls
sensle sinerrgri sed moduhe:, which may et e io dafior-
i of e preformed sheet upoo impaet, Tensik: proper-
ties are preferably expressed por width of film {=2. in Him]
and ot per cros-aeetion {like M) to allow better com-
partson with non-porous fins, Prefersbly, theeefore, the
separaning film has a tensile per width of Glm (hian
absor called strenpth factog) of 31 Jeast 150 M, at leaes 200, or
ewen ot least 250 M In esse of flms witk gl cloogation at
bk {for sxample greater tan 20046) the vield streogth is
prelizably twhen s relennos rllr tun sirength al bnoak.
Tieatbe mnowlistus per width of Gl is prefambly al ket 36
TV, a0 Bt 4000, ar even at least 3000 Bm,.

Althoogh the thickness, or mass per surface arc (ralked
areal mags or arenl densigd of 1bs Gl s oot critical foc
ballistic performance, Thin films sne preferned. snce e fir-
ther eomtribenes io making lghresmgin and flexible shoets,
smsemblies. and artickes, The hest results wene ohtained with
a prefirmed sheet wherein the separating film hes an arcal
density af between 2 and 3, preferably betwoen 2 and 4 glm”.

Thie prefismmed sheel aoosdioeg i the invetion oompriss
at Teast two mano-layers contnining mmidirecsiomalby ariented
fibres. I genersd, the proformed shiet comgprizes 2, 4 or
apwtber multiphs of 2 perpendicubily oriented mone-Jayers,
Preforahly, the preformed shest comprises [ao mano-layers
af unidincetoeally eriented fhers combmed with & bimdally-
stresehod film, A preformed e with two mooo-layers of
usidarccticnally oricnted fibers combined with biaxsally-
strefchid films on bath outer surfaces ramed ot to ghee the
bzt ballistic protecliou

In a special embodiment of the jnvention, the preformed
sheet containg 2s sopanating films anizxially streched films,
prefisabhy films with a gwretch miGo of between 10 and 5.
Thess uninxially streiched films are placed such that the
stresch directianof 1l [lm is perpendicular 1o b fbeedirec-
i im T fnelpecend bever ofunidinestinal fikees. Insuch csa,
the sheet may coolain an wneven oumber of mopo-loyers. Ing
rpecial embodiment, 3 mone-bvers of unidinctosl wari-
ereed fibres. 2 center bver of which can havie up to about the
sumiz avcal density as both adjseent mone-kyers topether,
have been covered with umiaxially @rerchedt Glms, with
stretch direction perpesdicalar 1o the fibne direaion o the
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adjacenl layer of uridarectional fhres. The advantape of suc
cometroctian is, thal ina comlimuens process of meiing  sbeet
vin e.g- calandering unarElly sireiched s ook a stk of
momskiryeers, bty separming Gloms can be apphid o the sme
dueticn from rofls of sheet.

The imvesison fusther neletes to an assenhly ol an keast e
preformed sheets acconding v the ivsnties, which shecizane
e limked b0 ooe another. With incressing eumber of pre-
Tz shicets, the ballistic protoction kel @ mproved, but
the weaght of the amembly incocascs, sl the Bexibility
decnmses, [n ceder to obitain a maxamun bedkilisy, adjaoent
humzta i am sssembly are not lsbed to e anothers. Dhepend-
inig o the threat, and the kvl of prosection desired the skilked
peerson can find an optimum in te number of shees by some
exprimenation.

Furlher sdvanieges of the ballistic-resistanr assembly
acoording to b bpsmben, ar seticle comprising such assimn-
bly, are found in spplicaticas in which, in addition o the
weighl and e procctien level of e ballistic-resisun
article, e febility plays an mportant pard,

Rallisticeresistaml assernblics and ariiches can boemployed
bt i permanenthy and in onee-only flexible applications,
Permasemly fexible applications reler W applistions in
which the ballistic-resistant ariches &2 & resufl of the use
continueugly mnderpe adjustments i ghape, such s, for
example, ballistic-restaen snlickss for use 2= body anmour.
Cinee-anly Dexibée npplicativns relier o spplicoiions nwhich
thee bailistie-resistant assemblics or ariselis @ broughl ioto a
gpuifiee shope only onoe. An example of this & a balhshc-
resistard ariels that & 10 he ftied in e resdily socessibile
spiecess such as the insde of car doors.

It was found thar a susiable fexibility, prote:on Jevel and
weiphl of the hallistic-resistant assenbly is achioved if e
weight of the preformed shees ke a particular maximis
value, Prefembly, the weight, or sreal dessity of the pre-
formed sheet in the balliste-fesistant articles oo pera-
nently flexible applicaticn is ot most 500 g, the fiboe
eontent of each mono-oyer being between 10 and 150 o,
hare preforably, the wieight of the prefonmed sheet s anmest
300 g, the fikre content of wsh moso-layer heing botween
10 and 100 g/’

Omce-cmly fexiblesgphicmnions can make use ola ballsne-
resistant ssgrenbly o amicle thal contan prefosmed sheets
having 2 weight or ansl density of 2t mast B0 i and
preferzhly greater than 300 p'm®, because & dus onee-onky
Aexible apphcation & cenain minimum sGflnee i desined, 5o
that the spplied shape is retaimed. Mo preferably, the weight
orfthe preformed shiets i2 preater than 300 gin” and @il mors
prefermbhy greater than 500 g'm*.

Thie balkistic-resisian: assembly cam, in prisciple, be fabdi-
e by samy Enoeen suilable meetlied, for example in acoar-
dance with processes described in W SRTOS1E, U5, Par.
M. 4623574, or LLS, 1%, Mo, 5,175,040 A mono-lever i
procduced, for cxample, by fibres, preferably in the form of
coatinuus anfifilment yams, being guwded from o bobbin
frame acrs & conh, #.a result of which they ans orjented in
parallel io a plane. A wmpamry suppart layer, ¢4, 3 conted
paper sheet tat 3 removed again fhom e sooe-layer in 2
later stage of the process, may be uwed for ensier procesang.
A binder 55 applied 10 hasically bold the fibees together, that is
s it the fihre orieotatson sod gtretare as obdarined duneg
further provessing steps. I 2 motris materinl is b be spphed
as hinder, the fibees are prefeably coatmd, befone or afier
being ancoied n pamllel in 2 plass, with an smount of 2
ligaid substance cantmning ihe hinder ar @ prosursar thens-
fiape:, wisich in o later stage in the fibwacaion of the ballists-
resistant amichs reacts to give (e polymser mawmx material
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hanang 1l desired mosdichs of elasticty. 'I'.I'u_: eI procursar
refirs foa meansmier. oo o & croee-liskable pehaner
composiion '|_'|,|,|,-'|iquh,l snbatance may be a sahition, a dis-
pérson o 3 e,

A psher of mone-leyvers is laid with an angle of miation,
pml’mb]],rm an angle of abaut 907, on Bp ol ooe anolher, amd
2 sepnrading Alm is placed oo both surlices (oo wp ol and
helow the stacked mano-lerers), a mubli-Ener shot beimg
formmend i the procass, Preteraldy, e emperature: snlior the
jlictailes i incrensed o consolidaie 1be lvers nsing kpown
1echmigoes; this com for example be dooe descontinmmrsly by
eompressing & sinck in a moukl, or comtinuonsly via lanzxnat-
ing, and cabmdering steps, 168 matns material i3 appliod a5
hinder, the matriz meberial ney tues be made 1 fow bersam
the Gheos and to adhers to the fibes: of the ondes- andior
prverlying meno-lmyers, and optionally 1o the sepemating 1fho,
1f & solution ar a dispersion of the mainx matersal is
eonployed, the process of formiog the mano-koyers ok 4
mudiz-layer sheel alsg compriscs 8 siep of eveporatiog the
solvenl vr dispersant, penerally befone the steps of placing
aqmmim-_ filmn lmyers and consolidatian. Then the preformed
sheets are stncked w0 produce an assembly, whick In bum <an
bz applaed i neakis o ballistic-resisinng article, with the option
of stahilizing the assembly by bor example local silching or
emveluping b stack with a flesible cover,

[t weas found (hat, with a view to oblauneg & bow bindes
oomeent,, especially a ks matrix material coalent, il & adwvan-
Lupposnre o s il i wchich the mono-Loper is peocuced
by weting, vams hoving n covnd of yam (o titer} of between
S0Hh znd. 25000 diew with a dispersicn af the matns matenal
and pptianally filler, Yams having o count ol yaro preater than
S{Hp ddbex absort compartively nle nastnx matersad foom t
dispersion, Prefershly, the couen 12 preater than B0 diex,
mene F-;[i.;—;.b}:,- 3_r¢a:|:¢|'1lm 16D drex nnd mwost preferably
greater than P20 dicx. The count of yam is priferably ower
thun 2500 diex, becouse these yams cm he sprend more
reanfsly inothe plone of the meno-layer.

Prelerably, 30 agoecus dispersson of o malnix maeieral is
mseil. An aquents dispersian has a kow viscosly, whach ez
The s that the muirix menerial is very wniformly dis-
tribaricd over the fibres, 2nd pood, bamageneaus fibre-fiboe
honding heirg achieved asa esall. A firther sdvanrage e thar
thee dispersant waker 1 pon-10ic and o therefose be mmpe-
Tarledd in the apen air, Preferably, the dispersien, likeaise with
A Ww 10 ohiaining 2 nmfnm distibolion 21 te ey mainx
percenmge nimed for, contuins belesen 30 and & mass % ol
salic] amponents (elasiomernie madrix material and amy fller
present], relatiee to the oial mass of the dispeswon,

The ballistie-reaatan azsembly nccording to the venilon,
ohininahle acoording o the methods deseribal sbieg, shows
very pood ballistic properties &5 exgpressed by Wy, and SEA
valnes, especially a1 relbdively Jow ancal dessiny. Prefierably,
the assenbly socording o the iInvention, or a flexible ballistic-
resistani anicle comprising such asenbly, b & specific
energy ahsorplion (SEA ) of at list 30 Jokg, when stnack
by a budlet of type FMJ Parabelhem %l 9 mam (8 grams). The
emverzy shearpizon (EA) open impact of 2 balket oc a shrpoel
15 calculated from the kinotic energy ola bullel or shrapagl o
velocity W, The Vo, 18 the weloeiny s whick the prohahiliny
o 1he bollets or shrapoeels penetrating through the ballistic
simcTure e 3%

The igemzon maore speciiolly relsles to a Dexdble ballie-
lic-resietant seticles comprising an issembly of o plembity of
sheets comiaining at least two mono-Tayers cmeasing, -
tEally of FIFPE multifikmmea yam haviog @ sngile sirergih of
At ket abour 1,3 GPa asd porous polyethylene sepamling
films, the assembly having am arcal dinsziny (ALY of a1 least

15

BS

B

1.5 kp/m® amd a specific cocopy sbeorpuon (SEA) of at least
ﬂl}._l-n:ﬁ.fl-:gI s measarad agzins a Gx 19 mm FR Pambellum
baalbed socarding 1o & test procedure hased on Stnag 2430,
Prefembly, the artiche hus o SEA of ar bas 300 325 350, or
v 2 beawl 375 ik

The iwvention is farilser explaisad b meins of the Gllow-
ing exaniples, withour being Benited thereto, hroewer

Metheds

IV: the Infriesic Viscosily = dolemmned scoorhog T
oitbred FIC-179 (Hecules Ine. Bew, Aps 29, 1982]) at
135% . in decalin. the dissolution lime being 16 boors,
with TIHFC ag anti-cocidant in sn ameant of 2 g7 salo-
tiom, by earapalaring the viscoainy s measansd at dhf-
feren concendraions 1o zer concentration;

Hide chains: the number of side chains in 2 UTIPT: sample
is determined by FTIR oo & 2 mm thick compression
monlded film, by quamifying the absorption W 1573
am-| using nczlibration curve based on MME mesune-
menls (2= iooe.p- EP 0269151

Tensile propertics: ensile sinaglh (or streoplbl), weasle
mcutalie (os mochishue) and clongation af beeak {or eab)
are: defined and determined on multifilament yams as
speciliod m ASTM DER5M, uzing & oesnanal gaoge
lemgth of the fikre of 50Mk mm., a crosshead speed of
SR sl Insaron 2714 clanps, of type Fibre Grip
D56LEC, On the basis of 1he measanal aones-sirxn
cuzve 1he modlalus is determined as the gadiend berween
0% and 1% sicon. For caboudatson of the modoles aod
srengih the sl forcs mersared are divided by the
tire, 35 determined by wezighing 10 meters of fibae;
values in Gt are calonlated sspaming 2 density of 0.57
gicen”. Tensile properties of thin films wene measurad in
accordanee with 130 1134(1T).

Paresity af poros s was caleubsed from the mensared
density of the film and the densty of the maleral from
which the lilm wae made (for UHPE 2 desiny of .97
gom® was used);

Ballistic perfarmumes: Wy, sl SEA of composie ponels
were determined with a best ure canlmg W
Stanag 2520, using 9 mo®1% mem FM) Parabedham bul-
bers {from Dyeaenin Mobell An assembly of lorers was
fied wsing Aexible siraps on a suppod [illed wilk Koma
Plastilin hacking material, which was preconditicned o
357 . Trosma effect was qguantified by messuring the
Azl of bask face deformation of 1he backing materal.

Freparatiom ol HPFE Fikne
A HPPE gmaltifilameni yam wns made by extruding an 8
mass ¥ sedulion of 3 UHPE hemopolymer bwwing less than
0.3 ssle proups per 10060 per carbeo 2toms and an IV of 198
dlig in deczlin conanmp a e of cafirns memers of
beween 3502 and 42058, woas made, and extruded with a 130
mm fwin e exlmehcr |.1|'uiFr|1ud. wilh 2 gear-pusng ol o
temperature seitiog of 1807 C. through spinplates benviog
1174 spinholes with 2 mle of 2.2 gimo per ok, The spao-
bolez had an initial cyfindrical channed of 3.5 mm diameter
and L3 of 18, follosnnd by a evnicad commcion with cone
Gl e a cvlisdrical channel of 08 mm diameter and
L3 of 10 The Auikd lil=ments wiere coobixl, after peasng an
air-gap ¢ 25 mm, in s water bath kept anabone 30-40° C. 2nd
with a watir fow e of sbout 5 con's perpendicular o the
lilarssmz embering b badh, and sene mken-up at such mbe
that = drver maiar of 16 was applsed 10 the ses-span filaments in
u;:ai:-_g_ap.'im lilnnems were subsequenthy farther drnevn in
thee solid state In two sleps; [l in anoven w90 & TEm peramans:
pradhent af abem 110-140° C., and than ot abomt 151°
apphiing o toinl solid smse donw mtio of abeot 25, dunng
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whiich pevcess the docalin evapormied from the filaments. The
o s obizined had o tiner of 930 dbex, & fensile strength
of 4.1 3P and 3 modulns of 150 G,

COMPARATTVTE EXPERIMENT A

A mono-loyer wes produssd fres s HPPE Bhres
demsirbed above, by puiding several yoms from 2 bobbas

Trae creer i comyb aned weating he flamenls will an aaisans

digpersion of Hrendt DUIOT (pelysyrenc-polymoprens-
polysyrene block copelyeer bermoplastic elasomir) &5
mstrix eerinl. The yarms wens orenied m paradlel in g plai,
and after dryivg the areal density of The mone-taverwas ahoal
3% pim®, malrix coonens wis abowt 12 mess %, A prefonned
aheel wis produced by coosswise stacking, I mooolsyers and
applyieg a5 sepamting layers oo coch side 2 none-ponsus lncar
Towar-density polyethylene film with a thickness of 7 micrea
{equivalent % an area] density of about 7 gien®), and consaki-
ilating the mues-layers and the scparatiog (il ot 2 presur:
ol b 05 B0 s i 5 bemperature o about 110-115° .
“Thee palwetinylens film bod o sincngth saeldof about 10 R,
or a srength facior of about 7O MNim

A flat hallistic-resistan anicle was made [bom & fooss,
non-linked assembly of a gomber of preformed sheets, te
assemnbly being stitched through at the comers. Ballisi par-
fremance for three different assamblics was fested with o
buller rypee %019 mm FMT Parshellam (B gl ¥ oy SEA and
trauma {bock fage deformation) pesuliz s given in Table 1.

FXAMPLE1

Comparstive caperiment A wis ropeated, bur aow a 20
microa thick micm-poses [THPE film, Seloporfs 3P07A
burving a porssry 83% (obinned lhom DEM Solutech, MLL
wis applicd as separming Alm. This baxially arerched film
hod 2 tensile arrcngih of about 12 MPa, clongation at break of
13% (ot in machine directon), and srength Bctar of aboug
280 Wi, The assemblod sheets casily slided owerench other,
cmphasiring lhe ed for some stabiltsstion during farnher
processing and teening, The Aexibility of the stabiliwed assem-
bly was judped 55 bipher; the stack could more esly be
fended than the stk of Compe Bxp. A, Sorpeisiegly,
abserved ¥, valoes, and thus STA, were maskedly higher
b for Comp. Bxp. AL wheress trouma o7 ieresed.

COMPARATTYE EXPERIMENT B AND
EXAMPLE2

Compamtive experiment A and examgle | wirs repeated,
but the eoesoloyers hod AT of ahowm 30 gim® and medriz
comtent wos abowl 15 mass % Test nosultz confimn the
improved halligtic perfomance of sheets made with parus
weprarating layers, soe Table L

COMPARATIVE EXFERIMENT C ANIY
EXAMPLES

A umidreszionn] (L) mome-Eeser wis mnde as m Cosmp,
Fap A with AT ol abour 20 pim? and motnx coetens of ebaut
15 mass % A preformed sheet was mede by plecing 4 moece-
layers cross-wise with a polyethylese flm of 7 gim” ea both
sidos, and annsalidating by compresgion of 110-1 15% A
member of B shests were stacked, stabalized with stisches,
aml ested on anti-ballistic pesfocmnce s bafare.

a5

i
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I Example 3 the preformed sheoel coatamed 1o micns
posns LIEIPE films of 2 micnon {secal desity 5 pim”) and
poragity $3% This developmsental film was obtaioed from
D56 Sofutech, ML, and was sumilarly o the Solupar®
P07 A fikm mizde with @ process a5 described in B 0SS5
A1), The assenvhlies made Terefoom show significantly bevier
ballistic performance than the samples Wil pon-porous
filirss, s Tobke 1.

The improved performance is furtber exemplified by FIG.
1, wherein ohecrved SEA walues nre plofled wereos arcal
dersity of the leted msemblies of cxporimente A, B, 1aed 2.

TABLE 1
Prefromed
chame Agmembly ol shedx
Parsbea of Tusilimis wauke

Exgefis moms-  Musgheral  AD Vi SEA FETTEITY
[ Layer sty hpm®) (mx) (F-mtlE)  (om)
AT a a7 2 5} 211 3T
()

al kA 455 T2 L

i s ahE b i
Esamphs L L 14 | 417 ) dd

14 2% ahid 1] 401

41 id i L) 15
Camp. 2 El 2 R i E] rl
Eoxp. B

bl ¥ 1 ] g3 3%

il 14 453 245 (11
Fxampl 2 . 1 T L] 34 M

3 LE dnd i ik

40 14 s 167 13
Coi 4 H 2 0% 145 15
Exp.

LT bE ] 356 WyT 5

L 14 480 i ] 11
Tisagmpie 3 E k] 2 482 Lhig )

51 LR il L} v 30

i T4 L | Im kF

The irembes elaimed is

1. Prefarnesd sheet comprizing 8 besst two mona-kodrs,
wacl mons-lnver containing, uasdirenionally oreted [hers
having atensile strenzihof 3 keast about 1.2 GPa e aiensile
moschrhus ol 21 beasy #0072, and a bander, with a fibre direction
in ek meano-doyer being motalad with respect to the Fore
diroction in #m sdiscent mono-loyper, and & pos-filbaous sepa-
rating (il on bath ouler surfaces, whersin the szparatng film
bas o pomsily of herasen 40 and

2 Preformeed shoot aceosding to cloim 1, whenein ke fibres
comprise high-performance polyethybeoe fibre

3. Preformed sheet according 1o claim 1, whercio 1be
bimder comsists essentially of a thermoplistic elastomer and
has 2 fensile moculus af less than aheut 20 M.

4. Prelomed shoe scconding so claim 1, wherein the sepa-
ratinye filon 12 gnsde Frons ultra-Eigh moeksr mss polyetylens,

5. Preformed sheel sccanding 1o claim 1, wheren the scpa-
ratigg filen is n bieocially stretched films,

&, Prefoemed sheel socording o clzim §, whensin e sop-
rating film bes an areal density af between 2 and 4 G

7. A preformid sheel scoording b claam 1, whenein the
sepagating flm has 3 strengh facrar of ab leasl 150 M-

#. A preformed shiet acoending to claim 1, comprizmg s
mona-lavers of wnidirectionally comed fhres.

9. Asmenbly of 3 least tan shoels which ane oot linked to
ane anether, wherein ench af the at et teep sheets compaises
a1 beast oo mono-layers, sach moso-layor comtainsg unidi-
rectionally srivoied fikers having a tensile sirengrth of 21 least




US 7,578,003 B2

11

abomt 1.2 G and 2 ensle modulues of an east 0GP, and &
baingchar, with m Fhre denaztios moeeh oooe-Ever beang rotated
il et B Ul Eilere: el irection i am sdjacend meme-ler,
and & pon-fikrons separating film oo both auter surfaces,
wherain the separating lilm b a parssity of betwsen 40 and
M,
10. Flexible ballistic-pesistant arliche comprising @ leass
Qe asembly comprised of a1 beist v sheets which are oo
linked o ane anather, whersin cach sheel comprises 21 bes
twn mona=layers, coch mome-Ereer conliaimng umidinson-
ally ariented libers having o tensle dnongth of a e ahoa
1.2 Gila el a tensile esdishoz of ot beast $00GP, and o binder,
with & fibre damaaion m cach mone-laver being romed with
respect ta the fibre direction inan adjacent monesEoder, and o
nen-Ghrows separatmyg [lm on both auer sorfases, whinan
the separiting lklm has a prrosiy of between S and S40%%.

L5

12

11. Flexible ballaste-resisiant amiche compriding A #3sem-
by, which comtaing a plurslity of shects concsinmg, o1 e
twn mooa=layvers, cach mones=laver consisimg, essentially of
umidirecticnally oneoled kiphperlormance  polyetbylen:
fikres having, a tensile strength of at east 1.2 GPa, with the
Likre danaction in e oxeo-layer bemp rotated wilb nepesl
o the Ifhre dimelion in an sdjscen! mono-lover, and [wa
mansfihrons polycthylene separting, films having a pomosiy
of between 40 and %% on hoth caier sarfaces, the nssemblhy
bving an arcal densiny of @ lesst 1.5 kgfm® ond 8 specific
eoenry absueption of a1 least 300 1%k as measurad agaanst a
P19 mum FAL) Parsbellum balief aoconling 1o o lest prooe-
chure baged o Stmag 293,




