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vests, helnets, vehicle panels an shi e r epar ed
fromhigh strength fibers are known i %Be art. For

many |jca- tion LN particular for ballistic ‘
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fabric. This fabrics may be coated or inpregnated in
amirix to obfain hard ballTrstic nateri-_al s, or nay
be used free frommatrix to obtain soft ballistic
materials. Bulletproof fabrics are known, inter alia,
fromEP 310 199. The fabrics disclosed therein are
conposed of filanment yarns of ultrahi gh nol ecul ar
wei ght pol ymer having high strength and hi gh nodul us,
wth the warp threads being of a different polyneric
. material than the weft threads. In Russian Patent RU 2
Desgoiptiti 4 pallistic fabric for bulletproof jackets was
di scl osed having warp and weft threads of poly
par a- phenyl enet er epht hal am de (PPTA) wherein the
ratio of the warp to the weft |inear density is
Thedregntion peraaing ta 2 pengirationtiesistapl pataiieb and toaviiclgs made of the
Sanﬁ near density of 143 to 588 dtex and weft threads
aving a linear density of 588 to 930 were discl osed,
the weft threads having equal or higher |inear
density than the warp threads. It is particularly

Pengtiptiendesisiatdarticles sseh @sriubletrroof Hestsnoehnatp, vehlidefpanels and
o 8 883 3 SRR s A g many atca-

tions, in particular for ballistic vests, the fibers are used in a woven or knitted fabric.

This fabrics may be coated or impregnated in @ matrix to obtain hard ballistic materi-

als, or may be used free from matrix to obtain soft ballistic materials.

Bulletproof fabrics are known, inter alia, from EP 310 199. The fabrics disclosed
therein are composed of filament yarns of ultrahigh molecular weight polymer having .
“high strength and high modulus, with the warp threads being of a different polymeric

material than the weft threads.

In Russian Patent RU 2 096 542 a ballistic fabric for bulletproof jackets was disclosed
having warp and weft threads of poly para-phenyleneterephthalamide (PPTA) |
wherein the ratio of the warp to the weft linear density is smaller than 4.17. Typically,
warp threads having a linear density of 143 to 588 dtex and weft threads having a
linear density of 588 to 930 were disclosed, the weft threads having equal or highér
linear density than the warp threads. It is particularly contended that ballistic fabrics
having warp to weft linear density ratios between 1.59 and 4.17 have improved de-

flection properties.
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fabric conposed of two |ayers of woven fabric which
are cross-plied at an angle wherein the fabric is
conposed of a first set of thpeads conprising 3.5 to
.20 threads/cm and having a linear density of at |east
420 dtex, and a second set of threads conprising 0.5
to 8 threads/cm and having a linear density of at
| east 50 dtex, with the second set of threads being
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a linear density of at |east 210 dtex conpri sing

at least 65 %of the fabric weight, and a second set
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a linear density of at. !east
°"°§é§(9’ﬁ gaiigtic @nerfpﬁnéaa% Tharpterer an@tber peohiemtundeflying the present

invasioRls tolralEad this hg ratio of the number of
t hrea s/cmo t he |rst set to that of the sec- ond

set is > 1, and a second | ayer of fabric conposed of a
Thgéé f){ob?gr"ns Qretslafv%ﬁdr?y & ?)ghetration-resistant material comprising at least a
double layer of woven fabric wherein the double layer comprises a 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, 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 transverse to the first set of
threads, and the ratio of the number of threads/cm of the first set to that of the sec-
ond setis > 1, and.a second layer of fabric composed of a first set of threads com-
prising 0.5 to 16 threads/cm and having a linear density of at least 50 dtéx, and a




prising 0.5 to 16 threads/cm and having a |inear

density of at |least 50 dtex, and a 01 MAR 2007 3

second set of threads conprising 3.5 to 20 threads/%qlMAR
having a linear density of at Ieast 210 dtex, and 2007
conprising at |east 65 % of the fabric weight, with

the second set of threads being transverse to the

first set of threads, and the ratio of the nunber of

t hreads/cm of the second set to that of the first set

is > 1, and wherein the first and second sets of
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Within the scope of the present invention in principie any substance which repells
water and which can be applied to the threads with known methods can be used as
the water—repellant_. However, because of it's high water-repellant efficiency a water-
repellant comprising fluor and carbon atoms, e.g. a fluoropolymer, and especially a
mixture of fluoroacrylate polymers, is preferred. Said mixture is for example con-
tained in OLEOPHOBOL SM® from Ciba Spezialitatenchemie Piersee GmbH, Lang-
weid am Lech, DE.

In a preferred embodiment of the penetration-resistant material according to the pre-
sent invention the water-repellant treated threads comprise about 0.1 to about 2

weight % flouroacrylate polymers with respect to the weight of the water-repellant




In.a preferred enbodi nent of the penetration-resistant
materi al according to the pre- sent invention the

wat er-repel l ant treated threads conprise about O.é t

about 2 weight % flouroacrylate polynmers with re ﬂe&f‘R 2007
to the weight of the water-re@pellant D1 MAR 2007J

4 treated threads. Especially preferred is about 1 '
wei ght % fl uoroacryl ate polynmers with respect to the

wei ght of the water-repellant treated threads.

Preferably, in the penetration-resistant materi al
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secured together wthout cross- plying. In a prefer
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according to the pre-

The second set of threads is transverse to the first set of threads in each of the two
layers. Usually these sets are about perpendicular to each another, but this is not
necessary. The second set of threads may be provided under an angle other than
80° to the first set of threads. The two layers are secured together without cross-

plying.

in a preferred embodiment of the penetration-resistant material according to the pre-
sent invention the threads of the layers of the doubie layer are bonded together, for
instance, by stich bonding, or preferably with an adhesive material. The adhesive
material may be adhesive material provided onto the threads or onto the fabric, for
instance as a finish. -

The adhesive material can also be an adhesive layer provided between the two fabric
layers of the double layer.




sent invention the threads of the layers of the double

| ayer are bonded together, for- instance, by stich

bondi ng, or preferably with an adhesive naterial . T?q MAR 2007
adhesive material may be adhesive material provide

onto the threads or onto the_fabric, for instance as

a finish. The adhesive materPal can also be an

adhesi ve | ayer provided between the two fabric |ayers

of the double |ayer. 01 MAR 200? 5 Adhesive materials

i nclude thernoplastic materials, for exanple.

ol yol efi.ns .such as pol yet hyl ene and pol y- propyl ene,
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threads of the secgnd |layer a material that nelts
\iRyertepresing,#Rd thg & r heating, thereby acconpli shing
bi nding the threads of the first set, respecti- vely
second set of threads to those of the second set,
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t he second | ayer reads/cm nor
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| ayer (preferably warp threads) and the secon
4 to 15 threads/cm and most preferably 5 to 12 threads/cm.

The number of threads per cm in the second set of threads of the first layer and the
first set of threads of the second layer is 0.5 to 16 threads/cm, preferably 0.5 to 8
threads/cm, more preferably 1 to 6 threads/cm and most preferably 2 to 4

threads/cm.

The first set of threads of the first layer (preferably warp threads) and the second set
of threads of the second layer (preferably weft threads) are of high strength and high

modulus.

In a preferred embodiment of the penetration-resistant material according to the pre-
sent invention the first set of threads of the first layer and the second set of threads of
-the second layer consist of high tenacity threads selected from aramid, polyethylene

and poly-p-phenylenebenzobisoxazole (PBO) threads, whereby for the aramide more



of .threads of the second | ayer (preferably weft

threads) are of high strength and high nodulus. In a
preferred enmbodi ment of the penetration-resistant 01 MAR 2007
material according to the pre- sent invention the

first set of threads of the 6irst |ayer and the second

set of threads of the second | ayer consist of high

tenacity threads selected fromaram d, polyethyl ene

and pol y- p- phenyl enebenzobi soxazol e (PBO) threads,

whereby for the aram de nore 01 MAR 200? 6
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- ted de\ﬂfwMefslert bbﬁ,@ﬂﬁyléﬁ@?@y;ﬁmfp?lédé%ﬂ'@brérﬁldﬁ\h?éé&s fdstample
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polygster treat. i nvention the warp and the vveft threads are
selected to be made of different po- lyners, for
i nstance a fabric having warp threads of p-aram d yarn

In a%’é Ve b Qﬁto Fe%déﬁ%ﬁ@ -r8&{shant %afe‘?l\é?%g@&dldgsto the pre-

erred. exanpl e ‘for suc a pre red
sentdnvemtion meamamzmhd the weftrtbsaesisam’e sséeteddb bshraade nof diféerent po-

first set of threads of the aer
S TSRO0 TR EYNgN A RANEemal PART TS YRS S10 yet threads
of p?i&égft‘eg B, Qﬁqléverséﬂdlstﬂ}@fe?rpé@% §§&m%fe Fd?'rs%ﬁﬁsa Sfeféh€d embo-
irst ayer and the first set of threads of the se-
diment is a penetration-resistant material 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 se-

cond layer consist of polyester threads.

“As long as.the required linear density ratio is satisfied, the linear density of the first
set of threads of the first layer and of the second set of threads of the second layer is
selected to be at least about 210 dtex, preferably between 210 and 6720 dtex, more
preferably between 420 and 3360 dtex, even more preferable between 420 and 1680

-dtex and most preferably between 840 and 1100 dtex.

The linear density of the second set of threads of the first layer and the first set of

threads of the second layer is at least 50 dtex. In a preferred embodiment of the pe-



cond | ayer consi st of polyester threads. As |ong as
the required linear density ratio is satisfied, the
| inear density of the first set of threads of thel1 MAR 200
first layer and of the second set of threads of the
second layer is selected to'be at |east about 210
dtex, preferably between 210 and 6720 dtex, nore
preferably between 420 and 3360 dtex, even nore
preferabl e between 420 and 1680 dtex and nost
referably between 840 and 1100 dtex. The linear
”et"%@ﬁ‘srqsgﬁté'ﬂt MRtersd asrarding tothe Rrassas inventine the fisear density of the
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according to the present invention the |linear density
dieXof the second set of threads of the first |ayer and
of the first set of threads of the second |layer is
bet ween about 50 and 280 dtex and nost preferably
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the penetration-resistant material according to the
pre- sent invention the double |ayer exibits two outer
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and & |mﬂ)r©&sttherb%llmwie¢fdrm‘ﬁﬁbecOnSl sting of two |ayers of

woven fabric, which are non-cross-
The penetration-resistant material according to the present invention comprises at
least one double layer consisting of two layers of woven fabric, which are non-cross-
plied and optionally bonded together. The term ,woven* inciudes all types of weaves,
such as plain weave, satin weave, basket weave, twill weave and the like. Preferréd

fabrics are plain woven.

The penetration-resistant material according to the present invention may contain as
little as one double layer consisting of two layers of woven fabric, but usually more
double layers are applied. Suitable numbers of double layers are 5 to 100. Most pre-
ferably 6 to 35 double layers are used. The first set of threads of the first fabric layer
of a double layer may be parallel to, or at an angle to 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°.



plied and optionally bonded together. The term "woven"
i ncludes all types of weaves, such as plain weave,
satin weave, basket weave, twill weave and the |'i et MAR 2007
Preferred fabrics are plain woven. The
penetration-resistant materifll according to the
present invention nmay contain as little as one double
| ayer consisting of two | ayers of woven fabric, but
usually nore double layers are applied. Suitable
nunbers of double |ayers are 5 to 100. Most pre-
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proof vests and ar rmr pI at es. The |nvent| on is further
illustrated w | ow ng exanples. Exanple A

Thegaygation 'FSJHHF%rs'I”%té@]‘Pdﬁﬂf'bmea 0”@WH193?¥#'H8 €22 doubl e
| ayers was manuf actured by

Exampie

A penetration-resistant material containing 22 double layers was manufactured by

- the following procedure.

The first layer of each double layer was produced from Twaron® 930 dtex ex Teijin
Twaron in warp direction (9.5 threads/cm, water-repellant treated with OLEOPHO-

| BOL SM® ex Ciba Spezialitatenchemie Pfersee GmbH, Langweid am Lech, DE) and

polyester 140 dtex (Trevira® 710, ex Hoechst) in weft direction (2 threads/cm).

The second layer of each double layer was produced from polyester 140 dtex (Trevi-
ra® 710, ex Hoechst) in warp direction (4 threads/cm) and Twaron® 930 dtex ex Teijin

Twaron in weft direction (9.5 threads/cm, water-repelliant treated with OLEOPHOBOL



the follow ng procedure. The first |ayer of each

doubl e | ayer was produced from Twaron(r) 930 dtex ex
Teijin Twaron in warp direction (9.5 threads/cm 01 MAR 2007
vvater-repellant treated with OLEOPHO- BOL SMr) ex

Ci ba Spezialitatenchenie PfePsee GibH, Langwei d am

Lech, DE) and polyester 140 dtex (Trevira(r) 710, ex
Hoechst) in weft direction (2 threads/cm. The second

| ayer of each doubl e |ayer was produced from pol yester

140 dtex (Trevi- ra(r) 710, ex Hoechst) in warp

M®cbxrce|©ta|$psezﬁeﬂhtéwr\eaémlé Pfewed G- L(angvwRa a6t xceXDE). The
Tei Twaron in weft direction (9. 5 threads/cm

warpiweé ratiepbineditst layeneed the wefiveupridiscef the emmngdewer was 6.6.
SMr) ex Ciba Spezialitatenchem e Pfersee GrbH,
Langwei d am Lech, DE). The warp/weft ratio of the

To pfép@é d c&mﬁﬂe emtbrtthe finstf dridneg gorcalialyer oferé hemipeted tbgether with 3

amyer was 6. (k[?repare a double layer the first
plies B@M@W'Q%@m BE| %ﬁ‘@)é’bﬁ‘t‘@@@ttﬁ@fk”ﬁﬁ%ﬁféo Hinj @e sheet

oy BREAFETA BT EEpu et oM Bt e s o

sheeheif polyetadene dim beirty placed lmb@WBeerﬁ ol afebid o fatyrd layers of
and one sheet of polyethylene filmbeing placed
the dayip tayeEC 2 deHbistlaypis Wois Prepered Imlfus wayt  t he

doubl e layer. 22 double | ayers were prepared in this
way. Said 22 double |ayers separated fromeach other
Saida3e doulelbéawspwpawatmdrfeomqwhiothepby adrelgd sEcpaberwere superim-
ess and pressed at a t erature of 120 d at  a
poses " dprass a0l PEREAGIZEmPRTERYe b 74 Rad 2t B pressure
t -
of 2??? ggﬂra%gglrﬂﬁ\luﬁ’é§sﬁwé’l‘?%é%éﬁﬁ§ g{ r@csts%a%‘éﬁﬁtéﬁ%% Pf After

ayers were seper om each anot
wardd)éhe éQMl@hmelrs WEBIS sepatatedi froame@acharzhaetothd melease paper

was (B PUBFOANS L3 SP AR Pl Seli SHPERIBCSRE A9 BolRSutin a pe-

netrdt{GO r&distBnt FRAB a4itty 8 v@éi@l%feab%&eﬁ%br@’hﬁzon resistant
material with a weight of about 4730 g/ was

manufactured as in the exanple with the only
di fference that none of the threads were water-
repel l ant treated.

Comparative example

A penetration-resistant material with a weight of about 4730 g/m? was manufactured
as.in the example with the only difference that none of the threads were water-

repellant treated.

vso - determination

vso - values were determined with 9 x 19 Para type DM 11 A1B2 DAG bullets,
wherein vg is the velocity at which 50 % of the bullets are stopped and 50 % of the
bullets give full penetration. The penetration resistant material subjected to the vsg -
‘determination was in the dry state. That means that said material was tested at room

temperature and at a relative humidity of about 60 %.



V50 - determ nation v50 - values were determned wth

9 x 19 Para type DM 11 Al B2 DAG bullets, wherein v50

is the velocity at which 50 %of the bullets are g4 MAR 2007
stopped and 50 % of the bullets give full

penetration. The penetratiom(esistant materi al

subjected to the v50 - determ nation was in the dry

state. That neans that said material was tested at

room tenperature and at a relative humdity of about

60 % 01 MAR 2007 10 Wth each penetration-resistant

Witheaé pahettatrvERis@ftsHaRABN O WaredirbalemsIweReperformed the
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reditoe %W%P”ﬂ%%‘éi@é‘t material|of the cCemparAtiygraxemele without any
watdXadptii@nBlested threads.
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Bundesmann rain-shower fest

The penetration-resistant materials according to the example and the comparative
example were subjected to the Bundesmann rain-shower test (ISO 9865). The follo-

wing table shows the weight percentage of water uptake after 10 minutes.

Penetration-resistant material of weight % water uptake |
|
example ' 10.5 i
comparative example 344 l
J

The table shows that the penetration-resistant material of the example exhibits a
water uptake which is only about a third of the water uptake of the penstration-

resistant material of the comparative example without any water-repellant treated
threads.



The tabl e shows that the penetration-resistant -
materi al of the exanple exhibits a water uptake which
is only about a third of the water uptake of the 01 MAR 2007
penetration- resistant material of the conparative
exanpl e wi t hout any mater-reﬁzllant treated threads.
01 MAR 2007 11 Penetration-resistant material and
articles nmade of the same Cainms: 1 A
penetration-resistant material conprising at |least a
doubl e [ ayer of woven fab- ric wherein the double

| ayeroconprj.ses a. ftirst |l ayer of fabric conposed of a
{11 o{PeNgFationESIStant Matefink ARy articles masie of theisame

having a |linear density of at |east 210 dtex, and

conprising at TeaSt 65 Y of the fapritc werghts—ant——&
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 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 a second |layer of fabric conposed of a

CIaiHsr-St set of threads conprising 0.5 to 16 threads/cm

and having a linear density of at least 50 dtex, and
a second set of threads conprising 3.5 to 20

threads/cm having a- linear density of at |east 210
dh C i.S : .65 %.0f the fabric
e eneRoRRERElert HebiBhal SRBrCRg & Tr5Eandble ver of woven fab-

t Hianwdheeeisdhe double layerscomptises a firbt lagds of fbficidBmpBEHDT a first
at

t .t / f th d tt th
ofet @ B orBir L 5% Sk eapialeon Taws piinger densiy of at
sleash218 etex, ahdtcorgain@ it idawt B5r%Blof tﬁé‘Y@éJic'S\g%ﬁrqg and a second

paral lel orientation towards the first and
SeTter tﬁ?@d@’c‘ﬁ%fvg 0£ 9 ﬁg tgadsicm pad havingda fingarrdensity of at

aledst\be tex) with thesetbhatset af Hreafis haid
first set of threads and in th:aa sgconod ﬁgﬁéevré%?a%?ﬁgt set of

athreads @nd.tbedatio Ahthechurmper oh thraads/smeot thedirstsetitd that of the
VeeId §6188 Hantandl s dShd Q@Er 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 % of the fabric
weight, with the second set of threads being transverse 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 is > 1, and wherein the first and second sets of threads of the first
layer have a paralle!l orientation towards the first and sécond sets, respectively,
of threads of the second layer, and wherein in the first layer of fabric at least the
first set of threads and in the second layer of fabric at least the second set of
threads are treated with a water-repellant.




12. 2. The penetration-resistant material of claim1l

wherein in the first layer of fabric the first and

the second: set of threads and in the second | ayer of1 MAR 2007
fabric the first and the second set of threads are:

treated with a mater-repellag%. 3. The

penetration-resistant materi of claiml1l or 2 wherein

the water-repellant conprises fluor and carbon atonmns.

4. The penetration-resistant material of claim3

wherein the mater-repellant com prises a mxture of

R R i) oL DSBS h ity Brhechret iaoms of fabric
V\@Ieeﬁrst affehbaRicoht 88t 6fthrdad@adad 9;9 éé&r%qggér S fégEF the first

about wei ght % fl uoroacryl ate ynmers w

t 8ndg Fi'ée wergnd sst of theeags are ireated| \@um atwatat—mbaﬂhnteads

6. The penetration-resistant nmaterial of any one of

clains 1 to 5 wherein at |least the ratio of the

| The arengtrationyresistartenateriat obehinofl ériY ahefeit thd W%ter—repellant

f _the econd set of threads of th
f#&i‘?"?ggﬁ'%ﬁ'&goﬁaﬂ?% Fqn?ﬁéar density of the second
set of threads to the linear density of the first set

ojje_ threads of the second layer is > 1. 7. The
he denstationgesistapimatgrial Pfa@atsm 3whgreircthetwaternepeliant com-

|Sﬁ§ésbhﬁux&@b‘é¥fﬁfor&£&yla&é B8Rfdlensi ty of the first

set of threads to th |near ensity of the second set
of threads of the first |ayer and of the |inear

d |
gﬂ%l téyheg';aﬂtoﬂere%%r%}?%ﬁt%h ?B{%reaﬁg BF'%f'H%qggco‘HBe'e'” the water-
| pg;mﬂalng treatedthredds Gtrappseabbat 0 dhntoraiﬁjtmzaﬁﬁfngﬁﬁ‘fh/oeﬂdcﬁfbacrylate
0 n at,|east the ratio of the
pafirSyintfespal & e yébot SEie wermralaet reateanreads.
Ilnear density of the second set of threads of the
density of the second

and 0 |
E‘é’ "t%ﬁrraé'gé“res{%a'?tHBa"Fi”ﬁE?x{ ArYNRE P clgims fdo 65 whereirat least
ofne futiecolthefliricae daago,ndf thayfRet 4 oF tirefds Dtk IR ety of the
13 9. The e reS|stant mat eri al of any
cF%?‘ﬁ%d §e§€ fg‘l g@fgﬁ ezﬂrsq gyerand of the linear density of the second
set of threads to th_g linear density of the first set of threads of the second layer
is > 1.

The penetration-resistant material of ciaim 6 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 second set of threads to
the linear density of the first set of threads of the second layeris > 4.2

The penetration-resistant material of claim 6 or 7 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 second set of threads
to the linear density of the first set of threads of the second layeris > 5.9 .




10.

11,

12.

13.

14.

15.

one of the second set of threads of the first |ayer

and the first set of threads of the second | ayer
conprises 0.5 to 8 threads/cm 10. The 01 MAR 2007
penetration-resistant material of any one of clalns 1

to 9 wherein the threads of the |ayers of the double

| ayer are bonded together. 313. The

penetration-resistant nmaterial of clains 10 wherein

the threads of the layers of the double |ayer are

bonded together with an adhesive material. 12. The
penetration-resistant material of any one of clains 1

t Phd perbiestindrebkRearitirhsferiab 6t af ohdbEAEMOT tbrEwhbFesh at least
| ayer and the second set of threads of the second

| ary% pf theorespad set Oﬁﬁh@ﬁPﬁqsefhféBPtWSttlﬁY%'aﬁﬁj ¥ first st aftbipads of
Ll”%r@ onB(Pée))éEthW Res sl tcpgé% Igdﬁ/cm

phenyl eneb xazole ( reads. 13. The
penetration-resistant naterlal of any one of clains 1

t 2 wh th - t of t ds.of the first
| e peliRieireraefiad el of e doe DB 1dechierein the

| Bir8EdLbRNE ARSS O tHd @mm@hwta% boR&Y @égéthsne
pol ypropyl ene and aranmid threads. 14. The

penetratl on-resi stant material of any one of clainms 1

t Qhéi gﬁ&ﬂq réshsﬁam ﬁng{%naﬁsﬁ I%r eagé%?esr{a%fthgnﬂréééfs c}f the layers

e Second g6 he"'Secor
I af/tﬂe dabisiagtr afe boadaditogktremdeih anddhésive ecatedaiset
of threads of the first layer and the first set of
threads of the second layer consist of polyester

t Frh@qﬁ-ﬁetréﬁen F'Jﬁstﬂﬁf‘ﬁtaiélfbl %ﬂaﬁf%hébaetanﬂetﬂ # mmterémhe first

one of clains 1 to wher ei n l'i ne- ar densit
t Iset ¢fi theaadsenf th firsh w@d@ndfthe lsecond set dfdperadsnef the sebend layer

226408 Shoflenpkly §E8a8 bl P RRRMaRRY ol &infkfe!dha poly-p-

pwhehylahebenzo@so&xbaote m)rthedadsf claim 15 wherein the
i near density of the first set of threads of the
first layer and of the second set of threads of the

SeF he%ﬁétr'a%ﬁfreé@taﬁ?%ét@néﬂ?o@%n?to‘hé of]sYalm-Ehﬁto 12 w6here|n the se-

penetration-resistant material "of clains
wieeneiset phidreadseeirthe dingfilayer and the first set of threads of the second

layer are selected from polyester, polyethylene, polypropylene and aramid
threads.

The penetration-resistant material of any one of claims 1 to 13 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.

The penetration-resistant material of any one of claims 1 to 14 wherein the line-
ar density of the first set of threads of the first layer and of the second set of
threads of the second layer is 210 to 6720 dtex.-



16.

17.

18.

19.

20.

21.

22.

23.

of-the first set of threads of the first |layer and of

the second set of threads of the second layer is 420

to 1680 dtex. 18. The penetration-resistant materjaluar onp
of clainms 15, 16 or 17 wherei,n the linear den- sity of !
the first set of threads of the first layer and of the
second set of threads of- the second layer is 840 to

1100 dtex. 19. The penetration-resistant material of

any one of clainms 1 to 18 wherein the line- ar density

of. the second set. _of threads of the first |ayer and of

C HEe AP E PSR rSotapl meliEr f Bl " Bovesia tpdineps 38asifeot the
28fst deeof. thds Tdienh® BRI\l ipa-dfese skathd 8BE &fthAdadefof the se-
claim19 wherein the linear density of the second set

oFORG 12YHE 440 1hd380Q gt | ayer and of the first set of
threads of the se- cond layer is 80 to 140 dtex. 21.

The penetration-resistant material of any one of
cTaemengtrator2oesistane materfad of claghs 15adr 1&F wharedrathe lofear density

the first | d 1 St t ,of .t hreads, of e

s E tinfvBLsr Y HreBBRar I bish Bve” Sha o i SEuiisat of Tipacs of the
t REeawtsIa9kr fshed ior sé8d @ixer and the second set of

threads of the second | ayer are weft threads. 22. The

penetration-resistant material of any one-of clains 1

RS B8 8T 55 S AU v s don-

daithloéthe farpeseticf tpreads df thenfitshlayepaati ef they sedardedet o threads of
An article made of the penetration-resistant nmateri al

ofN&RGERIaYeT 181880 PG Geso.

The penetration-resistant material of any one of claims 1 to 18 wherein the line-
ar density of the second set of threads of the first layer and of the first set of

threads of the second layer is 50 to 280 dtex.

The penetration-resistant material of claim 19 wherein the linear density of the
second set of threads of the first layer and of the first set of threads of the se-

cond layer is 80 to 140 dtex.

The penetration-resistant material of any one of claims 1 to 20 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 second layer are weft threads.

The penetration-resistant material of any one.of claims 1 to 21 wherein the dou-
ble layer exibits two outer sides and at least one of the outer sides of the double

layer is provided with a protéctive layer.

An article made of the penetration-resistant material of any one of claims -
110 22.



