WO 02/ 101319 PCT/ EP02/ 06117 LAM NATED BALLI STI C STRUCTURE COVPRI SI NG
ALTERNATI NG UNI DI RECTI ONAL AND THERMOPLASTI C LAYERS The invention pertains
to a | amwetoedotsad | i stic structure conprising alternati ngPCarepd2/o@dct i onal
(UD) and thernopl astic |ayers. Lam nated ballistic structures conprising UD
and thernoplastic layers are known in the art. For instance, in US
5,935,678 a ballistic lamnate structure is disclosed conposed of UD

| ayers of polyethylene fibers. A polyethylene filns is |ocated between two
UD | ayers. Between the UD | ayers the filmis provided to keep the |ayers
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or high-density polyethylene fi bers, enbedded in a rubber or rubber-1like
matri x. Such ballistic structures are, for instance, described in US
4,916, 000, wherein the individual filanments of the ballistic |ayers are
(preferably) fully coated with a thernoplastic elastonmeric material, such
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very goedmpaséed of UD layerscot palyethylane ftheusdA mly@éhsdame lvas is located between
two UD layers. Between the UD layers the film is provided to keep the layers together,

without embedding the individual fibers in the polyethylene. UD layers are layers of
fibers with parallel filaments. Usually, however, ballistic structures comprise ballistic
layers of fibers, such as aramid or high-density polyethylene fibers, embedded in a
rubber or rubber-like matrix. Such ballistic structures are, for instance, described in US
4,916,000, wherein the individual filaments of the ballistic layers are (preferably) fully
coated with a thermoplastic elastomeric material, such as Kraton. Both types of
ballistic structures, have disadvantages. The common ballistic structures that contain
matrix material, such as that of US 4,916,000, show a lower resistance to ballistic
impact than structures like US 5,935,678. At higher matrix contents these structures
show a decrease of ballistic performance with increasing amounts of matrix and further
an increase of weight due to the matrix material. The amount of matrix cannot be
reduced too much without taking the risk to obtain unstable ballistic structures. Ballistic
structures having a thermoplastic film between the UD layers as disclosed in US
5,935,678, although having very good ballistic properties, were found to be extremely
unstable upon ballistic impact (see Experimental). Therefore, there is still a
considerable need to ballistic structures that show a high resistance to ballistic impact
and at the same time have a high stability.
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WO 02/ 101319 PCT/EP02/ 06117 2 It is an object of the present invention to
provide a lanminated ballistic structure with a high ballistic inpact
resi stance and a high stability. It was found that these objectives are net
when using a lam nated ballistic structure conprising an array of |ayers
of substantially alternating n unidirectional (UD) layers of ballistic
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to a
impact. It is emphasized that it is required that a substantial number of thermoplastic

layers are present, at least half of the number of ballistic UD layers. Preferably, each
UD layer alternates with a thermoplastic layer, but it usually has no dramatic effect
when such a regularity of layer structure is violated from time to time. For clarity’s sake
it is further emphasized that two or more thermoplastic layers can be provided
between two UD layers. Since such multiple thermoplastic layers are fused together
under the high pressure and temperature that is used during the production of these
laminated structures, such multiple thermoplastic layers are considered as one layer
according to this invention. When both sides of each UD layer are adjacent to a
thermoplastic layer, the number of thermoplastic layers is one higher than the number
of UD layers. The outer sides of the laminated structure may contain thermoplastic
layers, for instance at both sides a thermoplastic layer that serves as protective films.
These thermoplastic layers at the outer sides of the structure are not contained in the
number “m” that stands for the number of other thermoplastic layers. When these
thermoplastic outer layers are not provided, protective layers of any other suitable
material can be provided instead. Moreover, even when the outer sides of the
laminated structure are provided with thermoplastic layers, in addition thereto further
protective layers of any other suitable material can be provided, if one whishes so. It is
further emphasized that the structures of the invention are particularly useful for
making laminated hard ballistic structures. When the multiple layers contain many
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Therefore, it is believed that the structure has not enough stability. The desired
stability was found to be obtained when minor quantities of an elastomeric material
were used as a matrix material. These quantities are usually substantially smaller than
those as used in the prior art ballistic structures. Moreover, it is not necessary that the
matrix fully coats the individual filaments, as is preferred in the case of the prior art.
The present matrix thus serves a different purpose, in that it not longer fixes the UD
layers but only prevents delamination thereof. The fixing as such is obtained by means

of the thermoplastic layers between the UD layers.

Suitable thermoplastic materials are, for instance, polyethylene and polypropylene,
whereas the elastomeric matrix is usually a rubber or rubber-like material, such as
Kraton or polyurethane resin, which are commonly used in ballistic structures. Also
other materials such as polybutadiene, polyisoprene, natural rubber, plasticized
polyvinylchloride, polyacrylates, polyesters, and the like. The structure comprises 1-25
wt. %, preferably 3-15 wt.%, and more preferably 5-12 wt.% of an elastomeric material
based on the dry fiber (dry yarn) weight. The layer thickness of the thermoplastic
layers is between 1 and 250 um, preferably 6-50 um, and more preferably 10-25 pm.

The UD layers are preferably cross-plied, for instance at angles of 0 and 90°.
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The invention is further illustrated by means of the following experiments.

In all experiments UD-sheets with a width of 50 cm were made from 250 yarns
Twaron™ 2000, 3360 dtex 1000 by spreading the yarns evenly over the entire width.

Experiment 1 (comparison)

An LDPE-film (ex Buhrmann) with a thickness of 15 uym was laminated on the yarns at
a temperature of 150°C. The resulting UD-sheet was cut into pieces of 50 cm length.
Two pieces of UD were cross-plied (0 and 90 degrees) with the films on the outer
sides. An LDPE-film (ex Borden) with a thickness of 23 ym was placed between these
two UD-sheets, giving a structure with n=2 and m=1. The sheets were pressed at 0.5
MPa pressure and a temperature of 130°C. Ten of these shields were stacked and
pressed for 20 minutes at 9.5 MPa pressure and 135°C, giving a structure with n=20
and m=19. The ballistic composite has been tested with 9 mm VMR DM11 A1 B2
ammunition (made by DAG, weight of the ball is 8 g). The resulting V50-values were
high (480 m/s), but the shields showed severe delamination. Hence, after several hits,
the composite could not be used any more.
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Experiment 3
The yarns were impregnated with the Kraton dispersion as in Example 2. During drying

of the dispersion (at 135°C) a 15 um LDPE-film (ex Bihrmann) was laminated on the
yarn sheet as in Example 1. The dried UD-sheet contained 9 wt.% Kraton (based on
the dry yarn weight). Two pieces of UD were cross-plied (0 and 90 degrees) with the
films on the outside. An LDPE-film with a thickness of 15 um was placed between
these two UD-sheets. The sheets were pressed at 0.06 MPa pressure and a
temperature of 110°C. Nine of these shields were stacked and pressed for 20 minutes
at 9.5 MPa pressure at 135°C. Testing with the 9 mm ammunition of the previous
Examples resulted in a VV50-value of 467 m/s. Even after several hits, the composite
showed no delamination.

Conclusion

The results of Experiments 1-3 are denoted in the table, which shows the weight and
V50 values for the shields. As comparison, the values for a standard prepreg laminate
(Twaron™ CT 736 fabric, one-side coated with 55 g/m* PVB (polyvinylbenzene)
modified phenolic resin) are also given. The shields according to the invention give a
superior performance over the standard prepreg laminate but also over the shields
with only PE-film or only Kraton.
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superior performance over the standard prepreg | am nate but al so over the
shields wth only PE-filmor only Kraton. WO 02/101319 PCT/ EP02/ 06117 6
wei ght V5@oweilgisuo di f f erence Delam nation (g/m(err)) (m PLTEPO2/0611V50
(ms) (%9 TwaronTM CT 736 4368- 441-457 0 O No 4470 Exanple 1 3680 480 17
+31 Yes Exanple 2 3745 433 15 -16 No Exanple 3 3537 467 20 +18 No WO

02/ 101319 PCT/ EP02/06117 7 Cains 1. Alamnated ballistic structure
conprising an array of |ayers of substantially alternating n
unidirectional (UD) layers of ballistic fiber and mthernoplastic |ayers,
excl udi ng Changopl astic |ayers at the outer sides of the structure, wherein
1/ 2n(err)5nm<n and the UD | ayers conprise 1-25 wt.% of an el astoneric
material based on the dry fiber weight. 2. The lam nated ballistic
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wher ei n t he dRetr@tiagsn conigiresttorial RID) layers of ballistic fiber and m thermoplastic
layers, excluding thermoplastic layers at the outer sides of the structure, wherein
1/2nsm<n and the UD layers comprise 1-25 wt.% of an elastomeric material
based on the dry fiber weight.

2. The laminated ballistic structure of claim 1 wherein the UD layers comprise 3-15
wt.% of the elastomeric material.

3. The laminated ballistic structure of claim 1 wherein the UD layers comprise 5-12
wt.% of the elastomeric material.

4. The laminated ballistic structure of claim 1 wherein the UD layers comprise 5-10
wt.% of the elastomeric material.

5. The laminated ballistic structure of any one of claims 1-4 wherein the UD layers
comprise fibers with an energy-to-break > 8 J/g, a tensile modulus > 150 g/dtex,
and a tenacity > 7 g/dtex.

6. The laminated ballistic structure of claim 5 wherein the UD layers comprise
aramid, PBO, PBI, and/or high density polyethylene fibers.

7. The laminated ballistic structure of any one of claims 1-6 wherein the
thermoplastic material is polyethylene or polypropylene.

8. The laminated ballistic structure of any one of claims 1-7 wherein the outer sides
of the laminated structure are protected by a protective layer.

9. The laminated ballistic structure of claim 8 wherein the protective layer is a
thermoplastic layer.



w.%of the elastoneric material. 4. The lam nated ballistic structure of
claim1 wherein the UD | ayers conprise 5-10 w.% of the elastoneric

mat er i al .wB.02/ibis19 am nated bal listic structure of any onePofi/EPORDGTS7 1- 4
wherein the UD | ayers conprise fiber8 with an energy-to-break > 8 J/g, a
tensile nodulus > 150 g/dtex, and a tenacity > 7 g/dtex. 6. The | am nated
ballistic structure of claim5 wherein the UD | ayers conprise aramd, PBO
PBI, and/or high density polyethylene fibers. 7. The |lam nated ballistic
structure of any one of clainms 1-6 wherein the thernoplastic material is
pol yet hyl eng. Phe RFhNBIRPAIRSIR stPuctiReof @) 53¢ Bfl cliths MSY hePéihlihe BB cRire 1Y
one of clainms 1-7 wherein the outer sides of the |amnated structure are
prot ect ed by alapreated hayeé baligtie strocturge | ani nated bal listic structure of
claim8 wherein the protective layer is a thernoplastic |layer. WO

02/ 101319 PCT/ EP02/06117 8 10. The lam nated ballistic structure of any
one of clainms 1-9 wherein the structure is a lamnated hard ballistic
structure.



