
1 Penetration-Resistant Material Description: The invention relates to a
penetration-inhibiting material.  Materials of this type are known. For
example, written specification WO 02/075238 describes a
penetration-inhibiting material with at least one double layer of a woven
fabric. The woven layers have different types of fibers in the warp and
weft directions. The two woven layers are arranged in the
penetration-inhibiting material so that the same types of fiber run
transversely to one another. The object of the invention is to provide a
penetration-inhibiting material that supplies good trauma values in
addition to good penetration inhibiting characteristics. The object is
achieved by a penetration-inhibiting material which comprises at least one
first component, wherein the first component has at least one first layer
with a first set of threads and a second layer with a second set of
threads, wherein the first set of threads is oriented in a first thread
direction and the second set of threads is oriented in a second thread
direction, wherein the first thread direction is transverse to the second
thread direction, and wherein the penetration-inhibiting material has at
least one second component, wherein the second component has at least one
third layer and a fourth layer, wherein the third layer is a thread layer
which has a third set of threads and the fourth layer is a thread layer
which has a fourth set of threads, wherein the third set of threads is
oriented in a third thread  2 



direction and the fourth set of threads is oriented in a fourth thread
direction, and wherein the third thread direction is transverse to the
fourth thread direction, wherein the third thread direction forms a first
angle to the first thread direction and to the second thread direction, and
the fourth thread direction forms a second angle to the first thread
direction and to the second thread direction, and wherein the third set of
threads and the fourth set of threads are joined to each other using at
least one first binding agent, and wherein the first binding agent is a
textile binding agent. A penetration-inhibiting material is to be
understood as a projectile-resistant and/or a stab-resistant material. A
thread direction that is transverse to another thread direction is to be
understood to mean that the two thread directions form an angle of 700 to
1100, preferably 90 with each other. A joining with a textile binding agent
is to be understood to mean that the third layer and the fourth layer are
joined with one another by, for example, Raschel knitting, interweaving,
knitting and/or at least one thread (stitching, sewing). The term "thread"
should be understood as an elongated body whose longitudinal dimension is
much larger than its transversal dimensions width and gauge. The term
"thread" correspondingly also comprises fibers, wherein a thread can be
formed from a plurality of fibers or only one fiber. The term "thread"
comprises monofilaments, multifilaments, staple fibers, tapes, or strips,
and other forms of chopped, cut or discontinuous fibers and similar forms
with regular or irregular cross-sections. The term "fiber" in each case
also comprises a plurality of the above mentioned objects or combinations
thereof.  3 not less than 100 and especially preferably not 00. This means
that the first set of threads preferably does not lie parallel to the third
set of threads. It further means that the second set of threads does not
lie parallel to the third set of threads. It is further preferred that the
second angle, which is formed by the first set of threads and the fourth
set of threads, or respectively by the second set of threads and the fourth
set of threads, is preferably not less than 100 and especially preferably
not 0. This also means here that the first set of threads and the fourth
set of threads, or respectively the second set of threads and the fourth
set of threads, do not lie parallel to one another. 



A thread layer is to be understood for example as a layer made from threads
arranged unidirectionally to one another. The unidirectional threads within
a layer therefore preferably lie essentially parallel to one another within
the layer. A woven layer is not a thread layer within the meaning of the
invention. It is preferred that the third layer and the fourth layer, or
respectively the third set of threads and the fourth set of threads, are
joined with one another by at least one thread and especially preferably by
at least one knitting thread. Preferably the first set of threads and the
second set of threads, or respectively the first layer and the second
layer, are joined to one another by a second binding agent. It is preferred
that the second binding agent is at least one thread and/or an adhesive
material. It is further preferred that the first component and the second
component are joined to one another by a third binding agent. The second
layer and the third layer are joined to one another in an advantageous way
by the third binding agent.  4 The third binding agent can preferably be an
adhesive material. A possible embodiment of this type of adhesive material
consists in that a film, an adhesive grid, an adhesive mesh, or similar
structure can be used, wherein the adhesive can cover the whole surface or
also only be at discrete points. An adhesive grid can consist for example
of threads that are in contact with one another and made from fusible
material or from threads that are coated with an adhesive. In another
embodiment, the first component and the second component can be joined to
one another by stitching or sewing. Preferably the third set of threads and
the fourth set of threads, thus preferably the third layer and the fourth
layer, are also joined to one another with a fourth binding agent. The
fourth binding agent is thus preferably an adhesive material. The joining
of the third layer with the fourth layer is improved by the binding agent
in an advantageous way. 



It is preferred that a thermoplastic, or an elastomeric, or a duroplastic
material is used as the adhesive material. It is understood that the
penetration-inhibiting material can also consist of different adhesive
materials. It is further preferred that the threads that are used as the
binding agent or as the textile binding agent can be so-called knitting
threads. Such knitting threads can for example consist of threads with
fibers with a low strength, wherein the threads can also have a low linear
density. Preferably a polyester fiber, such as Trevira0 710 with a linear
density of 140 dtex, is used for the knitting thread. The first binding
agent, as a textile binding agent, joins the third layer and the fourth
layer to form a second component. It is preferred that the third layer and
the fourth layer are additionally joined to one another using the fourth
binding agent. The first binding agent and the fourth binding agent
therefore function only in the third layer and the fourth layer. It is
preferred that the first layer and the second layer are joined to one
another to form a first component using the second binding  5 agent. The
second binding agent functions only in the first layer and the second
layer. It is preferred that the first component and the second component
are joined to one another using the third binding agent. The third binding
agent consequently functions only between the first component and the
second component, thus only between the second layer and the third layer.
It is preferred that the first layer has a fifth set of threads in addition
to the first set of threads. In one embodiment of the
penetration-inhibiting material, the fifth set of threads is woven with the
first set of threads. Preferably a woven fabric of this type has the first
set of threads at 3.5 to 20 threads/cm, wherein the first set of threads
accounts for approximately 65% of the weight of the woven layer, and forms
the warp threads. The fifth set of threads can, for example, be present in
the woven fabric at 0.5 to 16 threads/cm and form the weft threads. In a
woven fabric of this type, the first set of threads can have a linear
density of at least 200 dtex and the fifth set of threads can have a linear
density of at least 50 dtex. Concerning the structure of a woven fabric of
this type, reference is made to written specification WO 02/075238, which
is hereby introduced as a reference. In another embodiment of the
penetration-inhibiting material, the fifth set of threads is also woven
with the first set of threads; however, the fifth set of threads and the
first set of threads are present in the woven fabric with approximately the
same number of threads/cm and have the same linear density. The woven
fabric can, for example, have a 1/1 plain weave, a mass per unit area of
200 g/m2, a thread count of 10.5 threads/cm in the warp and weft
directions, and consist of yarns with a linear density of 930 dtex, wherein
the first set of threads forms the warp threads and the fifth set of
threads forms the weft threads. Woven fabrics of this type are sold under
the trade name Twaron0 CT 709 by Teijin Aramid. 



6 It is further preferred that the second layer has a sixth set of threads
in addition to the second set of threads. The sixth set of threads is
preferably woven with the second set of threads. It is preferred that the
second set of threads can form the weft threads and the sixth set of
threads can form the warp threads in a woven fabric made from the second
set of threads and the sixth set of threads. Preferably, a woven fabric of
this type has the second set of threads at 3.5 to 20 threads/cm, wherein
the second set of threads accounts for approximately 65% of the weight of
the woven layer. The sixth set of threads can be present in the woven
fabric at 0.5 to 16 threads/cm, for example In a woven fabric of this type,
the second set of threads can have a linear density of at least 200 dtex
and the sixth set of threads can have a linear density of at least 50 dtex.
Reference is made to specification WO 02/075238 concerning a woven fabric
of this type. Alternatively, a woven fabric, made from the second set of
threads and the sixth set of threads, can have a structure like the woven
fabric known by the trade name TwaronO CT 709. It is preferred that the
first set of threads, the second set of threads, the third set of threads,
and the fourth set of threads are selected from aramid, polyethylene,
polypropylene, and poly-p-phenylenebenzobisoaxazole (PBO) fibers. It is
further preferred that the fifth set of threads and the sixth set of
threads are selected from fibers made from polyester, polyethylene,
polypropylene, aramid, polyamide, glass, and
poly-p-phenylenebenzobisoaxazole. The cited sets of threads can also be
selected from the aromatic polyester threads. It is preferred that the
first set of threads, the second set of threads, the third set of threads,
and the fourth set of threads have threads with a linear density greater
than 200 dtex, and the fifth set of threads and the sixth set of threads
preferably  



7 have threads with a linear density greater than 50 dtex. It is preferred
that the first set of threads, the second set of threads, the third set of
threads, and the fourth set of threads have a linear density from 210 to
6720 dtex, more preferred between 420 and 3360 dtex, still more preferred
between 420 and 1680 dtex and most preferred between approximately 840 and
1100 dtex. For the linear density of the fifth set of threads and the sixth
set of threads, a value of at least approximately 50 dtex, more preferred
between 50 and 280 dtex and most preferred between 80 and 140 dtex can be
selected. In another preferred embodiment, the first set of threads, the
second set of threads, the third set of threads, the fourth set of threads,
the fifth set of threads, and the sixth set of threads have threads with a
linear density greater than 200 dtex. It is preferred that the linear
density for these sets of threads lies between 210 and 6720 dtex, more
preferred between 420 and 3360 dtex, still more preferred between 420 and
1680 dtex and most preferred between approximately 840 and 1100 dtex.
Preferably, the fifth set of threads is oriented in a fifth thread
direction. It is preferred that the fifth thread direction is parallel to
the second thread direction. It is further preferred that the fifth thread
direction is transverse to the first thread direction. It is preferred that
the sixth set of threads is oriented in a sixth thread direction. The sixth
thread direction is therefore preferably parallel to the first thread
direction. It is further preferred that the sixth thread direction is
transverse to the second thread direction. In one embodiment, the first set
of threads, the second set of threads, the third set of threads, and the
fourth set of threads consist of aramid threads, and the fifth set of
threads and the sixth set of threads preferably consist of polyester
threads. It is  8 particularly preferred that the aramid threads consist of
para-aramid and especially of poly(paraphenylene terephthalamide). 



It is further preferred that the first angle, which is formed by the third
thread direction of the third set of threads and the first or the second
thread direction of the respectively first or second set of threads, is 300
to 600, especially 45. It is preferred that the second angle, which is
formed by the fourth thread direction of the fourth set of threads and the
first or the second thread direction of the respectively first or second
set of threads, is 300 to 60, more particularly preferred 45. In a
particularly preferred embodiment of the invention, the
penetration-inhibiting material has at least one double-layer woven fabric,
wherein this double layer comprises a first layer that consists of a first
set of threads at 3.5 to 20 threads/cm and a linear density of at least 210
dtex, and which first set of threads accounts for at least 65% of the
weight of this woven layer, and a fifth set of threads at 0.5 to 16
threads/cm and a linear density of at least 50 dtex. The fifth set of
threads preferably runs transversely to the first set of threads, and the
ratio of the number of threads/cm of the first set of threads to the number
of threads/cm of the fifth set of threads is > 1. Further, the
penetration-inhibiting material preferably comprises a second layer, which
consists of a sixth set of threads at 0.5 to 16 threads/cm and a linear
density of at least 50 dtex and of a second set of threads at 3.5 to 20
threads/cm and a linear density of at least 210 dtex, wherein the second
set of threads accounts for at least 65% of the weight of this woven layer.
The second set of threads of the second layer runs transversely to the
sixth set of threads and the ratio of the number of threads/cm of the
second set of threads to the number of threads/cm of the sixth set of
threads is > 1. The first set of threads of the first layer runs parallel
to the sixth set of threads of the second layer and the second set of
threads of the second layer runs parallel to the fifth set of threads of
the first layer, wherein the penetration-inhibiting material has at least
one third set of  9 threads at 3.5 to 20 threads/cm and a linear density of
at least 210 dtex in a third layer, and a fourth set of threads at 3.5 to
20 threads/cm and a linear density of at least 210 dtex in a fourth layer.
The threads in the third layer are in a unidirectional, third thread
direction parallel to one another, and the threads in the fourth layer are
in a unidirectional, fourth thread direction parallel to one another. The
third thread direction and the fourth thread direction are different,
wherein the third thread direction is different from a first thread
direction of the threads of the first set of threads of the first layer and
from a second thread direction of the threads of the second set of threads
of the second layer. In addition, the fourth thread direction is different
from the first thread direction of the threads of the first set of threads
of the first layer and from the second thread direction of the threads of
the second set of threads of the second layer. It is preferred in this
embodiment that the first set of threads of the first layer as well as the
sixth set of threads of the second layer are warp threads, and the fifth
set of threads of the first layer as well as the second set of threads of
the second layer are weft threads. If the penetration-inhibiting material
has as a first layer a woven layer made from a first set of threads and a
fifth set of threads, and as a second layer a woven layer made from a
second set of threads and a fifth set of threads, then it is preferred that
the first layer has Twaron(r) in the warp direction and Trevira0 in the
weft direction. It is further preferred that the second layer has Twaron(r)
in the weft direction and Trevira(r) in the warp direction. 



A penetration-inhibiting material with two woven layers in the first
component and a third layer and a fourth layer in the second component can
be produced as follows:  10 unidirectional Twaron(r) threads (type 2040,
930 dtex, f1000) arranged parallel to one another. The third layer and the
fourth layer are aligned with one another such that a third thread
direction of the third layer and a fourth thread direction of the fourth
layer form an angle of 90. The third layer, the fourth layer, and the film
are joined to one another by means of knitting threads. The third set of
threads and the fourth set of threads, or the third layer and the fourth
layer respectively, can be stabilized by stabilizing threads. The
stabilizing threads can thereby run parallel to a not-yet-present first
thread direction (first layer). Twaron(r) threads (type 2040, 930 dtex,
f1000) can for example be used as stabilizing threads. The third layer, the
fourth layer, the thermoplastic film, the knitting threads, and the
stabilizing threads form the second component. The first component is
formed in that two woven layers are laid on top of one another. The first
woven layer (first layer) has Twaron(r) (type 2040, 930 dtex, f1000) in the
warp direction and Trevira(r) (710, 140 dtex, Hoechst) in the weft
direction. The Twaron(r) threads form the first set of threads in the first
layer and the Trevira(r) threads form the fifth set of threads. The second
woven layer (second layer) has Twaron(r) (type 2040, 930 dtex, f1000) in
the weft direction and Trevira(r) (710, 140 dtex, Hoechst) in the warp
direction, wherein the Twaron(r) threads form the second set of threads and
the Trevira(r) threads form the sixth set of threads. A thermoplastic film
made from polyethylene film (LDPE) with a thickness of 11 pm is laid
between the two woven layers. The Twaron(r) threads of the first and second
woven layers form an angle of 90 with one another. The first woven layer,
the second woven layer, and the thermoplastic film between the woven layers
form the first component. To join the first component and the second
component, a thermoplastic film made from polyethylene film (LDPE) with a
thickness of 11 pm is laid between the first and the second components,
thus between the second layer and the third layer. Alternatively thereto,
an adhesive grid or an adhesive mesh made from threads coated with adhesive
material can be laid between the first and the second  11 



component, wherein the joining between the first and the second component
is only at discrete points. In addition, a thermoplastic film made from
polyethylene film (LOPE) with a thickness of 11 pm is laid on the first
layer and under the fourth layer. The first component is laid on the second
component, so that the third thread direction is approximately at an angle
of +45 to the first thread direction and the fourth thread direction is
approximately at an angle of -45 to the first thread direction. A plurality
of combinations thus formed from first and second components with
polyethylene films (or adhesive grid, adhesive mesh) are stacked on top of
one another, wherein each combination (first and second components) is
separated from a subsequent combination by means of separating paper. This
is followed by a pressing in a static press at approximately 25 bar at a
temperature of 120 to 180C for approximately 25 minutes, wherein afterwards
the heater on the press is switched off. This melts the thermoplastic film
(and potentially the adhesive grid, adhesive mesh). Preferably a single
pressing procedure is sufficient to produce a penetration-inhibiting
material from the at least four layers with film. For a
penetration-inhibiting material, produced without woven layers, the
structure occurs analogously to the variant with woven layers; however, the
first layer and the second layer have a first or respectively a second set
of threads (Twaron(r) type 2000, 1100 dtex, f1000 mass per unit area 45
g/m2), which are arranged parallel and unidirectionally within the
respective layer. In one embodiment, the first layer is only formed by the
first set of threads and the second layer only by the second set of
threads. It is also conceivable, however, that the first layer has a fifth
set of threads (Twaron(r) type 2000, 1100 dtex, f1000, mass per unit area
45 g/m2) in addition to the first set of threads, which fifth set of
threads lies on top of the first set of threads, wherein the fifth set of
threads is oriented transversely to the first set of threads. The fifth and
the first sets of threads in this case form a first layer. Further, the
second layer can have a sixth set of threads (Twaron(r) type 2000, 1100
dtex, f1000, mass per unit area 45 g/m2) in addition to the second set of
12 threads, which sixth set of threads lies on top of the second set of
threads. The sixth set of threads can run thereby transversely to the
second set of threads and form a layer together therewith. In both cases,
the second layer is arranged within the penetration-inhibiting material, so
that the second thread direction is approximately at a 90 angle to the
first thread direction. The first layer and the second layer with the
corresponding sets of threads are joined to one another via a matrix
material. The first component thus formed in the embodiment has in addition
a film on the outer layers. A first component made in this manner is
produced for example from Twaron@ LET GF4 from Teijin Aramid. The third
layer is arranged within the penetration-inhibiting material, so that the
third thread direction is approximately at an angle of +45 to the first
thread direction. The fourth layer is arranged within the
penetration-inhibiting material, so that the fourth thread direction is
approximately at an angle of -45 to the first thread direction. It is
understood that, in one penetration-inhibiting package, a plurality of
units of the penetration-inhibiting material according to the invention can
be used, made in each case from the first and second components. Further,
additional layers can be provided in a package of this type. For example, a
penetration-inhibiting package can consist of a plurality of woven layers,
as they can be used, for example, for the structure of the first component,
and of a plurality of first and second components. It is also conceivable
that the arrangement of the first and second components occurs in an
alternating pattern, i.e. that initially a combination of first component,
second component, and then a combination of second component, first
component, are laid on top of one another, wherein the first and second
components of a combination are respectively joined to one another. The
penetration-inhibiting material can be used for example in protective
vests, helmets, or penetration-inhibiting plates. The invention will now be
described in more detail by way of the figures and an example. 



Figures Figure 1schematically shows an exploded view of a first embodiment
of the penetration-inhibiting material. Figure 2schematically shows an
exploded view of a second embodiment of the penetration-inhibiting
material. Figure 3schematically shows a detailed view from Figure 1. Figure
4schematically shows the arrangement of different sets of threads in the
penetration-inhibiting material. 



Figure 1 schematically shows an exploded view of a first embodiment of a
penetration-inhibiting material. The material consists in the embodiment of
a first layer 1, a second layer 2, a third layer 3, and a fourth layer 4.
The first and second layers 1,2 form, together with a thermoplastic film
10, a first component of the penetration-inhibiting material. The third and
fourth layers 3,4 form, together with a thermoplastic film 8, a first
textile binding agent, and stabilizing threads, a second component of the
penetration-inhibiting material. In the Example 1 of Figure 1, the first
layer 1 and the second layer 2 consist of a woven fabric. A partial area A
of the woven structure is shown enlarged in Figure 3. The third layer 3 and
the fourth layer 4 consist of threads or fibers, arranged unidirectionally
parallel with one another within the layers, i.e. the third layer 3 is a
thread layer and the fourth layer 4 is a thread layer. The third and fourth
layers 3,4 are joined to one another by means of a first textile binding
agent (not shown), wherein in the embodiment yet an additional fourth
binding agent 8 is used. The fourth binding agent 8 in the embodiment is
the thermoplastic film 8. To join the first and second layers 1,2, a second
binding agent 10 is used, wherein the second binding agent 10 in the
embodiment is the thermoplastic film 10. The first component and the second
14 component of the penetration-inhibiting material are joined to one
another by means of a third binding agent 9. The third binding agent 9 can,
for example, be a thermoplastic film (for example for a full-surface
contact) or an adhesive grid (for discrete contact). In addition, outer
layers 7,11 can be provided on the outside of the first layer 1 and the
fourth layer 4, wherein each outer layer 7,11 is, for example, a
thermoplastic film. Figure 2 schematically shows an exploded view of a
second embodiment of a penetration-inhibiting material. The second
embodiment differs from the first embodiment in that no woven fabric is
used as the first and second layers 1,2. The first layer 1 is formed by a
first set of threads 12 (not labeled in Figure 2) and the second layer 2 by
the second set of threads 13 (not labeled in Figure 2), wherein the first
and second sets of threads 12,13 are formed from fibers or threads. The
threads or the fibers of the first and second layers 1,2 run in each layer
parallel and unidirectionally to one another. For the
penetration-inhibiting material according to Figure 2, the third layer 3
and the fourth layer 4 are structured the same as in the embodiment of
Figure 1. Also, the use of thermoplastic film as the fourth, second, and
third binding agents 8,10,9 as well as the outer layers 11 and 7, is
possible in the embodiment according to Figure 2. In the embodiment of
Figure 1 as well as in the embodiment of Figure 2, the
penetration-inhibiting material can have a plurality of first layers 1,
second layers 2, third layers 3, and/or fourth layers 4. Identical layers
can also be arranged directly subsequent to one another in the
penetration-inhibiting material. Figure 3 schematically shows a partial
area A enlarged from Figure 1. The partial area A shows a partial area of
the woven fabric that forms the first layer 1. The woven layer (or the
first layer 1) consists of a first set of threads 12 and a fifth set of
threads 16, which are woven together. The first set of threads 12
represents the warp threads of the woven fabric, wherein the warp threads
are for example made from fibers or threads made from high-strength aramid.
The fifth set of threads 16 represents the weft threads of the woven
fabric, wherein for example polyester  15 such as Trevira(r) can be used as
the material for the fifth set of threads 16. In a preferred embodiment of
the invention, the second layer 2 is also structured from a woven fabric,
wherein the woven fabric has preferably fibers or threads made from
high-strength aramid in the weft direction as the second set of threads 13
(shown in Figure 4). The second layer 2 preferably has polyester threads in
the warp direction. 



Figure 4 schematically shows which thread directions the sets of threads
from the different layers can have relative to one another. In the first
layer 1, the first set of threads 12 has a vertical first thread direction
(00). The second set of threads 13 in the second layer 2 has a second
thread direction, which should be essentially perpendicular to the first
thread direction (90). A third set of threads 14 forms the third layer,
wherein the third set of threads is oriented in a third thread direction.
The third thread direction is at a first angle 17 to the first thread
direction and to the second thread direction. The first angle 17 is
preferably 45. The fourth layer has a fourth set of threads 15 with a
fourth thread direction. The fourth thread direction preferably forms with
the first thread direction and the second thread direction a second angle
18, wherein the second angle 18 is preferably -45. The third thread
direction and the fourth thread direction preferably form a third angle 16
with one another. The third angle 16 is preferably 90. It should be
understood that the sign in front of the cited angles only serves to
distinguish them. The angles which are formed between the first set of
threads 12 and the third set of threads 14, and between the second set of
threads 13 and the third set of threads 14, respectively, have the same
size. Therefore, only one first angle 17 is discussed. Likewise the angles
which are formed between the first set of threads 12 and the fourth set of
threads 15, and the second set of threads 13 and the fourth set of threads
15 all have the same size, for which reason only one second angle 18 is
discussed.  16 It should also be clear that the second set of threads 13
includes a further angle 19 with the fourth set of threads 15. Likewise the
first set of threads 12 includes a further angle with the fourth set of
threads 15, wherein here the sizes of the two angles are also the same, for
which reason only one further angle 19 need be discussed. With regard to
the further angle, the same statements apply for further possible angles
between the first set of threads 12 and the third set of threads 14, and
the second set of threads 13 and the third set of threads 14. Example 1
For Example 1, three different package types were shot at from a distance
of 10 meters in each case using .357 Magnum (Remington 158 gr.) ammunition
Two packages were formed for each package type, and each was shot at eight
times. The projectile velocity v2.5 (velocity of the projectile between two
light barriers, wherein the center of the light barriers was 2.5 m from the
muzzle) was 435 m/s for all projectiles. For the bombardment tests, a PE
foam layer was arranged on the side of the packages facing away from the
impact side. The PE foam layer was 3 mm thick and had a mass per unit area
of 100 g/m2. A 40 cm x 40 cm Weible plasticine block was arranged behind
each package with the foam layer, thus facing away from the impact side.
The dent depth in the plasticine block after being shot at was measured to
determine trauma. Table 1 lists the average value of the dent depths
generated after each of the eight shots per package. Package Type 1  Each
package of package type 1 was formed from nine units. Each unit was
constructed as follows: 



thermoplastic film made from polyethylene film (LDPE) with a thickness of
11 pm  first woven layer (0 direction of the Twaron(r) threads)
thermoplastic film (polyethylene film (LDPE), thickness 11 pm)  17  second
woven layer (900 direction of the Twaron(r) threads in relation to the 0
direction of the Twaron(r) threads of the first woven layer)  thermoplastic
film (polyethylene film (LOPE), thickness 11 pm)  first thread layer (+45
direction of the Twaron0 threads in relation to the 0 direction of the
Twaron(r) threads of the first woven layer)  thermoplastic film
(polyethylene film (LDPE), thickness 11 pm) 



second thread layer (-45 direction of the Twaron(r) threads in relation to
the 0 direction of the Twaron0 threads of the first woven layer)
thermoplastic film (polyethylene film (LDPE), thickness 11 pm) Each woven
layer was woven from Twaron(r) threads (type 2040, 930 dtex, f1000) and
Trevira(r) threads (710, 140 dtex, Hoechst). The woven layers had a 1/1
plain weave. In the first woven layer, the Twaron(r) threads lie in the
warp direction (9.5 threads/cm) and the Trevira(r) threads (2 threads/cm)
lie in the weft direction. In the second woven layer, the Trevira(r)
threads (4 threads/cm) lie in the warp direction and the Twaron(r) threads
(9.5 threads/cm) lie in the weft direction. The first and the second woven
layers are arranged in relation to one another, so that the Twaron0 threads
of the two woven layers form an angle of 90 to one another. The first woven
layer, the second woven layer, and the thermoplastic film between the two
woven layers together form a first component. Each of the two thread layers
consists of Twaron(r) threads (type 2040, 930 dtex, f1000, mass per unit
area of each layer 96 g/m2) arranged unidirectionally and parallel to one
another. The two thread layers were arranged in the packages of the first
package type so that the respective Twaron0 threads of each thread layer
formed an angle of 90. The two thread layers and the thermoplastic film
between the two layers were joined by knitting threads. A textured
polyester thread (76 dtex, f24) was used as the knitting thread. In
addition, the two thread layers were stabilized by a stabilizing thread
(0.1 threads/cm). The stabilizing threads run parallel to the Twaron(r)
threads of the first woven layer (0 direction) and have a distance between
one another of approximately 10 cm. Twaron(r) threads (type  18 2040, 930
dtex, f1000) were used as the stabilizing threads. The two thread layers
were arranged in the packages of the package type 1 so that the Twaron(r)
threads of the thread layers formed an angle of 45 with the Twaron(r)
threads of the woven layers. The two thread layers, the thermoplastic film
between the thread layers, the knitting threads, and the stabilizing
threads form a second component. The nine units were stacked on top of one
another, wherein each unit was separated from the next unit by separating
paper. The nine units were then pressed on a static press for 25 minutes at
120C at a pressure of 25 bar, and finally the heater on the press was
switched off. The separating paper prevents the units from being joined to
one another. The pressed units were stacked on top of one another to form
the package of the package type 1, so that the Twaron0 threads of the first
layer always lay in 0 direction. To join the nine units for each package of
the package type 1, all nine units were sewn together in the corner areas.
Twaron(r) (type 2000, 840 dtex, f1000 z160) was used as the sewing yarn. 



Package Type 2 (Comparison Example)  Each package of the package type 2 was
formed from eighteen second components and additional polyethylene film
(LOPE, thickness 11 pm). A polyethylene film was laid on top of and under
each second component to be used, wherein here the individual second
components (with polyethylene films) were also separated from one another
by separating paper. All second components with additional polyethylene
films for a package were pressed on a static press for 25 minutes at 120C
at a pressure of 25 bar, and finally the heater on the press was switched
off. The separating paper prevented the second components from being joined
to one another. The eighteen parts of the pressed material thus created
were stacked on top of one another to form each package of the package type
2, so that the sets of threads of adjacent layers formed an angle  19 of
approximately 900 with one another. The eighteen layers laid on top of one
another were sewn together in the corner areas. Twaron(r) (type 2000, 840
dtex, f1000 z160) was used as the sewing yarn. Package Type 3 (Comparison
Example)  Each package of the package type 3 was formed from eighteen first
components. An additional polyethylene film (LDPE, thickness 11 pm) was
laid on top of and under each of the first components. All first components
with additional polyethylene film (structure) for a package of the package
type 3 were stacked on top of one another, wherein the individual
structures were separated from one another by separating paper. The
pressing took place on a static press for 25 minutes at 120C at a pressure
of 25 bar, and finally the heater on the press was switched off. For a
package of the package type 3, eighteen structures were laid on top of one
another, wherein in each case the Twaron(r) threads of the first layer were
oriented in the 0 direction. To form the two packages of the package type
3, all eighteen structures were sewn together in the corner areas.
Twaron(r) (type 2000, 840 dtex, f1000 z160) was used as the sewing yarn.
Table 1 Package Type 



Trauma (mm) Package Type 1 29 Package Type 2 (Comparison Example) 38
Package Type 3 (Comparison Example) 41  As can be seen from Table 1, the
first package type made from the penetration-inhibiting material according
to the invention has a significantly lower trauma (background deformation)
than the package types of the comparison examples 2 and 3. The trauma could
surprisingly be reduced by approximately 30% using the 



20 same number of thread layers and approximately the same package weight
of the packages of the first package type in comparison with the packages
of the package types two and three. The achievement of this type of
improvement based on the combination of two components with different
thread layers was surprising and not predictable. An additional advantage
of the package type 1 consists in that little waste results during
production of the packages of the package type 1. If the packages of
package type 1 were produced using only one component, then the first or
the second component would have to be rotated by approximately 45 in order
to achieve the same thread direction of the four sets of threads in the
penetration-inhibiting material, whereby considerable production waste
would unnecessarily result. Example 2  For Example 2, two package types
(package type 4 and package type 5), each comprising one package, were shot
at six times in each case at a distance of 5 meters using .44 magnum JHP
bullets (Remington, 240 gr.) according to the NIJ Standard 0101.04 (Class
III A). A 3 mm thick PE foam layer was arranged behind each package. A Roma
plasticine block was arranged behind the package and foam layer (thus
facing away from the impact side) in order to determine the background
deformation (trauma). The dent depth in the plasticine block was measured
to determine trauma. The projectile velocity was also measured, which is
given in Table 2. Package Type 4 (Comparison Example)  The package of the
package type 4 was formed from 22 first components, wherein a polyethylene
film (LDPE, thickness 11 pm) was laid on top of and under each of the first
components. The 22 structures thus created were stacked on top of one
another, wherein the individual structures (component 1 between two
thermoplastic films) were separated from one another by separating paper.
The  21 



structures were then pressed on a static press for 25 minutes at 120C at a
pressure of 25 bar, and finally the heater on the press was switched off.
The separating paper prevented the 22 structures from being joined to one
another by the film. After the pressing, the structures were arranged on
top of one another so that the Twaron(r) threads of adjacent layers had an
angle of approximately 90 with one another. Finally the structures were
sewn together in the corner regions to form a package of the package type
4. Twaron(r) (type 2000, 840 dtex, f1000 z160) was used as the sewing yarn.
The mass per unit area of the fourth package type was approximately 4900
g/m2. Package Type 5 (Comparison Example)  The package of the package type
5 was formed from 11 elements, wherein each element comprised two first
components with an additional intermediate thermoplastic film. Each of
these 11 elements was structured as follows:  thermoplastic film made from
polyethylene film (LOPE) with a thickness of 11 pm  first woven layer (0
direction of the Twaron(r) threads, TreviraC) threads lie in the weft
direction)  thermoplastic film (polyethylene film (LDPE), thickness 11 pm)
second woven layer (90 direction of the Twaron(r) threads in relation to
the 00 direction of the Twaron(r) threads of the first woven layer)
thermoplastic film (polyethylene film (LDPE), thickness 11 pm)  first woven
layer (0 direction of the Twaron(r) threads) 



thermoplastic film (polyethylene film (LOPE), thickness 11 pm)  second
woven layer (90 direction of the Twaron(r) threads in relation to the 0
direction of the Twaron(r) threads of the first woven layer)  thermoplastic
film (polyethylene film (LDPE), thickness 11 pm)  22 pressing of the
elements in a static press for 25 minutes at 120C at a pressure of 25 bar,
and finally the heater on the press was switched off. Subsequently, the
pressed elements were stacked on top of one another and sewn together in
the corner areas, so that he Twaron(r) threads in layers of adjacent
elements had an angle of 90 with one another. Twaron(r) (type 2000, 840
dtex, f1000 z160) was used as the sewing yarn. The mass per unit area of
such a package was approximately 4700 g/m2. Table 2  V (m/s) 



Trauma (mm) Package Type 4 442 57  443 52  443 



48 Package Type 5 443 59  442 56  444 



56  It is clear from Table 2 that the package types 4 and 5 have
approximately the same trauma value at the same number of woven layers and
approximately the same mass per unit area; even though four woven layers in
package type 5 and only two woven layers in package type 4 were joined
across the full surface by a thermoplastic film. Based on the results from
Example 1 and Example 2, it is obvious that the good trauma values of the
package type 1 is not a result of the joining of the 4 layers with one
another, but instead can be ascribed to the selection of the layers and the
direction of the layers within the package type 1.  List of reference
numerals 1first layer 2second layer 3third layer 



4fourth layer 7outer layer 8fourth binding agent 9third binding agent
10second binding agent 11outer layer 12first set of threads 13second set of
threads 14third set of threads 



15fourth set of threads 16fifth set of threads 17first angle 18second angle
19further angle  Claims: 1 A penetration-inhibiting material which
comprises at least one first component, wherein the first component has at
least one first layer (1) with  a first set of threads (12) and a second
layer (2) with a second set of threads (13), wherein the first set of
threads (12) is oriented in a first thread direction and the second set of
threads (13) is oriented in a second thread 



direction, wherein the first thread direction is transverse to the second
thread direction, and wherein the penetration-inhibiting material has at
least one second component, wherein the second component has at least one
third layer (3) and a fourth layer (4), wherein the third layer (3) is a
thread layer which has a third set of threads (14) and the fourth layer (4)
is a thread layer which has a fourth set of threads (15), wherein the third
set of threads (14) is oriented in a third thread direction and the fourth
set of threads (15) is oriented in a fourth thread direction, and wherein
the third thread direction is transverse to the fourth thread direction,
wherein the third thread direction forms a first angle (17) to the first
thread direction and to the second thread direction, and the fourth thread
direction forms a second angle (18) to the first thread direction and to
the second thread direction, and wherein the third set of threads (14) and
the fourth set of threads (15) are joined to one another using at least one
first binding agent, and wherein the first binding agent is a textile
binding agent.  25 2. A penetration-inhibiting material according to Claim
1, in which the first binding agent is at least one thread. 3. A
penetration-inhibiting material according to Claim 1 or 2, in which the
first set of threads (12) and the second set of threads (13) are joined to
one another by a second binding agent (10). 4. A penetration-inhibiting
material according to Claim 3, in which the second binding agent (10) is at
least one thread and/or an adhesive material. 5. A penetration-inhibiting
material according to one or more of the previous claims, in which the
first component and the second component are joined to one another by a
third binding agent (9). 



6. A penetration-inhibiting material according to Claim 5, in which the
third binding agent (9) is an adhesive material. 7. A
penetration-inhibiting material according to one or more of the previous
claims, in which the third set of threads (14) and the fourth set of
threads (15) are joined by a fourth binding agent (8). 8. A
penetration-inhibiting material according to Claim 7, in which the fourth
binding agent (8) is an adhesive material. 9. A penetration-inhibiting
material according to Claim 4, 6, or 8, in which the adhesive material is a
thermoplastic, an elastomeric, or a duroplastic material.  26 10.A
penetration-inhibiting material according to Claim 2 or 4, in which the at
least one thread is a knitting thread. 11.A penetration-inhibiting material
according to Claim 10, in which the knitting thread consists of polyester.
12.A penetration-inhibiting material according to one or more of the
previous claims, in which the first layer (1) has an additional fifth set
of threads (16). 



13.A penetration-inhibiting material according to Claim 12, in which the
fifth set of threads (16) is woven with the first set of threads (12). 14.A
penetration-inhibiting material according to one or more of the previous
claims, in which the second layer (2) has an additional sixth set of
threads. 15.A penetration-inhibiting material according to Claim 14, in
which the sixth set of threads is woven with the second set of threads
(13). 16.A penetration-inhibiting material according to Claim 12 and 14. in
which the fifth set of threads (16) and the sixth set of threads are
selected from fibers made from polyester, polyethylene, polypropylene,
aramid, polyamide, glass, and poly-p-phenylenebenzobisoaxazole (PBO). 17.A
penetration-inhibiting material according to one or more of the previous
claims, in which the first set of threads (12), the second set of threads
(13), the third set of threads (14), and the fourth set of threads (15) are
selected from fibers made from aramid, polyethylene, polypropylene, and
poly-pphenylenebenzobisoaxazole (PBC)).  27 18.A penetration-inhibiting
material according to one or more of the previous claims, in which the
first set of threads (12), the second set of threads (13), the third set of
threads (14), and the fourth set of threads (15) have threads with a linear
density greater than 200 dtex, and the fifth set of threads (16) and the
sixth set of threads have threads with a linear density greater than 50
dtex. 19.A penetration-inhibiting material according to one or more of the
previous claims, in which the first set of threads (12), the second set of
threads (13), the third set of threads (14), and the fourth set of threads
(15), the fifth set of threads (16) and the sixth set of threads have
threads with a linear density greater than 200 dtex. 



20.A penetration-inhibiting material according to one of the previous
claims, in which the fifth set of threads (16) is oriented in a fifth
thread direction. 21.A penetration-inhibiting material according to Claim
20, in which the fifth thread direction is parallel to the second thread
direction. 22.A penetration-inhibiting material according to one of the
previous claims, in which the sixth set of threads is oriented in a sixth
thread direction. 23.A penetration-inhibiting material according to Claim
22, in which the sixth thread direction is parallel to the first thread
direction. 24.A penetration-inhibiting material according to one of the
previous claims, in which the first set of threads (12), the second set of
threads (13), the third set of threads (14), and the fourth set of threads
(15) consist of aramid threads, and the fifth set of threads (16) and the
sixth set of threads consist  28 of polyester threads. 25.A
penetration-inhibiting material according to one of the previous claims, in
which the first angle is 30 to 60. 



26.A penetration-inhibiting material according to one of the previous
claims, in which the second angle is 300 to 60.  Claims: 1. A
penetration-inhibiting material which comprises at least one first
component, wherein the first component has at least one first layer (1)
with a first set of threads (12) and a second layer (2) with a second set
of threads (13), wherein the first set of threads (12) is oriented in a
first thread direction and the second set of threads (13) is oriented in a
second thread direction, wherein the first thread direction is transverse
to the second thread direction, and wherein the penetration-inhibiting
material has at least one second component, wherein the second component
has at least one third layer (3) and a fourth layer (4), wherein the third
layer (3) is a thread layer which has a third set of threads (14) and the
fourth layer (4) is a thread layer which has a fourth set of threads (15),
wherein the third set of threads (14) is oriented in a third thread
direction and the fourth set of threads (15) is oriented in a fourth thread
direction, and wherein the third thread direction is transverse to the
fourth thread direction, wherein the third thread direction forms a first
angle (17) to the first thread direction and to the second thread
direction, and the fourth thread direction forms a second angle (18) to the
first thread direction and to the second thread direction, and wherein the
third set of threads (14) and the fourth set of threads (15) are joined to
one another using at least one first binding agent, and wherein the first
binding agent is a textile binding agent. 2. A penetration-inhibiting
material according to Claim 1, in which the first set of threads (12) and
the second set of threads (13) are joined to one another by a second
binding agent (10).  25 3. A penetration-inhibiting material according to
one or more of the previous claims, in which the first component and the
second component are joined to one another by a third binding agent (9). 4.
A penetration-inhibiting material according to one or more of the previous
claims, in which the third set of threads (14) and the fourth set of
threads (15) are joined by a fourth binding agent (8). 



5. A penetration-inhibiting material according to at least one of the
claims 1 to 4, in which the first and/or the the second binding agent is at
least one thread. 6. A penetration-inhibiting material according to at
least one of the claims 1 to 5, in which the second binding agent (10)
and/or the third binding agent (9) and/or the fourth binding agent (8) is
an adhesive material. 7. A penetration-inhibiting material according to
Claim 6, in which the adhesive material is a thermoplastic, an elastomeric,
or a duroplastic material. 8. A penetration-inhibiting material according
to Claim 5, in which the at least one thread is a knitting thread. 9. A
penetration-inhibiting material according to one or more of the previous
claims, in which the first layer (1) has an additional fifth set of threads
(16), whereby the the fifth set of threads (16) is woven with the first set
of threads 10..A penetration-inhibiting material according to one or more
of the previous claims, in which the second layer (2) has an additional
sixth set of threads, whereby the sixth set of threads is woven with the
second set of threads (13).  26 11.A penetration-inhibiting material
according to one or more of the previous claims, in which the first set of
threads (12), the second set of threads (13), the 



third set of threads (14), and the fourth set of threads (15) are selected
from fibers made from aramid, polyethylene, polypropylene, and
poly-pphenylenebenzobisoaxazole (PBO). 12.A penetration-inhibiting material
according to one or more of the previous claims, in which the first set of
threads (12), the second set of threads (13), the third set of threads
(14), and the fourth set of threads (15) have threads with a linear density
greater than 200 dtex, and the fifth set of threads (16) and the sixth set
of threads have threads with a linear density greater than 50 dtex. 13.A
penetration-inhibiting material according to one of the previous claims, in
which the fifth set of threads (16) is oriented in a fifth thread
direction, whereby the fifth thread direction is parallel to the second
thread direction. 14.A penetration-inhibiting material according to one of
the previous claims, in which the sixth set of threads is oriented in a
sixth thread direction, whereby the sixth thread direction is parallel to
the first thread direction. 15.A penetration-inhibiting material according
to one of the previous claims, in which the first set of threads (12), the
second set of threads (13), the third set of threads (14), and the fourth
set of threads (15) consist of aramid threads, and the fifth set of threads
(16) and the sixth set of threads consist of polyester threads. 


