;1 me3e’ ] 6T@AUCC~D 2559 Penetration-resistant material Description: The
presentcQD®ssd i on relates to a penetration-resistant material. In EP-A 01
200 979, a penetration-resistant material is disclosed conprising at | east
a doubl e | ayer of woven fabric, characterized in that the double |ayer
conprises first and second | ayers of fabric, the first layer of fabric
conposed of a first set of threads conprising 3.5 to 20 threads/cm having
a linear density of at |easPenetyatiooxresigtantmmgterial ng at | east 65% of the
fabric weight, and a second set of threads conprising 0.5 to 16 threads/cm
and having a linear density of at |east 50 dtex, with the second set of

t hreads bei ng transverse to the firtst——set—of —threads,—and—tte ratio of the.
nunber of threads/cmof the first set to that of the second set is > 1, and
t he second | ayer of fabric conposed of a first set of threads conprisi

0.5 to 16 threads/cm and having a |inear density of at |east mﬂﬂwﬁﬁtﬂmﬁ\ﬂma
second set of threads conprising 3.5 to 20 threads/cm having

density of at |east 210 dtex, and conprising at |east 65% of the fiadif c

wei ght, with the second set of threads being transverse to t first set of
t hr eadsDeggtiptigd:rati o of the number of threads/cm of the seamwﬂmﬁmmm
that of the first set being > 1, and wherein the first and s

threads of the first fabric |ayer being oriented parallel to the-*fopwst and
second Fhbprederithneattion reistesad iavisnetraiont fasisti@siandtdriabri ¢ | ayer. An

i npact-resistant conposite material, i.e., a penetration-resistant
material, is described In EP-B 0 397 696. The material is conprised of one
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area as the average cross-sectional area of the filanments of t 2 layer.
The fi | andisesondlayexs of falaic, dine §rst dayersd fakrihcompdsedobadirsissatrof tlateads.
EP-B 0 397 G96 t h hat ,t,he ratio of the,layer .thickn to the '
Caui val SAPREgEAT0FRhatee ey baling d Ingardsrdfy of L least 23D ek eridt ant
effect. i f } i i ; ct,
oxpr 065 S PEASMAIR [b8st G4k JrERE Tt wbldht 2R 4RBEGAA 3t BFHHE 684 bfpriEiy®
Accor di Ad tool EErBads/8avasd Bpvingea preat dendilyrofras deatt &t diekf with tié sebend

mat eri al s, decreases .as .this ratjo increases., Wth a ratio DDFE of 12.8, the
et r absi IRERAdS beino dfansver el bR gas 4 A dtoads, and Sin Fatfpus the riioban 7
696 advj i i r LO; nsj i for
odi 11 oBbfeddguhton Rpdhet st i dithe sBE0RE Se0s T aA e BecdfIf YR ior| 2

t he obj fatfricddorhpesqar efse fitstisay efitiroads compaginde0.8 tbuid thesadwortdrad having

resistant material. This object is satisfied by a penetration-resistant
mat er i af B8RP APEsIHGOLat Ipaak0 girx, rRE serandheetrfthieadscomprising 8.5 5/ 8P

al ! : ) ! e . d
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| ayer obf thabfabric weipios edthaheasetbndises ef thogadd bemdstramsverss tathe3firzt 6t 80

threads/cm having a linear density of at |east 210 dtex, the filanments
f or mi ngthreads.Anctine nakigi o dhea ngmbasiod threads/gyotbiepraconasedtto thatsaf thgos of

t he fabg] Lght, an 0 Ll Si w1016, .
t hr ead sf’ %&Sgﬁ%glﬁgvﬁ ﬁ]‘gg%‘gf".ﬁ‘ﬁeg%w@ égfsrlstt %/nc%?éc:qq’\%sseeggg? %llc‘)r%&pgfg ﬂi}\? ﬁ'ﬁSt'gf ﬂ'@”% econd
set of [yeepdmdieicritedtpaaallsinghive ffstand deodQ seitd Bf RERES rebpettifelf, gt set
of threads, and the ratio of the nunber of threads/cmof the first” set to
t hat of thengeapssldalriséayasei ng > 1, and the second | ayer of fabric being
conposed of a first set of threads conprising 0.5 to 16 threads/cm and
having a |inear density of at |east 50 dtex, and a second set of threads
conpr i SARGmMPabt-tesidant boRpESts Mat&dall N., a pdridaitioResistantthaftridl 88%de-210
dtex, and conpri si n% at_|east 65% of the fabric weight, the filaments

f or m ngsénfeed ky BBd3 O3/ 696.al e matedal iszompirisedidi @nsewrondreskatyeds, withy ehds
bei ng at__ap_anale of, > 0 to 90 with.respect to the first set of. threads,
and Chelorat pBE S SaRbiafghefmeRs i LaB R s S, cB 18 URAE B he
first sphviRgidtOequitaledtdlaniéhtidiambtéNfe S BEOBRNSREE oPh cirelERAAN ghé R&ndd st
fabric | ayer 3 being oriented paraflel to the first and seco sets of

t hr eads¢rasesysstionakbanga af thenavaregemdosasedtioriahpesa ahthet flemeats of leF1 and
D)F2 being 14.5 to 40. The term"filanment dianeter” means the average
dianeter of the filaments over their length. In case the filanments do not
have circul ar cross-sections, F, and F2 each nean the dianeter of a circle
havi ng the sane cross-sectional area as the average cross-sectional area of
the filanents along their length. According to the teaching of EP-B 0 397
696, the penetration-resistant effect of the material becones
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In a preferred enbodi ment. of the penetration-resistant material of the

i nvention, D)F1 and D)F2 are 16 to 36. In further preferred enbodi nents of
t he penetration-resistant material of the inven tion, DF1=D/F2. In further
preferred enbodi nents of the penetrati @-resistant naterial of the inven
tion, the ratio of the linear density of the first set of threads to the

| i near density of the second set of threads of the first |ayer of fabric,
and of the linear density of the 4 second set of threads to the linear

denS|ty f ond Jayer of fapric, is > 1,
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enbodi nEPLB QfSQWGQQQé‘ﬁHe@;tthaﬂtHeel%t G i he
nunber of threads in at | east one Io th gm?eeg(;h%kgg%ssbhﬁ thE e\e@{;\;dl@& h
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the adhesive material in the penet lon-resista

I nventi eﬁfectlfémlwnmtéwalprcta‘oeeamb as this eatio rlcaeddes. Witie &l r@hé D?(FeoprE golhef i ns
such as g \é?th yl ene, for exanple LDPE, polypropyl ene yam de,
pol yest Renetiatian-sasistant %flfeqtﬁf@é:ée?ﬁﬁ%ﬂ@e?@hﬁn ?h’@ﬂﬁiﬂﬂ Bé’sﬁ%f@ds; as

el ast orrﬁgé? 'éégt?ﬁrth érl fo?‘f'rqe H}?o l'i ke; and as ther noset materials epoxy

resins resins, enollc resins, and vinyl ester resins. For the
penetratlon resi st ant naterlal of the |nvention however, two or nore of
the aforenentioned polyners, as well as m xtures thereof, can also serve as
the adhEsneieragane Apetifaeaddiiennlmatetias havinggpasbpenatratisin-rasistantre
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in differispbnd mugdrmjof the penetration-resistant material of the in vention
consists of different polyners or polynmer mxtures of the aforenentioned
type. In further preferred enbodi nents of the penetration-resistant

mat er i of .th the first set of threads of the first |ayer of
fabr i ca{gh'& qm%%ggéaﬁgft%igygqur}ﬁt@@g -Igsista @%%ﬁgcpﬁ?é'ls"’lﬁatfléﬂﬂ @Neonsi st
of hi ghragkF RAGIWG @ﬂﬁ’cl@fe%%% qhbx?hérgébrﬂaﬁéfhg% 18 B saebﬁ&iéyébforf%v%e of
the groups of aram ds, polyethylenes or pofy- pp enyl enebe I'soxazol es,
wi t h t hiabpicawithitbs flrs,.iaa'rtd sedond lpypd lysipgbapliedytbgaid et evikpdr hdhe@i\/denabel ng
nost prefeli ﬁd I r} t he gfrOBP of aramds. _ 5
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 Fy, 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 in-
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



In principle,” the second set of threads of the first |layer of fabric and
the first set of threads of the second | ayer of fabric can be nade from any
thread material usually having a |lower strength than the first set of
threads of the first layer of fabric ald the second set of threads of the
second | ayer of fabric, such as cotton, viscose, flax, henp, polyacrylic,

or the Iike. The second set of threads of the first |ayer of fabric and the
first set of threads of the second | ayer of fabric are preferably made of

act A
Vol yor oo cierted BRIy B e st BAHLBoBhd RBlY Ehadd R RaNER D1 104, and a
hi gh nosedarsl fabriclaydrieard theatasiorAF, emddiiRybeirg o4 Stteeqenet rat i on-resi st ant

material of the invention, the first set of threads of the first |ayer of
fabric and the second set of threads of the second |ayer of fabric consist
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penetration-resistant material of the inven tion, the first set of threads
of the meastthe gjametsr of aeirate havingHbeseoumdrosstseastional amasasthe inerageond

| ayer of fabriﬁBh ve a Iige?i densitg of, 21 t916720 dtex) preferably 420
to 3360°TEEeeCHBRR! Feardtasilrmentsalong P hieadin.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
mat er i aAcodrdirtetd ineceachiog, oftHfe-Bs@ 80r b 36k thebehbiraiaisredistahe effecissf thayer of

fabric and tq first set of,tqreads of the c?nd | ayer of fapric have a
i near HEHRTA\PaSPMES WAty BRRILPOOPa pirelle AT @ or 148 Woyigweef the teaghigex. A

| i near L ; : ; L1t |ayer
of fabrlgick:::Egn%bt%e7 %léé)’s%ésaéifm%? ”ﬁ reglgs%?‘g?p %ﬁ%ﬂ%@é@%ﬁfﬁég&f%@&g%ﬁé{oﬁ was
found t objeet wdurhegudtise Vigvdlues helreguyeieorrat dlightypdboveaDiFei218) ¢ be-
penetration-resistant material of the _ inven tion, the first set of threads

of the €pmMeteverywersgrwithifititherdnerepsa of the b/k gatianfln iereasesweouldi onre skiledecond

riret | iyERU i St RubotiR R s R BE e Blind ol TR slgrer of
fabric ﬁﬁi@ahﬁi bbbl a2ds Arldindrédf 6 thed/ s VBRGs'HItH andhcre8amy D/Ferdlfo ihhe
outer sides of the penetrationresistant material of the invéntion iIs

pr ovi dethewangezsigrificacty aeove) a8 woniddre camptaielysneanceivableoympieeskitéd a

t her nop] ast.i ¢ her et .or.elastaneric terial,.or a nmxture of these
pol yrer & eyt EXEITRS ety RENETE! Was BURH Bl nehstistisifasisraty o
the mat giatétialldt ane GUBRGENDYS BEABESEeEh MhaExamAos of thd PRYsRKE VB tigﬁ.' listic
action. As nentioned above, the penetration-resistant teriral of the

i nvention conprises at |east one layer of the cited type. One skilled in

t he art—_gcan .easil term ne the nunber of | r LI for riicular
bai 1 st 788 igRasss o FisdaVaiis mife il adhettng B B EAshisfad fta lodifot
determ gatyemf the V50 value of the material. The penetration-resistant
material of the invention can be manufactured, for example, by initially
sel ecting one of the aforenentioned first and second | ayers of fabric and
one of the cited adhesive rials,, with the adhesiy terial preferably
bei ng u¥ed Preferird ?@P%lmefg%&iﬁ'p%e@%%@éﬁUé?ﬁl?T nt gderal ddhe vendionn B/ Fayer s
of fabrjgqang, g}}e@ql@ggi' ve-material filmare superinposed in a certain
order corresponding to the particul ar. purpose of the penetration-resistant
material. For soft-ballistics purposes, for exanple, |ayers are formed and
pressed, toget her # n the follow n rder: adhesivematerial film/ first
Jayer of tlugtg),ergrg e Thedimants 851 & PenRiration-asistarl Batesfal i phe nven-
adhesi V%Mﬁf1j__%yi:fi | m For hard-ballistics purposes, for exanple, |ayers
are formed in the Tol | ow ng order: adhesive-material film/ first |ayer of
fabric / adhesive-material film/ second |ayer of fabric; then a certain
nunber of the cited | ayers, depending on the intended ballistic-protective

acti on, Inaitether pesiersdseabedimeste o5 e PeRftiatian-tesistarhmgiarial of theyinven-
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superi nposed l'ayers o e aforénmentioned type can als
pr essedthHeogmiomer setas thieagisas thé first |&@yswiddbtiv, &d bf&hbﬂiﬁ@é@@%nsﬁ%%htl’@
separating paper, that these | ayers are separable after having been pressed

together. After pressing, a



7 protective layer for the underlying layer 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 performed in thd 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

wer e pr 4805 R dsBfle Abht SbAGH) of &gqﬁéﬁeﬁ ot i BAC g 35Ty ed

initially and the determ ned value 1's”’divi

gi vi ng lalyer bhiabkicpiss> B, aforeipreferaioly S 4.2 Aadreostidrafdrapyesigt ant nmateri al
of the invention. Finally, the ratio D/F is determned’using the initially
defined equivalent filanent dianmeter F. 8 The invention is further

| | ust L 1. Soft | i A,
enet r P Rt FLE Rl k&ﬂﬁﬁ%@*ﬁi%iah B8 R redirtentate T Sde i as
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threads (Twaon by Teijn Twaron) having the |inear densit read count,

and fi | Bistlayediohralria amd festisets ofthagads ofthiel seconddayerodf fpbhgzestrqmseeft
t hr eads Cljtt 39&5 (ge/ TREVI RA by Hoechst) having a |inear density of 140 dtex
and a t?l SIGM-2 threads/cmis used for the first | ayer of fabric. A
fabric conprised of poly-paraphenyl ene terephthal am de weft threads (Twaron
by Teijn Twaron) having the linear density, thread count, and filament"’
di anet eA polysegselentadirommvtha)grotip Tahipeisihcpihd robplastiy eslhetonéid dr ®aes
(TREVI RA by Hoechst) having a linear density of 140 dtex and a thread count
of 4 th?'@éé%?f@iﬁri S:L&fe%m'ﬂﬂrq ﬁtep%!mﬂﬂasmﬂpé@d tent aberst tvo pithesemreupsn

et ho SNEE Ao RackieRAR el i HE P GRons eln{ ol RENER RolePhialcr 27

film/ Espe«t.allyapayfenédfaauhennbp|adhemateﬂat@%rreqio|¢dlémé s§@r¢a§<a>o|| RBYlefb,
fabric / adheswe material film, separated from each other Dy a paper, are
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The thickness of each layer of the resulting package (desighate
Tabl e 1leriresineakal e parwdrationtresistant materigl ohmeamentuomgmwem[\rtvﬁbdor so
5084.

Che | i PP PY e tRrEEeh fom RO D Grere s ot a5 1matids dhbrask, Cah e 86 ( ne

packagetheSadHespeOmdestid|n Tabl e 1. 9 The antiballistic-protective action
of package a) is characteri zed by determ nation of the V50 val ue according
to the technical gui del i ne Schut zwest en der deutschen Polizei™

("Prot t|v vest s Fe QL ) with x19 cal i ber Para Type DW4
bul | ot < REAGNSSHR N7 @al T4t EPaiSt el satte Pabiar sipovmes pigate T all 2y-
Furth I
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havi ng admswmmﬁemnmdufgerenhlagads obiinet peretchationt @sistantdnateriat of Wed Hes as

given in Table 1. ows 2| r‘ resPectlveI . Table 1:
vention conSIsts of different po ym r$ or polymer mixtures of the aforementioned

type.

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.



Mat eri al Wei ght per uniit area [g/ nR]Linear density [dtex] Thread count
[cm']V50 [Ms]D [mF

[ M D/ Fa) 50508409. 55070. 270. 008731. Ob) 50609309. 54830. 280. 009230. 4c) 50401680
5.54620. 350. 01229. 2 Table 1 shows that Smaterials with good V50 val ues are
obt ai ned, although D)F is far above 12.8. Mreover, it can be seen that
wth increasing ratio DIF, the V50 values increase even further, while the
wei ght per unit area of nmaterials a) to c) remains practically constant.

10 Exanple 2: Hard ballistics A penetration-resistant material d) (see
Table 2) is produced as follows: A fabric conprised of poly-paraphenyl ene

Ler epht inaiiiirigle, R Seddriceastiot (fieaidaroriie irdtiiayel st atlc BAY 1Y filS o bpear

density, thread count, and fil anent dianeter as given In Ta , and of
pol yestibreads of thersesesd(layenofitabtg caodehmayle iror agy dhidadeaatetiahsistizlyof 140
dtex a t hread count,of 2 .threads/c I S US for the first |ayer of
fabri o otpd B Re SfRERbEheBhEdFst St etinengh ohthe Bt avien sl brirana the

t hr eads r i j i I VA count,
and 11 ST i SRt TN B R eh 8 Letic, SER o SRl Usb S8 308k eais
( TREVI Rrernp, polyabistiy, dwthieritkea Thierssondeses iof threadd 40thd fivst iiy@r af fprRad count

of 4 thre &ie/ i S ed éor he second | ayer of fabric. A material

avai | ab"f“%d,i ﬁr&;ge'h%_t peadsof Q“Ga?ﬁc%‘fj lRyprsefdabrie aee praferabiy adenefiyarser ves
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| ayer ofrahddir Preféradyiahbve yarishavnd highadtidriyth aREGORIGh AygLIuel fabric) are
superinposed and pressed in a static press at a tenperature of 120C and a

pressure of 30 bar for 40 m nutes. Then the heating of the press is
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panel d) (see Table 2). Finally, theratio DF is determn usi ng
i ni ti althg sesonddayen offabric cahsistobaramifdbredtabhrd Me sdbendwepbit thpeadaiof t
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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



V50 val ue according EN 1063 class B3 with .357 caliber bullets of type
- Magnum 11 VMKS "Vol | mantel Kegel Spitz" (Geco) (by Dynamte Nobel). The
results are summari zed in Table 2. Table 2: Panel Wi ght
per Li near Thr eadV50DFD/ Funi t 6
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 i s obtained,
although D)F is far above 12.8. 12 Cains: 1. Penetration-resistant

Compr | SPAgPT ey B BP R B They B e e 34 Bt P oliveadihel e el ana
second |agse betabRicNsh PRRAGSLIRORI thiell it @IBESI A Ry R oPHflc afelifehi | St

| ayer of "fabric conposed of a first set of threads conprising 20
t hr eadsthuefdshavi ng a |inear density of at |east 210 dtex, the filaments
formng 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

{ hr eads e apRdrdAvdMBodinidritea 104 A4 ¥ o Qe SRRE tindbBNerdlibh. the second

set of threads being at an angle o} resp e first set

of t hr erabistanhohatérial mhtheimventibe i prdédedivithre padeditve 1afet, Whithcah g to
that of the second set being > 1, and the second | ayer of fabric being

conposedishffoexample, gk thermoplagie thenpeseli ayelesreria matenalads Admnixture

conpr s e3BHUARER. mhedraloth S Mher R 5P TEn 18 BoRef ERE9MsT Slaetdtdhed s
dtex, anfhtekulirdraidasnaije beastedthia abrdsith 438t fmpRiveithe r?g—a'ﬂ?stifci ARt S

formng the threads having a dianeter F2, with the seco set of threads
being at an angle of > 0 to 90 with respect to the first set of threads,

dth i q. of mber of threads/ f th nd set to that of th
st sap Meftichied ok B heRep (07 Remie BB B & 166 Tvationccaumoisns 11 r ot
fabric |cageondeand ctheriied s adh&kkilled i end hfttan FRBAPEL

i )
t hreads, respectively, of the second fabric |ayer Zéf‘l%'?he ratio E?g{fménd
D/ F2 bebegoflaysrs requredior @pasticular ballistispsitedtiverattéon, dbr mstariadi ngbbm-Cl ai m

1, characterized in that, D)F1 and FR,are 16 to 36. 3.

Penet raE?(ﬁﬁU?rézﬁtlsaﬁ'ﬂAqﬁﬁtﬁéW%m&ﬁ%ﬁi yvelyeqfdhamatgriab, characterized in
that D/ Fl= D/ F2. 13 4. Penetration-resistant material according to one or
nore of Clainms 1 to 3) characterized in that the ratio of the |inear

densi t yThé pehetrationiresistandimatoriabofsthednidiitidn cerbe teafifbytupéd Lo exgfPNd set
of threads, of th irst, layer of fabric and of the linear density of the

fi ) \ .
second Bl bhinitiffiesn ctieg che afithe aforeemtiopedirstand seeandlayess of fatwieds of
the secgndohaY#thdtitb@XuhEsive Ratbrials, 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



5. Penetration-resistant material according to one or nore of Clains 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

| ayer of fabric and of the linear densizty of the second set of threads to
the linear density of the first set of threads of the second |ayer of
fabric is > 4.2. 6. Penetration-resistant material according to one or nore
of Clainms 1 to 5, characterized in that the ratio of the linear density of

the fir f he l.inear, density of th econd,s of .t hreads
o 1 he RroigivedBub Mo 8 yhehiRg BPSEbEBRR s fodkurtahily T6RReH bYdbe ditercs - of
t hr eadsgit/e- ihi hilidi i ; a second

| hyerof U rhiteriel AR (aARPLUIAT dbii forhidtioht 1R I4VBIE N Rlo pleSerRionY
one or examplef isChuitatde fortthefressingarvesduwredPraesdiipls pdrfdrasst inothe 4ti¢ he
second sets of threads of the first Iayer of fabric and the first sets of

¢ hr eadsPiEESt PISTREENAA! # ASBPCEAUIBPIER Enped Cos Dresstits of & o d88harnang.
Penet r agJ,. Q- i i ryelj : rs \ i 1to 7,
char acf{grrﬁz%etgelﬁgr?% atn t e&gég%%ﬁ&%ﬂ&ﬁ%gﬁagﬂg@?@%%%eﬁ S%tgm gncgﬁof t he
groups of thernoplastic, elastomeric, or thernoset materials, or a mxture

of at | east two, of these groups, 9. Penetration-resistant materi al
accor di hgr detegminationefitbe dayerthicksess inpagnateral whewin pudtiple layens wewe fir st

et of Jar St r,.Qf ] nd,. of .t hread
of 1 he QESSEToGonbP hrdHs ST g otef b Aitls Wit f6a Myafhafl hdl ol oy
from ongeteiminirl @l08RS dRiidéd BYtES nuRbeY of Mlee8asiviah the thickness D of ane

pol y- pphenyl enebenzobi soxazol es. 10. Penetration-resistant materi al

accor di layet i thecpenetragion-rgsisthal material of the inivantion.drinaly the ratiatD/Flie second
set of threads pof .the first,| r of fabric.and the first_set of threads of
the secdf§m U‘E}f‘gﬁgﬁﬂﬁ“ﬁalﬂ @%@?@89%’&4‘%@ %‘?Wéﬁ?mﬁiﬁr&re of the groups

of polyesters, polyethylenes, polypropylenes, or aramds. 11.
Penetration-resistant material according to one or nore of Clains 1 to 10,
characterized in that the first set of threads of the first |ayer of fabric
and the second set of threads of the second | ayer of fabric consist of
aram d threads, and the second set of threads of the first layer of fabric
and the first set of threads of the second | ayer of fabric consist of

pol yester threads. 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 Clains 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. Penetrati'on-resistant. material according to one or nore of Clainms 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 8f the first |layer of fabric and the
second set of threads of the second |ayer of fabric are weft threads. 15
15. Penetration-resistant material according to one or nore of Clains 1 to
14, characterized in that at |east one of the outer sides of the material
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in row a) of Table 1, and of polyester weft threads (trade name TREVIRA® by
Hoechst) having a linear density of 140 dtex and a thread count of 2 threads/cm is

used for the first layer of fabric.

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 ym” (EKB Kunststoffe)

serves as the adhesive material.

23 layers (order in each layer: adhesive-material film / first layer of fabric / adhesive-
material 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/ecm? according to DIN EN 1SO 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.
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The antiballistic-protective action of package a) is characterized by determination of
the Vs value according to the technical guideline “Schutzwesten der deutschen
Polizei” ("Protective vests for German police") with 9x19 caliber Para Type DM41

bullets (DAG). The results are summarized in row a) of Table 1.

Furthermore, materials b) and c) were produced the same way as material a) except
that poly-paraphenylene terephthalamide weft threads were used having the linear
density, thread count, and filament diameter values as given in Table 1 in rows b)

and c), respectively.

Table 1:
Material | Weight per | Linear Thread Vso D F D/F
unit area density count [m/s] [mm] [mm]
[9m?] | [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 5.5 462 0.35 0.012 29.2

Table 1 shows that materials with good Vs, 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 ¢) remains
practically constant.
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A penetration-resistant material d) (see Table 2) is produced as follows:

{
A fabric comprised of poly-paraphenylene terephthalamide warp threads (Twaron®
by Teijn Twaron) having the linear density, thread count, and filament diameter F as
given in Table 2, and of polyester weft threads (TREVIRA® by Hoechst) having a

linear density of 140 dtex and a thread count of 2 threads/cm, is used for the first

layer of fabric.

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 Table 2, 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.

A material available as LDPE no. 251-50 (Caplast Kunststoffverarbeitungs GmbH)

serves as the 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 ISO 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
Vs value according EN 1063 class B3 with .357 caliber bullets of type Magnum
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VMKS “Vollmantel Kegel Spitz” (Geco) (by Dynamite Nobel). The results are summa-
rized in Table 2.

Table 2
Panel | Weight per | Linear Thread Vso D F D/F
unitarea | density count [m/s] [mm] fmm]
[9/m?] [dtex] [em™]
d) 6900 930 9.5 496 0.19 0.0092 20.6

Table 2 shows that a material with a good Vg, value is obtained, although D/F is far
above 12.8.
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Claims:

1. Penetration-resistant material comprising at least one layer having a thick-
ness D, the layer comprising a first and second layer of woven fabric, with the
first and second layers being bonded together with an adhesive material, 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 Fy, 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/Fy 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/F1 = D/Fz
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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 to 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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yarns selected from one of the groups of aramids, polyethylenes or poly-p-
phenylenebenzobisoxazoles.

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