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< (57) Abstract: A window assembly (10) and method for use with a mobile platform, and particularly with commercial or military
aircraft. The window assembly (10) includes a composite window panel (36) that is secured to the fuselage skin (14) of the aircraft.
A tempered glass fairing (20) is used in connection with a retainer clip (22) and a plurality of sealing components (28,30,32) to seal
the fairing (20) over the window panel (36) in a manner that provides a sealed air gap (48) between the inner surface (44) of the
e\ [airing (20) and the outer surface (46) of the window panel (36) . The fairing (20) and the sealed air gap (48) help to thermally isolate
¢, the window panel (36) from the significant ambient temperature changes that are encountered during flight of the mobile platform.
The fairing (20) also provides a hazard barrier to protect the composite window panel from impact by foreign objects during flight.
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SEALED STRUCTURAL PASSENGER WINDOW ASSEMBLY
AND METHOD OF FORMING SAME

FIELD OF THE INVENTION

The present invention relates to window assemblies for mobile platforms,

and more particularly to a window assembly incorporating a protective fairing.

BACKGROUND OF THE INVENTION

Mobile platforms, and especially airborne mobile platforms (such as
commercial aircraft), typically include openings in a fuselage for a plurality of
windows. Traditionally, such window assemblies for mobile platforms utilize
transparent polymers in various shapes to form a window. Such windows
typically, however, require a relatively heavy support structure for supporting the
window within the body portion of the mobile platform. With a commercial
aircraft, the relatively heavy, high-strength support structure is used to support
the window panel within an opening in the structural skin of the aircraft. The
support structure often includes forgings and stringers, with the support structure
being designed to strengthen the skin panel at the area around the opening
where the window is to be positioned. The support structure, therefore, can add
significant weight to the overall structure with which it is being used. With various
forms of airborne mobile platforms, and especially with commercial and military
aircraft, minimizing the weight of the mobile platform is an important
consideration. Minimizing weight can directly enhance the fuel efficiency of the
mobile platform.

It would be desirable if a generally transparent composite material could be
incorporated for use in a window assembly for a mobile platform to thus make
use of the relatively light weight and structural strength that composite materials
offer. However, when using such composite materials in an application for a
aircraft window, it would also be highly desirable to provide some form of
thermal, as well as hazard, barrier over the composite material. Such a barrier

could function to thermally insulate the composite window material from
1
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significant ambient temperature changes during operation of the mobile platform.
The barrier could also protect the composite window material from impacts from
foreign objects that strike the mobile platform window areas during operation of

the mobile platform.

SUMMARY OF THE INVENTION

The present invention is directed to a window assembly for use on a
mobile platform. The invention is especially well suited for use on commercial
and military aircraft where reducing the overall weight of the mobile platform is an
important goal or consideration.

In one preferred implementation the window assembly comprises a
window panel formed from a composite construction. The window panel is
positioned over an opening in a body portion of the mobile platform. If the mobile
platform is a commercial or military aircraft, then the opening is formed in a
fuselage of the aircraft. A fairing in the form of a panel is placed within the
opening in the body portion over an outer surface of the window panel. A seal is
interposed between the exterior surface of the window panel and an interior
surface of the fairing to form a sealed air gap between the window panel and the
fairing. A retainer assembly is used to engage a peripheral edge of the fairing
and to support it fixedly relative to the body portion so that the retainer assembly
and the fairing are generally flush with an outer surface of the body portion.

In one preferred form the fairing comprises a thermally-tempered glass
fairing. The retainer assembly includes a retainer clip and a lip-filler panel that
cooperate to secure the fairing within the opening. In one implementation a
window-to-fairing filler component is employed in between the sealing element
and the inside surface of the fairing to further assist in spacing the inner surface
of the fairing away from the exterior surface of the window panel.

In one preferred implementation the retainer assembly includes a curved
retainer clip and a lip-filler panel that engage one another to hold the fairing in
place in the opening in the body portion, and against the window panel. A

retainer seal element is pressed into the opening in between the retainer clip and
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a peripheral side edge of the body portion to further assist in holding the retainer
clip against the peripheral edge of the faiting. In this embodiment, the lip-filler
panel acts as a seal to seal the inner face of the window panel and the interior
surface of the body portion of the mobile platform. In this implementation the
fairing is formed by a thermally-tempered glass panel. A portion of the retainer
assembly is bonded to a perimeter edge portion of the fairing to secure the fairing
within the opening in the body portion. The tempered glass fairing also includes
a protective polymer layer over its exterior surface.

The window assembly, in its various preferred embodiments, operates to
insulate the window panel from the significant thermal changes that would
otherwise be experienced by the window panel when it is incorporated on a high-
speed, airborne mobile platform such as a commercial or military aircraft. The
sealed air gap also reduces the deflection of the fairing so that the fairing
maintains an aerodynamic outer surface. The fairing also acts to protect the
window panel from hazards (such as foreign objects) that impact the window
area of the mobile platform during operation. The fairing thus enables a window
assembly to be provided that allows the use of a light weight composite window
panel while addressing the thermal and hazard considerations that need to be
addressed when using such a composite window panel.

The features, functions, and advantages can be achieved independently in
various embodiments of the present invehtions or may be combined in yet other

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the detailed
description and the accompanying drawings, wherein:

Figure 1 is a perspective view of an aircraft incorporating a window
assembly in accordance with the present invention;

Figure 2 is an enlarged plan view of one of the windows of the aircraft of

Figure 1,
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Figure 3 is an exploded perspective view of the window assembly shown in
Figure 2;

Figure 4 is a cross-sectional view of the window assembly integrated into
the fuselage of the aircraft of Figure 1, taken in accordance with section line 4-4
in Figure 2; and

Figure 5 is a view of a portion of the split retainer clip and retainer cable in

accordance with circle 5 in Figure 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description of the preferred embodiment(s) is merely
exemplary in nature and is in no way intended to limit the invention, its
application, or uses.

Referring to Figure 1, a plurality of window assemblies 10, in accordance
with a preferred embodiment of the present invention, are illustrated as
incorporated into a fuselage 14 of a mobile platform 12. In this example, the
mobile platform is illustrated as a commercial aircraft; however, it will be
appreciated that the window assembly 10 is not limited to use with only aircraft,
but could be implemented on any form of airborne mobile platform (such as a
rotorcraft), or even on other forms of mobile platforms, such as buses, trains,
ships, etc. The structural and operational properties of the window assembly 10,
however, are especially well suited for use with high-speed mobile platforms
(such as commercial jet aircraft and military jet aircraft), where the window
assembly 10 is exposed to significant changes in thermal conditions and air
pressure, as well as impacts from foreign objects.

With brief reference to Figure 2, one of the window assemblies 10 is
shown in enlarged fashion. The window assembly 10 is held to the fuselage 14
by a plurality of fastening elements 16 spaced circumferentially around an
opening 18 in which the window assembly 10 is installed. The fastening
elements 16 extend through pre-formed openings in the fuselage 14.

Referring to Figure 3, an exploded perspective view of the principal

components of one preferred embodiment of the window assembly 10 is
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illustrated. A faiting 20 may be formed from a tempered section of glass.
Aiternatively, the fairing 20 may be formed from a glass-acrylic laminate or
polycarbonate. A retainer clip 22 and a retainer cable 23 are used to secure the
fairing 20 in the opening 18 of the fuselage 14, as will be described in greater
detail in Figure 4. The retainer clip 22, in one preferred form, is formed as a “split’
retainer clip having two pairs of free end portions, as illustrated in Figure 5. The
retainer cable 23 includes an independent deformable sleeve 24 which is used to
swage the free ends of the cable over the retainer clip 22 to hold the free ends
22a and 22b of the retainer clip 22 together around the fairing 20. The retainer
cable 23 is preferably formed from stainless steel and has a thickness in the
range of about 0.064” - 0.032” (1.63mm - 0.80mm).

With further reference to Figure 3, the window assembly 10 includes a
retainer seal 28, a lip-filler element 30, a window-to-fairing filler 32, an
elastomeric elliptical seal element 34, and a window panel 36. The window panel
36 is formed from a composite construction that provides a generally transparent
panel suitable for use as a window, but yet which has sufficient structural
strength to function as a structural portion of the fuselage 14. The window panel
36 includes a plurality of openings 38 around its perimeter for receiving the
fastening elements 16 (Figure 2) during assembly of the fuselage 14.

Referring to Figure 4, an assembled, representative portion of the window
assembly 10 is shown. The fairing 20 may vary significantly in thickness;
however, in one preferred form, it is between about 0.20” - 0.30” (5.08mm -
7.62mm), and more preferably about 0.235” (5.969mm) in thickness. The fairing
20 preferably includes a protective polymer layer 40 formed on an outer surface
42 thereof. Polymer layer 40 may also vary in thickness; however, in one
preferred form, it is preferably about 0.03” (0.762mm) in thickness. The retainer
seal 28 is preferably formed from rubber or silicon. The window-to-fairing filler 32
acts as a spacer and is preferably formed from high density polyethylene. The
window-to-fairing filler 32 can vary in thickness; however, in one preferred form it
is between about 0.05” - 0.38” (1.27mm - 9.65mm) in thickness. It is bonded via

a suitable adhesive to a rear surface 44 of the fairing 20. The window-to-fairing
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filler 32 lays over the seal element 34 and sandwiches the seal element 34
against an outer surface 46 of the window panel 36. When the fairing 20 and the
window-to-fairing filler 32 are secured against the seal element 34, a sealed air
gap 48 is formed between the rear surface 44 of the fairing 20 and the outer
surface 46 of the window panel 36.

With further reference to Figure 4, a rear surface 50 of the window panel
36 also preferably includes a thin, vinyl fail-safe pane 52 having a thickness of
about 0.05” - 0.10” (1.27mm - 2.54mm), and more preferably about 0.07”
(1.78mm). On top of the vinyl fail-safe pane 52 is an acrylic fail-safe pane 54
having a thickness of between about 0.025"-0.075” (0.635mm -1.905mm), and
more preferably about 0.05” (1.27mm). Disposed on top of the acrylic fail-safe
pane 54 is a polysulfide brush coat 56 having a thickness of preferably about
0.005” — 0.010” (0.127mm — 0.254mm). While one preferred construction for the
window panel 36 has been provided, it will be appreciated that the window
assembly 10 can be used with a window panel having virtually any form of
composite construction.

Referring further to Figure 4, the retainer clip 22 can be seen to include a
generally backwards “S” shaped configuration having portions 22c and 22d. A
curved edge portion 60 of the lip-filler element 30 engages a curved section of
the retainer clip 22 in interlocking fashion. The retainer clip 22, in one preferred
form, is formed from 0.032 gauge titanium. Retainer seal 28 is pressed into the
cavity formed between the retainer clip 22 and a peripheral edge 62 of the
opening 18 to abut portion 22d and to fill the void, thus allowing the skin-window
transition to remain flush with the outer surface of the fuselage 14. Portion 22¢
extends over a small perimeter portion of the outer surface 42 of the fairing 20.
The fastening element 16 extends through one of the openings 38 in the window
panel 36, through holes 64 in the lip-filler element 30, and into engagement with
a conventional retainer 66. Preferably a spacer 68 and a washer 70 are also
interposed between the window panel 36 and the retainer 66.

The lip-filler element 30 is preferably formed from a composite material

(e.g., graphite epoxy or titanium) The lip-filler element 30 preferably comprises a
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thickness of between about 0.05” - 0.15” (1.27mm - 3.81mm), and more
preferably between about 0.07 - 0.11” (1.78mm - 2.8mm). The fastening element
16 preferably comprises a titanium fastener having a diameter of between about
0.25" - 0.375” (6.35mm - 9.53mm), although it will be appreciated that the
diameter of the fastening element 16 will need to be sized in accordance with the
openings 64 and 38 in the lip-filler element 30 in the window panel 36,
respectively.

The fairing 20 of the window assembly 10, in addition to the sealed air gap
48, provides the important advantage of thermally isolating the composite
window panel 36 from the low temperatures that are typically encountered when
the mobile platform is flying at its cruising altitude. The fairing 20, with its
protective polymer layer 40, also provides a hazard barrier against airborne
objects to prevent impact with the composite window panel 36. The air space
formed by the sealed air gap 48 also reduces deflection of the fairing 20 at
altitude to acceptable levels, which helps to insure that the fairing 20 forms an
aerodynamic surface. The fairing 20 is also readily replaced by first removing the
retainer cable 23, then the retainer seal 28 and the retainer clip 22. A new fairing
20 can then be installed, together with a new window-to-fairing filler 32, retainer
cable 23, and a new seal 34 element.

The use of the fairing 20 thus enables a composite window panel to be
used in the construction of a fuselage of a mobile platform. Since no metallic
frame is needed for securing the composite window to the fuselage, this saves
considerable weight, which in turn contributes to enhanced fuel economy for the
mobile platform.

While various preferred embodiments have been described, those skilled
in the art will recognize modifications or variations which might be made without
departing from the inventive concept. The examples illustrate the invention and
are not intended to limit it. Therefore, the description and claims should be
interpreted liberally with only such limitation as is necessary in view of the

pertinent prior art.
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CLAIMS

What is claimed is:

1. A window assembly for a mobile platform, comprising:

a window panel positioned over an opening in a body portion of said
mobile platform;

a substantially transparent fairing positioned over said window panel within
said opening in said body portion;

a seal interposed between a perimeter of an outer surface of the window
panel and a perimeter of an inside surface of said fairing for spacing said fairing
away from said window panel a predetermined distance, and further forming a
sealed air gap between said window panel and said fairing which reduces
deflection of said fairing; and

a retainer assembly for retaining said fairing in position over said window

panel fixedly relative to said body portion of said mobile platform.

2. The window assembly of claim 1, further including a spacer
interposed between said seal and said inside surface of the fairing.

3. The window assembly of claim 1, further including a retainer seal
inserted between a perimeter edge surface of said faiting and a perimeter edge

surface of said opening in said body portion of said mobile platform.

4. The window assembly of claim 1, further comprising a lip filler
element interposed between said outer surface of the window panel and an
inside surface of said body portion, adjacent said opening in said body portion,
for sealing said window panel relative to said body portion.

5. The window assembly of claim 4, wherein said lip filler element

includes a curved edge portion for engaging a portion of said retainer assembly.



10

15

20

25

30

WO 2006/132736 PCT/US2006/017085

6 The window assembly of claim 1, wherein said fairing comprises a

glass panel.

7. The window assembly of claim 6, further comprising a protective

polymer layer disposed over an outer surface of the glass panel.

8. The window assembly of claim 6, wherein said glass panel

comprises a thermally tempered glass panel.

9. The window assembly of claim 1, further comprising a plurality of
threaded fasteners arranged around said opening and extending through said

window panel and said body portion.

10. A window assembly for a mobile platform, comprising:

a window panel positioned over an opening in a body portion of said
mobile platform;

a substantially transparent, thermally tempered glass fairing positioned
over an outer surface of said window panel within said opening in said body
portion; and

a sealing assembly for securing said fairing in place over said outer
surface of said window panel, fixedly supporting said fairing within said opening
in said body portion so that an outer surface of said fairing is generally flush with
an outer surface of said body portion, and forming a sealed air gap between said
outer surface of said window panel and an inner surface of said fairing which

reduces deflection of said fairing.

11. The window assembly of claim 10, wherein said sealing assembly
comprises a window-to-fairing filler element disposed adjacent a peripheral edge
of said fairing, and between said inner surface of said fairing and said outer

surface of said window panel.
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12.  The window assembly of claim 11, wherein said sealing assembly
further comprises a sealing element interposed between said window-to-fairing
filler element and said outer surface of said window panel, and extending around
an entire periphery of said fairing.

13. The window assembly of claim 11, wherein said sealing assembly
further comprises:

a curved retainer clip adapted to engage said peripheral edge of said
fairing; and

a lip filler element having a planar portion adapted to rest against an inner
surface of said body portion and to circumscribe said opening, and a curved

portion adapted to engage with said curved retainer clip.

14. The window assembly of claim 13, wherein said sealing assembly
further comprises a retainer seal element disposed between said curved retainer
clip and an edge surface of said opening in said body portion to assist in securing
said fairing over said window and sealing a gap formed between said curved

retainer clip and said peripheral edge of said opening.

15. The window assembly of claim 11, wherein said fairing comprises a

protective polymer layer over an outer surface thereof.

16. The window assembly of claim 11, further comprising a plurality of
structural fasteners disposed in said body portion around and adjacent said
opening, for extending through said body portion and a peripheral portion of said

window panel for securing said window panel to said body portion.

17.  The window assembly of claim 13, wherein said curved retainer clip
comprises a curved, titanium retainer element having a split, and a clamping
component for securing said curved retainer clip around said peripheral edge of

said fairing.

10
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18. The window assembly of claim 13, wherein a portion of said curved

retainer clip is bonded to an outer surface of said fairing.

19  The window assembly of claim 12, wherein said sealing element

comprises an elliptically shaped seal.

20. A method for forming a window assembly on a mobile platform,
wherein the mobile platform has a body portion with an opening, the method
comprising:

placing a window panel over said opening and against an inner surface of
said body portion;

placing a circumferential sealing element against an outer surface of said
window panel;

placing a substantially transparent fairing over the window panel and
against the sealing element so that a sealed air gap is formed between said outer
surface of said window panel and an inner surface of said sealing element; and

using a retainer disposed around a peripheral edge of said fairing to
secure said fairing to said body portion of said mobile platform and to enable

replacement of said fairing.

11
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