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(57) ABSTRACT

A structurally reinforced optically transparent panel that
may be utilized as a bulletproof window or shield. The panel
includes a plurality of angled reinforcement members hav-
ing a reflective top and bottom surfaces. Optical lenses are
disposed between the reinforcement members directing a
light ray in a predetermined direction. The geometry and
spacing of the reinforcement members is such that the light
rays enter and exit the bulletproof panel at substantially the
same angle allowing an observer to view optical images of
objects behind the bulletproof panel, thus creating optical
transparency. The reinforcement members are of a high
strength material capable of being impenetrable by a pro-
jectile fired from a ballistic weapon or an explosion debris.

7 Claims, 14 Drawing Sheets
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STRUCTURALLY REINFORCED
OPTICALLY TRANSPARENT
BULLETPROOF PANEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 14/885,568 entitled “Structurally Reinforced Opti-
cally Transparent Bulletproof Panel” filed on Oct. 16, 2015,
which is a continuation of PCT Patent Application No.
PCT/US2014/034374, filed Apr. 16, 2014, which claims
priority to U.S. Provisional Application No. 61/812,517 filed
on Apr. 16, 2013, which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to reinforced structures. Specifi-
cally, it relates to a structurally reinforced transparent panel.

2. Brief Description of the Related Art

At the present, most transparent bulletproof windows and
walls are made of the multiple layers of two or more types
of glass or plastic. Typically, the layers alternate between
hard and soft. The hard layer prevents penetration, while the
softer layer provides elasticity allowing the bulletproof glass
to flex instead of shattering. Such structures are often
constructed by sandwiching layers of polycarbonates or
thermoplastics between layers of glass.

An example of a bulletproof glass comprising a plurality
of silicate glass sheets interconnected by thermoplastic
intermediate layers is disclosed in U.S. Pat. No. 5,747,170.
Another example of a multi-layer bulletproof glass compris-
ing several laminated glass panes is disclosed in U.S. Pat.
No. 6,276,100. Yet another variation of a multi-layer bul-
letproof glass comprising alternating sheets of acrylic glass
and non-external multi-layered plastics film is disclosed in a
European Patent No. 0807797. It has been shown that such
structures can withstand the impact of the small armor-like
guns and even the impact of the standard military light
personal weapon from a certain distance. Yet, the hardness
and antiballistic properties of such bulletproof glass are
limited by a number of factors, the most significant of which
is the hardness of the glass. Furthermore, transparency often
becomes an issue, especially as the thickness of the glass is
increased.

Accordingly, what is needed is an optically transparent
panel reinforced with high-strength non-transparent materi-
als, where the transparency is not reduced by increasing the
thickness of the bulletproof structure.

SUMMARY OF INVENTION

The longstanding but heretofore unfulfilled need for a
structurally reinforced optically transparent panel is now
met with a novel and nonobvious invention. The invention
allows for integration of high-strength materials, such as
steel, titanium, concrete, specialized plastics, etc., into a
transparent panel to increase the ability of the panel to
withstand the impact of the ballistic and other projectiles.
The thickness of the proposed panel is not limited and can
be made arbitrarily large with only moderate attenuation in
the optical transparency. These panels can provide much
better protection without sacrificing transparency.

The transparent panels according to the present invention
are ideal for situations where increased strength and a large
field of view are required. The invention involves a special
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combination of optical and constructive elements that pro-
vide both strength and transparency. The invention is not
limited to optical frequencies and can be used in the full
electromagnetic spectrum with any materials and lenses. For
example, lenses can be transparent only for the microwave
radiation or for only narrow band of the electromagnetic
spectrum. The structural elements can be made from any
materials, depending on the purpose, including wood, con-
crete, steel, titanium, rock, plastic, etc.

In an embodiment, the bulletproof panel includes at least
two reinforcement members. Each reinforcement member
has an anterior portion and a posterior portion. The anterior
and posterior portions form an angle. The reinforcement
members are in a parallel alignment with each other, wherein
the bottom surface of the second reinforcement member
faces a top surface of the first reinforcement member.

Reflective layers are disposed on the top surfaces of the
bottom surfaces of the reinforcement members. The light
rays propagate through the bulletproof panel from the pos-
terior portion to the anterior portion by reflecting between
the reflective layers disposed on the top and bottom surfaces
of two adjacent reinforcement members. The passage of
light rays through the bulletproof panel enables an observer
position in front of the bulletproof panel to view an optical
image of an object located behind the bulletproof panel.

In an embodiment, an optical lens may be disposed
between two adjacent reinforcement members. The optical
lens adjusts the travel paths of the light rays. The optical lens
may be one of the following: a cylindrical lens, a convex
lens, a concave lens, a Fresnel lens, and a combination
thereof.

In an embodiment, a set of optical lenses may disposed
between posterior portions of the adjacent reinforcement
members to direct the light rays toward the first reflective
layer at a predetermined incidence angle. A second set of
optical lenses may be position between anterior portions of
the adjacent reinforcement members to direct the light rays
so that orientations of light rays upon exiting the bulletproof
panel are substantially same as upon entering. The set of
optical lenses may be a converging-converging lens pair or
a converging-diverging lens pair.

A dielectric coating may be disposed on the first or the
second reflective layers.

The reinforcement members may be made of a material
selected from the group consisting of a metal, a metal alloy,
a fiber-reinforced polymer, a rock, concrete, wood, and a
combination thereof.

The reflective layer is selected from the group consisting
of a dielectric mirror, protected aluminum, enhanced alumi-
num, ultraviolet enhanced aluminum, protected gold, pro-
tected silver, polymethyl methacrylate, polyethylene
terephthalate, and a combination thereof. The reflective
layers may have a flat or a curved surface.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken
in connection with the accompanying drawings, in which:

FIG. 1 is a perspective view of the bulletproof panel;

FIG. 2 is a front view of the bulletproof panel;

FIG. 3 is a cross-section view of the bulletproof panel
depicting an exemplary travel path of a light ray through the
bulletproof panel;

FIG. 4 is a front view of the bulletproof panel depicting
an optical image of a human standing behind the bulletproof
panel;
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FIG. 5 is a perspective view of the bulletproof panel being
struck with and deflecting a projectile;

FIG. 6 is a cross-sectional view of an embodiment of the
bulletproof panel utilizing optical lenses depicting an exem-
plary travel path of a light ray through the panel;

FIG. 7 is a schematic drawing depicting a converging-
converging lens pair;

FIG. 8 is a schematic drawing depicting a converging-
diverging lens pair;

FIG. 9 is a simulation depicting the path of light for an
embodiment employing converging-converging lens pairs;

FIG. 10 is a simulation depicting the path of light for an
embodiment employing converging-diverging lens pairs;

FIG. 11 is a simulation depicting the path of light for an
embodiment involving right-angled reinforcement mem-
bers;

FIG. 12 is a simulation depicting the path of light for an
embodiment involving obtuse-angled reinforcement mem-
bers;

FIG. 13 is a simulation depicting the path of light for an
embodiment involving acute-angled reinforcement mem-
bers;

FIG. 14 is a simulation depicting the path of light for an
embodiment involving right-angled reinforcement members
the distance between which is reduced in half; and

FIG. 15 is a simulation depicting the path of light for
different embodiments showing formation of blind spots.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof, and within which are shown
by way of illustration specific embodiments by which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

An optically transparent bulletproof panel 10 is depicted
in FIGS. 1 and 2. Bulletproof panel 10 comprises a plurality
of reinforcement members 12. Reinforcement members 12
are in a parallel alignment with each other. Reinforcement
members 12 in this embodiment are equidistantly spaced.
Each reinforcement member 12 has an anterior portion 14
and a posterior portion 16. The anterior portion 14 and
posterior portion 16 form an angle. In the embodiment
depicted in FIG. 1, reinforcement members 12 are posi-
tioned horizontally and are supported by vertical supports
18. Each reinforcement member 12 has a top surface 20 and
a bottom surface 22. Reflective layers 24 are disposed on
both surfaces 20 and 22 as shown in FIG. 3.

Angles between anterior portions 14 and posterior por-
tions 16 of reinforcement members 12 and distances
between adjacent reinforcement members 12 are configured
to permit a light ray 26 to pass through bulletproof panel 10.
An exemplary path of a single light ray 26 is illustrated in
FIG. 3. Upon entering the space between two adjacent
reinforcement members 12, light ray 26 hits top surface 20
of posterior portion 16 of reinforcement member 12. Light
ray 26 is then reflected a predetermined number of times
between top surface 20 and bottom surface 22 of two
adjacent reinforcement members 12. Light ray 26 exits
bulletproof panel 10 by reflecting from top surface 20 of
anterior portion 14. Preferably, after making its final reflec-
tion of top surface 20 of anterior portion 14, light ray 26
exits bulletproof panel 10 with the same orientation it did at
the initial incidence with top surface 20 of the posterior
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portion 16. This configuration allows an observer standing
on one side of bulletproof panel 10 to observe an object
located on the opposite side of bulletproof panel 10 as shown
in FIG. 4. Accordingly, to the observer, bulletproof panel 10
appears to have optical transparency.

In an alternative embodiment, non-angled reinforcement
members 24 may be used. Although this embodiment is
simpler than the one depicted in FIG. 3, such bulletproof
panel 10 may provide sufficient protection against a projec-
tile traveling in a direct trajectory. However, since there is a
number of penetration of trajectories, the protection pro-
vided by such embodiment is limited. The image will be also
shifted in the vertical or horizontal direction, decreasing the
appearance of optical transparency.

As shown in FIG. 5, the reinforcement members 12 are
shaped and spaced in such a manner that a projectile 27
cannot directly pass through bulletproof panel 10 without
first striking at least one reinforcement member 12. For most
trajectories, projectile 10 will have to penetrate multiple
reinforcement members 12, losing energy upon each inci-
dence. Furthermore, since at most trajectories, the projectile
will initially strike reinforcement member 12 at an angle less
than 90 degrees, the damaging potential of the projectile will
be significantly reduced.

Initial contact of projectile 27 with reinforcement member
12 is critical as it will determine the further projectile
behavior. There is an extensive body of both experimental
and numerical research regarding the interaction of projec-
tiles with inclined plates. In general, the results of such
interactions are following: the projectile penetrates undam-
aged, penetrates shattered, ricochets, ricochets shattered, or
embeds in the target. A particular behavior depends on such
factors as projectile speed, its hardness, and hardness of the
object being struck. Upon striking an angled surface, the
projectile experiences an asymmetric force at the impact,
which puts a significant stress on the projectile core.

Bulletproof panel 10 is effective even against armor
piercing projectiles. Armor piercing projectiles typically
have high hardness enabling them to penetrate through the
metal plates. However, when an armor piercing projectile
strikes an inclined plane of reinforcement member 12, the
projectile’s flight path changes towards the normal to the
plane, and the projectile experiences a significant bending
force. This bending force has a damaging effect on the hard
but brittle core of the projectile. Strong asymmetric forces
experienced by the projectile upon impact can facilitate
fragmentation of the projectile. Accordingly, even if the
projectile penetrates bulletproof panel 10, it may neverthe-
less shatter, thereby substantially reducing or even eliminat-
ing the amount of damage the projectile is capable of
inflicting.

The reinforced members may be made from a variety of
materials exhibiting desired properties, such as high
strength, toughness, yield strength, etc. Some examples of
materials that could be suitable for some applications
include steel, titanium, aluminum, alloys thereof, wood,
concrete, plastics, etc. When the bulletproof transparent
bulletproof panel 10 is used as a bulletproof window, wall,
or shield, the reinforcement members 12 are preferably
made of a material that can withstand the impact of the small
armor fire and even a small explosion. Moreover, the length
and thickness of the reinforcement members 12 may be
increased to provide additional structural reinforcement
without significant reduction in transparency.

An advantage of the embodiment with horizontally posi-
tioned reinforcement members 12 is increased level of
transparency throughout the length of the bulletproof panel






