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accordance with the invention, may be of any suitable shape such as
spherical, ellipsoidal, cylindrical, pris- The present invention is in the
field of protection  matic, pyramidal and the like, spherical bodies being
against threats such as kinetic missiles, e.g. in form  preferred. of
firearm bullets, against knife-thrusts and the like,   5  Due to the fact
that in accordance with the inven- and by one of its aspects aims at
providing pliable  tion the individual constituent bodies are spaced from
composite protective bodies suitable for incorporation  each other with the
gaps between constituent bodies in protective garments such as bullet-proof
vests. By  in one layer being bridged by a constituent body of an- another
aspect the invention aims at providing an out-  other layer, the composite
protective bodies accord- er armour on enclosures such as, for example land
10  ing to the invention combine a relative light weight vehicles, marine
vessels and aircraft.             with a good multi-hit capability. The
multi-hit capabil- The invention further concerns improved protec-  ity is
enhanced by the fact that the size of the ballistic tive garments.
bodies is commensurate with that of the threatening Known protective
garments such as bullet-proof  objects against which protection is to be
afforded. vests, comprise as a rule a plurality of so-called cer-  15
Typically, the size of a body may be between 1/3 and amic ballistic plates
in combination with a so-called  twice the size of a threatening object
such as a bullet. ballistic material, e.g. soft panels made of Kevlar[err],
For example, spherical ballistic glass or ceramic bod- Spectra[err],
Aramid[err] and the like. In the ceramic plate  ies having a diameter from
4 - 18 mm may afford ade- insert which, depending on the intended use, may
be  quate protection against all conventional small calibre flat or curved,
the individual plates are densely laid  20  firearms. out with neighbouring
plates tightly bearing on each   In the following the Invention will be
described other.                                             with reference
to kinetic energy missiles such as fire- EP-A-208 499 discloses an armour
component      arm bullets as the threatening objects, it being under-
having a pairof layers of flexible high impact resistant  stood that it is
also effective against otherthreatening material with at least two
juxtaposed layers of hard  25  objects, e.g. thrusts of various cold
weapons such as beads between the flexible layers.                 knives,
daggers and the like. The insert forming plates in known composite       In
use a composite protective body according to protective bodies of the kind
specified are usually  the invention is placed with the insert turned
towards large relative to the diameterofthe threatening object  the
environment. In operation, an impinging kinetic such as a kinetic energy
missile, against which it is to  30   missile such as a firearm bullet, is
effectively deflect- afford protection, e.g. of the orderof 5 [err]. Where
the  ed from its original trajectory and damped by the in- composite body
has only one single layer of ceramic  sert body or bodies which it hits to
such an extent that plates it affords a relatively low multi-hit capability
it is subsequently captured by the soft ballistic mate- since every hit
destroys one of the plates leaving a  rial panel of the case. relatively
large unprotected area. In some known bul-  35  For incorporation of a
composite protective body let-proof vests the multi-hit capability is
Improved by  according to the invention in a protective garment provision
of inserts with two or more mutually stag-  such as a bullet-proof vest, it
may be fabricated in a gered overlapping layers of ceramic ballistic
plates.  shape most suitable for that purpose. However, this renders the
vest relatively heavy and   For better understanding the invention will now
gives rise to significant discomfort of the wearer.  40  be described,
byway of example only and without lim- It is the object of the present
invention to provide  itation, with reference to the annexed drawings in an
improved, relatively light-weight composite protec-  which: tive body of
the kind specified.                       Fig.  Is a front view, partly
broken open of a bui- It is a further object of the present invention to
let-proof vest comprising a composite protective provide an improved Insert
for a protective garment.  45  body according to the invention; It is yet
another object of the invention to provide  Fig. 2 Is a section along line
11-11 of Fig. 1: and improved protective garments.
Fig. 3 is a diagrammatic perspective illustration In the following
description and claims, the ex-   of a phase in the manufacturing process;
and pression "ballistic material" means a pliable woven or  Fig. 4 is a
section along lines IV-IV of Fig. 3. non-woven material capable of
absorbing the kinetic  50  Referring first to Figs. 1 and 2, there is shown
a energy of a missile such as a firearm bulletand there-  bullet-proof vest
having front and back composite pro- by damping a missile to a large extent
and the term  tective bodies made each in accordance with the In- "size"
when used in relation to kinetic energy missiles  vention and only one
ofwhich is shown. As shown, the or ceramic bodies means width or diameter.
vest 1 has a front composite protective body 2 com- The above objects are
solved with the features of  55  prising a case with a back panel 3 of a
soft ballistic the claims.                                        material
such as Kevlar[err] and a front sheet 4, holding The axisymmetric or
centrosymmetric constitu-   an insert comprising a plurality of spherical
ceramic ent glass or ceramic bodies of the insert employed in  constituent
bodies 5. As seen in Fig. 2, the constitu- 2    
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are arranged in two rows with  hesive two-layer insert body of coated
ceramic the constituent bodies 5 in each row being spaced  spheres was
withdrawn from the sintering fixture. from each other by a distance smaller
than the diam-  The insertwas pliable and could be bentwithoutdam- eter of
a ceramic body 5 and the gaps between them  age at radius of curvature of
30 and more. being bridged by constituent bodies of the other row.   5  The
total thickness of the body was 16mm. It was Each of the constituent bodies
5 is glued to all sur-  attached to a 12 mm thick Aramid[err] panel and a
rounding constituent bodies.                      shooting test was
performed as described hereinbe- Acomposite protective body of the kind
shown in  fore. Figs. 1 and 2 was subjected to a shooting test. In the
Cohesive insert bodies produced in this manner tested body the soft
ballistic material panel 3 was 12  10  are ready for further use and
processing in accor- mm thick and made of Kevlar[err] while the front sheet
dance with the teachings of this invention. 4 was of ordinary cloth. The
ceramic spherical protec- tive bodies 5 measured 10 mm in diameter and were
Example 2 made of alumina. All spherical constituent bodies were glued
together in the manner specified by  15    Alumina spheres having a uniform
diameter of means of the thermoplastic-polyester Hytrel[err]. Ar-  9.5 mm
were placed into a sintering fixture of the kind mour piercing bullets
fired from an automatic assault  illustrated in Figs. 3 and 4. Liquid room
temperature rifle AK-47 (known as Kalashnikov) from a distance  vulcanising
(RTV) silane was poured at room temper- of 10 metres were stopped and did
not penetrate   ature onto the spheres. Following degassing in a across the
composite protective body.         20  manner known per se to remove
trapped air, the sin- Attention is now directed to Figs. 3 and 4 which
tering fixture was placed in an oven and heated for 30 show a sintering
fixture for the preparation of a cer-  minutes at 100C. The resulting
cohesive insert body amic body insert according to the invention. The fix-
was ready for further processing in accordance with ture 7 has a plurality
of depressions 8 each capable  the present invention. of holding a ceramic
or glass sphere 9. As shown In  25 Fig. 4, the first, bottom layer of
ceramic spheres 9 is covered with a second, top layer of identical bodies
Claims such that each body 9 of the top layer bridges the gap between two
bodies 9 of the bottom layer and like-  1. A composite protective body (2)
comprising a pli- wise each body 9 of the lower layer bridges the gap   30
able flat case with at least one back panel (3) of between two bodies 9 of
the upper one. Fig. 3 shows   a pliable woven or non-woven material capable
of an intermediary phase In the arrangement of spheres   absorbing the
kinetic energy of a missile and a 9 in sintering fixture 7.
frontsheet (4) and an insertwithin said pliable flat In the course of
production, spheres 9 are first  case comprising a plurality of constituent
bodies subjected to a treatment by which they are coated   35  (5) of glass
or ceramic material, wherein the con- with suitable thermoplastic or
thermosetting material,  stituent bodies (5) of the insert are of
axisymmet- as will be described in Examples 1 and 2 below, and   rical or
centrosymmetrical shape and of a size once placed In fixture 7 they are
subjected to sintering  commensurate with that of the threatening object in
a suitable oven. After cooling, a cohesive two-layer  against which
protection is to be afforded and are insert structure of ceramic spherical
bodies is with-  40  arranged in at least two superimposed layers drawn
from the form and is ready for insertion In a   characterized in that the
front sheet (4) is of ordi- case for forming a composite protective body
accord-  nary cloth material, in each of the layers the con- ing to the
invention.                                 stituent bodies (5) are spaced
from each other by The preparation of cohesive inserts of ceramic    a
distance smaller than the size of a constituent spheres of the kind
referred to above is further descri-  45  body (5) with each constituent
body (5) in one lay- bed in the following non-limiting Examples.
er bridging a gap between two constituent bodies (5) of another layer, and
in that each constituent Example 1
body (5) of the insert is glued to all surrounding constituent bodies (5)
by thermoplastic or ther- Alumina spheres having a uniform diameter of  50
mosetting material. 9.5 mmwere heated to [err] for30 minutes and then
immersed in a powder bed of the thermoplastic copo-  2. A composite
protective body according to Claim lyester Hytrel[err], whereby the alumina
spheres were     1, characterised in that said constituent bodies coated by
a 0.5 mm thick uniform layer of the thermo-  (5) are spherical. plastic
material. Following cooling, the coated  55 spheres were placed in a
intering fixture of the kind  3. A cohesive pliable insert for
Incorporation in a illustrated in Figs. 3 and 4 and placed for 10 minutes
protective garment, comprising a plurality of axi- in an oven for sintering
at [err]. After cooling a co-  symmetrical or centrosymmetrical constituent
3    



3                   EP0499812B1                     4 ent ceramic bodies 5
are arranged in two rows with  hesive two-layer insert body of coated
ceramic the constituent bodies 5 in each row being spaced   spheres was
withdrawn from the sintering fixture. from each other by a distance smaller
than the diam-  The insertwas pliable and could be bentwithout dam- eter of
a ceramic body 5 and the gaps between them  age at radius of curvature of
[err] and more. being bridged by constituent bodies of the other row.   5
The total thickness of the body was 1 6mm. It was Each of the constituent
bodies 5 is glued to all sur-  attached to a 12 mm thick Aramid[err] panel
and a rounding constituent bodies.                       shooting test was
performed as described hereinbe- A composite protective body of the kind
shown in  fore. Figs. 1 and 2 was subjected to a shooting test. In the
Cohesive insert bodies produced in this manner tested body the soft
ballistic material panel 3 was 12  10  are ready for further use and
processing in accor- mm thick and made of Kevlar[err] while the front sheet
dance with the teachings of this invention. 4 was of ordinary cloth. The
ceramic spherical protec- tive bodies 5 measured 10 mm in diameter and were
Example 2 made of alumina. All spherical constituent bodies were glued
together in the manner specified by   15    Alumina spheres having a
uniform diameter of means of the thermoplastic-polyester Hytrel[err]. Ar-
9.5 mm were placed into a sintering fixture of the kind mour piercing
bullets fired from an automatic assault  illustrated in Figs. 3 and 4.
Liquid room temperature rifle AK-47 (known as Kalashnikov) from a distance
vulcanising (RTV) silane was poured at room temper- of 10 metres were
stopped and did not penetrate     ature onto the spheres. Following
degassing in a across the composite protective body.          20   manner
known per se to remove trapped air, the sin- Attention is now directed to
Figs. 3 and 4 which  tering fixture was placed In an oven and heated for 30
show a sintering fixture for the preparation of a cer-  minutes at [err].
The resulting cohesive Insert body amic body insert according to the
invention. The fix-  was ready for further processing in accordance with
ture 7 has a plurality of depressions 8 each capable  the present
invention. of holding a ceramic or glass sphere 9. As shown in  25 Fig. 4,
the first, bottom layer of ceramic spheres 9 is covered with a second, top
layer of identical bodies  Claims such that each body 9 of the top layer
bridges the gap between two bodies 9 of the bottom layer and like-  1. A
composite protective body (2) comprising a pli- wise each body 9 of the
lower layer bridges the gap   30  able flat case with at least one back
panel (3) of between two bodies 9 of the upper one. Fig. 3 shows    a
pliable woven or non-woven material capable of an intermediary phase in the
arrangement of spheres    absorbing the kinetic energy of a missile and a 9
in sintering fixture 7.                              frontsheet(4) and an
insertwithin said pliableflat In the course of production, spheres 9 are
first   case comprising a plurality of constituent bodies subjected to a
treatment by which they are coated   35  (5) of glass or ceramic material,
wherein the con- with suitable thermoplastic or thermosetting material,
stituent bodies (5) of the insert are of axisymmet- as will be described in
Examples 1 and 2 below, and    rical or centrosymmetrical shape and of a
size once placed in fixture 7 they are subjected to sintering  commensurate
with that of the threatening object in a suitable oven. After cooling, a
cohesive two-layer  against which protection is to be afforded and are
insert structure of ceramic spherical bodies is with-  40  arranged in at
least two superimposed layers drawn from the form and is ready for
insertion in a    characterized In that the front sheet (4) is of ordi-
case for forming a composite protective body accord-   nary cloth material,
in each of the layers the con- ing to the invention.
stituent bodies (5) are spaced from each other by The preparation of
cohesive inserts of ceramic     a distance smaller than the size of a
constituent spheres of the kind referred to above Is further descri-  45
body (5) with each constituent body (5) in one lay- bed in the following
non-limiting Examples.            er bridging a gap between two constituent
bodies (5) of another layer, and in that each constituent Example 1
body (5) of the insert is glued to all surrounding constituent bodies (5)
by thermoplastic or ther- Alumina spheres having a uniform diameter of  50
mosetting material. 9.5 mm were heated to  [err] for 30 minutes and then
immersed in a powder bed of the thermoplastic copo-  2. A composite
protective body according to Claim lyester Hytrel[err], whereby the alumina
spheres were     1, characterised in that said constituent bodies coated by
a 0.5 mm thick uniform layer of the thermo-  (5) are spherical. plastic
material. Following cooling, the coated  55 spheres were placed in a
sintering fixture of the kind  3. A cohesive pliable insert for
incorporation in a illustrated in Figs. 3 and 4 and placed for 10 minutes
protective garment, comprising a plurality of axi- in an oven for sintering
at [err]. After cooling a co-  symmetrical or centrosymmetrical constituent
3    
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or ceramic material arranged   satzes an alle umgebenden Teilkorper (5) mit
in at least two layers characterized in that in each  thermoplastischem und
duroplastischem Materi- of the layers the constituent bodies are spaced
al angeklebt ist. from each other by a distance smaller than the size of a
constituent body with each constituent   5   2. Zusammengesetzter
Schutzkorper nach An- body (5) in one layer bridging the gap between
spruch 1, dadurch gekennzeichnet, daB die Tell- two constituent bodies (5)
in another layer, and in  k8rper kugelf8rmig sind. that each constituent
body (5) is glued to all sur- rounding constituent bodies (5) by
thermoplastic  3. Zusammenhaltender biegsamer Einsatz zur Ein- or
thermosetting material.                 10      gliederung In ein
SchutzldeidungsstOck mit meh- reren achsensymmetrischen oder mitteipunkt-
4. An insert according to Claim 3, characterised in   symmetrischen
Teilkorpern (5) aus Glas oder Ke- that said constituent bodies (5) are
spherical.    ramikmaterial, die in mindestens zwei Schlchten angeordnet
sind, dadurch gekennzelchnet, daB 5. A protective garment (1) having a
pliable flat case   15  in jeder Schicht die Teilkorper um eine Strecke
with a back panel (3) of a pliable woven or non-   voneinander beabstandet
sind, die Ideiner ist als woven material capable of absorbing the kinetic
die GrWfe eines Teilk6rpers, wobei jeder Teilkor- energy of a missile and a
front sheet (4), holding  per (5) In einer Schicht den Zwischenraum zwi- a
cohesive pliable insert comprising a plurality of  schen zwel Teilk8rpern
(5) in einer anderen axisymmetrical or centrosymmetrical constituent  20
Schicht Oberbrflckt, und daB Jeder Teilkorper (5) bodies (5) of glass or
ceramic material arranged   an alle umgebenden Telilkorper (5) mit
thermopla- in at least two layers characterized in that the   stischem und
duroplastischem Material ange- front sheet (4) is of ordinary cloth
material, in  klebt lst. each of the layers the constituent bodies (5) are
spaced from each other by a distance smaller  25  4. Einsatz nach Anspruch
3, dadurch gekennzeich- than the size of a constituent body (5) with each
net, daB die Tellkorper (5) kugelformig sind. constituent body (5) in one
layer bridging the gap between two constituent bodies (5) in another   5.
SchutzideidungsstOck (1) mit einem blegsamen layer, and in that each
constituent body (5) is glu-  flachen Gehause mit elner ruckwartigen Bahn
(3) ed to all surrounding constituent bodies (5) by  9o  aus einem
biegsamen gewebten oder nichtge- thermoplastic or thermosetting material.
webten Material mit der Ffihigkelt, die kinetische Energie eines Geschosses
zu absorbleren, und mit einer vorderen Bahn (4), die elnen zusam-
Patentanspruche                                        menhaltenden
biegsamen Einsatz mit einer Viel- 35      zahl von achsensymmetrischen oder
mittel- 1. Zusammengesetzter Schutzkorper (2) mit einem
punktsymmetrischen Tellk8rpern (5) aus Glas biegsamen flachen Gehause mit
mindestens el-       oder Keramikmaterial enthalt, die in mindestens ner
rOckseitigen Bahn (3) aus einem biegsamen      zwel Schichten angeordnet
sind, dadurch ge- gewebten oder nichtgewebten Material mit der
kennzeichnet, daB die vordere Bahn (4) aus nor- Fahigkeit, die kinetische
Energie eines Geschos-  4o  malem Stoffmaterial ist, in jederderSchichten
die ses zu absorbieren, und mit einer vorderen Bahn    Teilk8rper (5) um
eine Strecke voneinander be- (4) und einem Einsatz in dem blegsamen flachen
abstandet sind, die Ideiner ist als die Gr8Be eines Gehause mit elner
Vielzahl von TeilkOrpern (5)     Teilkorpers (5), wobel jederTeilk8rper (5)
in einer aus Glas oder Keramikmaterial, wobel die Tell-     Schicht einen
Zwischenraum zwischen zwei Teil- korper (5) des Einsatzes eine
achsensymmetri-  45  k8rpern (5) elner anderen Schicht Oberbruckt, sche
oder mitteipunktsymmetrische Form und ei-     und daB jeder Teilkorper (5)
an alle umgebenden ne GrSl~e haben, die der des bedrohlichen Ge-
Teilkorper (5) mit thermoplastischem und duro- genstandes entspricht, vor
dem geschftzt wer-      plastischem Material angeldebt ist. den soil, und
in mindestens zwei Oberminander angeordneten Schichten angeordnet sind, da-
5o durch gekennzeichnet, dal die vordere Bahn (4)  Revendications aus
normalem Stoffmaterlal ist, in Jeder der Schichten die Teilk8rper (5) um
eine Strecke von-  1. Corps protecteur (2), composite comprenant une
einander beabstandet sind, die kieiner ist ala die  enveloppe plate pliable
avec au moins un pan- Gr6Be eines Teilkorpers (5), wobei jeder Teilkor-  65
neau anrlire (3) composu d'une matiere tissee ou per (5) in einer Schicht
einen Zwischenraum zwi-   non-tiss6e pliable capable d'absorber l'energie
schen zwei Teilkorpern (5) einer anderen Schicht   cinetique d'un
projectile, une feuille avant (4) et Oberbrflckt, und daB Jeder Teilkorper
(5) des Ein-  un insert A I 'int6rieur de ladite enveloppe plate 4    
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~C L M S pliable comprenant une pluralite
d'olements      el6ment constitutif (5) est colle a tous les 616-
constitutifs (5) on verre ou en oramique, dans  ments (5) environnants par
un matrbau thermo- lequel lea 6l6ments constitutifs (5) de l'insert,
plastique ou thermodurcissable. presentant une symetrie axiale ou centrale,
sont d'une taille proportlonnes a celle de l'objet mena-   5 cant contre
loquel une protection doit etre assu- reo et sont agences en au moins deux
couches superposees, caracterise en ce quo la feuille avant(4)
estcomposied'un tissu ordinaire, en ce que dana chacune des couches, les
elements  10 constitutifs (5) sont espacbs les uns des autres parune
distance Inferleure A la taille d'un element constitutif (5) avec chaque
element (5) dans une couche rapprochant deux elements (5) d'une au- tre
couche, et en ce quo chaque element (5) de   15 l'insert eat colle A tous
lea elements constitutifa (5) environnants par un matoriau thermoplasti-
quo ou thermodurcissable. 2. Corps protecteur composite selon la revendica-
20 tion 1, caracterise en ce quo lesdits olements constitutifs (5) sont
spheriques. 3. Insert pliable d'un soul tenant, destine A etre in- corpore
dans un vetementde protection, compre-  25 nant une pluralite d'eloments
constitutifs (5) pre- sentant une symetrie axiale ou centrale, en verre ou
en ceramique, agences en au moins deux cou- ches, caracteriso en ce quo
dans chacune de ces couches, lea elements constitutifs sont espaces  30 les
uns des autres par une distance Inferieure A la taille d'un element avec
chaque element (5) dans une couche rapprochant deux elements (5) dans une
autre couche, eten ce quo chaque 616- ment constitutif (5) eat collI A tous
les 61ements  ss (5) environnants par un materiau thermoplastl- quo ou
thermodurcissable. 4. Insert selon la revendication 3, caractbrise en ce
quo lesdits olements constitutifs (5) sont spheri-  40 ques. 5. VWement de
protection (1) ayant une enveloppe plate pliable avoc un panneau arriore
(3) compo- s6 d'une matire tissee ou non-tissee pliable, ca-  45 pable
d'absorber l'nergie cinetique d'un projeo- tile, et une feuille avant (4)
portant un insert plia- ble d'un soul tenant comprenant une pluralite
d'elements constitutifs (5) presentant une syme- trie axialo ou centrals,
en verre ou en ceramique,  5o agences en au moins deux couches, caractirisi
on ce quo la feuille avant (4) eat composee d'un tissu ordinalre, en ce quo
dans chacune des cou- ches, lea elements constitutifs (5) sont espaces les
uns des autres par une distance inferieure a  ss la taille d'un element
(5), avec chaque element (5) dans une couche rapprochant deux elements (5)
dans une autre couche, et en ce quo chaque 5    


