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Description

Field of application

[0001] The present invention relates to a bulletproof
protection elementary component.

[0002] More specifically, the invention relates to acom-
ponent adapted to form a bulletproof protection structure
comprising at least one flexible base, in particular made
of ballistic fabric, and a reinforcing structure made by at
least one ballistic panel associated with the flexible base
and made in turn by a plurality of bulletproof protection
elementary components.

[0003] The invention relates, particularly, but not ex-
clusively, to a protection structure adapted to realize bul-
letproof vests capable of ensuring high protection levels,
in particular greater than llla level according to the US
NIJ regulation, and the following description is made with
reference to this application field with the only purpose
of simplifying the exposition.

Prior art

[0004] It is known to obtain effective bulletproof pro-
tections thanks to structures made by suitable combina-
tions of interwoven fibers which are capable of absorbing
and dispersing the bullet arresting and penetration force
through the permanent deformatiom (elongation) of the
fibers themselves.

[0005] The number of the overlapping layers deter-
mines the protection ability of the structure as a whole,
classified in protection classes NIJ (United States) or SK
(Germany), for instance.

[0006] These structures are generally made of high te-
nacity fibers, such as for instance the aramid fibers, which
have a high mechanical tensile strength and high heat
and flame resistance, which make them particularly suit-
able foruse in bulletproof vests, the high resistance being
in this case used to absorb the kinetic energy of the bullets
through permanent deformation, thus minimizing the ef-
fects on the user wearing the vest. Usually the fiber struc-
tures can provide effective protection against short-
weapon bullets and limited to automatic weapons up to
7.65 caliber or 9 Parabellum, corresponding to 357 and
44 Magnum pistols and at speeds up to about 500m/s.
This corresponds to Illa protection level according to the
US NIJ regulation.

[0007] To protect against greater caliber bullets, it is
known to add atleast one semi-rigid or rigid ballistic panel
to these fiber structures, which panel can fragment the
fastest bullets (over 700m/s) into smaller parts which are
more easily arrestable by the underlying fiber structure,
thanks to the reduction of their energy (divided into the
different fragmented parts).

[0008] Inparticular, these ballistic panels may be made
of metal materials or more often of the so-called ballistic
ceramic, namely a high strength alumina oxide that may
precisely fragment the bullets, so as to divide them into
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splinters and usually have fairly large thicknesses, for
instance between 5 and 12 mm, preferably between 7
and 10 mm.

[0009] A bulletproof protection structure for calibers
greater than 357 and 44 Magnum, namely greater than
llla level of the US NIJ regulation, made according to the
prior art is schematically illustrated in Figure 1, globally
indicated with reference number 10. A bulletproof pro-
tection structure 10 may be for instance used for shoring
vehicles and tanks.

[0010] The bulletproof protection structure 10, in the
case illustrated just by way of example, has a substan-
tially rectangular shape and comprises a fiber base 11,
made for instance of high-tenacity fibers, for instance in-
terwoven, also referred to as ballistic fabric.

[0011] Said bulletproof protection structure 10 further
comprises a plurality of ballistic panels 12, associated
with the fiber base 11, forinstance by gluing. In particular,
the ballistic panels 12 may be made of ballistic ceramic.
[0012] As illustrated in the figure, the ballistic panels
12 may be suitably spaced apart so as to define, between
two contiguous panels, atleast one portion 13 of the fiber
base 11 free from said ballistic panels and thus allow
folding the bulletproof protection structure 10 at folding
lines indicated with reference number 14.

[0013] The bulletproof protection structure 10 illustrat-
ed in Figure 1 can thus cover a prismatic-shaped object,
in particular with a squared base since the ballistic panels
12 illustrated in the figure are of equal size.

[0014] Obviously it is possible to make the bulletproof
protection structure 10 with ballistic panels 12 of different
size, in particular suitable for following the shapes of the
objects to be covered and protected, as evenly as pos-
sible. This makes the protection of non-regular surfaces
complicated and practically impossible in case of round-
ed shapes, such as for instance cylindrical towers, actu-
ally imposing squared and sharp shapes. Moreover, the
portions 13 without ballistic panels 12 are less protected,
in particular penetrable by bullets of caliber greater than
357 and 44 Magnum or greater than llla level of the US
NIJ regulation. In these portions 13, which may also have
great dimensions, the bulletproof protection is indeed on-
ly ensured by the fiber base 11.

[0015] This problem is even more significant in case
of personal protections, wearable by a user, such as a
garment or bulletproof vest, in particular suitable for an
effective bulletproof protection for calibers greater than
357 and 44 Magnum, namely greater than llla level of
the US NIJ regulation.

[0016] As itis well known, the bulletproof vest is a gar-
ment, generally a vest-or-jacket-style garment, used by
armies and law enforcement, which is useful to protect
a wearer from gunshots or splinters from explosive frag-
mentation (in this case, being more commonly indicated
as "flak jacket"), since it stops the bullet or splinters there-
in. This kind of garment is also used by security guards,
for instance in service at the banks, or for the transport
of valuables.
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[0017] Generally, abulletproof vestis made of an outer
container suitably of ballistic fabric, and of one or more
internal ballistic panels, for instance of ballistic ceramic.
[0018] These ballistic panels are particularly used as
shields and thus are usually placed in front of the the
person’s chest, thorax and in the rear part of the back
and, in some cases, in the lower part, on the waistband
of the lateral sides, on the right and on the left, so as to
ensure protection to the vital organs of the user wearing
the vest.

[0019] Of course, these ballistic panels are an obstacle
to the dynamics of a moving human body, limiting the
freedom of the bulletproof vest wearer. The user wearing
the bulletproof vest is hindered for instance in the bust
movements, or even in the side movements, forward and
backward, the use of the reinforcing ballistic panels in-
troducing in the garments an extreme stiffness and an
additional weight that limit the comfort of the wearer, be-
sides ensuring effective protection just to a surface that
is substantially limited to the areas of vital organs, such
as for instance the heart, thanks at least to one ballistic
panel placed at the chest of the user wearing the vest.
[0020] To overcome the above indicated drawbacks,
a bulletproof protection structure was proposed, which
is made by means of a ballistic panel finely divided into
a plurality of contiguous elements that are structurally
independent and associated with a fabric portion, having
a flexibility degree enough to ensure an extended cov-
erage even of non-regular surfaces, like in the case of a
bulletproof vest to be worn, meanwhile increasing the
protection level. Such a bulletproof protection structure
is described for instance in Italian patent application No.
IT 102015000019024 filed on 28/05/2015 to the same
applicant and schematically illustrated in Figure 2.
[0021] The bulletproof protection structure 20 compris-
es a fabric portion, particularly made by high-tenacity fib-
ers, for instance interwoven, namely of ballistic fabric.
The portion of ballistic fabric is substantially a flexible
base 21 of the bulletproof protection structure 20. Alter-
natively, the ballistic fabric may comprise high molecular
weight polyethylene.

[0022] In order to ensure a bulletproof protection for
per calibers greater than 357 and 44 Magnum, namely
higher than llla level of the US NIJ regulation, the bullet-
proof protection structure 20 is further provided with a
ballistic panel 22, associated with the flexible base 21,
for instance by gluing or by providing a containing liner
and suitable pockets made therein. The ballistic panel
22 thusrealizes areinforcing structure of the flexible base
21 made of ballistic fabric of the bulletproof protection
structure 20.

[0023] The ballistic panel 22 is in particular finely di-
vided into a plurality of elementary components 23 having
a surface extension that is less than that of the ballistic
panel 22 and being in a number sufficient to realize a
coverage of an area to be protected AP by means of said
ballistic panel 22.

[0024] These elementary components 23 are structur-
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ally independent and singularly associated with the flex-
ible base 21 of ballistic fabric, so as to be contiguous and
to minimize, at the limit to cancel, the portions of the area
to be protected AP that are left uncovered, namely with-
out elementary components 23.

[0025] Inparticular, the elementary components 23 are
substantially made like tiles, in the shape of a flattened
parallelepiped, with two faces, a bottom face and a top
face respectively, of greater extension, and a side portion
thatruns along the entire contour of the elementary com-
ponent 23 and has a height Hz selected based on the
protection degree required to the ballistic panel 22. More
particularly, referring to Figure 2A, these elementary
components 23 are associated at one of said faces of
greater extension, such as the bottom face Fb, for in-
stance by gluing with thermoplastic films, whereas the
sides 23s are substantially without retaining means to
the adjacent elementary components. This allows a
movement of said elementary components 23 in a plane
Z that is orthogonal to the plane defined by the ballistic
panel 22, in practice orthogonal to the sheet whereon the
bulletproof protection structure 20 is illustrated.

[0026] It is possible to compare the elementary com-
ponents 23 into which the ballistic panel 22 is finely di-
vided with tiles; these elementary components 23, in-
deed, coverthe areato be protected AP like normal build-
ing tiles would cover a floor or a wall. In the case of the
bulletproof protection structure 20, this floor or wall is
actually a flexible substrate, made by the flexible base
21 of ballistic fabric, and the elementary components 23
in the form of tiles can follow the possible deformations
thereof, for instance in case one wishes to realize bullet-
proof coverings for non-regular surfaces.

[0027] In this way, the ballistic panel 22 finely divided
into the elementary components 23 and associated with
the flexible base 21 of ballistic fabric, and thus the bul-
letproof protection structure 20 thus formed, are flexible
structures capable of covering surfaces or structures with
irregular trend.

[0028] The elementary components 23 preferably
have a hexagonal shape, so as to obtain a bulletproof
protection structure 20 that can be easily folded at sub-
stantially vertical or horizontal folding lines, using the lo-
cal reference of the figure (in which just a vertical folding
line 24a is indicated) and according to substantially ob-
lique folding lines, like line 24c, as indicated in Figure 2.
[0029] Though advantageous under various aspects
and capable of realizing a bulletproof protection structure
having enough flexibility to ensure an extended coverage
also for non-regular surfaces, said known solution has
the drawback of having an interference area between
adjacent elementary components or tiles under folding
conditions, precisely at a folding line.

[0030] In particular, as schematically illustrated in Fig-
ures 3A and 3B, itis possible to verify that an interference
zone Zi exists, which extends around to each folding line,
for instance at the vertical folding line 25a indicated in
Figure 3A still with reference to a bulletproof protection
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structure 20 comprising a ballistic panel 22 that is finely
divided into the elementary components 23 and associ-
ated with the flexible base 21 of ballistic fabric, the ele-
mentary components 23 being in particular glued to the
flexible base 21 of ballistic fabric at the bottom face Fb
thereof, as indicated in Figure 3B.

[0031] It should be pointed out that the bottom face Fb
of each elementary component 23 thus completely rests
on and is linked to the ballistic fabric that forms the flexible
base 21 of the bulletproof protection structure 20.
[0032] As shown in Figure 3A, being the elementary
components 23 hexagonal-shaped, the "real" fold line
24a has a broken or polygonal line trend that follows the
edges of the single components or tiles based on an "ide-
al" fold line 25a which should follow the underlying fibers
of ballistic fabric forming the flexible base, said "ideal"
fold line 25a being rectilinear. Though in the figure the
interference zone Zi is illustrated for a vertical "real" fold
line 24a, a quite similar situation also occurs for a trans-
verse fold line24c, which still has a broken or polygonal
line trend that follows the edges of the single components
or tiles based on a rectilinear "ideal" fold line 25c.
[0033] The interference zone Zi substantially compris-
es portions of the top face Fa of the elementary compo-
nents on the fold line 25a; in particular, in said interfer-
ence zone Zi, each elementary component comes into
conflict with an adjacent component along the "ideal" fold
line 25a, thus preventing a correct fold of the bulletproof
protection structure 20 comprising the ballistic panel 22
formed by the elementary components 23 and thus its
precise adaptation to an irregularly shaped surface to be
protected.

[0034] Itis possible to verify that, by using hexagonal
elementary components 23 having a transverse diameter
or pitch Pt equal to 32 mm, with "pitch" meaning herein
and in the following a distance between two parallel op-
posite faces of the hexagonal section of said elementary
components 23, the interference zone Zi has a trans-
verse dimension Hz equal to 9.2 mm.

[0035] The problem linked to elementary components
23 interfering around to the fold lines is also present in
the case of non-hexagonal shaped elementary compo-
nents 23, such as circular-shaped components, as illus-
trated in Figures 4A and 4B.

[0036] In this case, a real fold line 24 has a sinusoidal
trend around to a rectilinear ideal fold line 25, defining,
as previously, an interference zone Zi between adjacent
elementary components 23 along said fold lines, as in-
dicated in Figure 4A still with reference to a bulletproof
protection structure 20 comprising a ballistic panel 22
divided into the elementary components 23 having cir-
cular cross section with diameter D and associated with
the flexible base 21 of ballistic fabric, the elementary com-
ponents 23 being still glued to the flexible base 21 at the
bottom face Fb thereof, as indicated in Figure 4B, and
the top face Fa thereof may also be dome-shaped, as
illustrated in the figure.

[0037] In this way as well, it is possible to verify that,
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by using circular elementary components 23 having di-
ameter Dt equal to 30 mm, the interference zone Zi has
a transverse dimension Hz equal to 4 mm.

[0038] Essentially, the bulletproof protection struc-
tures 20, comprising a ballistic panel 22 divided into the
elementary components 23, singularly glued to a flexible
base 21 of ballistic fabric have a limited flexibility degree
linked to the elongation properties of the fiber used to
make the flexible base and to the type of adhesive used
to link the elementary components 23 thereto.

[0039] Being well known that the high tenacity fibers
used to realize such bulletproof protection structures 20
generally have an elongation equal to 3-4%, which is
analogous to the elongation values provided by the ad-
hesive films traditionally used in this field, we can imme-
diately conclude that the structures thus obtained cannot
be adapted to particularly irregular shapes, such as those
of a human body, and therefore are not suitable for mak-
ing bulletproof vests.

[0040] The technical problem of the present invention
is to provide a bulletproof protection structure having a
sufficient flexibility degree to also ensure an extended
coverage for non-regular surfaces, like in the case of a
bulletproof vest to be worn, meanwhile minimizing the
exposed ballistic fabric surfaces, thus increasing the pro-
tection level conferred by said vest, so as to overcome
the limitations and drawbacks which nowadays still affect
the structures and vests realized according to the prior
art.

Summary of the invention

[0041] The solution idea underlying the present inven-
tion is to make a bulletproof protection structure by means
of a plurality of contiguous and independent elementary
components which are shaped so as to have at leastone
raised section adapted to delimit the connection surface,
in particular by gluing, between said elementary compo-
nents and a flexible base of ballistic fabric of the protec-
tion structure, thus eliminating interferences between
contiguous elementary components on occasion of a
folding of the structure itself.

[0042] Basedon this solution idea, the above technical
problem is solved by a bulletproof protection elementary
component of the tile type comprising a parallelepiped-
shaped body with a first face and a second face of greater
extension, which are opposite each other, and a side
surface having afirst height, characterized by comprising
at least one raised section from the first face by a second
height, said raised section being parallelepiped-shaped
and having a base area which is less than an area of the
first face.

[0043] More particularly, the invention comprises the
following additional and optional features, taken singu-
larly or in combination if necessary.

[0044] According to another aspect of the invention,
the bulletproof protection elementary component of the
tile type may comprise a free surface defined in the first
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face as a remaining area around to the raised section.
According to another aspect of the invention, said raised
section may be concentric with the first face of the body.
[0045] Furthermore, accordingtoanotheraspectofthe
invention, said second height of the raised section may
have values comprised between 0.5 mm and 2 mm, pref-
erably 1 mm.

[0046] Alternatively, the second height of the raised
section may have values greater than 2 mm.

[0047] According to a further aspect of the invention,
the first height of the body may have values comprised
between 2 mm and 15 mm, preferably 10 mm.

[0048] Still according to another aspect of the inven-
tion, the body may comprise a recess realized in the sec-
ond face and extending in the body by a third height.
[0049] In particular, said recess may have shape and
dimensions equal or comparable to the raised section
and be realized concentrically thereto, with "comparable”
meaning values that are equal to each other or differ from
each other by = 10%.

[0050] According to another aspect of the invention,
the body may have a hexagonal base and the raised
section may have a circular base.

[0051] In particular, the hexagonal base of the body
may have a transverse diameter or pitch with values com-
prised between 22 mm and 44 mm, preferably equal to
32 mm and the circular base of the raised section may
have a diameter with values comprised between 17 mm
and 39 mm, preferably equal to 27mm.

[0052] Alternatively, the body may have a hexagonal
base and the raised section may have a polygonal base.
[0053] According to another aspect of the invention,
the bulletproof protection elementary component of the
tile type may be made of a bulletproof material selected
from a sintered material, such as aluminum oxide or a
carbide, such as silicon carbide or boron silicon .
[0054] According to a further aspect of the invention,
the raised section may be made integral with the body.
[0055] Furthermore, the body, the raised section and
the recess may be parallelepiped-shaped with a base
having a shape selected from circular, oval, squared, rec-
tangular, hexagonal or polygonal and in case also with
a concave shape, such as a star shape.

[0056] The problem is also solved by a bulletproof pro-
tection ballistic panel finely divided into a plurality di el-
ementary components realized as above indicated.
[0057] According to another aspect of the invention,
said elementary components of the ballistic panel may
be contiguous and independent with each other and de-
fine a plurality of free areas in said ballistic panel, each
free area comprising free surfaces of a plurality of ele-
mentary components.

[0058] Said ballistic panel may also comprise a plural-
ity of preferential folding lines, arranged in the free areas.
[0059] Furthermore, the problem is solved by a bullet-
proof protection structure comprising atleast one flexible
base and one reinforcing structure realized by means of
at least one ballistic panel associated with the flexible
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base, the ballistic panel being finely divided into a plurality
di elementary components which are singularly associ-
ated with the flexible base, structurally independent with
each other and not linked to each other, each of said
elementary components being realized as above indicat-
ed.

[0060] According to another aspect of the invention,
the elementary components of the bulletproof protection
structure may be associated with the flexible base only
at the raised section.

[0061] Inparticular, the bulletproof protection structure
may also comprise connection means adapted to asso-
ciate the elementary components with the flexible base.
[0062] According to another aspect of the invention,
said connection means may comprise a plurality of ad-
hesive layers, each one covering a raised section of an
elementary component.

[0063] In particular, the adhesive layers may comprise
thermoplastic films.

[0064] According to a further aspect of the invention,
the flexible base of the bulletproof protection structure
may be made of ballistic fabric, comprising in turn fibers
selected from high tenacity fibers and high molecular
weight polyethylene.

[0065] The bulletproof protection structure may com-
prise in particular a plurality of preferential folding lines,
arranged in a plurality of free areas formed by free sur-
faces of consecutive elementary components, in said
free areas the elementary components not being linked
to the flexible base, the structure being adapted to cover
surfaces or structures with irregular trend by folding ac-
cording to said folding lines.

[0066] Finally, the problem is solved by a bulletproof
vest comprising aflexible base and areinforcing structure
realized by means of a ballistic panel associated with the
flexible base which form a bulletproof protection structure
as above indicated.

[0067] According to another aspect of the invention,
the ballistic panel formed by the plurality of elementary
components covers an area to be protected substantially
corresponding to the entire extension of said bulletproof
vest, so as to form a total shield for a user wearing it, the
ballistic panel being foldable at said folding lines housed
in the free areas made of free surfaces of adjacent ele-
mentary components.

[0068] The bulletproof vest may also comprise a con-
taining liner provided with appropriate pockets and ex-
ternal hooks, to possibly house the ballistic panel.
[0069] The characteristics and advantages of the ele-
mentary component, the ballistic panel, the bulletproof
protection structure and the bulletproof vest according to
the invention will be apparent from the description, made
hereinafter, of embodiments thereof, given by indicative
and nonlimiting examples, with reference to the accom-
panying drawings.
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Brief description of the drawings

[0070] In these drawings:
Figure 1 schematically shows a bulletproof protec-
tion structure made according to the prior art;

Figures 2 and 2A schematically show a bulletproof
protection structure made according to the prior art,
in a frontal view thereof and in an enlargement of a
detail, respectively;

Figures 3A and 3B schematically show a portion of
the bulletproof protection structure of Figure 2, in re-
spective frontal and side views;

Figures 4A and 4B schematically show a portion of
the bulletproof protection structure according to a
known alternative embodiment, in respective frontal
and side views;

Figures 5A-5C schematically show a bulletproof pro-
tection elementary component made according to
the presentinvention, in respective top, side and ax-
onometric views;

Figures 6A-6D schematically show un bulletproof
protection elementary component made according
to an alternative embodiment of the present inven-
tion, in respective top, side and axonometric views;

Figures 7 and 7A schematically show a ballistic panel
made according to the present invention by using
the elementary component of Figure 5C, in a rear
view thereof and in an enlargement of a detalil, re-
spectively;

Figures 8A and 8B schematically show side views
of a bulletproof protection structure comprising the
ballistic panel of Figure 7, in different application con-
figurations thereof; and

Figure 9 schematically shows a frontal view of a bul-
letproof vest made according to the present inven-

tion.

Detailed description

[0071] With reference to these figures and in particular
to Figures 5A-5C, an elementary component 50 is de-
scribed, which is adapted to make a bulletproof protection
structure comprising a ballistic panel formed by a plurality
of said components, which are independent and contig-
uous, associated with a flexible base of ballistic fabric.

[0072] It should be noted that the figures represent
schematic views and are not drawn to scale, but instead
they are drawn so as to emphasize the important features
of the invention. Furthermore, in the figures, the different
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elements are depicted in a schematic manner, their
shape varying depending on the desired application. Fur-
thermore, particular features described in relation to an
embodiment may also be used in other embodiments, in
any combination.

[0073] In the preferred embodiment illustrated in Fig-
ures 5A-5C, said elementary component 50 is parallele-
piped-shaped with cross-section or hexagonal base,
having side L and transverse diameter or pitch Dt, which
is meant as the distance between two opposite faces that
are parallel in the hexagonal section.

[0074] Ina particularly preferred embodiment, the hex-
agonal elementary component 50 has side L of length
comprises between 10mm and 50mm, preferably equal
to 20mm or to 30mm, usually indicated as having key
dimension 20 or key 30, respectively.

[0075] The elementary component 50 has a flattened
parallelepipedal shape with two faces of greater exten-
sion, in particular a first face F1 or bottom face and a
second face F2 or top face, as well as a side surface 50s,
the body 50c having height Hc. Essentially, the elemen-
tary component 50 has a shape similar to a tile.

[0076] Suitably according to the presentinvention, the
elementary component 50 of the tile type or tile-shaped
elementary component 50 comprises a raised section 51
from the first face F1 of the body 50c. Said first face F1
is intended in particular to be associated with a flexible
base, forinstance of ballistic fabric, to realize a bulletproof
protection structure, as will be explained hereinafter.
[0077] Preferably, the raised section 51 is made inte-
gralwith the body 50c of the tile-shaped elementary com-
ponent 50.

[0078] More particularly, the raised section 51 has a
parallelepipedal shape with cross-section or circular
base of diameter D1 adapted to be inscribed in the hex-
agonal cross section of the body 50c, and thus in the first
face F1, and is made so as to protrude by a height H1
with respect to the body 50c, thus leaving a free surface
53 on the first face F1. In other words, the raised section
51 has a base area that is less than an area of the first
face F1 and the free surface 53 is defined in said first
face F1 as a remaining area around to the raised section
51, preferably made so as to be concentric to the first
face F1. The raised section 51 may also have a parallel-
epipedal shape with cross section or polygonal base.
[0079] The sum of the heights Hc and H1 of the body
50c and of the raised section 51, respectively, is equal
to the total height Ht of the tile-shaped elementary com-
ponent 50, namely its overall dimensions according to a
plane z that is orthogonal to the first and second faces
F1 and F2, as indicated in the local reference of the fig-
ures.

[0080] In particular, the height H1 of the raised section
51 has values typically comprised between 0.5 mm and
2 mm, preferably 1 mm and the height Hc of the body
50c has values comprised between 2 mm and 15 mm,
preferably 10 mm. The height H1 of the raised section
51 may have values greater than 2 mm in dedicated cas-
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es.
[0081] Itis obviously possible to realize the tile-shaped
elementary components 50 and the related raised sec-
tions 51 by means if parallelepipeds with differently
shaped sections or bases with respect to those illustrated
in Figures 5A-5C, with the only constraint that the raised
section 51 has a section with dimensions such that it can
be contained in the body section 50c, namely in the first
face F1 of the tile-shaped elementary component 50,
leaving at least one exposed portion so as to realize a
free surface 53.

[0082] Forinstance,incase ofa hexagonal tile-shaped
elementary component 50 having a transverse diameter
or pitch Dt equal to 32 mm, it is possible to use a raised
section 51 with circular section of diameter D1 equal to
27 mm. In general, the hexagonal base of the body 50c
has a transverse diameter or pitch Dt with values com-
prised between 22 mm and 44 mm and the circular base
of the raised section 51 has a diameter D1 with values
comprised between 17 mm and 39 mm. Indeed, in this
way, as it will be explained hereinafter, when a plurality
of elementary components 50 may be arranged contig-
uously to each other to cover a certain area to be pro-
tected, the diameter D1 is less than the tangency of the
hexagon sections of adjacent tile-shaped elementary
components 50.

[0083] Suitably, itis possible tochoose amongcircular,
oval, squared, rectangular, hexagonal or anyway polyg-
onal sections or bases, in the case even with concave
shapes like a star section.

[0084] In any case, as it will be better clarified herein-
after, the raised section 51 is adapted to realize a con-
nection delimited portion with a ballistic fabric, for in-
stance with a flexible base of a bulletproof protection
structure, so that the free surface 53 is not linked to said
base.

[0085] The tile-shaped elementary components 50
and the raised sections 51 are preferably made of a sin-
tered material, such as aluminum oxide (ballistic ceramic)
or carbides, such as silicon or boron carbides, materials
which are usually used in the bulletproof protection of
vehicles and/or people.

[0086] According to an alternative embodiment sche-
matically illustrated in Figures 6A-6D, the tile-shaped el-
ementary component 50 also comprises a recess 52,
suitably realized in the body 50c at the second face F2,
opposite the first face F1 from which the raised section
51 protrudes.

[0087] In the preferred embodiment illustrated in said
Figures 6A-6D, the tile-shaped elementary component
50 has a hexagonal cross section or base and the raised
section 51 and the recess 52 have circular transversal
sections or bases.

[0088] In particular, the recess 52 is made with shapes
and dimensions equal to the raised section 51 and con-
centrically thereto along axis z; more particularly, the re-
cess 52 has a diameter D2 of equal dimensions which
are comparable to those of the diameter D1 of the raised
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section 51, with comparable meaning that the diameters
D1 and D2 are equal to each other or differ from each
other by = 10%. Furthermore, the recess 52 has a height
H2, with respect to the second face F2, that is equal or
comparable to the height H1 of the raised section 51 with
respect to the first face F1.

[0089] Essentially, the raised section 51 protrudes
from the first face F1 of the body 50c by a height H1 that
is substantially equal to the height H2 by which the recess
52 penetrates into the body 50c from the second face F2.
[0090] Inthisway, suitably according to this alternative
embodiment, it is possible to obtain a tile-shaped ele-
mentary component 50 having a substantially constant
thickness over the entire surface extension thereof,
namely in the plane defined by the axes x and y of the
local reference of the figures. Itis thus immediate to verify
that such a tile-shaped elementary component 50 having
a constant thickness suitably has a constant ballistic re-
sistance.

[0091] By using a plurality of tile-shaped elementary
components 50 of the type illustrated in Figures 5A-5D
or 6A-6C, it is possible to realize a ballistic panel 55 ac-
cording to the presentinvention, schematically illustrated
in Figure 7. In particular, the ballistic panel 55 is finely
divided into the plurality of tile-shaped elementary com-
ponents 50, indicated in Figure 7A, each one having a
surface extension at the first and second faces F1 and
F2 thereof which is less than that of the ballistic panel 55
as a whole.

[0092] More particularly, each tile-shaped elementary
component 50 comprises faces F1 and F2 having a sur-
face extension equal to less than 20% of the surface ex-
tension of said ballistic panel 55.

[0093] Suitably, the tile-shaped elementary compo-
nents 50 of the ballistic panel 55 are contiguous and in-
dependent, a number of tile-shaped elementary compo-
nents 50 being provided so as to be enough to realize a
coverage of an area that must be protected.

[0094] As previously explained, each tile-shaped ele-
mentary component 50 has a raised section 51 with di-
mensions suitable for being contained in the first face F1
of its body 50c, thus defining the free surface 53 on said
first face F1.

[0095] Suitably, the free surface 53 of a plurality of con-
secutive tile-shaped elementary components 50 realizes
afree area 53A ofthe ballistic panel 55 where itis possible
to perform the folding thereof without the tile-shaped el-
ementary components 50 interfering with each other. The
ballistic panel 55 has thus a plurality of preferential folding
lines 54, arranged in said free areas 53A, where the in-
terference between the tile-shaped elementary compo-
nents 50 is limited.

[0096] Itis pointed out that, thanks to the combination
of the plurality of tile-shaped elementary components 50
provided with raised sections 51 adapted to define a free
surface 53 that substantially distributes along the entire
periphery of the first face F1, the ballistic panel 55 com-
prises free areas 53A that substantially distribute in all
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directions and thus allow providing respective folding
lines in any direction.

[0097] It is thus possible to realize a bulletproof pro-
tection structure 60 comprising a reinforcing structure
made by means of at least one ballistic panel 55 associ-
ated with a flexible base 56, made for instance by a layer
of ballistic fabric 57 and provided with suitable connection
means 58 with the ballistic panel 55, as schematically
illustrated in Figure 8A.

[0098] More particularly, the layer of ballistic fabric 57
may be made of high tenacity fibers or of high molecular
weight polyethylene, suitably associated with a ballistic
panel 55 comprising a plurality of tile-shaped elementary
components 50 made of a sintered material, such as alu-
minum oxide (ballistic ceramic) or carbides, such as sil-
icon or boron carbides, said ballistic panel 55 realizing a
reinforcing structure of the flexible base 56 of the bullet-
proof protection structure 60.

[0099] The bulletproof protection structure 60 thus re-
alized is in particular of the type adapted to ensure an
effective bulletproof protection for calibers greater than
357 and 44 Magnum, namely greater than llla level of
the US NIJ regulation.

[0100] Such a bulletproof protection structure 60 has
an overall height Hp given by the sum of the height Ht of
the tile-shaped elementary components 50 forming the
ballistic panel 55 and of the thickness of the flexible base
56 and has values comprised between 0.7 mm and 20
mm, preferably 12 mm.

[0101] It is possible to compare the tile-shaped ele-
mentary components 50 of the ballistic panel 55 to tiles
that are distributed so as to uniformly cover an area to
be protected AP like normal building tiles would cover a
floor or a wall. In the case of the bulletproof protection
structure 60, said floor or wall is actually a flexible base
56, realized by the layer of ballistic fabric 57, and the tile-
shaped elementary components 50 are capable of fol-
lowing the possible deformations thereof, for instance in
case one wishes to realize bulletproof coatings of non-
regular surfaces.

[0102] Suitably according to the present invention, the
tile-shaped elementary components 50 of the ballistic
panel 55 are arranged with their first face F1 facing to-
wards the flexible base 56; in this way, the connection
between said tile-shaped elementary components 50
and the connection means 58 of the flexible base 56 is
only realized at the respective raised sections 51. More
particularly, in the preferred embodiment illustrated in
Figure 8A, the connection means 58 comprise a plurality
ofadhesive layers 58A, such as thermoplastic films, each
covering a raised section 51 of a tile-shaped elementary
component 50. It is obviously possible to use different
connection means 58 such as mechanical connectors,
screws or pins to integrally link the tile-shaped elemen-
tary components 50 to the flexible base 56, in particular
to the layer of ballistic fabric 57.

[0103] Itisimportantto pointoutthatthe particular con-
formation of the tile-shaped elementary components 50,
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in particular the presence of the raised section 51, ad-
vantageously allows limiting the extension of the connec-
tion means 58 with the flexible base 56, namely the sur-
face of the adhesive layers 58A.

[0104] In this way, the fabric portions of the flexible
base 56 corresponding to the free areas 53A defined by
the free surfaces 53 of the adjacent tile-shaped elemen-
tary components 50, are thus free from adhesive and are
free to move, as schematically illustrated in Figure 8B,
which shows the bulletproof protection structure 60 fold-
ed so as to adapt to a non-flat surface.

[0105] The bulletproof protection structure 60 thus ob-
tained is indeed advantageously extremely flexible in all
directions, since the ballistic panel 55 therein comprised
can be folded at the folding lines 54 arranged in the free
areas 53A. Said ballistic panel 55 and the corresponding
bulletproof protection structure 60 may thus be used to
protect shapes with complex geometries, such as for in-
stance the human body.

[0106] Inparticular, the bulletproof protection structure
60 may take up the shape of a bulletproof vest 60, as
schematically illustrated in Figure 9. In the example illus-
trated in Figure 9, the bulletproof vest 60’ comprises a
ballistic panel 55 made by a plurality of hexagonal tile-
shaped elementary components 50 and is suitable for
ensuring a bulletproof protection for calibers greater than
357 and 44 Magnum, namely greater than llla level of
the US NIJ regulation almost in the entire surface thereof,
with a high versatility degree for the user wearing it. Said
bulletproof vest 60’ is substantially in the shape of a vest.
It is obviously possible to provide for a different shape,
but equally wearable by a user.

[0107] In particular, the bulletproof vest 60’ comprises
a flexible base 56 of ballistic fabric, in particular made of
high tenacity fibers, for instance interwoven, in the case
inserted in a containing lining 59.

[0108] Suitably, the tile-shaped elementary compo-
nents 50 of the ballistic panel 55 of the bulletproof vest
60’ have respective raised sections 51 adapted to define
free surfaces 53 on the first face F1 of each tile-shaped
elementary component 50 and thus free areas 53A inside
the ballistic panel 55, where it is possible to define folding
lines 54 for the bulletproof vest 60’ itself.

[0109] In this case, the ballistic panel 55 made by the
tile-shaped elementary components 50 substantially ex-
tends to the entire extension of the bulletproof vest 60,
so as to ensure a high degree bulletproof protection, in
particular for calibers greater than 357 and 44 Magnum,
namely greater than llla level of the US NIJ regulation,
almost total for the user wearing it.

[0110] As indicated in the figure, the ballistic panel 55
is thus realized so as to cover almost the whole chest,
the lateral sides and also the back (not shown) of the
user wearing the bulletproof vest 60’, also following the
shape of the axillary portions, chinstrap and shoulders.
Said ballistic panel 55 is actually a total shield for the
user wearing the bulletproof vest 60’ that can be folded
without encountering resistance at the folding lines 54,
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being thus flexible and suitable for being worn in any
circumstance and ensuring sufficient freedom of move-
ment in any direction for the user wearing it.

[0111] It is pointed out that the presence of the con-
nection means 58, in particular adhesive layers 58A, only
at the raised sections 51 of the tile-shaped elementary
components 50 allows the maximum freedom degree for
the bulletproof vest 60’ that comprises the flexible base
56 of ballistic fabric and the ballistic panel 55 realized by
said tile-shaped elementary components 50, in particu-
lar, thus ensuring the correct covering of the user’s body
wearing it, meanwhile minimizing the impediments to
movement.

[0112] The bulletproof vest 60’ could also comprise a
lower protection portion (not illustrated), in the form for
instance of a strip still provided with reinforcing elemen-
tary components that can pass between the user’s legs
wearing it.

[0113] In conclusion, the innovative configuration of
the elementary components according to the invention
allows realizing a ballistic panel and a bulletproof protec-
tion structure comprising it which can ensure an effective
bulletproof protection for calibers greater than 357 and
44 Magnum, namely greater than llla level of the US NIJ
regulation, in a finale structure that is flexible enough to
also cover non-regular surfaces.

[0114] Forinstance, itis possible to imagine that a bul-
letproof protection structure of the illustrated type may
cover the hood of a vehicle such as a Jeep®.

[0115] The bulletproof protection structure according
to the present invention advantageously allows increas-
ing the protection level until reaching calibers such as
AK47 and SS109 NATO; furthermore, by increasing the
thicknesses both of the portion of ballistic fabric and of
the elementary components into which the ballistic panel
is finely divided, it is possible to reach more important
calibers, such as Dragunov or SVD rifle (acronym from
the Russian: "Snayperskaya Vintovka Dragunova")
M2AP NATO.

[0116] Furthermore, it is pointed out that the use of
elementary components to form the ballistic panel of such
a structure allows minimizing, at the limit eliminating, the
portions of the area to be protected which are left uncov-
ered, namely without reinforcing elementary compo-
nents, though ensuring the flexibility and thus the possi-
bility of folding the final structure thus obtained.

[0117] Furthermore, thanks to the use of aballistic pan-
elfinely divided into a plurality of elementary components
or tiles provided with raised sections that can suitably
limit the extension of the connection with a flexible base,
it is possible to realize a bulletproof protection structure,
such as a bulletproof vest, which remains flexible, but
ensures a bulletproof protection for calibers greater than
357 and 44 Magnum, namely greater than llla level of
the US NIJ regulation.

[0118] Inparticular, the presence ofthe raised sections
provided in all of the elementary components forming the
ballistic panel comprised in a bulletproof protection struc-
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ture allows defining free areas in said ballistic panel
where the adjacent elementary components do not inter-
fere with each other and the ballistic fabric of the flexible
base is not glued thereto; more particularly, said free ar-
eas extend in any direction, since corresponding folding
lines of the ballistic panel may be defined therein.
[0119] Suitably, the bulletproof vest according to the
present invention can protect more extended surfaces
(in particular different parts of the body) with respect to
the known solutions, maintaining the flexibility of the vest
as a whole and thus a greater comfort for a wearer.
[0120] Indeed,the userwearing such a bulletproof vest
is not hindered in his movements, despite the maximiza-
tion of the area to be protected until it substantially cor-
responds to the entire extension of the vest itself.
[0121] Obviously, a person skilled in the art, in order
to meet particular needs and specifications, may carry
out several changes and modifications to the elementary
components, the ballistic panel and the bulletproof pro-
tection structure, in particular in the shape of the bullet-
proof vest above described, all included in the protection
scope of the invention as defined by the following claims.
[0122] For instance, it is possible to provide for ele-
mentary components having a different shape from those
illustrated, such as a circular or oval shape. The bullet-
proof vest could also have different shapes than the vest
one illustrated and could comprise more ballistic panels,
each divided into a plurality di elementary components
in the case separated by portions of ballistic fabric.

Claims

1. Bulletproof protection elementary component (50) of
the tile type comprising a parallelepiped-shaped
body (50c) with a first face (F1) and a second face
(F2) of greater extension, which are opposite each
other, and a side surface (50s) having a first height
(Hc), characterized in that it comprises at least one
raised section (51) from said first face (F1) by a sec-
ond height (H1), said raised section (51) being par-
allelepiped-shaped and having a base area which is
less than an area of said first face (F1).

2. Bulletproof protection elementary component (50) of
the tile type according to claim 1, characterized in
that it comprises a free surface (53) defined in said
first face (F1) as a remaining area around to said
raised section (51), said raised section (51) being
preferably concentric with said first face (F1) of said
body (50c).

3. Bulletproof protection elementary component (50) of
the tile type according to claim 1, characterized in
that said second height (H1) of said raised section
(51) has values comprised between 0.5 mm and 2
mm, preferably 1 mm, or values greater than 2 mm.
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Bulletproof protection elementary component (50) of
the tile type according to claim 1, characterized in
that said first height (Hc) of said body (50c) has val-
ues comprised between 2 mm and 15 mm, preferably
10 mm.

Bulletproof protection elementary component (50) of
the tile type according to any one of the preceding
claims, characterized in that said body (50c) com-
prises arecess (52) realized in said second face (F2)
and extending in said body (50c) by a third height
(H2), said recess (52) preferably having shape and
dimensions equal or comparable to said raised sec-
tion (51) and being realized concentrically thereto,
with "comparable" meaning values that are equal to
each other or that differ from each other by = 10%.

Bulletproof protection elementary component (50) of
the tile type according to claim 1, characterized in
that said body (50c) has a hexagonal base and in
that said raised section (51) has a circular base, said
hexagonal base of said body (50c) preferably having
a transverse diameter or pitch (Dt) with values com-
prised between 22 mm and 44 mm, preferably equal
to 32 mm, and in that said circular base of said raised
section (51) preferably having a diameter (D1) with
values comprised between 17 mm and 39 mm, pref-
erably equal to 27 mm, or in that said body (50c)
has a hexagonal base and in that said raised section
(51) has a polygonal base.

Bulletproof protection elementary component (50) of
the tile type according to any one of the preceding
claims, characterized in that it is made of a bullet-
proof material selected from a sintered material,
such as aluminum oxide or a carbide, such as silicon
carbide or boron carbide.

Bulletproof protection elementary component (50) of
the tile type according to any one of the preceding
claims, characterized in that said raised section
(51) is made integral with said body (50c).

Bulletproof protection elementary component (50) of
the tile type according to any one of the preceding
claims, characterized in that said body (50c), said
raised section (51) and said recess (52) are paral-
lelepiped-shaped with a base having a shape select-
ed from circular, oval, squared, rectangular, hexag-
onal or polygonal, in case also with a concave shape,
such as a star shape.

Bulletproof protection ballistic panel (55) finely divid-
ed into a plurality of elementary components (50),
characterized in that each of said elementary com-
ponents (50) is realized according to any one of the
preceding claims.
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Ballistic panel (55) according to claim 10, charac-
terized in that said elementary components (50) are
contiguous and independent with each other and de-
fine a plurality of free areas (53A) in said ballistic
panel (55), each free area (53A) comprising free sur-
faces (53) of a plurality of said elementary compo-
nents (50), said ballistic panel (55) preferably com-
prising a plurality of preferential folding lines (54),
arranged in said free areas (53A).

Bulletproof protection structure (60) comprising at
least one flexible base (56) and one reinforcing struc-
ture realized by means of at least one ballistic panel
(55) associated with said flexible base (56), wherein
said ballistic panel (55) s finely divided into a plurality
of elementary components (50) which are singularly
associated with said flexible base (56), structurally
independent with each other and not linked to each
other, characterized in that each of said elementary
components (50) is realized according to any one of
claims 1 to 9, said bulletproof protection structure
(60) preferably comprising a plurality of preferential
folding lines (54), arranged in a plurality of free areas
(53A) formed by free surfaces (53) of consecutive
elementary components (50), in said free areas
(53A), said elementary components (50) not being
linked to said flexible base (56), said structure being
adapted to cover surfaces or structures with an ir-
regulartrend by folding according to said folding lines
(54).

Bulletproof protection structure (60) according to
claim 12, characterized in that said elementary
components (50) are associated with said flexible
base (56) only at said raised section (51).

Bulletproof protection structure (20) according to
claim 13, characterized in that it comprises con-
nection means (58) adapted to associate said ele-
mentary components (50) with said flexible base
(56), said connection means (58) preferably com-
prising a plurality of adhesive layers (58A), each one
covering araised section (51) of an elementary com-
ponent (50), more preferably said adhesive layers
(58A) comprise thermoplastic films.

Bulletproof protection structure (20) according to any
one of claims 12 to 14, characterized in that said
flexible base (56) is made of ballistic fabric, in turn
comprising fibers selected from high tenacity fibers
and high molecular weight polyethylene.

Bulletproof vest (60’) comprising a flexible base (56)
and a reinforcing structure made by means of a bal-
listic panel (55) associated with said flexible base
(56) which form a bulletproof protection structure
(60) according to any one of claims 12 to 15, said
ballistic panel (55) formed by said plurality of ele-
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mentary components (50) preferably covering an ar-
eato be protected substantially corresponding to the
entire extension of said bulletproof vest (60’), so as
to form a total shield for a user who wears it, said
ballistic panel (55) being foldable at said folding lines
(54) housed in said free areas (53A) made by free
surfaces (53) of adjacent elementary components
(50).

10

15

20

25

30

35

40

45

50

55

1"

20



EP 3 805 691 A1

LdV d0Idd
[ "DId

vl

AN

v

N

i |
i m
i m
i i
i m
! m
I i
i i
m w
I y !

0T

N/

¢l

el

IT

12



20

22

1/

EP 3 805 691 A1

AP

N

13

FIG. 2
PRIOR ART

23

23s

I FIG. 2A - PRIOR ART

Fb




EP 3 805 691 A1

4 LAV d0Idd
N _ d€ Old

¢C

B qd

\ )
ez | n/

1Y JORd :
Ve "DId . >

id

14



EP 3 805 691 A1

Fa
— 22
X
TLY
7

------- =
; ; 04

- =TT < <
1 i .M

==F 5 5
s = \/\ e
o 2y

—

<,:CK

T <

S G

S

Ay

Y
4
X

15



EP 3 805 691 A1

16



EP 3 805 691 A1

d9 Old D9 "DId

206

S0S

17



EP 3 805 691 A1

50
\ Y
z
Dt
X

FIG. 7

,As.. L@
V 7,
X e
N X f
(L XX L
XX
AL

18

FIG. 7A



EP 3 805 691 A1

om#

v8Ss o >

d8 "DId

O

AN N

/llflllltlllllfl. T

p AN AN,

RARVRURAANNAY

= AR -
4 l‘y —_ //’///’ff/. RN AR AR AR RUOUOURROROOTN —l”/”.’/

V8% N
ves -
_ |

1d

VAR N
v __]
:

'

1

1

09

cd _
€q -
mm 0S

.

19



Tosexe=esoneocococt
R0RTE093-00050R
OROOROXO @

i
3
¥
]
H
I —
¥

s,

Q) @@@ N\
lastzictinninistiiiiy
Y020 2020 %0

&

5 @ @ © © / €g
| @ @ @ @ » S

K - > .
. f{m\« X &a\\. e
AOQ a,.,;.f. xxx ij \&,xw
. 6S



EP 3 805 691 A1

Application Number

EP 19 42 5071

EUROPEAN SEARCH REPORT

des brevets

Européisches
Patentamt
European
Patent Office
Office européen

30

35

40

45

50

55

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X WO 2006/103431 Al (SECR DEFENCE [GB]; 1-16 INV.
BAXTER ANDREW GEORGE [GB] ET AL.) F41H1/02
5 October 2006 (2006-10-05) F41H5/04
* page 6, line 17 - line 22; claim 1;
figures 1-3 *
* page 9, line 1 - line 2 *
X US 6 035 438 A (NEAL MURRAY L [US] ET AL) |[1-4,7-164
14 March 2000 (2000-03-14)
* column 3, Tine 9; claim 1; figures
1-3,7,8 *
A EP 1 980 813 A2 (PLASAN SASA LTD [IL]) 10,12,16
15 October 2008 (2008-10-15)
* paragraphs [0002], [0048]; figures
1,2,7 *
TECHNICAL FIELDS
SEARCHED (IPC)
F41H
1 The present search report has been drawn up for all claims
N Place of search Date of completion of the search Examiner
8 The Hague 10 March 2020 Beaufumé, Cédric
?\,& CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
2 E : earlier patent document, but published on, or
b X : particularly relevant if taken alone after the filing date
3 Y : particularly relevant if combined with another D : document cited in the application
ha document of the same category L : document cited for other reasons
E A technological backgroUund e et et e be st h e ae e
Q O : non-written disclosure & : member of the same patent family, corresponding
0 P : intermediate document document

21




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 805 691 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 42 5071

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10-03-2020
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2006103431 Al 05-10-2006 AT 527513 T 15-10-2011
AU 2006228310 Al 05-10-2006
BR P10608942 A2 16-11-2010
CA 2602420 Al 05-10-2006
CN 101151502 A 26-03-2008
EP 1864075 Al 12-12-2007
GB 2452770 A 18-03-2009
PL 1864075 T3 30-03-2012
RU 2378601 C2 160-061-2010
US 2009078109 Al 26-03-2009
WO 2006103431 Al 05-10-2006
ZA 200708031 B 25-06-2008
US 6035438 A 14-03-2600  US 6035438 A 14-063-2000
us 6745661 Bl 08-06-2004
US 2010192761 Al 05-08-2010
US 2011239849 Al 06-10-2011
EP 1980813 A2 15-10-20608  EP 1980813 A2 15-10-2008
IL 182511 A 31-07-2014
US 2010319844 Al 23-12-2010
US 2011232471 Al 29-09-2011

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

22




EP 3 805 691 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* |T 102015000019024 [0020]

23



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

