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DISTORTION RESISTANT TRANSPARENT REINFORCING FIBERS FOR USE IN
TRANSPARENT REINFORCED COMPOSITES

FIELD OF THE INVENTION

The present invention is directed to transparent reinforcing materials and

reinforced composite materials.
BACKGROUND OF THE INVENTION

Transparent composite materials are known for use in vehicle and other
applications requiring light transmission or visual transparency. Such transparent
composite materials include windows or other transparent materials useful for light
transmission therethrough, particularly in hostile environment and in locations requiring
ballistic resistance. Such reinforcement further provides the window or transparent

device resistance to cracking or breakage and/or reduced system weight.

Transparent composite materials typically include a reinforcing fiber. In order to
render the composite material transparent, both the matrix material and the reinforcing
fiber are fabricated from a transparent material. The materials typically do not have the
same optical properties over the entire operational envelope, thus resulting in distortion.
For example, the refractive index of the matrix material and the reinforcing fiber may not
be the same, resulting in a bending or refracting of the light passing through the
composite.

Geometry of reinforcing fibers also affects the distortion of light passing through
the transparent device. For example, round fibers (i.e., fibers having circular cross-
sections) provide prismatic or other optical light refractive effects that provide overall
distortion of the light passing through the transparent device.

In addition, the optical properties of the matrix material and reinforcing fiber may
be dependent upon temperature, wherein the materials in the matrix and the materials
in the reinforcing material have optical properties that are independently dependent
upon temperature. Known reinforcing systems suffer from the drawback that
applications with a high temperature variation, including operation in locations having
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high ambient temperatures results in a large change in optical properties (e.g., change
in refractive index), which provides increased distortion of light passing through the

transparent device.

What is needed is a transparent reinforcing material is that is resistant to light
distortion at various temperatures and does not suffer from the drawbacks of the prior

art.
SUMMARY OF THE INVENTION

A first aspect of the disclosure includes a reinforcing fiber for reinforcing a
transparent matrix composite. The fiber includes a substantially transparent fiber ribbon
having an elongated cross-sectional geometry. The fiber ribbon includes edges that are
substantially opaque. Light is substantially prevented from passing through the opaque

edges to reduce or eliminate light distortion caused by the edges.

Another aspect of the disclosure includes a substantially transparent reinforced
matrix composite. The composite includes a substantially transparent matrix material
and a plurality of reinforcing fiber ribbons disposed in the transparent matrix material,
the fiber ribbons having an elongated cross-sectional geometry, the fiber ribbons having
one or more edges that are substantially opaque. Light is substantially prevented from
passing through the opaque edges to reduce or eliminate light distortion through the

composite.

Still another aspect of the disclosure includes a method for fabricating a window
assembly. The method includes providing a plurality of reinforcing fiber ribbons. The
fiber ribbons include an elongated cross-sectional geometry and have one or more
edges that are substantially opaque. Light is substantially prevented from passing
through the opaque edges. The plurality of reinforcing fiber ribbons are arranged and
disposed into a substantially transparent matrix. The matrix is cured to form a
substantially transparent reinforced matrix composite. The composite is assembled into

a window assembly.

Still another aspect of the disclosure includes a method for providing a vehicle.
The method further includes providing a transparent reinforced matrix composite. The
2
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composite includes a substantially transparent matrix material and a plurality of
reinforcing fiber ribbons disposed in the transparent matrix material, the fiber ribbons
having an elongated cross-sectional geometry, the fiber ribbons having one or more
edges that are substantially opaque. Light is substantially prevented from passing
through the opaque edges to reduce or eliminate light distortion through the composite.
The transparent reinforced matrix composite is assembled into the vehicle.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings which illustrate, by way of example, the principles of

the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic cross-sectional view of a fiber ribbon having

transparent edges.

FIG. 2 shows a schematic cross-sectional view of another fiber ribbon having

transparent edges.

FIG. 3 shows a schematic cross-sectional view of a fiber ribbon according to an

embodiment of the present disclosure.

FIG. 4 shows a schematic cross-sectional view of a fiber ribbon according to

another embodiment of the present disclosure.

FIG. 5 shows a schematic cross-sectional view of a fiber ribbon according to still

another embodiment of the present disclosure.

FIG. 6 shows a schematic cross-sectional view of a fiber ribbon according to still

another embodiment of the present disclosure.

FIG. 7 shows a top perspective view of a reinforced matrix composite according

to an embodiment of the present disclosure.
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Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

DETAILED DESCRIPTION OF THE INVENTION

"Transparent”, "transparency" and grammatical variations thereof include an
ability of a material to permit passage of at least a portion of visible light (e.g., light
having a wavelength of from about 380 nm to about 700 nm) or light having other
desired wavelengths, such as night vision (e.g., about 700 nm to about 1000nm) and/or
infrared (e.g. from about 1000 nm to about 2000 nm), directed at the material.
"Opaque" and grammatical variations thereof include an ability of a material to absorb
substantially all light in the desired wavelengths (e.g., visible spectrum, night vision
spectrum or infrared spectrum), directed at the material.

FIG. 1 shows a cross-sectional view of a transparent fiber ribbon 100. The
transparent fiber ribbon 100 is fabricated from any suitable transparent reinforcing
material. Suitable materials include, but are not limited to glass, such as optical grade
glass, liquid crystal display screen glass, and partially crystalline glasses. In a certain
embodiment, the fiber ribbon 100 is a glass fiber that is drawn under heat and pressure
to form a fiber ribbon 100 having an elongated cross-section. As shown in FIG. 1, the
elongated cross-section includes an edge 101 at a substantially perpendicular angle to
a flattened first surface 103. By "elongated geometry", it is meant that the geometry of
the cross-section includes dimensions in a first direction and dimensions in a second
direction, wherein the dimensions in the first direction are greater than the dimensions in
the second direction. The geometries are not limited to linear geometries and may
include curved or complex shapes. Suitable cross-sectional elongated geometries may
include rectangular geometries, oval geometries, rectangular geometries having curved
and linear edges or any other geometries having one dimension greater than another
dimension. One preferable geometry may include a flattened first edge and a flattened
second edge having the longer dimension and being aligned along substantially parallel

planes.

The flattened first surface 103 is a surface through which light 105 may enter
fiber ribbon 100. Light 105 is shown directionally in a schematic diagram to illustrate
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general refraction or bending of the light direction and is not intended to be limiting of
the material or the actual refraction or direction of the light 105 as it passes through fiber
ribbon 100. As the light 105 enters the fiber ribbon 100, a difference in refractive index
causes the light to bend. The amount of change of direction is dependent upon the
refractive index of the resin, the refractive index of the fiber, and the fiber geometry.
Further, the angle at which the light contacts the material affects the amount of
directional change for light 105. As the light 105 passes through the material, the
direction of the light remains substantially constant. However, as the light 105 exits the
fiber ribbon 100, the light 105 changes direction. Along flattened second surface 107,
the light changes direction in a substantially uniform manner. That is, the light exiting
the fiber ribbon 100 refracts at an angle that is substantially constant along the flattened
second surface 107. Refracted light 109 exiting the fiber ribbon 100 along edge 101
refracts at an angle dissimilar to the light 105 exiting along the second flattened edge
107. As shown in FIG. 1, the light 105 exiting fiber ribbon 100 along second flattened
surface 107 is directed in a direction substantially similar to the direction of light that
does not enter the fiber ribbon 100, as depicted by the three lines labeled 105 to the
upper right hand portion of FIG. 1. However, the refracted light 109 is directed in a
direction that is different and at varying angles to light that does not enter the fiber
ribbon 100, thereby distorting the light and distorting any image viewable through the
fiber ribbon 100.

FIG. 2 shows a cross-sectional view of a transparent fiber ribbon 100 having a
construction substantially identical to the fiber ribbon shown in FIG. 1, wherein the
geometry of edge 101 is curved. As in FIG. 1, the light exiting fiber ribbon 100 refracts
forming refracted light 109, distorting the light and distorting any image viewable
through the fiber ribbon 100.

FIG. 3 shows a cross-sectional view of a transparent fiber ribbon 100 according
to an embodiment of the present disclosure having a construction substantially identical
to the fiber ribbon shown in FIG. 1. In addition, to the fiber ribbon 100 structure of FIG.
1, the transparent fiber ribbon 100 includes an opaque portion 301 along edge 101.
The opaque portion 301 includes an opaque material or coating that is capable of
absorbing light 105. In this embodiment, the opaque potion 301 includes a curved
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portion of opaque material. The opaque portion 301 may be affixed to the fiber ribbon
100, may be adjacent or in close proximity to the fiber ribbon 100 or may be integrally
formed with fiber ribbon 100. The opaque portion 301 may include any suitable material
that is opaque and absorbs light. Suitable opaque materials include, but are not limited
to, crushed optically opaque glass (e.g., black glass), optically opaque paint, optically
opaque rods (e.g., black rods), metallic layers, diffused impurities other materials that
absorb light. Although not shown in FIG. 3, the opaque portion 301 may be applied to
both distal edges and portions of the flattened first surface 103 and the flattened second
surface 107, if additional absorption of light is needed or for ease of manufacturing. As
shown in FIG. 3, the light 105 passing through the fiber ribbon 100 (see above
discussion of FIG. 1), results in viewed light 305. For example, viewed light 305 may
include light viewable through the fiber ribbon 100. Viewed light 305 is directed in a
direction substantially identical to the source light 303, which is light that does not pass
from one medium to another. As can be seen in FIG. 3, the portion of light that is
directed to edge 101 is absorbed by opaque portion 301 and is not permitted to exit the
fiber ribbon 100. Therefore, substantially all of the light passing through the fiber ribbon
100 is viewed light 305, which is substantially undistorted.

In the embodiment shown in FIG. 3, the opaque portion 301 may be formed by
providing an optically transparent glass rod with an optically opaque glass material (e.g.,
black glass particles) or coating on portions of the rod, corresponding to edges 101 of
the ribbon fiber 100. The fiber ribbons 100 may be drawn using any known glass fiber
drawing technique known in the art. The formed glass fiber ribbon 100 includes a
transparent portion along the flattened first surface 103 and along the flattened second
surface 107 and an opaque portion 301 along edge 101. The flattened first surface 103
and the flattened second surface are substantially planar and are preferably
substantially parallel to each other.

FIG. 4 shows an alternative embodiment, wherein the fiber ribbon 100 includes a
substantially identical structure to the fiber ribbon 100 of FIG. 3 wherein the opaque
portion 301 affixed to edge 101 is a semicircular material. As in FIG. 3, substantially all
of the light passing through the fiber ribbon 100 is viewed light 305, which is
substantially undistorted.
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In the embodiment shown in FIG. 4, the opaque portion 301 may be formed by
heating optically transparent glass and an optically opaque glass rod together during the
drawing of the fiber ribbons 100. The fiber ribbons 100 may be drawn using any known
glass fiber drawing technique known in the art. The formed glass fiber ribbon 100
includes a transparent portion along the flattened first surface 103 and along the
flattened second surface 107 and an opaque portion 301 along edge 101.

FIGs. 5 and 6 shows alternative embodiments of the present disclosure, wherein
the fiber ribbons 100 include a substantially identical structure to the fiber ribbon 100 of
FIG. 3. In FIGs. 5 and 6, the opaque portion 301 is a coating formed or applied on the
edge 101 of the fiber ribbon 100. The coating on the edge 101 includes an opaque
paint or opaque material that is coated on the edge 101 of the fiber ribbon 100. In
certain embodiments, the opaque paint or opaque material may be applied to the edge
101 of the fiber ribbon 100 and allowed to dry or cure. In other embodiments, the paint
or opaque material may be applied prior to drawing, wherein the opaque portions 301
remain on edge 101. As in FIG. 3, substantially all of the light passing through the fiber
ribbon 100 is viewed light 305, which is substantially undistorted.

While the above has been shown and described as providing opaque portions
301 that are applied during the formation or after the formation of the fiber ribbon 100,
the invention is not limited to these embodiments. The opaque portions 301 may also
be integrally formed into the fiber ribbons 100 during production of the fiber ribbon 100
by processing the fiber ribbon to include opaque portions corresponding to the edges
101 of the fiber ribbons 100. For example the fiber ribbon 100 may be pulled or drawn
from a melt pool, wherein the opaque portions 301 may be painted onto the pulled fiber
ribbon 100 surface or integrally formed from adjacent melt pools of opaque material. In
addition, while the above has been described as opaque portions 301 on the edges
101, the opaque portions may also cover some portion of the flattened first surface 103
and the flattened second surface 107, as desired for providing absorption of additional
light that may be undesirably refracted or for ease of manufacturing, provided light is
permitted to pass through the bulk of the fiber ribbon 100.

FIG. 7 shows a reinforced composite article 700 according to an embodiment of

the present disclosure. The composite article 700 is preferably a transparent article
7
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having fiber ribbons 100 incorporated into a matrix material 701. The matrix material
701 is a substantially transparent material that permits the passage of light. Although
FIG. 7 shows a substantially parallel arrangement of fiber ribbons 100, the disclosure is
not so limited. For example, the composite article 700 may include a plurality of fiber
reinforced layers with fiber ribbons 100 at various angles to provide desirable
mechanical properties. The matrix material 701 may include any suitable material for
use in the reinforced composite that is capable of incorporating fiber ribbons 100 and
providing passage of light. Suitable matrix materials 701 include, but are not limited to
polymers, ceramics or glasses. For example, the matrix material 701 may include, but
is not limited to, a thermoplastic resin material, such as polycarbonate, polyetherimide
or a thermoset resin material, such as poly(methyl methacrylate), epoxy or bismaleimide
or other transparent resin materials. In addition, the matrix material 701 may include,
but is not limited to, a ceramic such a calcium fluoride. The matrix material 701 utilized
depends on the application, including the ambient temperatures and the temperatures
of exposure. The fiber ribbons 100 include a structure, such as the structure, including
opaque portion 301, as shown in FIGs. 3-6. The arrangement of the fiber ribbon 100 is
not limited to the arrangement shown and may include any arrangement that provide
reinforcement of the composite article 700. The optical properties of the matrix material
701 may vary with conditions, such as temperature. Therefore, the absorption of light at
edges 301 allows only light passing between the fiber ribbons 100 and light passing
through the flattened first surface 103 and the flattened second surface 107 of the fiber
ribbon 100. Therefore, the refraction of light and the direction in which the light is
directed is substantially the same across the composite article 700, even at various

temperatures.

While not so limited, the transparent composite article 700 is suitable for use as a
component of a window assembly or other transparent device. Window assembly, as
used herein includes a window and components associated with the window, including
the window, frames, mounting devices, or other associated equipment or devices. For
example, the transparent composite article 700 may be assembled into a window
assembly for an aircraft or a transparent portion of an automobile, armored vehicle (e.g.,
a personnel carrier or transport) or boat (e.g., a glass-bottomed boat). In addition, the

transparent composite article 700 may be assembled into a window assembly for a
8
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stationary structure, such as a skyscraper or other architectural structure. Further still,
in addition to window applications, the transparent composite article 700 is suitable for
use with riot gear or other personal protection, such as face shields or armshields,

wherein it is desirable to permit viewing through a ballistic resistant material.

While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to adapt
a particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the scope

of the appended claims.
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CLAIMS

. A reinforcing fiber for reinforcing a transparent matrix composite comprising:

a substantially transparent fiber ribbon comprising an elongated cross-
sectional geometry, the fiber ribbon having edges that are substantially
opaque; and

wherein light is substantially prevented from passing through the edges.

. The fiber of claim 1, wherein the cross-sectional geometry is selected from the group

consisting of a substantially rectangular geometry, a curved geometry and
combinations thereof.

. The fiber of claim 1, wherein the edges are fabricated from an opaque material.
. The fiber of claim 1, wherein the edges are coated with an opaque material.

. A substantially transparent reinforced matrix composite comprising:

a substantially transparent matrix material;

a plurality of reinforcing fiber ribbons disposed in the transparent
matrix material, the fiber ribbons having an elongated cross-sectional
geometry, the fiber ribbons having one or more edges that are substantially
opaque; and

wherein light is substantially prevented from passing through the

edges.

. The composite of claim 5, wherein the cross-sectional geometry is selected from the

group consisting of a substantially rectangular geometry, a curved geometry and
combinations thereof.

. The composite of claim 5, wherein the edges are fabricated from an opaque

material.

. The composite of claim 5, wherein the edges are coated with an opaque material.
. The composite of claim 5, wherein the transparent matrix material is a polymer.

10.The composite of claim 5, wherein the transparent matrix material is selected from

the group consisting of poly(methyl methacrylate), polycarbonate, polyetherimide,
bismaleimide and epoxy.
10
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11.The composite of claim 5, wherein light distortion through the matrix composite is

substantially eliminated.

12.The composite of claim 5, wherein the transparent reinforced matrix composite is

configured into a window assembly.

13.The composite of claim 13, wherein the window assembly includes a window for an

aircraft.

14.The composite of claim 13, wherein the window assembly includes a window for an

architectural structure.

15.The composite of claim 5, wherein the transparent reinforced matrix composite is

configured into a transparent shield.

16.A method for fabricating a window assembly comprising:

providing a plurality of reinforcing fiber ribbons, the fiber ribbons
having an elongated cross-sectional geometry, the fiber ribbons having one
or more edges that are substantially opaque,

wherein light is substantially prevented from passing through the
opaque edges;

arranging and disposing the plurality of reinforcing fiber ribbons into a
substantially transparent matrix;

curing the matrix to form a substantially transparent reinforced matrix

composite; and

assembling the reinforced matrix composite into a window assembly.

17.The method of claim 16, wherein the cross-sectional geometry is selected from the
group consisting of a substantially rectangular geometry, a curved geometry and

combinations thereof.
18.The method of claim 16, wherein the edges are fabricated from an opaque material.
19.The method of claim 16, wherein the edges are coated with an opaque material.
20.The method of claim 16, wherein the opaque material is opaque glass.

21.The method of claim 16, wherein the transparent matrix material is a polymer.

11
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22.The method of claim 16, wherein light distortion through the matrix composite is

substantially eliminated.

23.A method of manufacturing a vehicle comprising:
providing a vehicle;
5 providing a transparent reinforced composite window assembly
comprising:
a substantially transparent matrix material,
a plurality of reinforcing fiber ribbons disposed in the transparent
matrix material, the fiber ribbons having an elongated cross-sectional
10 geometry, the fiber ribbons having one or more edges that are
substantially opaque; and
wherein light is substantially prevented from passing through the
edges; and
assembling the window assembly into the vehicle.

15 24.The method of claim 23, wherein the vehicle is an aircraft.

25.The method of claim 23, wherein the vehicle is an armored vehicle.

12
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