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15  Bulletproof woven 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 matenal than the weft threads. .

In Russian patent RU 2, 096 542 a ballistic fabric for bulletproof Jackets was

20 disclosed having warp and weft threads of poly para-phenyleneterephthalamide
(PPTA) wherein the ratio of warp to 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 higher linear density than the warp threads. It is particularly

25  contended that ballistic fabrics having warp to weft linear density ratios between
1.59 and 4.17 have improved deflection properties.

In WO 00/42246 a penetration-resistant material is disclosed comprising at least
a double layer of fabric composed of two layers of woven fabric which are
cross-plied at an angle wherein the fabric is composed of a first set of threads

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



WO 02/ 075238 PCT/ EP02/ 02550 2 the first set of threads, and wherein the
ratio of the linear density of the first set of threads to the |linear
density oWotoh®7exond set of threads is > 4.2, nore pref@calpy2025305. In a
preferred enbodi nent the first set of threads is warp threads nmade of
p-aram d yarn and the second set of threads is weft threads-of 5 polyester
yarn, and the ratio of the nunber of threads/cmof the first set to that

of the second set is > 1. Although the ballistic performance of this,
article is excellent, the necessity of cross-plying the layers is a
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first set o dH'cm and having a |inear
density qof 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

conpri si ng dthasaew BEN foundibat penatiatinpirgsistantimateriale widt redadeantagess
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and wher ei n Tohthis fendsa penbtetionndsistint nidtetidlr isadaiméd tdvengdrisirf at et dhave a
parallel orientation towards the first and second sets, respectiyvely, of
threads of tdpebledayerof wowen fabric, characterized in that the double layer comprises’a
15 first layer of fabric composed of a first set of .threads comprising 3.5 to 20
threads/cm, having a linear density of at Iéast 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
20 number of threads/cm of the first set to that of the second setis > 1, and a
second layer of fabric composed of a first set of threads comprising 0.5 to 16
threads/cm and having a linear density of at least 50 dtex, and a second set of
threads comprising 3.5 to 20 threads/cm, having a linear density of at least 210
dtex, and comprising at least 65% of the fabric weight, with the second set of
25 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 parallel orientation

towards the first and second sets, respectively, of threads of the second layer.

30 Preferably, the penetration-resistant material has at least a ratio of the linear
density of the first set of threads to the linear density of the second set of
threads of the first layer and of the linear density of the second set 'of‘th‘reads to



30 Preferably, the penetration-resistant material has at |least a ratio of
the linear density of the first set of threads to the linear density of
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t he second set 'of threads to WD 02/ 075238 PCT/ EP02/ 02550 3 the linear
density of the first set of threads of the second layer is > 1, nore
preferably > 4.2, and nost preferably >35.9. A particularly effective ratio
is 6-6.6. The nunber of threads in the first set of threads of the first

| ayer and the second set of threads of the second layer is 3.5 to 20
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second layer (preferably warp threads), the yarn-conposition of which is
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15 of threads of the second layer are weft threads. The second set of threads is -

transverse to the first set of threads in each of the two layers. Although usually
these sets are about perpendicular to each ofher, but this is not necessary. The
second set of threads may be provided under at angle other than 90° to the first
set of threads. The two Iéyérs are secured together without cross-plying.
20
The penetration-resistant material also consists of a second set of threads of
the first layer (preferably weft threads) and a first set of threads of the second
layer (preferably warp threads), the ‘yarn-composition of which is not decisive for
the present invention. Preferably, however, these threads have high strength
25  and high modulus. This is particularly the case when these threads are selected
from polyester, polyethylene, polypropylene, polyamide, and aramid yarn. Most
preferably, the second set of threads of the first layer and the first set of threads
of the second layer is made of polyester yarn.
The first set of threads of the first layer (preferably warp threads) and the
30 second set of threads of the second layer (preferably weft threads) are of high
strength and high modulus, and most preferably high tenacity threads from
aramid, polyethylene, and poly-p-phénylenebenzobisoxazole (PBO)'. yarn are



from pol yester, polyethyl ene, polypropylene, polyamde, and aram d yarn.
Most preferably, the second set of threads of the first |ayer and the
first setwofoztohize;ds of the second | ayer is nmade of pol yest@Eproyeasso The
first set of threads of the first layer (preferably warp threads) and the
30 second set of threads of the second |ayer (preferably weft threads) are
of high strength and hi gh nodul us, and nost preferably high tenacity
threads from aram d, polyethylene, and poly-p-phenyl enebenzobi soxazol e
(PBO yarn are WO 02/075238 PCT/EP02/ 02550 4 selected, nmore particularly
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second set of threads of the second " layer is selected to be at | east about
210 dteR, . revessed,dpplefeeredeen 210 and 10 6720, nore preferably between 420
and 3360 dtex, even nore preferably between 420 and 1680 dtex, and nost
preferably betmeen about 840 and 1100 dtex. The linear density of the
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first set of threads of the second layer is selected to be at least about 50 dtex,
more preferably between 50 and 280 dtex, and most preferably between about
15 80 and 140 dtex. S
The term "thread" means any sort of thread such as staple yarn, twisted staple
yarn, twisted filament yarn, non-twisted intermingled yarn, and preferably,
untwisted filament yarn.
20
In a preferred embodiment the threads of each of the two fabric layers of the
double layer are bonded together, for instance, by stitch 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
25 adhesive material can also be an adhesive layer provided between the two
fabric layers of the double layer. Adhesive materials include thermoplastic,
elastomeric, and thermoset materials. It is also possible to use for at least part
of the second set of threads of the first layer and the first set of threads of the
second layer a material that melts under pressure and/or heating, thereby
30 accomplishing binding the threads of the first set, respectively second set of
threads to those of the second set, respectively first set of threads, and

optionally also binding the two fabric layers together. Thermoplastic materials



provi ded onto the threads or onto the fabric, for instance, as a finish.
The 25 adhesive material can al so be an adhesive | ayer provided between the
two fabrwookayess of the double |ayer. Adhesive materi al PCTIEPO20ES50

t hermopl astic, elastoneric, and thernoset materials. It is also possible
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10 damage by excessive abrasion and to inprove the ballistic performance.
The penet r l@yeoean be adhermmoplastio, thermaseh or apslastomesistmatedat oo blnixfuager

consi sting I S woven..fabric,. which are non-crtoss-:plied and
optional | yoﬁwégodmﬁ%@%e e ﬁﬁ%te EY%P%\%‘E ﬂpﬁﬁ?ﬂ§8spr£|??_°tt'§}ﬁe%bﬁ? fe ves,
:such 16 adaphgée by\@@g@sivéabrasidmaw@to IRprEQS theesaRstict perfdrnraneave, and the
like. Preferred abrics are plain woven. The penetration-resistant article

may contain as little as one double layer consisting of two |ayers of
nunber s of "i5uBFACTEHSKIBRE rHguiyf coltiiensCial 1ezs "Bk SHubis S D
layers ar ecomsistingTioé tivor dayerst obfwoveredatsriayf whivh fare shorf-shossepliedy andof a
optionally bonded together. The term woven includes all types of weéyjes‘,’;‘éﬁch ,
15  as plain weave, satin weave, basket weave, twill weave, and the likéi 'P’i‘eferred
fabrics are plain woven. '

The penetration-resistant article may contain as little as one double Iéyer
consisting of two layers of woven fabric, but usually more double layers are

20 applied. Suitable numbers of double layers are 5 to 100, and most preferably 6
to 35 double layers are used. The first set of threads of the first fabric layer of a
double layer may be parallel to, or at an angle tb, the first set of threads of the
first fabric layer of the adjacent double layer. If these sets are secured together
under an angle, such an angle is preferably 90°.

25
The double layers are secured together using an adhesive layer or by stitching.
Such an adhesive layer may be made of the previously mentioned materials for
the adhesive materials and has a thickness between 4 and 36 p, preferably
between 8 and 20 p.

30

Methods of manufacture of the double layers are well known in :’che art. Usually

the fabric is made by warping the warp yarn on a beam, followed by wéaving on



doubl e layer may be parallel to, or at an -angle to, the first set of
threads of the first fabric |ayer of the adjacent double layer. If these
sets are wedneit3g oget her wunder an angle, such an angl e iPSTmPet/@asabl y 90.
25 The doubl e | ayers are secured together using an adhesive | ayer or by
stitching. Such an adhesive |ayer may be nmade of the previously nentioned
materials for the adhesive materials gd has a thickness between 4 and 36
, preferably between 8 and 20 It. 30 Methods of manufacture of the double
| ayers are well known in the art. Usually the fabric is made by warping
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5 The inverﬁ%%‘%@&?g?ﬁgggyg{q@/%iﬁagnwﬂaﬂpé’"ﬂﬂlpr%ﬁspffbof vests and arnor

pl ates 5made of the above-nentioned woven fabric according to nethods known
to the skilled man. 10 The invention is further illustrated with the

fol | owi ng Vention pestaing atsoi torarticles tikelbukeiptoat nesty atd aimdplplatkayers. The
first |ayer .aver was produced from Twaron(r) 930 dtex in
wnr p (93¢ (e §EMR AR TRERAEL wiFh BbPG AsRormetn metiodsdrewnde the
Hoechst) . i rskilletitmaih.r ection (2 15 threads/cn). The second | ayer of each
doubl e I ayer was produced from polyester 140 dtex (Trevira(r) 710, ex
Hoechst) in warp direction (4 threats/cm) and Twaron(r) 030 dtex in weft

directiqgn ( ; /} . IA ti.,o of the first |layer and the
weft/ vva1r@p r@%b%@@ﬁg flg@%rn'guhﬁgye{’ B‘(Afﬁ@;‘%f‘ﬂ%wl%e?‘%% wer e | am nat ed

together with 3 plies of a polyethylene film (LDPE, ex EKB) 20 having a

t hi ckness o/{ 1 % .one sheet of polyethylene filmbeing placed on both
consliuction was made containing 22 double layers. The first layer of each

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

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

25  switched of. The total weight of the construction was about 4600 g/m2,

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

bullets give full penetration. It was found, that V 50 of this construction was
30 507 m/s.



outer sides of the double |ayer and one sheet of polyethylene film being

pl aced in-between each of the two fabric | ayers of the double |ayer. The
const ructworn2/0jiz3t¢ descri bed was placed in a press and pr @ETEPOA02580
tenperature of 120 C and a pressure of 25 bar during 25 m nutes. Then, the
heating of the press was 25 switched of. The total weight of the
construction was about 4600 g/ nm2. V50 vé@l ues were determ ned with 9x19.
Para Type DM 11 Al 62 bullets, wherein V 50 is the velocity at which 50%
of the bullets are, stopped and 50% of the bullets give full penetration.
It was fourClaijtidrat V 50 of this construction was 30 507 m's. WD 02/ 075238
PCT/ EP02/ 02550 7 dains 1. A penetration-resistant material conprising at
| east a double |ayer of woven fabric, characterized in that the double
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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~°.,/‘o~pf~:'the
15 fabric weight, with the second set of threads being transverse ftq 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 ﬁrstxl_ayer have a parallel orientation towards the first and
second sets, respectively, of threads of the second layer.

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

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

30 second set of threads to the linear density of the first set of threads of the
second layer is > 4.2.



2. The penetration-resistant material of claiml wherein at |least the ratio
of the linear density of the first set of threads to the |inear density of
the secowo 25268 threads of the first |ayer--and of thePCrrEPazoxsensity of
the second set of threads to the linear density of the first set of
threads of the 25 second layer is > 1. 3. The penetration-resistant
material of claiml wherein at least th® ratio of the |linear density of
the first set of threads to the |inear density of the second set of
threads of the first layer and of the linear density of the 30 second set

of threads 4o the V\Blehaﬁéﬁoﬁ’-?%éﬁa}ﬁ} Riatéitt df! dldibn Sl%hefeuﬁ Ak §eubt thé ratis of Second
| ayer is > 4. 2. 02/ 075238 PCI/ EPO2/ 02550 8 4 he penetration-resistant

mat eri al of clthenlineandensity of the Gesttset lof theadds tef the Hisedr deasitylofishe y of
the first set of t

re ds o nsi t sec et . of
threads of theS999Ng:s %jhrgﬁ Soqf tﬁﬁa{rﬁ %é’gf %‘é‘ﬁ?ﬁt‘k‘fedme%@ené@ ﬂgh§et of
threads to thesdddndadet @¥FRtdalisab the findar §éndigt ofthe! ftsEestofthrelds of théecond
layer is > 5.9. 5. The penetration-resistant ‘material of any of clains 1-4

wher ei n5at | easecabddayesfisth8.9second set of threads of the first layer and
the first set of threads of the second |ayer conprises 0.5 to 8
threads/cm 10 6. The penetration-resistant nmaterial of any of clains 1-5

wher ei n thﬁﬁthTﬁ@ééne@étléﬂil@eélﬁ‘éﬂfﬁlatﬁna‘l bﬁa gbtiaimayes whereihab ket baget her,
preferably with an adhesive nateria . The penetration-resistant

material of angf &he §¢‘é?"iﬁ5$§f-@f Wﬁaﬁdém -thﬁéfﬁ"ftl‘@!&f %ﬂﬂth%ﬁfst setaidBregdsiale
f! rst Iayer anﬁ.h ﬁaq (Esoqﬁ d}g?@g t@rfeatdgfcn?econd | ayer consi st of
rea8 ec e P

hi gh tenacity oM ar am et hyl ene, and
pol y- p-fghenyl enebenzobl soxazol e (PBO. 20 8. The penetration-resistant

mat eri al of _any of c rein th secqgn set _of threads, of the
first Iayer® an%h?tﬁ’@"ﬁ rﬁg‘?n‘é@?'s@ln?mﬂt%ﬂ?ég ﬂzég’é'@éo%é wherein the threads

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

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

poly-p-phenylenebenzobisoxazole (PBO).

20 8. The penetration-resistant material of any of claims 1-6 wherein the second
set of threads of the first layer and the first set of threads of the second
layer are selected from polyester, palyethylene, polypropylene, and aramid

yarn.

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

30



| ayer are selected from pol yester, polyethyl ene, polypropylene, and aramd
yarn. 25 9. The penetration-resistant nmaterial of any one of clains 1-8
wherei n twe okiors8 set of threads of the first |ayer and rog/Erevmsd set of
threads of the second |I|ayer consist of aramid threads, and the second set
of threads of the first l|ayer and the first set of threads of the second
| ayer consist of polyester threads. 3® WO 02/075238 PCT/ EP02/ 02550 9 10.
The penetration-resistant material of any one of clainms 1-9 wherein the

| i near density of the first set of threads of the first |ayer and the

second set 4q0frHkN . rad t . 420
to 3360, mye Th%r B?@?@?}P{{‘ %%%tﬁi@g%’rﬁ g,adﬁgﬁ%&fﬁ%ﬁ grgaﬁfh?@%ﬂ% 1100
dtex. 5 11. Tlieepedensityt ofdthefiestiset afithreads of e filst layer and tiod setendrsetl- 10
wherein the |inear depsity of the se d s of threads of the first |ayer
and the first oggareagis OEﬂ}eegﬁgoqglflayﬂés?3569@97}29),3{:&?@%3@52%02 QiteQre and
preferably Sop}é@ h i i H@?{eri al of any
one of clains 1-1{av\z§régit%q)?éu(§dte}i ?gc?ﬁgﬁgs:tbo feﬁ?ﬂ%ggg%?m?%e irst layer and
the first set of threads of the second |layer are warp threads and the
second set ,of .threads of the.first |ayer _and the_ second t of fhreads of
t he s.econd1lﬁ)ay-|1é'\’a B?%eV\%fqn'ferﬂsé%@sma{ﬁr ??g.a"Yh@epQﬁgfqlrgﬁi%isr%rgF‘aﬂle .
material of anyeapP@eRSitycbftheEtsebodd sBhEf Bir8add of IHRAREt 1ADEr Md iHerrRYset Sides
of the double | ayer is {”OVI ded with a protective layer. 20 14. An article
o

made of the pelidhreadsoef thes secantd layear és 58I too28@udiexyrandh prefeeabiy 80-1408.

dtex.
10
12. The penetration-resistant material of any one of claims 1-11 wherein the
first set of threads of the first layer and the first set of threads of the second
layer are warp threads and the second set of threads of the first layer and
the second set of threads of the seéond layer are weft threads.
15

13. The penetration-resistant material of any one of claims 1-12 wherein at
least one of the outer sides of the double layer is provided with a protective
layer.

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



