» ;1je3e | x6T@'"Penetration-resistant material Description: The present
invention relates to a penetration-resistant material. !'n EP-A 01 200 979,
a penetration-resistant material is disclosed conprising at |east a double
| ayer of woven fabric) characterized in that the double Iay‘mm“lwmumﬁmm
first and second | ayers of fabric, the first |ayer of fabri a
first set of threads conpri sj 0 havi ng a Aidoear
density of at |east 210 dt ex?ggﬁﬁaggme%g?{ﬁgﬁﬁ%%g 65% of the fabric

wei ght, and a second set of threads conprising 0.5 to 16 threads/cm and
having a linear density of at |east 50 dtex, wth the second set of threads
being transverse to the first set of threads, and the ratio of the nunber
of threads/cmof the first set to that of the second set is > 1, and the
second | ayer of fabric conposed of a first set of threads conprising 0.5 to
16 threads/cm and having a linear density of at |east 50 dtex, and a second
set of threads 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, with

t he secqggs@qé, igh: threads being transverse to the first set of threads, and
the ratio o Le nunber of threads/cm of the second set to that of the
first set being > 1, and wherein the first and second sets of threads of
the fir fabric layer. beingq oriented parallel .to the first and second sets
of thread®® P& M %H/”)re&%e?ﬁ‘éamgﬂt‘fo%ﬁﬁs@t?%%?terﬁ’r i mpact - r esi st ant
conposite material, i.e., a penetration-resistant material, is described In
EP-B 0 397 696. The material is conprised of one or nore |ayers, wth at

| east orle KP-Aa1 @00979,52 penpirakiomeesistent matertialrie tismlidsdchceampmsingat leasd t he

fil ts havi i Lent fil t, di ter, i..e., the di t .of

(1 arents nEN18, 80 POMLRLSTL Lot 0L G ety b Soe S ShaTE ST 01 @
f i . : ich

or o3, o1 ARESLAJRTEAER BF e, 1y kR TG LUMERELS of GRA by Skt o

of the laympridihg 3b¢s20Bhtandsitamelavinglediiedridenatiniof dt feast 210fdtéxs etvd ti cal
for the penetration-resistant effect. According to this teaching) the best

penet r atqosmpiERg &t feast &5 of thelghrissweighh andw seeend selief threads eympHgiRgsai d

citect orSiRat bedtaptidhatobd Fledideitha st oder BORERE WP Lo S B F
of 12. 8,s¢t log tHreadklin@ rahesésbadithefirsiciet d¢ eireagssandiriedioadt Ry hentbgrhat
EP-B 0 397 696 advi ses agai nst hi g{her val ues for the ratio. Considering the

need f orof ddgiadiséaralof the Erstsies tnthal of thp secphestiat brandliessespnddayeeet i es,

it ist object of .the pres pnvention . rovi ur I etration
Fesi ot afPRabarpgecala 5T RECO! 106G bapbEBIPY e dadniefidsiih ABETEMAK

mat eri aly |pENdHiNg ciatli@afisoMex] akela SEonataR of fhrekBs T8 mprisintes I5avez0
conprising a first and second | ayer of woven fabric, with the first and
second Ithneads/doej Imayibg @détearatpsisity rof wit idash @ 18dliex,i ansl eemprisiap,atiemstiGa%t

| ayer of fabri.c, co ed, of a first set, of threads conprising,3.5 to.2

L nda b S FATIC GO, W helshertd sSF ot eddiraing s eukisa Hans st skt
form ng h i i lalnS) % of
et apineads GAadRe s BRuR (ABRH 8f (ead i) SIAB cetod Bl td FATbf i

t hr eads fiesh sehthelay g emd wherain temirdt andfsexontessss obthrdaex of thietfirst fabricecond

set of threads being at an an&{@’ of >0 to 90 with rﬁig%aé:t to the {ir t set

of t hr eXR¥9" Reag orentad paradie! imieninshand second agtisoid  FRSRacti¥elyset t o
t hat of ing > 1, and the second | ayer of fabric being
conposeg%%gegﬁf?%%ggyggf threads conprising 0.5 to 16 threads/cm and
having a |inear density of at |east 50 dtex, and a second set of threads

conprising 3.5 to 20 threads/cm having a |inear .densi.t?/ of at |east 210
dt ex, aAd ipastiresistardtcompasitegpetasial tike, & fienptraliengesistanhaterialnisde

f i h h i i ith th d f d
bei o ascahied i ER-5r0 356 Hbs” Thelinels oL ksatiblized REoRe FeMudibys, wihaRs®
and theleéta%lgio?ieoéf éé}& l%}}rﬂ?%nﬁriﬁﬁq 8afhen REtWIR irf 8 TRAIxSEA tifb filddlerté the

first s el ng > the'fir and second sets of threads of the first
fabric hayerg an equivalent filament diameter, i.e., the diameter of a circle having the same

cross-sectional area as the average cross-sectional area of the filaments of the
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. 3 being oriented parallel to the first and second sets of threads,
respectively, of the second fabric layer and the ratio D/F1 and D/ F2 bei ng
14.5 to 40. The term"filanment dianeter"” means the average di aneter of the
filaments over their length. In case the2filanents do not have circul ar
cross-sections, F, and F2 each nean the dianeter of a circle having the
sane cross-sectional area as the average cross-sectional area of the
filaments along their length. According to the teaching of EP-B 0 397 696,

t he penet | GRS Tt rebal racki vel
poorpat alté aHt' ?@ecﬁ?ﬁf‘%{@f%ﬁﬁﬁawﬁé@ﬁ?ﬁ?ﬁéb e'é’@ﬁﬁﬁ'gﬁi? %&%Ef%ﬁ@%‘; 6%6,
one ski | IERIB 0 307636 teazhds thatsthstratio of tHe lalyer thicknanssd Yo fied equivh)edt filavoul d

expect the V50 val ues, already poor at slightly above D/ F=12.8, to becone

even wor JBeRi dipmeten héy ciitiea! é%‘@eoqerteri@t'lgﬂﬁeﬁ@{@'ﬁ.effﬁﬁit-rﬁc%d@%dh@ one
killed i i \/ ¢ Lt

from o F At fe o Aot heRERRTbnbbisRel etfeck el Eiad P VoRER R oBi it co

Wi th an iwiedressidngtiblis cloleito 1./Adcbeding g EFBBINBHT GRB! the poRteatich-Fesithel be
conpl etely inconceivable by one skilled in the art. Exactly this behavior,
however , eliest pbthedmaterials fecirasesras thimratiodngteases mititr a snfioD/K & 12.8, the

' ti . in.th | f th | I.QR._ Th

i cknes PSP rapISTE ety P BRRe Rl R o ot PRRE P et b8P a0 G
of 0.1 N\gddh addindt RighEPUARGsSBPRY /gt of the penetration-resistant
material of the invention, DF, and D/F2 are 16 to 36. In further preferred

enbodi nents of the penetration-resistant material of the inven tion,

Tt or 1 nl GG HEnBeE ST iSRG Al N ing Sae Bt EYioB e REATY r ot

set of t i feOi s | | ; : f t he

Firse | ayLoReficsD]iche bORR! ofRTbKef InERIGPLPPRAVRR 2 Arthel Fetictrallon
resistant material.

This object is satisfied by a penetration-resistant material comprising at least one
layer having a thickness D, the layer comprising a first and second layer of woven
fabric, with the first and second layers being bonded together with an adhesive ma-
terial, the first layer of fabric composed of a first set of threads comprising 3.5 to 20
threads/cm, having a linear density of at least 210 dtex, the filaments forming the
threads having a diameter F;, and comprising at least 65% of the fabric weight, and
a second set of threads comprising 0.5 to 16 threads/cm and having a linear density
of at least 50 dtex, with the second set of threads being at an angle of > 0° to 90°
with respect to the first set of threads, and the ratio of the number of threads/cm of
the first set to that of the second set being > 1, and the second layer of fabric being
composed of a first set of threads comprising 0.5 to 16 threads/cm and having a lin-
ear 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%
of the fabric weight, the filaments forming the threads having a diameter F», with the
second set of threads being at an angle of > 0° to 90° with respect to the first set of
threads, and the ratio of the number of threads/cm of the second set to that of the

first set being > 1, and the first and second sets of threads of the first fabric layer



. 4 second set of threads-to the linear density of the first set of threads
of the second |ayer of fabric, is > 1, nore preferably > 4.2, and nost
preferably > 5.9. Mreover, in a preferred enbodi nent of the
penetration-resistant material of the in3ention, the nunber of threads in
at | east one of the second sets of threads of the first |layer of fabric and
first sets of threads of the second | ayer of fabric conprises 0.5 to 8
threads/cm A polynmer selected fromthe group conprising thernoplastic,

el ast onery i LG AR p : d
From at 1S D e o e Rl o e PP e
penet r at iseeconddalistiatayeranerthalratid D/Feand\YFRE beimg E6.pdoi4l.ly preferred as
thernoplastic materials are pol yol efins such as pol yet hyl ene, for exanple
LDPE, pol ypropyl ene, polyam de, polyester, or m xtures of these polyners or

t her nopl | | g . I S i a Sk : Like: and
as. 1 hor moais (o BHAEPR! diantef dARHEE Mo A abE cardlbier 7 Mo aRBGS Bul fir 20
vinyl estigngthei base e filadhtorRe et HatHave-dieslftarbés-gBéesnlF, @hdthesach

i nvention, however, two or nore of the aforenmentioned polyners, as well as

m xt ur es Mean g diagagtenpt s oircla/bavisgtthe sateeeooe-seatienalareadscthadesage

material ca nsi.st, of t S | [ Qr.pol r mxture in all |ayers
of the pe%ggﬁ'ggf'@ -%Ieagpgtogﬁ?e ﬁ%&ﬁﬁ?ﬁ%g &Wéﬂﬁnégﬁti on. It is also possible
that the adhesive material in different |ayers of the penetration-resistant

material of the invention consists of different polymers or polyner
m xt ur es Adcartlimgabdheteachioged BR:Bd 397 606y theepenatedtion-ssistabbelifect af shef

b han ST phES 3l Rebibog! aldTaldEEbh S 2 Rl il hing.
second | ayetp.gf o Kahrdde, WRieSdidilePin theh é?a ??Sééhéé&%iﬂ ﬁlfee;?]répidﬂsgl Abregodul us
ram ds) po or

yarns, selected fromone of the groups o yet'hyl ene
pol y- pphesbjéetrvednd d 2obiesbitez\di am|uad, lirebldy ppoarbsiight]y ploote DIF-=e12.8, to be-

| y- henyl ht hal ani de, bei , d i

D i e GoTGe PSR WTSe T Turihe! EEReP QhhepIH FBaenbicashVeYIH aha SHHeH of
fabri i i ccan.b
g 1 ol RS Srils ekt Sraclits Vapy it WASGRR ro8Miho Horh BHE rH6E RS

first setnifi¢aritly slosie 12,81 Aedfincaskay ehe &, Yalbes evithngh irieessing DYFsatio o

t hreads of the second |ayer of fabric) such as cotton, viscose, flax, henp,
pol yacr ylthe ragge signifiGandly apvest? 8puwdbdegiornplietaly inaoncepable by onesskdiecht
fabric a f : T t : r. . of i

bref er abi) thads- 5rabY Biis BenblioEdtuier, WasFGRT dity S neRlop'=fBhisEsRidht

pol yet hylgaRriapet tH iBRBhENE, adEambaBedn iMties exambles ditasereasmsntaveoni gh
strength and a high nodulus. In further preferred enbodi nents of the

penetration-resistant nmaterial of the invention, the first set of threads
of the figst, lagyer of . fabrjc.and th econd. sef A| f the secand
Cayer of Vb ESSS 108 B S ertied 3560 Rat Rl ERLERY BoBe 4 eREEts o
the firstghayem2of fabric and the first set of threads of the second |ayer
of fabric consist of polyester threads.
In a preferred embodiment of the penetration-resistant material of the invention, D/F,
and D/F, are 16 to 36.

In further preferred embodiments of the penetration-resistant material of the inven-
tion, D/F=D/F,.

In further preferred embodiments of the penetration-resistant material of the inven-
tion, 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 of fabric, and of the linear density of the



. I'n further preferred enbodi nents of the penetration-resistant material of
the invention, the first set of threads of the first |ayer of fabric and

t he second set of threads of the second | ayer of fabric have a |inear
density of 210 to 6720 dtex, preferably4420 to 3360 dtex, nore preferably
420 to 1680 dtex, and nost preferably 550 to 1100 dtex. A linear density of
840 dtex was found to be ideal for this application. In further preferred
enbodi ments of the penetration-resistant material of the invention, the

d f. th d f Al | f f. i dth i f
b oncs oL GE e b i o Bhe R Ree Pl of bRl S5
dtex, p%%én%’fgﬂbhé‘, ie;>ei emakd gréggratbq’yy@adér?tfmd@t bgéf?s%bgfsrzﬁg.ty of 140 dtex

for the second set’ of thread the first |ayer Ic and the first
set of threads of the second |ayer of fabric was found to be advant ageous.
In further preferred enbodi nents of t penetration-resistant, rial of
t he i nvePk&CyR 'E‘r?epﬁ?%?g§g§b‘¥§§mﬁﬁi‘r%£@§ Rﬁnqtrr?élomr%tstarﬁyaat%@%éﬁﬁ 8- and
the fir ; f : f [

thr cads, enian e 40068 5( Breadein aQ1oBSFEIol Meftocthal it F IFEEE e the
second ditt lafet bf fabde arfd firsesseasinirdaageaf thé sbabdrd fayer of Yeliric ¢dmprdss 1 n a
preferred enbodi nent, at |east one of the outer sides of the

penet r atQ-Bi4¢ 8dhegad®/Cimt erial of the invention is provided with a
protective |ayer, which can consist, for exanple, of a thernoplastic,
thernoset, or elastomeric material, or a mxture of these polyners. The
prot ect i N @olywyétsdlSctBBRIdrE thé BraliPEEHprisiRg tREiEEpIasHte Blagtbridie, AR ehésmal
from damage "by excessive abrasion and to I'nprove the ballistic action. As
nment i onegdosgidnateriale oyen@ixtute ofrpalgxiess selectedfeomnat ledstiwe df ivese groups,
conprises at |east e |ayer, aof t cited type. One . skill.ed in the art can
cas |y ertrsendie AdNRENBSaigel by BpPerElalibBTersln: HhaterinLel fhe ihvetion.
bal | i st 'Esp;ycﬁm@%ﬂev&r@&hs@Wemwlasﬁbsmml@ﬁr@eageréimwuch% SolgBthylene,
determ nat'i on of the V50 value of the material. The penetration-resistant

mat er i alfooéxample LDEE; polypcapy!bre neolyamice, petyestary oeruxtptes olihesaipalal | y
sel ecting one of the af,or?menti oned first and secongil, Iaégrs olgq{,ab_ri c, and
one of t/HESQLIBATRARIESHGElaremErS: as Claptomarhsublifesllicenferld 128 liwiand abl y

o8 10, SR8 AR sl SOn e Bl il e

order caer eshasdHorghe penketrafiantresistaatt matepalsef the inventioen Gonavenwoesi st ant
material. For soft-ballistics purposes, for exanple, |ayers are formed and
pr essed ogefHBe afaramenticnadpligess. fs welkan saixtpeemthareal, can e servesas

| ayer of LG pve-material film/ second | ayer of fabric /
adhesi vébén%tlaysglz\i/le @?@%%I'For hard-bal l'i stics purposes, for exanple, |ayers

are formed in the follow ng order: adhesive-material film/ first |ayer of
fabric /_adhesive-material film/ second |ayer of fabric; then a certain
nunber ofhe adhesivemataralraan erpusinfiihe sameneolymes adea!men midtyre-ipradk la¥t i ve

ti , i t .Q _faor sl
manut acp ohg 4 R  PRSLFE rAliteBl FRIGIo 15 UT/asliPpo RSB IR Sig Fhat he
super i MmerRdieanatstiddin tirafagsrRNéf thB ¢éneladosabsistaid niefanNsitheant | y
pressed together, as long as it is ensured by suitable nmeans, such as

separ at ivegtipagensisthat diffesert palymess ar polyess nikueenot e afaremgntiensd pressed
t oget hertypéb\fter pressing) a

In further preferred embodiments of the penetration-resistant material of the inven-
tion, the first set of threads of the first layer of fabric and the second set of threads of
the second layer of fabric consist of high-strength and preferably high-modulus
yarns, selected from one of the groups of aramids, polyethylenes or poly-p-
phenylenebenzobisoxazoles, with the p-aramids, particularly poly-paraphenylene

terephthalamide, being most preferred in the group of aramids.



. 7 protective layer for the underlying | ayer of fabric is concurrently
formed by the adhesive-material filns facing outside during formation of
the layers. A static press, for exanple, is suitable for the pressing
procedure. Pressing is perforned in the static press, preferably at a
tenperature from80 to 220C, a pressure of 5 to 100 bar, and for 15 to 150
seconds per layer. Then the heating of the press is switched off. For
determ nation of the layer thickness in a material wherein nmultiple |ayers
were pressed together (hard ballistics), the total thickness is neasured
initially and the determ ned value is divided by the nunber of |ayers,

gi vi ng t hg drivcikBes é%cfbfndoé& of Wr%radsrbfttﬁ@ﬁ%gwér%f ifggwé 8AH & REstERL BF i 2l

of the invention. Finally, the ratio DIF Is determn using the initrally
defined ebtsacs efithefsecandiayefi clifebec cin be rdadbérommaapthead reafarial beoally

illustrated, by the foll| ow | es. le 1. Soft ballistics A
penot r o I ARG 2GR EURRGBr AN (85 TSt ch (TaRGs A1 Yibliet Byericl ighriaabdthes
fol I ows: j i '

v cads (Pa o by TUEr e FALT RfCH PAET EREARBECh BRTRRRITVRMAE (M0

and fi | arresthp chayatmtic Fordbeiliket Tiveaecohd Eabbethteadddf tife st et of fakefd
threads (trade nane TREVI RA by Hoechst) havi ng# a linear density of 140 dtex
and a t hrahiithedingt sef ofthieadseftheriaconddeverieimabrie arg peaferafy maste ofmrmne. A

fabri ' | M- t 1.d f T
by Tei | n Sar S RSt HE FRIREY! BRReb e PR Bl R e "
di amet er drapfid dPiedarably, thes@yanis HaR Bigh Arghgth apalaisighahodalip. t hr eads
(TREVI RA by Hoechst) having a linear density of 140 di'ex and a thread count

of 4 threads/cmis used for the second |ayer of fabric. An LDPE film

avai | abl & 5.0 LPE(EL AG0E L] FinehiBPRR S etrak3n Lk st B4R 8F Bl RbeReT vES
tion, the first set of threads of the first layer of fabric and the second set of threads of
the second layer of fabric consist of aramid threads, and the second set of threads of
the first layer of fabric and the first set of threads of the second layer of fabric consist

of polyester threads.

In further preferred embodiments of the penetration-resistant material of the inven-
tion, the first set of threads of the first layer of fabric and the second set of threads of
the second layer of fabric have a linear density of 210 to 6720 dtex, preferably 420
to 3360 dtex, more preferably 420 to 1680 dtex, and most preferably 550 to 1100

dtex. A linear density of 840 dtex was found to be ideal for this application.

In further preferred embodiments of the penetration-resistant material of the inven-
tion, the second set of threads of the first layer of fabric and the first set of threads of
the second layer of fabric have a linear density of 50 to 280 dtex, particularly pref-
erably 80 to 210 dtex. A linear density of 140 dtex for the second set of threads of
the first layer of fabric and the first set of threads of the second layer of fabric was

found to be advantageous.

In further preferred embodiments of the penetration-resistant material of the inven-

tion, the first set of threads of the first layer of fabric and the first set of threads of the



. 23 layers (order in each |ayer: adhesive-material film/ first |ayer of
fabric / adhesivematerial film/ second |ayer of fabric / adhesive-materi al
film, separated from each other by a paper, are superinposed and pressed
in a press at a tenperature of 120C and & pressure of 25 bar for 25

m nutes. Then the heating of the press is swtched off. Afterwards) the

| ayers are separated from each other, the paper is renoved, the 23 | ayers.-
are superinposed agai n and packed together to form a package. The thickness

measar od <000 T2verad EBRE 6t W R AFEAEE ST PP R ¢ el Rl 7
the rati gajdroffaBec bAWtAe seBordibeofithreads BEtherd8dand |89 fhbAc iafé Wel | Y
defined filanent diameter F. The weight per unit area of the package Is

al so gi véhreagisTabl e 1. 9 The antiballistic-protective action of package
a) is characterized by determ nation of the V50 val ue according to the
techni cal guideline "Schutzwesten der deutschen Polizei"” ("Protective vests

for Cer mapn Nk&Ped eMiHduiIREAL &;éé&%?‘ggfvgﬁ%m%rsﬁﬁ@slobﬂw Serietkdife@L - The

results are sunmarized in row a) of thernore,” mterials b) and
c) were pesidtarsdnateeakaithevinyertiomist provialedayithe a peptectihatiayse| whivtr cgrheoryd ene

terepht hal anj de weft threads were used having the |inear density, thread
count, amiSt 1o SXERPIes ‘grﬁﬁ@r’mﬂ'%@: %rmwsh qri¢lasigmerie m%terlehrbor@ mifdrec) |

respecti \Rliyese' Blfets. MR proBbid BiYer ReApplied to protect the outer side(s) of the

material from damage by excessive abrasion and to improve the ballistic action.

As mentioned above, the penetration-resistant material of the invention comprises at
least one layer of the cited type. One skilled in the art can easily determine the num-
ber of layers required for a particular ballistic-protective action, for instance by bom-

bardment tests and determination of the Vs, value of the material.

The penetration-resistant material of the invention can be manufactured, for exam-
ple, by initially selecting one of the aforementioned first and second layers of fabric
and one of the cited adhesive materials, with the adhesive material preferably being
used in the form of a film. Subsequently, the first and second layers of fabric and the
adhesive-material film are superimposed in a certain order corresponding to the par-
ticular purpose of the penetration-resistant material. For soft-ballistics purposes, for
example, layers are formed and pressed together in the following order: adhesive-
material film / first layer of fabric / adhesive-material film / second layer of fabric /
adhesive-material film. For hard-ballistics purposes, for example, layers are formed
in the following order: adhesive-material film / first layer of fabric / adhesive-material
film / second layer of fabric; then a certain number of the cited layers, depending on
the intended ballistic-protective action, are superimposed and pressed together to
form panels. In manufacturing the layers for soft-ballistics purposes, multiple super-
imposed layers of the aforementioned type can also be concurrently pressed to-
gether, as long as it is ensured by suitable means, such as separating paper, that

these layers are separable after having been pressed together. After pressing, a



- uﬁit area [g/nR] Linear density [dtex] Thread count [crri']V50 [Ms]D[m]F

[ mm D/ Fa) 50508409. 55070. 270. 008731. Ob) 50609309. 54830. 280. 009230. 4c) 50401680

5.54620. 350. 01229. 2 Table 1 shows that materials with good VSO val ues are

obt ai ned, although D'F is far above 12.87 Mreover, it can be seen that

with increasing ratio DIF, the V5oval ues increase even further, while the

wei ght per unit area of materials a) to ¢) remains practically constant.
protective layer for the underlying layer of fabric is concurrently formed by the adhe-
sive-material films facing outside during formation of the layers. A static press, for
example, is suitable for the pressing procedure. Pressing is performed in the static
press, preferably at a temperature from 80 to 220°C, a pressure of 5 to 100 bar, and

for 15 to 150 seconds per layer. Then the heating of the press is switched off.

For determination of the layer thickness in a material wherein multiple layers were
pressed together (hard ballistics), the total thickness is measured initially and the
determined value is divided by the number of layers, giving the thickness D of one
layer in the penetration-resistant material of the invention. Finally, the ratio D/F is

determined using the initially defined equivalent filament diameter F.



10 Exanple 2: Hard ballistics A penetration-resistant material d) (see
Table 2) is produced as follows: A fabric conprised of poly-paraphenyl ene
t erepht hal am de warp threads (Twaron by Teijn Twaron) having the |inear
density, thread count, and filanment diangter F as given in Table 2, and of
pol yester weft threads (TREVIRA by Hoechst) having a |inear density of 140
dtex and a thread count of 2 threads/cm is used for the first |ayer of
fabric. A fabric conprised of poly-paraphenyl ene terephthal am de weft

t hr eads nsity) thread count,
and fil aré’rré ﬁgg'giﬁ%q "'E%SE“@{S? &ecpﬁyﬁ% ‘gr@"hgﬁg%% Ol yester warp threads
(TREVI RA by Hoechst) having a linear density of 140 dtex and a thread count
of 4 threads/cm is used for the second |ayer of fabric. A material

avai | abl &ExamplePE Soft keglistios ( Capl ast Kunst st of f ver ar bei t ungs GrbH) serves
as the adhesive material, which is applied to one side of each | ayer of
fabric. 28 layers (order in each |ayer: adhesive- material coating / first

layer of 4 ét?eg’or?‘ij&é?étg}ﬁ?rﬁﬁ?éﬁél'@(sEQ%W’lQéré T%Sfé)pg aacé)é? T‘?Bd g are

superi nmpose ressed 1n a st ress erature o and a
pressure of 30 bar for 40 m nutes. Then the heating of the press is

swi t ched off The thickness of the resulting panel d) is nmeasured under a
| oad of @ fRbricGRMRIisasH el PRJYRaraphemensterep al%rﬁwetwerm@a%@ﬁ%@woue is

v 5% UCHR D ol sy Bl B0 e el

initiallynp ?@.f/'a'y%‘# Tfa'blél’imérﬁd o ﬁH%@ferﬁvéf?ﬁ“ﬁ‘egé@ttﬁaé@ narhBETREVIMA® Bor uni t

area of panel is also given in Table 2. The antiballistic-protective
action oﬂ-lth\et ma)vnmgsadlnwaadleesltyeﬂmgdd@tamdadbteadn@nttdﬂ@thﬁéhd&d:mes
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A fabric comprised of poly-paraphenylene terephthalamide weft threads (Twaron® by
Teijn Twaron) having the linear density, thread count, and filament diameter F as
given in row a) of Table 1 and of polyester warp threads (TREVIRA® by Hoechst)
having a linear density of 140 dtex and a thread count of 4 threads/cm is used for the

second layer of fabric.

An LDPE film available as “LDPE Flachfolie, transparent, 10 um" (EKB Kunststoffe)

serves as the adhesive material.

23 layers (order in each layer: adhesive-material film / first layer of fabric / adhesive-
matetial film / second layer of fabric / adhesive-material film), separated from each
other by a paper, are superimposed and pressed in a press at a temperature of
120°C and a pressure of 25 bar for 25 minutes. Then the heating of the press is
switched off. Afterwards, the layers are separated from each other, the paper is re-
moved, the 23 layers are superimposed again and packed together to form a pack-
age. The thickness of each layer of the resulting package (designated by a) in Table
1) is measured under a load of 0.1 N/cm? according to DIN EN ISO 5084. Finally, the
ratio D/F (see row a) in Table 1) is determined using the initially defined filament di-
ameter F. The weight per unit area of the package is also given in Table 1.



- VMKS "Vol | mant el Kegel Spitz" (Deco) (by Dynamte Nobel). The results are
summa rized in Table 2. Table 2: Panel Wi ght perLi near Thr eadV50DFD/ Funi t
areadensitycount[ms][m][m][g/n2][dtex][crri']d)69009309. 54960. 190. 009220
.6 Table 2 shows that a material with a good V50 val ue is obtained,

al though DF is far above 12. 8. 12 G ains: 1. Penetration-resistant
material conprising at | east one | ayer having a thickness D, the |ayer
conprising a first and second | ayer of woven fabric, with the first and
second | ayers being bonded together wi #h an adhesive material, the first

| ayer 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, the filanents
form ng the threads having a dianeter F~, and conprising at |east 65% of
the fabric weight, and a second set of threads conprising 0.5 to 16

t hr eads/ and. havij.n |.] near, ity of at |east 50 w th the second
Sot ot t N AnADEG Rreectiiottoa ohpackag i Topainstiriza i deterpinglen B ot et
of threa 5{3&{ 1 t set to
t hat of ? I?]eéVgog\%(l)%éfgséeo?&shgIttﬂfheit@@hrﬂb‘ %ﬁ‘hgeggﬁggﬁé&@%{" Hgﬁg%écnsbel ng
conposed Rsflizei” {'Pretectivst vasts tdnucwd@ncp@hm" wlth@xaﬁ sahlzerfara Aypad¥V4m and

compr s ANESIDAEARIG Fostltn & nitRayRy MM MRS ETT) of “at 1 cast 210

dtex, and conprising at |east 65%of the fabric weight, the filaments
formng the threads havin ianmeter , Wth the second, set of threads
bei ng at 'J;WhSHB‘Pr@ Bratelighs 8ba@g°W?rﬁ nreew&%aammv ?%E"aéeéias B ©X%Phads,
and the rtﬁétlwyoiaaeta?ﬁeﬁw@@rereﬁhtﬁaraﬁmia%smmfeawwefeemw g the iineak of the
first set bei and the first and second sets of threads of the first
fabric | aiﬁ@mtsbéhr@gd@pueha@d filpameqt digmeter yaldes as giveain Tsklechia rews $) of

t hr eads, an%icj’e'%g{)é(&h’ély of the second fabric layer and the ratio D) F~ and

D F2 bei ng ) "2. Penetration-resistant material according to Claim
1, characterized in that DDF1 and DF2 are 16 to 36. 3.
Penetration-resistant material according to Claiml or 2, characterized in
that O FizbigFo.
Material | Weight per | Linear Thread Vso D F D/F
unit area density count fm/s] [mm] [mm]
[9/m?] [dtex] [em™]

a) 5050 840 9.5 507 0.27 0.0087 31.0

b) 5060 930 9.5 483 0.28 0.0092 30.4

c) 5040 1680 55 462 0.35 0.012 29.2

Table 1 shows that materials with good Vso values are obtained, although D/F is far
above 12.8. Moreover, it can be seen that with increasing ratio D/F, the Vg values
increase even further, while the weight per unit area of materials a) to c) remains

practically constant.



13 4. Penetration-resistant material according to one or more of Clains 1
to 3, characterized in that 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 of fabric and of the |ineajgdensity of the second set of
threads to the linear density of the first set of threads of the second

| ayer of fabric is > 1. 5. Penetration-resistant material according to one
or nore of Clainms 1 to 4, characterized in that the ratio of the |inear
density_of the first set of threads to the |linear density of the second set
of thr eB¥ample 2ndlardrkallistosr of fabric and of the Iinear density of the
second set of threads to the linear density of the first set of threads of
the second |l ayer of fabric is > 4.2. 6. Penetration-resistant materi al
accor di Aperetiafiontes St rRateHapbTsck Table 2) (o ptaiced Lfbllost hat 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 of fabric and of the |linear

densi f th [ f thread he i densi f the fi

of 't hr SAJebRF CORPT BB R POApBISRIE Y ERE toreidba Bl HarpANbECa THRIPES: St ant
i _ , e PdERRTYRIFRS ot

T oast AsRqMen) BaRG A6 FRREehe, ByBRdiod i nd IRRE Bl ot 7

the firgivenah Table tharads pofycstsr wsfetirdat@YPREVIRARDYiHosshspr hamsg @ 5 to 8
threads/cm 8. Penetration-resistant material according to one or nore of

d ai ns lineay densitiofddOedtex @ind athraad conat alid dyieadsiem, ds uged fer thelfisst ed from
one of H&e gff()ﬂllljbs of thernoplastic, elastoneric, or thernoset materials, or
a m xt urPd®h Ceast two of these groups. 9. Penetration-resistant

material according to one or nore of Clainms 1 to 8, characterized in that
the first set of threads of the first |layer of fabric and the second set of
t hr eadsAdablibeomgerised df pply-pafaghenylenectenspthalaimite greft meads (Twarba®\yr ns

Dol - pp hEly T BHGEKERNY dxa P BLdensyty, RURBRIcSLb AP aEah E raeter F.as
P _ aEBh e er | ;
et of  ORebdnd¥EyEp, BRUD oEsHnTarp hikate CHREPRAET by Peohsd Ml 25C o

the secpmshid @rrityalf faabdter aidea gebadicetint bbanthyreads/chy, asruese fof theheophdups
of polyesters) pol yethyl enes, polypropylenes) or aram ds. 11.

Penet r aléyenof edirist ant material according to one or nore of Claims 1 to 10,
characterized in that the first set of threads of the first |layer of fabric
and the second set of threads of the second |ayer of fabric consist of

aram d AhhsRfial ad8ithy|8@sI99PR e ©651080 [hasassKehstbidevbidrbbithaySGnisHY abric
and the first set of threads of the second | ayer of fabric consist of
pol yest eervehrasdtie adhesive material, which is applied to one side of each layer of fabric.

28 layers (order in each layer: adhesive-material coating / first layer of fabric / adhe-
sive-material coating / second layer of fabric) are superimposed and pressed in a
static press at a temperature of 120°C and a pressure of 30 bar for 40 minutes. Then
the heating of the press is switched off. The thickness of the resulting panel d) is
measured under a load of 0.1 N/cm? according to DIN EN |SO 5084, and the meas-
ured value is divided by the number of layers to give the thickness D of one layer of
panel d) (see Table 2). Finally, the ratio D/F is determined using the initially defined
filament diameter F (see Table 2). The weight per unit area of panel d) is also given
in Table 2.

The antiballistic-protective action of panel d) is characterized by determination of the

Vso value according EN 1063 class B3 with .357 caliber bullets of type Magnum



- 12. Penetration-resistant material according to one or nore of Clains 1 to
11, characterized in that the linear density of the first set of threads of
the first layer of fabric and the second set of threads of the second | ayer
of fabric is 210 to 6720 dtex. 13. Penetration-resistant material according
to one or nore of Clainms 1 to 12, characterized in that the linear density
of the second set of threads of the first layer of fabric and the first set
of threads of the second |ayer of fabric is 50 to 280 dtex. 14.
Penetration-resi stant material accordilng to one or nore of laims 1 to 13,
characterized in that the first set of threads of the first |ayer of fabric
and the first set of threads of the second |ayer of fabric are warp threads
and the second set of threads of the first |layer of fabric and the second
set of tWIKSdYolrhahtebKegel Bpitz! (Greyo) (By Dadanite HokelWaitie rebuleoal®. sumrd®- 15.
Penetrati on-r el_s'hftﬁnt material according to one or nore of Clains 1 to 14,
char act &i388d0 TeR'&%at at | east one of the outer sides of the material is
provided with a protective layer. .A .AH AH9. A3. Al3. As[ . A r'.AsH

. AHO. Al e. A&S$. AsHr. AH3. A . AnF4 -pJ NP p

Tabls 2:
Panel | Weight per| Linear Thread Vso D F D/F
unit area density count [mVs] [mm] [mm]
[o/m?] [dtex] [em™]
d) 6900 930 9.5 496 - 0.19 0.0092 20.6

Table 2 shows that a material with a good Vs value is obtained, although D/F is far
above 12.8.
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first layer of fabric composed of a first set of threads comprising 3.5 to 20
threads/cm, having a linear density of at least 210 dtex, the filaments forming
the threads having a diameter F,, and comprising at least 65% of the fabric
weight, and a second set of threads comprising 0.5 to 16 threads/cm and
having a linear density of at least 50 dtex, with the second set of threads be-
ing at an angle of > 0° to 90° with respect to the first set of threads, and the
ratio of the number of threads/cm of the first set to that of the second set be-
ing > 1, and the second layer of fabric being 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% of the fabric
weight, the filaments forming the threads having a diameter F,, with the sec-
ond set of threads being at an angle of > 0° to 90° with respect to the first set
of threads, and the ratio of the number of threads/cm of the second set to that
of the first set being > 1, and the first and second sets of threads of the first
fabric layer being oriented parallel to the first and second sets of threads, re-
spectively, of the second fabric layer and the ratio D/F, and D/F, being 14.5 to
40.

2. Penetration-resistant material according to Claim 1, characterized in that D/F;
and D/F, are 16 to 36.

3. Penetration-resistant material according to Claim 1 or 2, characterized in that
D/Fy = D/Fa.
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4, Penetration-resistant material according to one or more of Claims 1 to 3,
characterized in that 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 of fabric and of
the linear density of the second set of threads to the linear density of the first

set of threads of the second layer of fabric is > 1.

5. Penetration-resistant material according to one or more of Claims 1 to 4,
characterized in that 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 of fabric and of
the linear density of the second set of threads to the linear density of the first

set of threads of the second layer of fabric is > 4.2.

6. Penetration-resistant material according to one or more of Claims 1 to 5,
characterized in that 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 of fabric and of
the linear density of the second set of threads to the linear density of the first

set of threads of the second layer of fabric is > 5.9.

7. Penetration-resistant material according to one or more of Claims 1 to 6,
characterized in that at least one of the second sets of threads of the first
layer of fabric and the first sets of threads of the second layer of fabric com-

prises 0.5 to 8 threads/cm.

8. Penetration-resistant material according to one or more of Claims 1 {0 7,
characterized in that the adhesive material is selected from one of the groups
of thermoplastic, elastomeric, or thermoset materials, or a mixture of at least

two of these groups.

9. Penetration-resistant material according to one or more of Claims 1 to 8,
characterized in that the first set of threads of the first layer of fabric and the

second set of threads of the second layer of fabric consist of high tenacity
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the first set of threads of the second layer of fabric are selected from yarns

from one of the groups of polyesters, polyethylenes, polypropylenes, or

aramids.

11.  Penetration-resistant material according to one or more of Claims 1 to 10,
characterized in that the first set of threads of the first layer of fabric and the
second set of threads of the second layer of fabric consist of aramid threads,
and the second set of threads of the first layer of fabric and the first set of

threads of the second layer of fabric consist of polyester threads.

12.  Penetration-resistant material according to one or more of Claims 1 to 11,
characterized in that the linear density of the first set of threads of the first
layer of fabric and the second set of threads of the second layer of fabric is
210 to 6720 dtex.

13.  Penetration-resistant material according to one or more of Claims 1 to 12,
characterized in that the linear density of the second set of threads of the first
layer of fabric and the first set of threads of the second layer of fabric is 50 to
280 dtex.

14.  Penetration-resistant material according to one or more of Claims 1 to 13,
characterized in that the first set of threads of the first layer of fabric and the
first set of threads of the second layer of fabric are warp threads and the sec-
ond set of threads of the first layer of fabric and the second set of threads of

the second layer of fabric are weft threads.
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