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(57) ABSTRACT

A fastener includes a head that is configured to be engaged
by a tool, and a shaft extending from the head. The shaft
includes a distal end that is opposite from the head. At least
one optical component is coupled to one or both of the head
or the shaft. The optical component(s) is configured to allow
light to pass through the fastener. A window system includes
a panel that includes an exterior surface and an interior
surface, and the fastener extending between the exterior

(51) Int. CL surface and the interior surface of the panel. A screen is
B64C 1/14 (2006.01) coupled to the interior surface. The screen receives light
F16B 5/00 (2006.01) from the optical component(s) of the fastener.
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WINDOW SYSTEMS INCLUDING OPTICAL
FASTENERS

FIELD OF THE DISCLOSURE

[0001] Embodiments of the present disclosure generally
relate to window systems, and, more particularly, to window
systems including optically transparent fasteners.

BACKGROUND OF THE DISCLOSURE

[0002] Various complex structural systems include numer-
ous components. For example, an aircraft fuselage includes
numerous frames, stringers, spars, and the like that covered
by panels, skins, and other such covering structures. During
a manufacturing process, or subsequent maintenance inspec-
tion, interior portions of the aircraft that are covered by
covering structures may be inspected. In order to inspect the
interior portions, the covering portions are typically
removed so that the interior portions, such as the frames,
stringers, spars, and the like, may be viewed and assessed.
After the interior portions have been inspected, the covering
portions are repositioned and secured over the interior
portions. As can be appreciated, the process of removing
covering portions of the aircraft to inspect interior portions
and subsequently re-assembling the covering portions is
time- and labor-intensive.

[0003] Additionally, various aircraft include window
assemblies that extend through portions of a fuselage. The
window assemblies and areas of the fuselage surrounding
the window assemblies need to be robust and strong enough
to withstand forces exerted during a flight of the aircraft. As
such, a typical window assembly for an aircraft includes one
or more frame portions, one or more transparent windows,
and the like positioned within a cutout formed through the
fuselage. The various portions of the window are securely
connected to the fuselage through numerous fasteners. Dur-
ing a manufacturing process, the windows and fuselage are
inspected to ensure structural integrity. The process of
securing window assemblies to a fuselage of an aircraft is
also time- and labor-intensive.

SUMMARY OF THE DISCLOSURE

[0004] A need exists for a system and a method for
inspecting internal portions of a structure (such as a portion
of an aircraft) without the need for removing covering
portions. Further, a need exists for time- and labor-efficient
systems and methods for inspecting internal portions of a
structure. Also, a need exists for a window system for an
aircraft that maintains a high degree of structural integrity
and which may be efficiently manufactured.

[0005] With those needs in mind, certain embodiments of
the present disclosure provide a fastener that includes a head
that is configured to be engaged by a tool, and a shaft
extending from the head. The shaft includes a distal end that
is opposite from the head. At least one optical component is
coupled to one or both of the head or the shaft. The optical
component(s) is configured to allow light to pass through the
fastener.

[0006] In at least one embodiment, the optical component
(s) includes at least one lens. As an example, the lens is
proximate to the head. As another example, the lens is
proximate to the distal end. As another example, a first lens
is proximate to the head, and a second lens is proximate to
the distal end.
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[0007] In at least one embodiment, the optical component
(s) includes a fiber optic member extending along at least a
portion of a length of the fastener. In at least one embodi-
ment, the optical components include a fiber optic member
extending through a central channel of the fastener that
extends between the head and the distal end, and a lens
proximate to the head or the distal end. The lens is config-
ured to focus light into a light-receiving end of the fiber optic
member. In at least one example, the fiber optic member is
separated from the lens within the central channel by a
space.

[0008] One or both of the head or the distal end may
include an imaging device coupler that is configured to
removably couple to a portion of an imaging device.
[0009] Certain embodiments of the present disclosure pro-
vide a method of forming a fastener. The method includes
coupling at least one optical component to one or both of a
head or a shaft. The head is configured to be engaged by a
tool. The shaft extends from the head, and includes a distal
end that is opposite from the head. The method also includes
allowing light to pass through the fastener via the at least one
optical component.

[0010] In at least one embodiment, the method includes
providing the at least one optical component as at least one
lens. The method may include providing the at least one lens
proximate to the head. The method may include providing
the at least one lens proximate to the distal end. The
providing may include providing a first lens proximate to the
head, and providing a second lens proximate to the distal
end.

[0011] In at least one embodiment, the method includes
providing the at least one optical component as a fiber optic
member extending along at least a portion of a length of the
fastener. In at least one embodiment, the method incudes
providing the at least one optical component as a fiber optic
member extending through a central channel of the fastener
that extends between the head and the distal end, and a lens
proximate to the head or the distal end, wherein the lens is
configured to focus light into a light-receiving end of the
fiber optic member. The method may also include separating
the fiber optic member from the lens within the central
channel by a space.

[0012] The method may also include providing an imag-
ing device coupler that is configured to removably couple to
a portion of an imaging device on one or both of the head or
the distal end.

[0013] Certain embodiments of the present disclosure pro-
vide a window system that includes a panel that includes an
exterior surface and an interior surface, and a fastener
extending between the exterior surface and the interior
surface of the panel. The fastener includes at least one
optical component that is configured to allow light to pass
through the fastener. A screen is coupled to the interior
surface. The screen receives light from the at least one
optical component of the fastener.

[0014] In at least one embodiment, the fastener further
includes a head that is configured to be engaged by a tool,
and a shaft extending from the head. The shaft includes a
distal end that is opposite from the head. The at least one
optical component is coupled to one or both of the head or
the shaft. The at least one optical component is configured
to allow light to pass through the fastener.

[0015] In at least one embodiment, the screen is spaced
apart from the fastener. In at least one embodiment, the
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window system also includes an imaging device between the
fastener and the screen. The imaging device may include a
charge coupled device (CCD) array.

[0016] The at least one optical component may include at
least one lens. The at least one lens may be proximate to a
head of the fastener. The at least one lens may be proximate
to a distal end of the fastener. In at least one embodiment, the
at least one lens includes a first lens proximate to a head of
the fastener, and a second lens proximate to a distal end of
the fastener.

[0017] The at least one optical component may include a
fiber optic member extending along at least a portion of a
length of the fastener. The at least one optical component
may include a fiber optic member extending through a
central channel of the fastener that extends between a head
and a distal end, and a lens proximate to the head or the distal
end. The lens is configured to focus light into a light-
receiving end of the fiber optic member. The fiber optic
member may be separated from the lens within the central
channel by a space.

[0018] One or both of a head or a distal end of the fastener
may include an imaging device coupler that is configured to
removably couple to a portion of an imaging device.
[0019] Certain embodiments of the present disclosure pro-
vide a method of forming a window system. The method
includes providing a panel that includes an exterior surface
and an interior surface, providing a fastener with at least one
optical component that is configured to allow light to pass
through the fastener, extending the fastener between the
exterior surface and the interior surface of the panel, cou-
pling a screen to the interior surface, and receiving light at
the screen from the at least one optical component of the
fastener.

[0020] The method may include spacing the screen apart
from the fastener. The method may include disposing an
imaging device between the fastener and the screen.
[0021] Certain embodiments of the present disclosure pro-
vide an aircraft including a fuselage defining an interior
cabin The fuselage includes a window system including at
least panel that includes an exterior surface and an interior
surface. At least one fastener extends between the exterior
surface and the interior surface of the panel. The at least one
fastener includes at least one optical component that is
configured to allow light to pass through the at least one
fastener. At least one screen is coupled to the interior
surface. The at least one screen receives light from the at
least one optical component of the at least one fastener.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates a schematic block diagram of a
fastener, according to an embodiment of the present disclo-
sure.

[0023] FIG. 2 illustrates an end view of the fastener.
[0024] FIG. 3 illustrates cross-sectional view of the fas-
tener through line 3-3 of FIG. 2, according to an embodi-
ment of the present disclosure.

[0025] FIG. 4 illustrates a lateral view of the fastener
through line 3-3 of FIG. 2, according to an embodiment of
the present disclosure.

[0026] FIG. 5 illustrates a lateral view of a lens, according
to an embodiment of the present disclosure.

[0027] FIG. 6 illustrates a lateral view of a lens, according
to an embodiment of the present disclosure.
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[0028] FIG. 7A illustrates an exterior surface of a window
system, according to an embodiment of the present disclo-
sure.

[0029] FIG. 7B illustrates an exterior surface of a window
system, according to an embodiment of the present disclo-
sure.

[0030] FIG. 8 illustrates an interior surface of the window
system, according to an embodiment of the present disclo-
sure.

[0031] FIG. 9 illustrates a cross-sectional view of the
window system through line 9-9 of FIG. 7A, according to an
embodiment of the present disclosure.

[0032] FIG. 10 illustrates a cross-sectional view of the
window system through line 9-9 of FIG. 7A, according to an
embodiment of the present disclosure.

[0033] FIG. 11 illustrates a front perspective view of an
aircraft, according to an exemplary embodiment of the
present disclosure.

[0034] FIG. 12 illustrates a flow chart of a method of
forming a fastener, according to an embodiment of the
present disclosure.

[0035] FIG. 13 illustrates a flow chart of a method of
forming a window system, according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0036] The foregoing summary, as well as the following
detailed description of certain embodiments will be better
understood when read in conjunction with the appended
drawings. As used herein, an element or step recited in the
singular and preceded by the word “a” or “an” should be
understood as not necessarily excluding the plural of the
elements or steps. Further, references to “one embodiment”
are not intended to be interpreted as excluding the existence
of additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary,
embodiments “comprising” or “having” an element or a
plurality of elements having a particular condition may
include additional elements not having that condition.
[0037] Certain embodiments of the present disclosure pro-
vide a fastener including a head configured to be engaged by
a tool and a shaft extending from the head. The shaft
includes a distal end that is opposite from the head. At least
one optical component is coupled to one or both of the head
or the shaft. The optical component(s) provide the fastener
with a light-transparent core that allows light to pass there-
through.

[0038] Certain embodiments of the present disclosure pro-
vide a window system including a panel (which may form
part of a fuselage of an aircraft, for example) having an
exterior surface and an opposite interior surface. A fastener
including at least one optical component extends through the
panel through the exterior surface and the interior surface. A
screen is disposed proximate to the interior surface opposite
from the exterior surface. The optical component(s) of the
fastener receives light from outside of the panel and directs
the light onto the screen, where images from the outside are
viewable. In this manner, window openings need not be
formed through the panel. Therefore, the structural integrity
of the panel is maintained, while the window system is
efficiently manufactured without the need for window open-
ings formed through the panel, window frames, and numer-
ous fasteners.
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[0039] FIG. 1 illustrates a schematic block diagram of a
fastener 100, according to an embodiment of the present
disclosure. The fastener 100 includes a head 102 integrally
formed with a shaft 104. In at least one embodiment, the
fastener 100 is a bolt or screw. In at least one other
embodiment, the fastener 100 is a nail or rivet.

[0040] The shaft 104 includes a distal end 106 that is
opposite from the head 102. In at least one embodiment,
outer threads 108 extend from at least a portion of an
exterior surface of the shaft 104. Optionally, the shaft 104
may not include the outer threads 108. The head 102 is
configured to be engaged by a tool, such as a screw driver,
wrench, socket wrench, power tool, or the like to drive or
otherwise move the shaft 104 to securely connect to a
structure, such as a panel.

[0041] The fastener 100 also includes at least one optical
component 110 coupled to one or both of the head 102 or the
shaft 104. The optical component 110 includes one or both
of a lens 112 or a fiber optic member 114, such as one of
more fiber optic strands, threads, bundles, wires, or the like.
The fiber optic member 114 is routed through at least a
portion of a length of the fastener 100. In at least one
embodiment, the optical component 110 includes the lens
112 secured to the head 102 within a central channel 116
formed through the fastener 100. In at least one other
embodiment, the optical component 110 includes the lens
112 secured to the shaft 104 proximate to the distal end 106
within the central channel 116 formed through the fastener
100. In at least one other embodiment, the optical compo-
nent 110 includes the fiber optic member 114 extending
through the central channel 116. The fiber optic member 114
may extend within the central channel 116 between and
through the head 102 and the distal end 106. Optionally, the
fiber optic member 114 may not extend fully between one or
both of the head 102 or the distal end 106. Instead, an open
space may be formed between at least one end of the fiber
optic member 114 within the central channel 116.

[0042] The lens(es) 112 and the fiber optic members 114
may be sealingly secured within the central channel 116,
such as through one or more adhesives. As another example,
the lens(es) 112 and the fiber optic members 114 may be
secured within the central channel 116, such as through an
interference fit.

[0043] In atleast one embodiment, the optical components
110 include at least one lens 112, such as secured to the head
102 or the distal end 106, coupled to the fiber optic member
114 that extends through the central channel 116. For
example, the lens 112 is secured to the head 102 and focuses
light onto an end of the fiber optic member 114, which
extends to the distal end 106. In this manner, light is received
by the lens 112 at the head 102 and directed through the shaft
104 to and through the distal end 106 via the fiber optic
member 114.

[0044] In at least one other embodiment, the lens 112 is
secured to the distal end 106 and focuses light onto an end
of the fiber optic member 114, which extends to the head
102. As such, light is received by the lens 112 at the distal
end 106 and directed through the shaft 104 to and through
the head 102 via the fiber optic member 114.

[0045] As another example, the optical components 110
include a first lens 112 at the head, a second lens 112 at the
distal end 106, and the fiber optic member 114 extending
between the first lens 112 and the second lens 112. In each
embodiment that includes at least one lens 112 and the fiber
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optic member 114, the lens(es) 112 may be spaced apart
from at least one end of the fiber optic member 114, such as
approximately a focal length of the lens(es) 112 so that the
lens(es) 112 focus the light into the end(s) of the fiber optic
member 114. Alternatively, the lens(es)112 may abut into
end(s) of the fiber optic member 114.

[0046] In operation, the optical component(s) 110 direct
light through the fastener 100, thereby allowing viewing
through the fastener 100. As such, the fastener 100 may be
used to secure various structures together and allow for
viewing into interior portions of a system without the need
for removal of one or more structures. The fiber optic
member 114 allows light to be output therethrough in order
to illuminate an object, as well as capture light energy
reflected off of the object.

[0047] In atleast one embodiment, an imaging device may
be removably coupled to the head 102 and/or the distal end
106 to receive the light that is directed through the fastener
100 via the optical component(s) 110. For example, an
imaging device, such as a camera, a charge coupled device
(CCD) array, or the like may be removably coupled to the
fastener 100 to receive the light directed through the fastener
100 via the optical component(s) 110. In at least one
embodiment, the head 102 includes an imaging device
coupler 118 and the distal end 106 includes an imaging
device coupler 120 that are configured to removably couple
to a portion of the imaging device, such as a lens and/or
adapter of the imaging device. For example, the portion of
the imaging device may clamp, or thread around the imaging
device coupler(s) 118 or 120, such as through a reciprocal
clamping or threadable interface. As another example, the
imaging device coupler(s) 118 or 120 may be or include
sockets or plugs that removably couple to reciprocal por-
tions of the imaging device. Optionally, the fastener 100 may
include only one of the imaging device couplers 118 or 120.
Also, optionally, the fastener 100 may not include the
imaging device couplers 118 and 120.

[0048] FIG. 2 illustrates an end view of the fastener 100.
Referring to FIGS. 1 and 2, in at least one embodiment, the
central channel 116 is formed through a length of the
fastener 100 between and through the head 102 and the distal
end 106. The optical component(s) 110 are secured within
the central channel 116. As noted, the optical component(s)
110 may be sealingly secured within the central channel 116
through one or more adhesives.

[0049] FIG. 3 illustrates cross-sectional view of the fas-
tener 100 through line 3-3 of FIG. 2, according to an
embodiment of the present disclosure. In this embodiment,
a lens 112 is secured to the distal end 106 within and/or
axially aligned with the central channel 116. A fiber optic
member 114 extends within the central channel 116 from
and through the head 102 towards the distal end 106. The
fiber optic member 114 may not abut into the lens 112.
Instead, a light-receiving end 121 of the fiber optic member
114 is separated (for example, spaced apart) from the lens
112 within the central channel 116 by a space 122. The space
122 is sized such that the focal point 124 of the lens 112 is
proximate to the light-receiving end 121 of the fiber optic
member 114. As such, light 126 is received by the lens 112
at the distal end 106, directed into the light-receiving end
121 of the fiber optic member 114 by the lens 112, travels
through a length of the fiber optic member 114, and passes
out of the fiber optic member 114 at a light-delivery end 123
of' the fiber optic member 114 at the head 102. The light 126
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may be viewed as it passes out of the light-delivery end 123.
For example, an imaging device 200 (such as a CCD array,
camera, or the like) may receive the light 126. As noted, the
imaging device 200 may be removably coupled to the head
102.

[0050] FIG. 4 illustrates a lateral view of the fastener 100
through line 3-3 of FIG. 2, according to an embodiment of
the present disclosure. In this embodiment, a lens 112 is
secured to the head 102 within and/or axially aligned with
the central channel 116. A fiber optic member 114 extends
within the central channel 116 from and through the distal
end 106 towards the head 102. The fiber optic member 114
may not abut into the lens 112. Instead, the light-receiving
end 121 of the fiber optic member 114 is separated (for
example, spaced apart) from the lens 112 within the central
channel 116 by a space 122. The space 122 is sized such that
the focal point 124 of the lens 112 is proximate to the
light-receiving end 121 of the fiber optic member 114. As
such, light 126 is received by the lens 112 at the head 102,
directed into the light-receiving end 121 of the fiber optic
member 114 by the lens 112, travels through a length of the
fiber optic member 114, and passes out of the fiber optic
member 114 at the light-delivery end 123 of the fiber optic
member 114 at the distal end 106. The light 126 may be
viewed as it passes out of the light-delivery end 123, such as
via the imaging device 200.

[0051] In at least one embodiment, the fastener 100 may
include a first lens 112 at the distal end 106, as shown in FIG.
3, and a second lens 112 at the head 102, as shown in FIG.
4. The fiber optic member 114 extends between the first lens
112 and the second lens 112.

[0052] FIG. 5 illustrates a lateral view of a lens 112,
according to an embodiment of the present disclosure. In at
least one embodiment, the lens 112 includes a flat light-
receiving surface 202 connected to a convex light-focusing
surface 204. The flat light-receiving surface 202 may pro-
vide a flush surface when the lens 112 is secured within the
central channel 116 (shown in FIGS. 104).

[0053] FIG. 6 illustrates a lateral view of a lens 112,
according to an embodiment of the present disclosure. In this
embodiment, the lens 112 is a Fresnel lens having a flat
light-receiving surface 205 connected to a light-focusing
surface 206 having a plurality of grooves 208.

[0054] FIGS. 5 and 6 show examples of lenses 112 that
may be used with embodiments of the present disclosure. It
is to be understood that various other types of lenses 112 that
are sized and shaped in a different manner than as shown in
FIGS. 5 and 6 may be used.

[0055] FIG. 7A illustrates an exterior surface 301 of a
window system 300, according to an embodiment of the
present disclosure. The window system 300 includes a panel
302 that includes the exterior surface 301. The panel 302
forms part of a structure, such as a fuselage or wall portion
of a vehicle, such as an aircraft.

[0056] A fastener 100, such as any of those described
above, is secured to the panel 302, and extends therethrough
from the exterior surface 301 to an interior surface 303
(shown in FIG. 8). Referring to FIGS. 1 and 7A, the fastener
100 is configured to receive light from outside of the panel
302, and direct the light through the panel 302 via the optical
component(s) 110, as described herein.

[0057] FIG. 7B illustrates an exterior surface 301 of a
window system 300, according to an embodiment of the
present disclosure. The window system 300 includes a panel
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302 that includes the exterior surface 301. The panel 302
forms part of a structure, such as the fuselage or wall portion
of a vehicle, such as an aircraft.

[0058] In at least one embodiment, a plurality of fasteners
100, such as any of those described above, are secured to the
panel 302, and extend therethrough from the exterior surface
301 to an interior surface (such as the interior surface 303
shown in FIG. 8). Referring to FIGS. 1 and 7B, the fasteners
100 are configured to receive light from outside the panel
302, and direct the light through the panel 302 via the optical
component(s) 110, as described herein.

[0059] Referring to FIGS. 7A and 7B, the window system
300 may include one fastener 100, or a plurality of fasteners
100. The window system 300 may include more or less
fasteners 100 than shown in FIG. 7B.

[0060] FIG. 8 illustrates the interior surface 303 of the
window system 300, according to an embodiment of the
present disclosure. A screen 304, such as formed of glass,
transparent plastic, or the like, is coupled to the interior
surface 303. In at least one embodiment, the screen 304 is
retained within a frame that is connected to the interior
surface 303. In at least one other embodiment, the screen
304 is directly coupled to the interior surface 303 without the
use of a frame. Referring to FIGS. 1, 7A, and 8, the screen
304 proximate to the fastener 100 receives light that is
directed from outside of the window system 300 towards the
interior surface 303 via the optical component(s) 110.
[0061] As shown in FIG. 8, each fastener 100 may be
associated with the screen 304. In at least one other embodi-
ment, a plurality of fasteners 100, as shown in FIG. 7A, may
be associated with (for example, coupled to) the screen 304.
In at least one other embodiment, each of the plurality of
fasteners 100 may be associated with separate and distinct
screens 304. In at least one other embodiment, multiple
fasteners 100, such as a subset of those shown in FIG. 7B,
may be associated with one screen 304, while another subset
of fasteners 100 is associated with another screen 304.
[0062] In at least one embodiment, the screen 304 may
form a window-like structure on the interior surface 303.
Multiple screens 304 may be formed and separated on one
or more panels 302. In at least one embodiment, a single
screen may longitudinally extend over one or more panels
302, such as within an interior cabin of an aircraft, and be
coupled to multiple fasteners 100, as described herein. In
such an embodiment, an interior cabin of an aircraft may
provide a single, long window or screen that extends over at
least a portion of a length of the interior cabin.

[0063] FIG. 9 illustrates a cross-sectional view of the
window system 300 through line 9-9 of FIG. 7A, according
to an embodiment of the present disclosure. As shown, the
screen 304 may be spaced apart from the fastener 100.
Referring to FIGS. 1 and 7A-9, light 126 from outside of the
panel 302 is directed and focused onto the screen 304 via the
optical component(s) 110 of the fastener(s) 100. As such,
light from outside of the panel 302 is viewable on the screen
304.

[0064] The window system 300 may replace standard
windows assemblies positioned through a fuselage of an
aircraft, for example. Standard window assemblies include
large cutouts in the fuselage, and typically increase aircraft
weight, manufacturing expense, and maintenance consider-
ations. As such, the window system 300 provides a light,
inexpensive system that does not affect the structural integ-
rity of the fuselage and reduces maintenance considerations.
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[0065] FIG. 10 illustrates a cross-sectional view of the
window system 300 through line 9-9 of FIG. 7A, according
to an embodiment of the present disclosure. In this embodi-
ment, an imaging device 200 (such as a CCD array, a
camera, a light processing system, or the like) receives the
light from the fastener 100 (or fasteners 100) and directs the
light (including images) onto the screen 304 for viewing by
an individual. The window system 300 may include more
than one fastener 100. For example, a plurality of fasteners
100 may extend through the panel 302 and direct light onto
the screen 304.

[0066] FIG. 11 illustrates a front perspective view of an
aircraft 400, according to an exemplary embodiment of the
present disclosure. The aircraft 400 includes a propulsion
system 412 that may include two turbofan engines 414, for
example. Optionally, the propulsion system 412 may include
more engines 414 than shown. The engines 414 are carried
by wings 416 of the aircraft 400. In other embodiments, the
engines 414 may be carried by a fuselage 418 and/or an
empennage 420. The empennage 420 may also support
horizontal stabilizers 422 and a vertical stabilizer 424. The
fuselage 418 of the aircraft 400 defines an internal cabin,
which may include a cockpit 430.

[0067] The aircraft 400 includes structures that are
coupled together through the fasteners 100, as described
herein. In at least one embodiment, portions of the fuselage
418 include the window system 300, such as shown and
described with respect to FIGS. 7A-10.

[0068] The aircraft 400 may be sized, shaped, and con-
figured other than shown in FIG. 4. For example, the aircraft
400 may be a non-fixed wing aircraft, such as a helicopter.
[0069] In at least one embodiment, the fasteners 100 are
fabricated having common sizes that are currently used to
secure structures of the aircraft 400 together. The fasteners
100 of the aircraft 400 allow for gathering of data from
previously inaccessible and oftentimes overlooked areas of
the aircraft 400. For example, if an area of the aircraft 400
requires inspection, embodiments of the present disclosure
provide fasteners that allow for frequent and easy inspection
of the area.

[0070] FIG. 12 illustrates a flow chart of a method of
forming a fastener, according to an embodiment of the
present disclosure. Referring to FIGS. 1 and 12, the method
includes coupling 500 at least one optical component 110 to
one or both of a head 102 or a shaft 104. The head 102 is
configured to be engaged by a tool. The shaft 104 extends
from the head 102, and includes a distal end 106 that is
opposite from the head 102. The method also includes
allowing 502 light to pass through the fastener 100 via the
at least one optical component 110.

[0071] In at least one embodiment, the method includes
providing the at least one optical component 110 as at least
one lens 112. The method may include providing the at least
one lens 112 proximate to the head 102. The method may
include providing the at least one lens 112 proximate to the
distal end 106. The providing may include providing a first
lens 112 proximate to the head 102, and providing a second
lens 112 proximate to the distal end 106.

[0072] In at least one embodiment, the method includes
providing the at least one optical component 110 as a fiber
optic member 114 extending along at least a portion of a
length of the fastener 100. In at least one embodiment, the
method incudes providing the at least one optical component
110 as a fiber optic member 114 extending through a central
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channel 116 of the fastener 100 that extends between the
head 102 and the distal end 106, and a lens 112 proximate
to the head 102 or the distal end 106, wherein the lens 112
is configured to focus light into a light-receiving end of the
fiber optic member 114. The method may also include
separating the fiber optic member 114 from the lens 112
within the central channel 116 by a space.

[0073] The method may also include providing an imag-
ing device coupler that is configured to removably couple to
a portion of an imaging device on one or both of the head
102 or the distal end 106.

[0074] FIG. 13 illustrates a method of forming a window
system, according to an embodiment of the present disclo-
sure. Referring to FIGS. 7A-10 and 13, the method includes
providing 600 a panel 302 that includes an exterior surface
301 and an interior surface 303, providing 602 a fastener 100
with at least one optical component 110 (shown in FIG. 1)
that is configured to allow light to pass through the fastener
100, extending 604 the fastener 100 between the exterior
surface 301 and the interior surface 303 of the panel 302,
coupling 606 a screen 304 to the interior surface 303, and
receiving 608 light at the screen 304 from the at least one
optical component 110 of the fastener 100.

[0075] The method may include spacing the screen 304
apart from the fastener 100. The method may include
disposing an imaging device 200 between the fastener 100
and the screen 304.

[0076] As described herein, embodiments of the present
disclosure provide fasteners 100 that allow internal portions
of structures to be inspected without the need for removing
covering portions. Further, the fasteners 100 as described
allow for time- and labor-efficient systems and methods for
inspecting internal portions structures. Further, embodi-
ments of the present disclosure provide window systems for
an aircraft that maintain a high degree of structural integrity
and which may be efficiently manufactured.

[0077] While various spatial and directional terms, such as
top, bottom, lower, mid, lateral, horizontal, vertical, front
and the like may be used to describe embodiments of the
present disclosure, it is understood that such terms are
merely used with respect to the orientations shown in the
drawings. The orientations may be inverted, rotated, or
otherwise changed, such that an upper portion is a lower
portion, and vice versa, horizontal becomes vertical, and the
like.

[0078] As used herein, a structure, limitation, or element
that is “configured to” perform a task or operation is
particularly structurally formed, constructed, or adapted in a
manner corresponding to the task or operation. For purposes
of clarity and the avoidance of doubt, an object that is merely
capable of being modified to perform the task or operation
is not “configured to” perform the task or operation as used
herein.

[0079] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the various embodi-
ments of the disclosure without departing from their scope.
While the dimensions and types of materials described
herein are intended to define the parameters of the various
embodiments of the disclosure, the embodiments are by no
means limiting and are exemplary embodiments. Many
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other embodiments will be apparent to those of skill in the
art upon reviewing the above description. The scope of the
various embodiments of the disclosure should, therefore, be
determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled. In the appended claims, the terms “including” and
“in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Moreover,
the terms “first,” “second,” and “third,” etc. are used merely
as labels, and are not intended to impose numerical require-
ments on their objects. Further, the limitations of the fol-
lowing claims are not written in means-plus-function format
and are not intended to be interpreted based on 35 U.S.C. §
112(f), unless and until such claim limitations expressly use
the phrase “means for” followed by a statement of function
void of further structure.

[0080] This written description uses examples to disclose
the various embodiments of the disclosure, including the
best mode, and also to enable any person skilled in the art
to practice the various embodiments of the disclosure,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the various embodiments of the disclosure is defined by
the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to
be within the scope of the claims if the examples have
structural elements that do not differ from the literal lan-
guage of the claims, or if the examples include equivalent
structural elements with insubstantial differences from the
literal language of the claims.

1. A window system comprising:

a panel that includes an exterior surface and an interior
surface;

a fastener extending between the exterior surface and the
interior surface of the panel, wherein the fastener
comprises at least one optical component that is con-
figured to allow light to pass through the fastener; and

a screen coupled to the interior surface, wherein the
screen receives light from the at least one optical
component of the fastener.

2. The window system of claim 1, wherein the fastener

further comprises:

a head that is configured to be engaged by a tool; and

a shaft extending from the head, wherein the shaft
includes a distal end that is opposite from the head,

wherein the at least one optical component is coupled to
one or both of the head or the shaft, wherein the at least
one optical component is configured to allow light to
pass through the fastener.

3. The window system of claim 1, wherein the screen is

spaced apart from the fastener.

4. The window system of claim 1, further comprising an

imaging device between the fastener and the screen.

5. The window system of claim 4, wherein the imaging

device comprises a charge coupled device (CCD) array.

6. The window system of claim 1, wherein the at least one

optical component comprises at least one lens.

7. The window system of claim 6, wherein the at least one

lens is proximate to a head of the fastener.

8. The window system of claim 6, wherein the at least one

lens is proximate to a distal end of the fastener.

9. The window system of claim 6, wherein the at least one

lens comprises:
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a first lens proximate to a head of the fastener; and

a second lens proximate to a distal end of the fastener.

10. The window system of claim 1, wherein the at least
one optical component comprises a fiber optic member
extending along at least a portion of a length of the fastener.

11. The window system of claim 1, wherein the at least
one optical component comprises:

a fiber optic member extending through a central channel
of the fastener that extends between a head and a distal
end; and

a lens proximate to the head or the distal end, wherein the
lens is configured to focus light into a light-receiving
end of the fiber optic member.

12. The window system of claim 11, wherein the fiber
optic member is separated from the lens within the central
channel by a space.

13. The window system of claim 1, wherein one or both
of'ahead or a distal end of the fastener comprises an imaging
device coupler that is configured to removably couple to a
portion of an imaging device.

14. A method of forming a window system, the method
comprising:

providing a panel that includes an exterior surface and an
interior surface;

providing a fastener with at least one optical component
that is configured to allow light to pass through the
fastener;

extending the fastener between the exterior surface and
the interior surface of the panel;

coupling a screen to the interior surface; and

receiving light at the screen from the at least one optical
component of the fastener.

15. The method of claim 14, further comprising spacing

the screen apart from the fastener.

16. The method of claim 14, further comprising disposing
an imaging device between the fastener and the screen.

17. The method of claim 14, further comprising providing
the at least one optical component as at least one lens.

18. The method of claim 14, further comprising providing
the at least one optical component as a fiber optic member
extending along at least a portion of a length of the fastener.

19. The window system of claim 1, further comprising
providing the at least one optical component as a fiber optic
member extending through a central channel of the fastener
that extends between a head and a distal end, and a lens
proximate to the head or the distal end, wherein the lens is
configured to focus light into a light-receiving end of the
fiber optic member.

20. An aircraft comprising:

a fuselage defining an interior cabin, wherein the fuselage

comprises a window system including:

at least panel that includes an exterior surface and an
interior surface;

at least one fastener extending between the exterior
surface and the interior surface of the panel, wherein
the at least one fastener comprises at least one optical
component that is configured to allow light to pass
through the at least one fastener; and

at least one screen coupled to the interior surface,
wherein the at least one screen receives light from
the at least one optical component of the at least one
fastener.



