BULLET PROOF LAM NATE AND TRAUMA PACK Descri ption The
invention relates to a traunma pack conprising at | east
woer@opaaies of a plastic nmaterial and at | east PEOEEP2006/005772

textile fabric layer affixed to the panel and nmade of

yarns with fibres having a tensile strength of at

| east 900 MPa. GB-A-2 234 156 discloses a trauma

attenuation pack for use in flexible body arnour that

uses a panel of a plastic material. A |layer of a

ballistic fabric is affixed to at | east one side of

the plastic panel. The fabric can be affixed to the

pl asti c panel by spot bonding, or preferably by

stitching in a spiral pattern. The plastic pane

consi sts preferably of pol ypropyl ene. The

pol ypr opyl eseLpanetoos tiviskirt ciwedorndsal bacstic fabric

is used in flexible protective clothing in conbination

with a plurality of layers of ballistic fabrics, the

panel bei ng positioned behind the fabric |ayers, i.e.

facing the wearer's body. If the pol ypropyl ene pane

is provided with a |layer of ballistic fabric on one
Desceptienonly, the fabric | ayer should be facing the

wearer's body. The thickness of the pol ypropyl ene

panel is preferably 1.5 mm and the fabric is

preferably of aramid yarn with a nass per unit area of
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trauma injuries to the wearer of the protective

clothing. The plastic-material panel with affixed
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armour that uses a panel of a plastic material. A layer of a ballistic fabric is affixed

to at least one side of the plastic panel. The fabric can be affixed to the plastic
panel by spot bonding, or preferably by stitching in a spiral pattern. The plastic
panel consists preferably of polypropylene. The polypropylene panel with stitched-
on ballistic fabric is used in flexible protective clothing in combination with a
plurality of layers of ballistic fabrics, the panel being positioned behind the fabric
layers, i.e., facing the wearer's body. If the polypropylene panel is provided with a
layer of ballistic fabric on one side only, the fabric layer should be facing the
wearer's body. The thickness of the polypropylene panel is preferably 1.5 mm, and

the fabric is preferably of aramid yarn with a mass per unit area of 300 g/m?.

On impact with protective clothing containing a pack comprising a plurality of
layers of ballistic fabric, a bullet does not penetrate the fabric pack but deforms it
heavily, resulting in trauma injuries to the wearer of the protective clothing. The
plastic-material panel with affixed ballistic fabric layer disclosed in GB-A-2 234 156

is said to reduce this trauma effect.



is said to reduce this trauma effect. The object of the
present invention is therefore to provide a trauna
w@awk/184323 he type initially described that allPWEEP2006/005772
further reduction of the trauma effect. This object is
achi eved by a trauma pack cénprising at | east one
panel of a plastic material and at | east one textile
fabric layer affixed to the panel and consisting of
yarns with fibres having a tensile strength at | east
900 MPa, wherein the plastic material of the panel is
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self-reintorce thermoplastlc r%atenal Itis partlculaﬁy advantageous if the

polyolefin polymer is an oriented polyolefin polymer in which, for example, the

filaments, fibres, tapes or strips are present in drawn form.

The polyolefin polymer is chosen from the group comprising polypropylene
homopolymer, a copolymer containing mainly polypropylene; or a polyethylene

homopolymer, a copolymer containing mainly polyethylene; or mixtures thereof.

The textile fabric is bonded over its entire surface to the self-reinforced
thermoplastic material, preferably by lamination, whereby the textile fabric can also
be laminated onto the self-reinforced thermoplastic material by means of a
thermoplastic film. It is particularly advantageous if the lamination of the textile
fabric onto the self-reinforced thermoplastic material is integrated into the
manufacturing process for the self-reinforced thermoplastic material, thus
achieving efficient production of the trauma pack in a single process step.
Moreover, the textile fabric that is bonded over its entire surface to the self-

reinforced thermoplastic material can be provided with an additional panel of a



be | am nated onto the self-reinforced thernoplastic
material by neans of a thernoplastic film It is
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textile fabric onto the self-reinforced thernoplastic
material is integrated i nt ot he manuf act uri ng process
for the self-reinforced thernoplastic material, thus
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invention.

The self-reinforced thermoplastic material preferably has a diagonal elongation of
5 to 15%, most preferably 8 to 11%.

Furthermore, the trauma pack can be inserted into or placed behind a pack
comprising a plurality of layers made of yarns with fibres having a tensile strength
of at least 900 MPa.

The trauma pack of the invention can be used to produce items of body' armour

such as shin guards, and is particularly suitable for use in bullet-proof vests.

A self-reinforced thermoplastic material made from oriented thermoplastic fibres is
available under the trade name Curv® from Propex Fabrics GmbH. It has been
shown, however, that this commercially available product is still inadequate for the

purposes of the present invention.



5to 15% nost preferably 8 to 11% Furthernore, the
trauma pack can be inserted into or placed behind a
w@awk/1dsepri sing a plurality of |ayers made of PGHEP2)06/005772

with fibres having a tensile strength of at |east 900

MPa. The trauma pack of the4 nvention can be used to

produce itens of body arnour such as shin guards, and

is particularly suitable for use in bullet-proof

vests. A self-reinforced thernoplastic naterial nade

fromoriented thernoplastic fibres is avail abl e under

the trade nanme Curv(r) fron1Propex Fabrics GrbH It
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of the present invention.The invention will now be

descri bed in detail with the help of exanples. The
The tigummBeelwas INkesligaleednitgaldipwing exampigs. dwmhgch prior-art

traum Eshd fhdsWhif¢he grésfgm% ntibA ﬁﬂ&%@uﬁ@ﬁ.@@@&ﬁ& 24

e present I nventioOn were ace pac

layersl GB/EV\BAR)ON@V@RWQ(B3GB@Q91 C((I!Bflbladh Qvea‘vbOGO 5 péetm in warp
weave, 10.5 per cmin mass per unit

%@m@r/ws areq £0Q %‘gé %@%e.%seﬁ@ thenpyareplesrhere a
textlleafab%trhége ol }lﬁrn@dﬁlbfr%g Hh%ﬂg%te%llé s%ﬁéon(g\e’é&q?o 900

tensile strength of at [east a was
MPa wbashundedﬁb éhe plastichmeaterial)iiee fracknanpsclpivas etadeshbettind the

pack ghi Fars OhaWARBIVESAatag i Sun rw%qyﬂaéﬁxgeet}eﬂgféaéayc faced

e s 96 5 oo PGB LFREE iy oKD Bercr

TWARENFET 7'515(3660 dtex f2000a priameavef 4,5 pasemprwaipidndavef,
30 sed as the textile fabric bonded to the
massme{gé‘%‘lt@rea 300 g/m ) was used as the textile fabric bonded to the plastic
material. In Examples 3, 5, 6, 7 and 9, the fabric used was the above mentioned
TWARON® CT 707 (930 dtex f1000, plain weave, 8.5 per cm in warp and weft,

mass per unit area 160 g/mz).

Example 1 (comparative example)
In this example, 24 layers of TWARON® CT 709 without an additional trauma pack

were tested in the ballistic test described below.

Example 2 (comparative example)

A trauma pack consisting of a 1.5 mm thick polypropylene panel with TWARON® T
751 fabric stitched in a spiral pattern onto one side was placed behind the pack of
24 layers of TWARON® CT 709 in accordance with the preferred embodiment of
GB-A-2 234 156. The trauma pack was positioned in such a way that the stitched-

on fabric layer faced away from the direction of impact.



material. In Exanples 3, 5, 6, 7 and 9, the fabric
used was the above nentioned TWARON(r) CT 707 (930
wWQlt@x/18632000, plain weave, 8.5 per cmin warp BCER®DE/)05772

mass per unit area 160 g/ nﬂk . Exanple 1 (conparative

exanple) In this exanple, 2# |ayers of TWARON(r) CT

709 without an additional trauma pack were tested in

the ballistic test described bel ow. Exanple 2

(conparative exanple) A trauma pack consisting of a

1.5 mmthi ck pol ypropyl ene panel with TWARON (r) T 751
Examplgn? i(@orgpata%w@@nammegpi ral pattern onto one side was
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exanple) In contrast to Exanple 2, the trauma pack
consi sted of two pol ypropyl ene panels, each of

Exampld 4 kesrapafative evampleyi ngl e fabric layer of TWARON(r)
CT 707 being stitched in a spiral pattern onto each
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Example 5

This example used two plastic panels made from compacted fabric layers of
oriented polypropylene tapes, a layer of TWARON® CT 707 being laminated onto
each panel. The thickness of a panel of the self-reinforced plastic material with
laminated fabric was 0.85 mm. However, instead of using the material
commercially available under the trade name Curv® that was used in Example 4,
the production process for the self-reinforced material of compacted fabric layers
of drawn polypropylene tapes was modified for the purposes of the present
invention. The lamination of a fabric layer of TWARON® CT 707 onto each panel
was integrated into the production process. Four layers of a fabric of drawn
polypropylene tapes (Propex fabric 97 9 393 100) were used to produce the
trauma pack of the invention. The tapes for this fabric were produced by splitting a
polypropylene film. The strips were then drawn and woven into a twill. The fabric
layers, a polypropylene film of thickness 50 pm and a layer of TWARON® CT 707
fabric were then simultaneously compacted in a static press (POLYSTAT 400S
from the company Schwabenthan) that had been preheated to 180°C. The
compacting pressure was 18.8 bar. The superposed layers were maintained at this
pressure and temperature for 25 minutes. This was followed by cooling over 15

minutes to a temperature of approx. 40°C while maintaining the pressure. The



Exanple 5 This exanpl e used two pl astic panel s nmade
fromconpacted fabric |layers of oriented pol ypropyl ene
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onto each panel. The thickness of a panel of the
self-reinforced plastic mat&rial with |aninated fabric
was 0.85 nmm However, instead of using the materi al
commercially avail abl e under the trade name Curv(r)

that was used in Exanple 4, the production process for
the self-reinforced material of conpacted fabric
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A trauma pack of Example 6 was placed behind 19 ballistic layers of TWARON®
CT 709 fabric such that the fabric layers laminated onto one side of each of the
two panels of self-reinforced plastic material faced the direction of impact. Five

additional layers of the ballistic fabric were placed behind the trauma pack.

Example 8 (comparative example)
From a trauma pack of Example 6 consisting of two panels of self-reinforced
polypropylene on to each of which had been laminated a layer of TWARON® CT

707, the previously laminated fabric layers were removed.

Example 9 (comparative example)

In this example, a layer of TWARON® CT 707 fabric was again stitched in a spiral
pattern onto each of two panels from which the laminated fabric layers had been
removed as in Example 8. The trauma pack was placed behind the 24 ballistic
layers in such a way that the stitched-on fabric layers faced away from the

direction of impact.



The trauma pack was positioned behind the 24 ballistic
| ayers in such a way that the lam nated fabric |ayers

wo awed3@dny fromthe direction of

i mpact .
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Table 1

Example 4 Example 5 Example 6
Diagonal elongation [%)] 241+6.0 92+24 10.2+£2.3
Tear resistance (longitudinal) [119.1 £ 8.4 128.9+6.3 126.6 £ 6.2
[MPa]
Tear resistance (transverse) [113.8 +7.1 127.8 £3.5 119.2 £ 51
[MPa]
Elongation (longitudinal) [%] [17.1£1.2 20017 19.1+0.8
Elongation (transverse) [%] 16.6 £+ 1.1 19.3+£1.0 17.3+£0.8
Tensile modulus 3.2x01 25201 24101
(longitudinal) [GPa]
Tensile modulus (transverse) 24 +0A1 24+0A1

[GPa]

These data show that the commercial product Curv® has significantly higher

diagonal elongation than the self-reinforced thermoplastic material used in the

invention. The material used in the invention is also distinguished by higher tear




| ayers in such a way that the stitched-on fabric
| ayers faced away fromthe direction of inpact.Table 1
W@ 2pas@23 t he mechani cal properties, as measurBUI/EP2006/005772
accordance with DIN EN |1 SO 527-3, of |ongitudinal and
transverse tear resistance, 9 ongitudinal and
transverse el ongation, |ongitudinal and transverse
tensil e nodul us, and the diagonal elongation for the
commercially avail able product Curv(r) (Exanple 4) and
. the self-reinforced thernoplastic material used in
resistgped ARE iengation. bHklawssdapsilthmodulsaapicesnparadavith the

reviously |am nated TWARON(r) fabric |ayer
Com”ﬁéarts:gbgfe@rognoved. To determ ne the di agonal

el ongation, the test piece was cut in such a way that

t he . pol ypropyl ene strips in.the test piece were at an,
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openibgg)ljlql{@)ﬁﬁgﬁ’, ARG Hich%hé Renfi§ St ereRSTAIERiKBMe st diecimen.
These settings result in a maximum impact energy of 55 joules and a velocity of
2.13 m/s on initial contact of the impactor with the test specimen after activation of
the trigger mechanism. The force and energy required to penetrate the test
specimen, the time elapsing before failure of the test specimen, and the

deformation at failure were determined in the test.

A single layer of the self-reinforced thermoplastic material was used in each of the
examples. For the test specimens in Examples 5 and 6, in which the laminated
fabric layer was not removed as in Example 8, a maximum impact energy of 104
joules was used. A single layer of the self-reinforcing thermoplastic material with
laminated fabric layer was tested, the hemisphere striking the self-reinforced
thermoplastic material. The values shown in Table 2 represent the averages of 5

individual measurements.
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of Wq&@%;qiggtﬁr}ﬁt gﬁq%\éﬁiea@ggg’ o [)alﬁstiicn {j(ais\(iir\S.uFr‘ll the examples that follow,
the builet used was a 0.357 Magnum JSP with a bullet velocity of approx. 440 m/s,
each pack receiving eight shots. Four of the shots were directed at the outer area
of the pack, and the remaining four at the inner area. For each shot, the depth of
penetration registered in the plasticine was measured, and from these the mean of
the four depths of penetration in the outer region and the mean of the four depths

in the inner region were determined.

Table 3 shows the mean values of the penetration depths in the outer and inner
regions after the ballistic test for the trauma packs of the above examples, along
with the approximate mass per unit area of the packs. The comparative examples
are marked with an asterisk in the table.



Exanpl e 4 Exanple 8 Exanple 5 Exanple 6 | npact
strength [J] 6.7 1.9 16.4 0 .7 58.5 18 .9 77.3
WQ08/1Bstdrmation [mMm] 7.3 0.8 9.3 0.2 9.3 PBCBERDIG005772

0.5 This table shows that the inpact strength of the
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accordance with the invention is, even wthout a
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The data in Table 3 show that the prior-art trauma pack (Examples 2 and 3), when"
compared with a pack consisting only of ballistic fabric layers (Example 1),

reduces trauma only in the inner region, while for bombardment in the outer region
there is almost no improvement. Even two layers of commercially available self-
reinforced thermoplastic material (Example 4) effect a reduction of the trauma only
in the inner region. In contrast, the thermoplastic material used in accordance with
the invention after removal of the initially laminated fabric layer (Example 8)
already shows significant reduction of the trauma. This is slightly improved by
stitching on a fabric layer in a spiral pattern, as in the prior art (Example 9).
However, the trauma packs of the invention of Examples 5, 6 and 7 show the

lowest trauma values in both the inner and outer regions.




The data in Table 3 show that the prior-art trauma
pack (Exanples 2 and 3), when conpared with a pack
W@osi33ehg only of ballistic fabric | ayers (Bx@RpPm™06/005772
1), reduces trauma only in e inner region, while for
bonbardnent in the outer region there is alnost no
i nprovenent. Even two | ayers of commercially avail abl e
sel freinforced thernoplastic material (Exanple 4)
effect a reduction of the trauma only in the inner
region. In contrast, the thernoplastic material used
in accordance with the invention after renoval of the
initially lam nated fabric |ayer (Exanple 8) already
shows significant reduction of the trauma. This is
slightly inproved by stitching on a fabric layer in a
spiral pattern, as in the prior art (Exanple 9).
However, the trauma packs of the invention of Exanples
5, 6 and 7 show the | owest trauma values in both the
inner and outer regions.Clains 1. A trauma pack
conprising at |east one panel of a plastic naterial
. and at |east one textile fabric layer affixed to the

Claimsanel and made of yarns with fibres having a tensile
strength of at |east 900 MPa, characterised in that
the plastic material of the panel is a self-reinforced
thernopl astic material which consists of a pluralit

1. Atrauams pack ggewsisigiat ieashene panelafsa peishie aaterial gt least

iy - . one
S 1O el AR 19 W BB AR BB A s
leh\@ngbeensiterpeengthr afsathyast®00 MiIPaf shaitterisddia that theeplastic
an stb?e uent conpr elfsi,o , and that at | east. one.

maigral o f P?’&?‘I I8 \Pete '@'B@ﬁ‘é%&”@&’é‘mqsélcéﬂ@‘ieﬂ@' whidhace
EShdidt8 ot el PlufRitPbPfb7R 15PEsTRRBES Fbohf filaments, fibres, tapes or
strips of a polyolefin polymer, these being in close contact with one another
and bonded to one another at elevated temperatures by partial fusion of the
polymer and subsequent compression, and that at least one textile fabric
layer is bonded over its entire surface to the self-reinforced thermoplastic

material.

2.  Trauma pack according to Claim 1, characterised in that the polyolefin

polymer is an oriented polyolefin polymer.

3. Trauma pack according to Claim 1 or 2, characterised in that the polyolefin
polymer is chosen from the group comprising polypropylene homopolymer, a
copolymer containing mainly polypropylene; polyethylene homopolymer, a

copolymer containing mainly polyethylene; or mixtures thereof.

4.  Trauma pack according to one or more of Claims 1 to 3, characterised in that
the textile fabric is bonded over its entire surface to the self-reinforced

thermoplastic material by lamination.
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material. 2. Trauma pack according to Caiml,
characterised in that the polyolefin polyner is an

wo@ricensae pol yol efin polynmer. 3. Trauma pack aPCDEP100g005772

to Cdaim1 or 2, characterised in that the polyolefin
pol ymer is chosen fromthe b?oup conpri sing

pol ypr opyl ene honopol yner, a copol yner cont ai ni ng

mai nl'y pol ypropyl ene; pol yet hyl ene honopol yner, a
copol ynmer cont ai ni ng mai nly pol yet hyl ene; or mixtures
thereof. 4 . Trauma pack according to one or nore of
Claims 1 to 3, characterised in that the textile

LS e SREQRMANT L et A bEd it té Wikite fabric s

laatihafid @ftohe Bediramfprel theeasslastt fatédifliby eans of a
characterised in that the textile fabric is | am nated

heraopiastisdim. r ei nf or ced thernopl astic material by

means of a thernoplastic film 6. Trauma pack

according to Claim4 or 5, characterised in that the
Wmtimaipiach actotdimg teLlailed baBr tlaractariseddn that the lamination

| f - f dth | d
PhinG (ERS PBHGErI ek Egoresd theemaelastic sratedPLs
ieg R fRd 't% H@o@f |6h frctg%es-é_;r@\"ﬂ?e PaE 'i‘eﬁfb?@écﬁ“tt%}n{o?)lastic

one or nore characterised in
trizdetiaxtil e fabric bonded over its entire surface to
the self-reinforced thernoplastic material is provided
with an additional panel of a self-reinforced

rReUARRlaR dceoBh@td 8he or more of Claims 1 to 6, characterised in that
the textile fabric bonded over its entire surface to the self-reinforced
thermoplastic material is provided with an additional panel of a self-reinforced

thermoplastic material.

Trauma pack according to one or more of Claims 1 to 7, characterised in that
the fibres having a tensile strength of at least 900 MPa consist of aramid,
polyethylene of ultrahigh molecular weight, polypropylene of ultrahigh
molecular weight, polyvinyl alcohol, polyacrylonitrile, polybenzoxazole,

polybenzothiazole or glass fibres.

Trauma pack according to one or more of Claims 1 to 8, characterised in that
the self-reinforced thermoplastic material has a diagonal elongation of 5 to
15%, preferably 8 to 11%.

Trauma pack according to one or more of Claims 1 to 9, characterised in that
it is inserted into a pack comprising a plurality of layers made of yarns with

fibres having a tensile strength of at least 900 MPa.
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8. Trauma pack according to one or nore of Clainms 1 to
7, characterised in that the fibres having a tensile

waeoens3ks of at | east 900 MPa consi st of ar am BCT/EP2006/005772

pol yet hyl ene of ul trahigh ecul ar wei ght,

pol ypr opyl ene of ul trahigh | ecul ar wei ght, polyvinyl

al cohol, polyacrylonitrile, polybenzoxazole,

pol ybenzot hi azol e or glass fibres. 9 . Trauma pack
according to one or nore of Clains 1 to 8,

characterised in that the self-reinforced _ )

T ruima pRek eceolidingta ane pagnaredif 4gaims 14p @ngaeramer&edan that

15 fceq Beflr A Batktolidiq o Hbrai oA Ry A8 1taBE B U Pwin

fibrelsshavirapa tedsilendteermgth af lat agp008iMBaa pl ural i ty of
| ayers made of yarns with fibres having a tensile
strength of at |east 900 MPa.1ll. Trauma pack accordi ng

I t
e 258 PingNBIR] patEaCRorpiriiobnd Onhrs of Cgh i for
papdeiciomafl éentfs gfdvody avimidurf i bres having a tensil e
strength of at |east 900 MPa. 12. The use of the
trauma pack according to one or nore of Clains 1 to 11
TRE UREQAYRE @it phéleBEcAiMPSYorfd BPHore QCIJH% W@Wffor
the trauma pack according to one or nore of O ains
pwductionof putletuproodmests. bul | et - proof vests.



