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; TUe3el HI E, "N6BT. 3WO 02/ 075238 PCT/ EP02/ 02550 PENETRATI ON- RESI STANT
MATERI AL COVPRI SI NG FABRI C W TH HI GH LI NEAR DENSI TY RATI O OF TWD SETS OF v

THREADS WOhH07S®sent i on pertains to penetration-resistant PREERII/EASS0 <

conprising a double layer of fabric with high linear density ratios of two
sets of threads, and to articles rradﬁmm”wmmmmw . Penetration-resistant
articles such as bulletproof. vests, ) MEi cle panels, 10 and
shields prepared fromhigh strength fibeng;segre known in the art. For many
applications, in particular for ballistic vests, the fibers are used in a

voven of kRENETRATIONRESIEHNTMMATERIAICE OMPRASING FABRIBAVPEHFhGRH | 1 2
I or may be free fr

matrix to obtain hard-ballistic materials, use omnmatriXx
to obtai n $ONEABDENSITY RATIE OF BVOISEES| OE(THREADSven fabrics are known,
inter alia, .fromEP 310, 199. The fabrics disclosed therein are conposed
of filament yarns of ultrahigh nol ecul ar wei ght pol ynmer having high
strength and hi gh nodulus, wth the warp threads being of a different
polyneric material than the weft threads. In Russian patent RU 2,096,542 a
bal i i st Pc fliA8r Inventien martaing to enelakion-sesiatant anatesial conprising agdowble and

of var p. ¢ o By o RplicNRRA BB ineBP HeREPalSe, AT s, Sote f thIPRGS, dud 45 T2
t hr eads hadrtigesinlddeasfthedanw .ty of 143 to .588 dtex and weft threads

having a linear density of 588 to 930 were disclosed, the weft threads
havi ng equal or higher linear density than the warp threads. It is

particul arl It | L] 5S¢ i ' ayi warp.to weft |inear
density rat?leo@gg?ﬁggﬁg@g?@#%ﬁ'%giggléétﬁfé)drtg@gg' E‘Spﬁ%t& {'%Hc%rq?&?ﬁst'i es. .
I n WO 00/ 42vicshields peepatedoftemelsigh tstrehgtrefilsers adrei knotirs i festt.CRsiMapiNg at

| east a double layer . of fabric conposed of two |ayers of woven fabric which
are ' cros '?%t!f}/rh"‘t In, paticular Wﬁm\sﬂctvﬁétsf- e ffibers; apg Mised 4@ aowoMen iorst set

of threads ik S ; ' j.near sity
of at I oast HSGRBHLSTRELR bricd ric) bOFGAEY o HRAEo R Y analB 18 oniig
t hr eads/ cmhaid badlistio gnaterialse ar nimnbe tugedffres fromaaiatin telbbtain ebftballisticsecond

set of threrfigfi% g I ng transverse to WO (12/117S238 2 PCT/ EP112/02SSl) the
first set orech ads, and wherein the ratio of the |linear density of the

first set dBullekgreaflwoventfabritd BRRKnSRASIHtYr 8fia, tiFsmSEL o $69. Bie HHrRadS f s

> 4.2, nore preferably > 7.5. In a preferred enbodi nent the first set o
threads is HeEFi@sadiheseia aredeoraposedeffiamephyamsnef ultrahigbovaigcglar welighthr eads

is weft thr 2 ; s i i e el of

t hreads/ cm %‘?ﬂ?ﬁgﬁ?\lﬁpgﬁ '%rg?' {’Eﬁg%ﬂ%’{a %@Hh‘%@%{‘cﬁﬁw gg% W%Eb ;H}%E@SAF’?W&@ h the
bal i stic padifferertpolyroéric materdalthar theiwefetorehlient , the necessity of
cross-plyi he .| ayers . djsa ntage (n_terns of ease and sinplicity
of the manu a%l"%ﬁ'@n eﬁ?&e?%ghggm-g%lﬁaa&%%tf%&%f@ bidletpropt jackets wasr ent | y
to the qyocq | XK r h .t hat
penetrati on-?ggféé‘% g?\?ﬁ%a%?i ﬂﬁ’sﬁ%ﬂﬁ\@% g°§8§&n¢%’§§?§e OB %hégg’%pf‘{')’%mgﬁ‘td b

mat eri al s bRP M)t wherein Hla¢ ratio <f dvarpt tagweft dmeabalemsity .is Bondller shamd. 47,

Peet ot TG, o B bl Po A B HERH) o i L SBETBe BoRCHRRS,
threads having a linear density of 588 to 930 were disclosed, the weft threads
having equal or higher linear density than the warp threads. It is particularly

25  contended that ballistic fabrics having warp to weft linear density ratios between
1.59 and 4.17 have improved deflection properties.
In WO 00/42246 a penetration-resistant material is disclosed comprising at least
a double layer of fabric composed of two layers of woven fabric which are
cross-plied at an angle wherein the fabric is composed of a first set of threads

30  comprising 3.5 to 20 threads/cm and having a linear density of at least 420 dtex,
and a second set of threads comprising 0.5 to 8 threads/cm and having a linear
density of at least 50 dtex, with the second set of threads being transverse to

LT

*G00002*




-

-

15 first layer of fabric conposed of a first set of .threads conprising 3.5
to 20 threads/cm having a linear density of at |east 210 dtex, and
conpri si wp exo7sEst 65% of the fabric weight, and a secondCE&POBF258thr eads
conprising 0.5 to 16 threads/cm and having a |inear density of at |east 50
dtex, with the second set of threads being transverse to the first set of
threads, and the ratio of the 20 nunber 2of threads/cmof the first set to
that of the second set is > 1, and a second |ayer of fabric conposed of a
first set of threads conprising 0.5 to 16 threads/cm and having a |inear

20"t hr sads/ D Tsiaet of yShfs.att HoR JREfatdos Beuntat e BCSPERTS o n
at | east 65§preddsetd ey ilineukideRtity Of tie sBBoRE Gt bfthredds #5>typeasisrebei ng

transverse to the first set of threads, and the ratio of the nunber of
t hr eads/ cm Referalys2dondIn & prefetradterapodiment ithe tfirsteset of threads sl watter ei n

the first S 2 h i LSt daye | el
orientati o?ﬂfe oav?\lgrqﬁég? %gbf?%hlﬁgﬁﬁégg%%edg‘%&@ é?cteosfﬁre"é. d\?@?&’feﬂgppﬁ?%é%ﬁs of
the secad palyester gaimPantiehabhtio of e nanbér of thvsadsesofathe it titélthatas at
| east a ratio of the |linear density of the first set of threads to the

linear dens?hteosecand selcisng Leflitapugmineabaliistic pesformanee |ofythis: antigleofs t he

| i near densj : :

PCT/ EPO2/ 0 2%%"%1% ttl{'? n ég«?&é{]&néﬁrgg%P fy[?{ggtﬂg ﬁg&?rsslglg)g@gb %@éé% ug{e_ ™ e?fs econd
| ayer is > dasenamc sipilicity aifithe mahulactaredand tie gander ofdrgatingdweak points,
particularly effective ratio is 6-6.6. The nunber of threads in the first
set of thref@tinheremly tpitheprocsas of srREStMWNGL@HREMEL of threads of the
second kayer is 3.5 to 20 threads/cm More preferably, the 5 nunber is 4 to
15 threads/cm and nost preferably 5 to 12 threads/cm The nunber of
threads in itihassesobdendound thatrpendiration-résistant statesgle witinthet advantagas set

of threads of,the second, | ayer is. 0.5 to 16 threads/cm . Preferably, the

nunber 1's 0L grier agnatatals BrLEHPUl e EpeYREAGRE DN DTS pr of er abl y
2 to 4 threggshigiend u paabtaby®rediftant iatada iBadaited cohiptRingdganfddsy f at
| east 210 10 dtex conprise at | east 65% of the fabric weight "of that |ayer.

Pr ef er abl y, douhie dayer &d s vsonigbrie echaragteedzad inotiat theidedble |ayascommsisgs 7 % of

BAABSTER CEASR AR VRS R I e AT T
set of thregneadd/cinhbasiaganiineaydansity ef af least 210 kitexq dhdasuinpriving at ladt set
of threads of thF first layer and the second sgt 15 , of threads_of the

second | ayePo% 8f & fakrig t, Rd 3 seeond set ohthragdserMpLsing £3vert to
the first sefrefds/bhf &?djﬁabﬂmlgeé“ﬁﬁeé}f cﬂlér%?%tgf%t gﬁ@[ﬁ) dtdht DHIRe sekahd Set h_?_ﬁg

sets are about perpendicular to eac his is not necessary.
second set of threadaddeingtransverssy italdoe dinstesetaof dinmgladso@ndr theneatiooof the t he

first s of threa The,two S, ar.e sgcur t oget her wi.t hoyt

cr oss- pEi ngumBt B dneeaf/orcat ¥ S8t Pt b ing M85 sl Por s a0t 2
second set @bcdritl RFEP of falbhe cbmpdbed a¥ arfircPEef 6f tHrkdidgvebinptibingadis)toarsl a
first set of threads of the second Iayer@%preferabl warp threads), the

yarn conpositireads/em apg bAVing adneardansity oF pbleash S0itexcand arigsand set of
Preferably, , i gl ' | es.
This i o par ST EpmefieSs BYOCRE hroltikfo) Boig oM ey o) Mooy oo

pol yester, pitdxyandyt@ngrisinglatieastydssbef the lfabvic deightpdithrtheiseécyad Bet st
preferably, the second set of threads of the first |ayer and the first set
of threads dfrepds belngiansygree to m&ré&sgtfofpts\r%b%andyéprfatlwéthq PYmbeet of

threads of to?%gr&h&%rﬂ 8 ftle %BE&}&E&%%%%P%%‘@%%%} 8% 1y @?efﬁ%@ﬁﬂé‘ set

of threads o e second [ayer (prefera threads} 'are o

*strength andirsti ayid sedohd setsind thresids ofether fivist Yayerghaves mapatajlelt briestdtion r om
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30 Preferably, the penetration-resistant material has at least a ratio of the linear
density of the first set of threads to the linear density of the second set of
threads of the first layer and of the linear density of the second set 'of'thr-eads to



4 PCT/ EPU2/ 112SS11 sel ected, nore particularly p-aramd. Mst preferred is
poly paraphenyl enet erepht hal am de (PPTA). In a preferred enbodi nent the
war p andW9e¥0h8eads are sel ected to be nade of differenPCHEPYIERSS) for

i nstance, a fabric ~ having warp threads of p-aram d yarn and weft threads
of polyester yarn, or 5 reversed, is preferred. As long as the required

| inear density ratio is satisfied, the 3inear densi ty of the first set of
threads of the first |ayer and the second set of threads of the second

| ayer is selected to be at |east about 210 dtex,. preferably between 210

and 10 672the lingae dursitgrafbihe firet et of it8ads &f 386 Gedond, lagaicis OF, emore
pr ef er abl ypé%éween 420 and 1680 dtex, and nost preferablq\:wget ween about 840

and 1100 d rablye> 2, a8 mertpreferablyrha.9s Acparticularly effee eelcig i96-6.6e first
| east. aboul "BQUTERY o Hedus WA HEPR) 55t ieBRE B8 fClnyel B R KB, °

“pr ef er abl y setfthreadshufithe Isecdfd dayerig 3.81te20 tAieadsonn Mofy prfErablatie any

sort of __thread suc s staple yarn, twisted staple_yarn, tw sted fil anent
yarn, non-{ B n{%ef‘gitﬁg?%‘g;‘}'ﬁr ﬁ!‘da{HGStpP@f%fﬁBM § toue threads/cm.| Eheent

yarn. 20 | ﬁrﬁ.%déé’%;m f.apric

| ayers of Pﬁgbgggtﬁgé?%er are oncﬁggg{g@éﬁ e?’fﬂ{eo@%f% ggﬁbgﬁhéﬁg&sl ch
bondi ng, opf thredds afthe, secont layerds Besfovis timeads/emm. Préferasiyathe namberés i al
may be adhesi ye terial proyided,onto th hreads or onto the fabric, for
i nst ance, §§ Zoférira\m?ﬁ? Wﬁgerﬁivaﬁh&ﬁ,&rﬁaéﬁfpm a’é@rf"ﬂ?%&'?fﬁra@?y R4 ve

| ayer provi e | fis %ﬁg I esi ve
material s Fﬂgﬁﬂ%}gﬁ‘rﬁgﬁéﬂiﬂ ??t%?(t:ﬁ@%egg% g‘?g!rlﬁc,g"lg{r%?t er E%Zoeftémg ”étr?ﬁtf]s. |t
i s al sd0positextampiise atlcast 66% lof Hhw fabaictweight bEthat dayet. Peefersbly, thesals of

the first he ,fl st t _of threads of, t ' cqond. |l ayer ., a

mat eri al tk@%aﬁgﬁﬁg)r{fﬁo%rleﬁf’% réngW'Srprﬁile{)'Hﬁ @@3@%3“‘@@9 Wél%‘ﬁﬂfl shi ng
bi ndi ng t hehdthayrdFopfeddonsk dff HficieRt mah6RRAMNg el prefsipad tisfithe firdttepads to
t hose of tg’g second _set, respectivel irst set of threads, and optionally

f
al so bi ndi P§threads ebthefisst layerand dhe g@éﬁﬁb@f threadseftheseconddayeriase of WO
02/0p238 5 vPag 47B448/a887R8 second set of threads of the first layer and the second set

15 of threads of the second layer are weft threads. The second set of threads is -
transverse to the first set of threads in each of the two layers. Although usually
these sets are about perpendicular to each ofher, but this is not necessary. The
second set of threads may be provided under at angle other than 90° to the first
set of threads. The two |éyérs are secured together without cross-plying.

20
The penetration-resistant material also consists of a second set of threads of
the first layer (preferably weft threads) and a first set of threads of the second
layer (preferably warp threads), the 'yarn-composition of which is not decisive for
the present invention. Preferably, however, these threads have high strength

25  and high modulus. This is particularly the case when these threads are selected
from polyester, polyethylene, polypropylene, polyamide, and aramid yarn. Most
preferably, the second set of threads of the first layer and the first set of threads
of the second layer is made of polyester yarn.

The first set of threads of the first layer (preferably warp threads) and the

30 second set of threads of the second layer (preferably weft threads) are of high
strength and high modulus, and most preferably high tenacity threads from
aramid, polyethylene, and poIy-p-phény|enebenzobisoxazole (PBO)" yarn are



i ncl ude pol yol efins such as pol yet hyl ene and pol ypropyl ene, pol yam de,

pol yester, or mxtures of these materials. Elastoneric materials include
Krat on, mubbze7523i | i con, and the |ike. Thernoset materi al 8CTRPDUESSEPOXY
resins, polyester resins, phenolic resins, vinyl ester resins, and the
like. 5 In another preferred enbodi nent at | east one of the outer sides of
the penetration-resistant material is grovided with a protective layer. The
protective |ayer can be a thernoplastic, thernoset, or an elastoneric
material, or a mxture of these materials. The protective Iayer is applied

to prot easél&ﬂecfj abpigref rﬁﬂl%ﬁlgﬂgmﬁr%ldexméﬁ' v ré@fré&' Q8 drgPr ove

the ballistic performance enetration-resi stant materi a co rises at
| east one plmrlyl&neltwphthalnmnda (PBTAJ. Inwe preferred efmbadiment the Marpvancth are

non- cr 0SS d and opti on bond t he The t ven i | udes all
Lo ot et Bire88 AR SeigBid o MR8 o SRR B poext JoMelEe. adahiE
. weave, anfajifg warf &hréddf 8f beﬂaflﬁ@rya@ﬁ a%ewéftethfbé/@/ Sf‘poi%gter yarn, or
penetratlon resistant article may contain as |little as one doubl e Iayer

consi st ngreyersedois prefersechf woven fabric, but usually nore double |ayers
are 20 applied. Suitable nunbers of doubl e layers are 5 to 100, and nost
preferably 6 to 35 double layers are used. The first set of threads of the

first fabrjng 16@/% tied ré’qtﬂfé&)hﬁ’eér%é?f&tvf@dtld)% mrsenbhethé maea?rdeaisntwofml e to,
the first set hr ead he first bric | ayer of t egéitjacent doubl e

layer. |f firsbget @fethseameofstbemreulavegammme set ofithreadssafdhe sacond)l e i s

Cayer or bt i Babefpd REheral ek BoBLE 21PCUER” ploSRObetinbE9 22D aRdes! e

previ ous! yenemt ma@otarévérablyalb@tvfl@én 1420 addmemem diexk,eeveh smered pheferdbly
t hi ckness between 4 and preferably bgrt ﬁen 8 and hods of

manuf act ur Be@\feetntszQjBB‘Bl1§8paf§}8?‘sa%ﬁ mage pref bFWQ%a%Q‘ftpg“@sw :1\/5}-@ he

fabric is Q?i@ld on

v ( 12/ Uy HE R MBS dfsley D 4R ek Bha <R of BT dihe MHEClallr ¥RE T, Dy

i mpr egnat efirsbiset efithreads of MSbeodetayectsesbleded toabeaaulaashgbout SQudtexat i on
rocess. At |least,t r |_ayer e baonded. to stitchin

oot o, oMot IYSTerAPh, habuasn S0 280 Ao nps: biaTeieB neiehdtiali S

| i ke bykl etgprpaf140e8tes. and arnor plates nade of the above- rrentl oned woven

fabric according to nethods known to the skilled man 10 The invention is
further illustrated with the foll ow ng exarrple A construction was nade

cont ai ni ng o Y T e r

pr oduced fr%%%rgﬁe%@ ﬁ‘&?’@x J?ﬁ'%éa[ga; %g%&%Hr eggaﬁger% thn ¥'sttt¥él40
dt ex (Treviyaen, 7tWistedX fildpeaits yam, nnumnstbdr deterrmimgled harh hmﬂdpfefejably[ he
second | ayer of e h doubl e | ayer was produced from pol yester 140 dtex
(Trevira 7HMtwigledjlameatyan, yarp direction (4 threads/cn) and Twaron 930
dtex ipgweft direction (9.5 threads/cm). The warp/weft ratio of the first

| ayer and the weft/warp ratio of the second | ayer was 6.6. The Layers were
| ami nat ed tlogepteferred emitdiment thd threpds pételagzhmfet_heim fabipHayers afkBe 20

having a thjc ss_of 10N 0 eet . of. ethylene film bein | aced on
bot h sut er cibiEayer preabon Bdeli: (<t inttante AL aeE Cng o BBt
bei ng pl acegy BnfihRfRe ARRBrigl THee aliMesite bhateribPYiedys bef adiesivio whtteridlayer -
The construction just described was placed in a press and pressed at a

t enper at ur epro¥ided ®ndo dhe ﬁ\rpa@%mr@tofthgsfamﬂ. dor insganee, mh @ BRishTABE, the

heatin re e

const r o5t GiesbeoR RNl oGt 3 Beva AnptllE GEHE P beliect e 0400 para
Type DM 11 fABriBlayssrs| 6ft the \Weribki rrayérmdheswberrmém;tmaaewmeﬂhop@%.@f the
bull ets are, stopped and 50% of the bullets give full penetration. It was

*found, thatElastemese, and shermesat mategalswiids asopassiple. to usadonat least part 7
of the second set of threads of the first layer and the first set of threads of the

second layer a material that melts under pressure and/or heating, thereby
30 accomplishing binding the threads of the first set, respectively second set of
threads to those of the second set, respectively first set of threads, and
optionally aiso binding the two fabric layérs together. Thermoplastic materials



Cl ai ms PCT/ EPO2/ U2SSU 1. A penetration-resistant material conprising at

| east a double | ayer of woven fabric, characterized in that the double

| ayer compo pzers23 first |ayer 5 of fabric conposed of a fiPCSIEPSB0256G

t hreads conprising 3.5 to ,20 threads/cm having a linear density of at

| east 210 dtex, and conprising at |east 65% of the fabric weight, and a
second set of threads conprising 0.5 t® 16 threads/cm and having a |inear
density of at |east 50 dtex, -irtrith- the second set of threads being
transverse to the first set of threads, and the 10 ratio of the nunber of

t hr eads/ cp ' S 0,4 h 0 S . 4 second
| ayer of &%ﬁq%h@%@%@% oﬁt'crgi #r@wg@yfeg? t%ﬁr e}g)gp?éﬁ%l?"r‘& 3}60'%'@0 16
“t hr eads/ cipobyestdravi mixtards ofthiesd enatetisls OEladtorhers mdtlrislsanclude Kratonecond
set of threads co,r_wé)ri Si n(gn%.qSS,to 20 threads/cm  having a linear density of

at | east J40P&f; esiliconngap ikeg Ehermosst materialy inclHde19ppXYriesingei ght
*with th - of nei t [ t t of
throads. SoyeRbrigting pAoHARASSIRE, b RITERS Cand ke, " S cond st to

that ob the first set is > 1, and wherein the first and second sets of
threads of, the first | ayer have,a parallel. orien ion towards the first
and secondnsg?%tF‘eF S E‘yﬁdvé'ﬁ?c’%'l“eghraéa §s§)f°"Fh(9tf:’j?§oﬁH%qra§@P$ ob the The
penetrati%nré b Sh adi 1 i i j t 4,9 of the
| i near densi teﬁg@ ﬁ:&em?ﬁﬁ gdtgé%IQ%P%ﬁ%aaﬁgw%gﬁﬁéeﬁﬁmég&Jehtr?rsﬁtog/&g'ygt he
second setlaysr canrbenal thermapiastici, thermosgt or an@élastomedcinmaterial, deasmiduref t he

PR e A 1 b A e b, e s
cl ai mqp Wrﬁég{bhﬁil ek&ssive A6rasfin %l}dJﬁ(o ifripove alﬁk‘fi&%étrmrﬁicant:&e first set

of threads to e linear density the second set of eads of the first
| ayer and of the linear density of the 30 second set of threads to the

| i near density fi e g.hr . t he ond | ayer, ig.> 4.2.

WO U2/ 0752 8 . i On- s t ri of
petiabBpzphlacyindlerh"sBRETRE: 50 1028F ol Rilbi, Taer

cl ai m 1 wheorgistingt of Itwaslaydis ohtwevedl fabrie, | whiehr afenson-vrods:plied fantst set

of threads to the linear density of the second set of threads :of the first

| ayer and SRtONALY pphded togsaiber tefmavavendneludes allitypes ehweaves.isueh| i near

e 45128 BT b Sy ek SpScRIGHE RGBS 4 ks Pritghee®, I
E)Pe secondfabecs afe plaineadeermf the first |layer and the first set of threads
The penetration-resistant article may contain as little as one double Iéyer
consisting of two layers of woven fabric, but usually more double layers are
20 applied. Suitable numbers of double layers are 5 to 100, and most preferably 6
to 35 double layers are used. The first set of threads of the first fabric layer of a
double layer may be paraliel to, or at an angle tb, the first set of threads of the
first fabric layer of the adjacent double layer. If these sets are secured together
under an angle, such an angle is preferably 90°.
25
The double layers are secured together using an adhesive layer or by stitching.
Such an adhesive layer may be made of the previously mentioned materials for
the adhesive materials and has a thickness between 4 and 36 p, preferably
between 8 and 20 .

30

Methods of manufacture of the double layers are well known in ;the art. Usually

the fabric is made by warping the warp yarn on a beam, followed by:wgg\fling.oh



the second | ayer conprises 0.5 to 8 threads/cm 10 6. The
penetration-resistant material of any of clains 1-5 wherein the threads of
t he | ayemso af/o7ste8 doubl e | ayer are bonded toget her, prefeprablepozwzsin an
adhesive material. 15 7. The penetration-resistant material of any of
clainms 1-6 wherein the first set of threads of the first layer and the
second set of thread of the second | aygr consist of high tenacity threads
sel ected from aram d, polyethylene, and poly-p-phenyl enebenzobi soxazol e
(PBO. 20 8. The penetration-resistant material of any of clains 1-6

wherein th 0 tirst | r and the first set of
t hr eads of ._gt|?gﬁ's1g§%§@tgf§%g% Pm%@ilggyf"béfﬁgﬁéﬁ%&ﬁ @mm%ﬁyﬁ’ﬂ(ﬁ;ﬁene,

“pol ypr opy| 8wejecteddo arcatanderingior @hi@atioﬁwonemwaééﬂft\rvb‘?éﬁrﬁf}l%%rs’@%ﬁi al of
any one of §I aigs %-8 wher ei.n E_he first set of threads of the first |ayer
and the seRSPYNded together Ry titching, heating @i @pplying-pressues. st of aranid
‘threadss and the second set of threads of the first layer and the first set
of threads_of the second |ayer consist of polyester threads. 30 WO

02/ 075238 $hedwmentivh peaainsialso to fticlesiilet bulletproof Vssts baBlarAml pldted of any

one of cl aj - rein the linear depsity of the first set of threads of
the first ayg:?fzn%gsﬂ\ée' ippedavoygn fggf'%&@%""@f“&ﬂ@éngﬁwﬁ&nbwdo the 210 to
6720, pref skidd phah?0 to 3360, nore preferably 420 t01680 dtex, and nost

preferably 840 to 1100 dtex. 5 11. The penetration-resistant material of
any one of clains 1-10 wherein the linear density of the second set of

< 50 1% 2800 Tl o hFler Bl Toe Bipwasxammiierne

penetration-resistant material of any one of clains 1-11 wherein the first
set of threads of the first layer and the first set of threads of the
second | ay&yConstiugtionwas meadss cantaining 22 double layersoThe firstdairerasf ebbl fir st

llayer and goyple layer was produced from Twaron® 930 dtex in warp (9.5 threads/cm)
and polyester 140 dtex (Trevira® 710, ex Hoechst).in weft direction (2
15 threads/cm). The second layer of each double layer was produced from
- polyester 140 dtex (Trevira® 710, ex Hoechst) in warp direction (4 threats/cm)
and Twaron® 930 dtex in weft direction (9.5 threads/cm). The warp/weft ratio of
the first layer and the weft/warp ratio of the second layer was 6.6. The layers
were laminated together with 3 plies of a polyethylene film (LDPE, ex EKB)

20 - having a thickness of 10, one sheet of polyethylene film being placed on both
outer sides of the double _IaS/er and one sheet of polyethylene film being placed
in-between each of the two fabric layers of the double layer. The construction
just described was placed in a press and pressed at a temperature of 120 °C
and a pressure of 25 bar during 25 minutes. Then, the heating of the press was

25 switched of. The total weight of the construction was about 4600 g/ma.

V50 values were determined with 9x19 Para Type DM 11 A1B2 bullets, wherein
V 50 is the velocity at which 50% of the bullets are stopped and 50% of the

bullets give full penetration. It was found, that V 50 of this construction was
30 507 m/s.
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ratio of the number of threads/cm of the first set to that of the second set is
> 1, and a second layer of fabric composed of a first set of threads
comprising 0.5 to 16 threads/cm and having a linear density of at least 50
dtex, and a second set of threads comprising 3.5 to 20 threads/cm, having
a linear density of at least 210 dtex, and comprising at least 65.%-"9f:'the

15 fabric weight, with the second set of threads being transverse _ic the first
set of threads, and the ratio of the number of threads/cm of the second set
to that of the first set is > 1, and wherein the first and second sets of
threads of the first layer have a parallel orientation towards the first and
second sets, respecfively. of threads of the second layer.

20
2. The penetration-resistant material of claim 1 wherein at least the ratio of
the linear density of the first set of threads to the linear density of the
second set of threads of the .ﬂrst layer-and of the linear density of the
second set of threads to the linear density of the first set of threads of the
25 second layer is > 1.

3. The penetration-resistant material of claim 1 wherein at least the ratio of
the linear density of the first set of threads to the linear density of the
second set of threads of the first layer and of the linear density of the

30 second set of threads to the linear density of the first set of threads of the
second layer is > 4.2.
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of the second set of threads of the first layer and the first set of threads of
the second layer comprises 0.5 to 8 threads/cm.
10
6. The penetration-resistant material of any of claims 1-5 wherein the threads

of the layers of the double layer are bonded together, preferably with an
adhesive material.

15 7. The penetration-resistant material of any of claims 1-6 wherein the first set
of threads of the first layer and the second set of thread of the second layer
consist of high tenacity threads selected from aramid, polyethylene, and
poly-p-phenylenebenzobisoxazole (PBO).

20 8. The penetration-resistant material of any of claims 1-6 wherein the second
set of threads of the first layer and the first set of threads of the second

layer are selected from polyester, palyethylene, polypropylene, and aramid
yarn.

25 9. The penetration-resistant material of any one of claims 1-8 wherein the first
set of threads of the first layer and the second set of threads of the second
layer consist of aramid threads, and the second set of threads of the first

layer and the first set of threads of the second layer consist of polyester
threads.

30
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Eeivoré\BOOtté_{trﬁﬁmr Q- resnstant ma?teﬁaf of any one o? cla?ms -10 wherein the
linear density of the second set of threads of the first layer and the first set

of threads of the second layer is 50 to 280 dtex, and preferably 80-140

dtex.
10
12. The penetration-resistant material of any one of claims 1-11 wherein the
first set of threads of the first layer and ‘the first set of threads of the second
layer are warp threads and the second set of threads of the first layer and
the second set of threads of the seéond layer are weft threads.
16

13. The penetration-resistant material of any one of claims 1-12 wherein at

least one of the outer sides of the double layer is provided with a protective
layer.

20 14. An article made of the penetration-resistant material of any one of claims 1-
13.



