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STRUCTURAL COCKPIT WINDOW AND 
METHOD OF MAKING SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to aircraft cockpit 
WindoWs and more particularly to an aircraft structural 
cockpit WindoW integrally formed With the skin of the 
aircraft. 

BACKGROUND OF THE INVENTION 

[0002] Conventional aircraft WindoWs and canopies have 
traditionally been formed While trying to balance consider 
ations of Weight, strength, durability, and cost. Various 
materials have been employed in an attempt to ?nd an 
optimal balance. For example, glass, While hard and resis 
tant to abrasion, is brittle and heavy. And transparent poly 
mers, such as acrylic and polycarbonate, While lightweight 
and easily formed into complex shapes, are relatively Weak 
compared to glass. Yet even With their limitations, both 
materials are commonly used in aircraft industry. A more 
recent innovation, transparent composite materials, offer the 
strength of glass With the lighter Weight of polymers and are 
becoming more common Within the industry. HoWever, 
there remain some challenges to implementing these mate 
rials in the manufacture of aircraft cockpit WindoWs. Spe 
ci?cally, cockpit WindoWs and canopies must have suf?cient 
strength to survive bird impacts, for example a 500 knot 5 
lb impact event. Even if the WindoW itself has su?icient 
strength to resist such an impact, it’s mounting to the aircraft 
must also be of sufficient strength so that such an impact 
does not cause separation of the WindoW from the surround 
ing skin panels to Which it is attached. 

[0003] One obvious arrangement has been to mount the 
aircraft cockpit WindoW to a metal frame Which in turn is 
coupled to the structural body of the aircraft. The metal 
frame provides the needed strength to hold the WindoW to 
the aircraft. While this type of WindoW assembly With a 
WindoW coupled to a metal frame has served very Well in the 
past, the metal frame remains a relatively heavy component. 

[0004] Accordingly, it is an object of the present invention 
to provide an improved aircraft WindoW assembly that 
provides the strength to resist impact events While simulta 
neously reducing the Weight of the WindoW assembly. 

SUMMARY OF THE INVENTION 

[0005] A WindoW adapted to be integrally formed With a 
composite skin of a mobile platform is provided. The 
WindoW includes a ?rst transparent ?berglass layer, a second 
transparent ?berglass layer, and a transparent epoxy layer. 
The transparent epoxy layer is located betWeen the ?rst and 
second transparent ?berglass layers. A glass outer-pane is 
removably coupled to the ?rst transparent ?berglass layer 
such that the glass outer-pane covers the ?rst transparent 
?berglass layer. The ?rst and second transparent ?berglass 
layers have an index of refraction matching an index of 
refraction of the transparent epoxy layer. The ?rst and 
second transparent ?berglass layers are adapted to be inte 
grally formed With the composite skin of the mobile plat 
form. 

[0006] By integrally bonding the WindoW ?berglass layers 
to the composite skin as an integral portion of the skin, the 
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manufacturing steps of framing and bolting are eliminated. 
This in turn reduces the Weight and cost of the WindoW 
assembly. Also, the easily replaceable glass outer-pane 
assures that the integrally formed WindoW Will be protected 
from normal Wear, such as light impacts and abrasion from 
Windshield Wipers. 

[0007] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention Will become more fully 
understood from the detailed description and the accompa 
nying draWings, Wherein: 

[0009] FIG. 1 is a partial vieW of a front of an aircraft 
having a cockpit WindoW constructed according to the 
principles of the present invention; 

[0010] FIG. 2 is a side cross sectional vieW of the cockpit 
WindoW taken in the direction of arroW 2-2 in FIG. 1; and 

[0011] FIG. 3 is an exploded vieW of a portion of the 
cockpit WindoW indicated by circle 3-3 in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0012] The folloWing description of the preferred embodi 
ment(s) is merely exemplary in nature and is in no Way 
intended to limit the invention, its application, or uses. 

[0013] Referring to FIG. 1, there is illustrated a WindoW 
assembly 10 constructed according to the principles of the 
present invention shoWn mounted to an aircraft 12. While in 
the particular example provided the WindoW assembly 10 is 
illustrated as a cockpit WindoW, it is to be understood that the 
WindoW assembly 10 may be used in any number of aircraft 
applications including side vieWing WindoWs, canopies, or 
any other area of an aircraft requiring structurally strong 
transparent ports for alloWing vieWing therethrough. The 
aircraft 12 has a skin 14 surrounding the WindoW assembly 
10. The aircraft skin 14 is a plastic skin reinforced With 
?bers, for example carbon ?bers, as Will be described in 
greater detail beloW. 

[0014] With reference to FIG. 2, the WindoW assembly 10 
generally includes a WindoW 16, a transition portion 18 
Which de?nes an opening in the skin 14 of the aircraft 12, a 
pair of tubular composite sills 20, and a glass outer-pane 22. 

[0015] Turning to FIG. 3, the WindoW 16 includes an outer 
?berglass ply 24, an inner ?berglass ply 26, and an epoxy 
layer 28. The epoxy layer 28 is formed betWeen the outer 
and inner ?berglass plies 24, 26. The outer and inner 
?berglass plies 24, 26 and the epoxy layer 28 are each 
transparent. The outer and inner ?berglass plies 24, 26 have 
an index of refraction approximately matching that of the 
epoxy layer 28. Preferably, the epoxy is an aliphatic epoxy 
that does not degrade in ultraviolet light, though various 
other types of transparent resins may be employed. More 
over, the epoxy may be reinforced, for example With 
chopped ?bers Within the epoxy. The epoxy layer 28 trans 
fers shear forces betWeen the outer ?berglass ply 24 and the 
inner ?berglass ply 26. 
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[0016] The transition portion 18 of the aircraft skin 14 
includes an outer layer 30, an inner layer 32, and a middle 
layer 34. As noted above, the outer and inner layers 30, 32 
are formed from a ?ber reinforced plastic. The middle layer 
34 is mounted betWeen the outer and inner layers 30, 32. In 
the particular example provided, the middle layer 34 
includes a honeycomb structure 36 that provides structural 
support to the aircraft skin 14. Alternatively, the middle layer 
34 may be a solid laminate that provides the necessary 
structural support. 

[0017] The tubular composite sills 20 have a holloW 
interior 38 and replace the aluminum sills used in the prior 
art. The tubular composite sills 20 are coupled to the 
structural frame (not shoWn) of the aircraft 12 and provide 
structural support to the WindoW 16, as Will be described in 
greater detail beloW. 

[0018] The glass outer-pane 22 is a sheet of transparent 
glass removably mounted to the outer surface of the WindoW 
16 and transition portion 18 of the aircraft skin 14. The glass 
outer-pane 22 has a hard outer surface 40 useful for enduring 
the rubbing action from the Windshield Wipers (not shoWn) 
of the aircraft 12. Moreover, electric conductors (not shoWn) 
are embedded Within the glass outer-pane 22 for de-icing the 
WindoW 16. 

[0019] Referring generally to FIGS. 2 and 3, the aircraft 
skin 14 is ?xed to the tubular composite sills 20 at the 
transition portion 18. The tubular composite sills 20 provide 
a frame for the WindoW 16. The WindoW 16 is inserted into 
the transition portion 18 of the aircraft skin 14 and then 
bonded thereto at a joint 42 or lap splice. The WindoW 16 
acts as a plate extending betWeen the tubular composite sills 
20 and has a bending capability due to the material qualities 
of the outer and inner ?berglass plies 24, 26 and the epoxy 
layer 28. 

[0020] The joint 42 is an angled interface betWeen the 
outer ?berglass ply 24 and the outer layer 30 as Well as 
betWeen the inner ?berglass ply 26 and the inner layer 32. 
An autoclave (not shoWn) is used to melt the plastics of the 
outer and inner ?berglass plies 24, 26 and the outer and inner 
layers 30, 32 at the joint 42 such that the material com 
mingles and bonds. Any load on the WindoW 16 is trans 
ferred from the ?ber threads (not shoWn) in the outer and 
inner ?berglass plies 24, 26 to the outer and inner layers 30, 
32 of the aircraft skin 14 through the commingled plastic 
material. 

[0021] The glass outer-pane 22 is removably fastened to 
the outside of the WindoW 16 in order to protect the WindoW 
16 from normal Wear. In the particular example provided, 
bolts 44 (one of Which is shoWn) are used to secure the glass 
outer-pane through the aircraft skin 14 and the WindoW 16 
to the tubular composite sill 20. Alternatively, various other 
fasteners may be used such as, for example, clips, screWs, or 
adhesives. The glass outer-pane 22 is non-structural and is 
designed to shatter under impact. The glass outer-pane 22 
may be easily replaced after breaking or normal Wear by 
removing the bolts 44. 

[0022] By integrally bonding the WindoW 16 to the aircraft 
skin 14 as an integral portion of the skin 14, the manufac 
turing steps of framing and bolting are eliminated. This in 
turn reduces the Weight and cost of the WindoW assembly 10. 
Also, the easily replaceable glass outer-pane 22 assures that 
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the integrally formed WindoW 16 Will be protected from 
normal Wear, such as light impacts and abrasion from 
Windshield Wipers. 

[0023] While the WindoW assembly 10 has been described 
in connection, With an aircraft, it Will be appreciated that the 
invention could readily be incorporated With little or no 
modi?cation into any structure, ?xed or mobile, that makes 
use of composite panels. 

[0024] The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart from 
the gist of the invention are intended to be Within the scope 
of the invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 

1. A WindoW adapted to be integrally formed With a 
composite skin of a mobile platform, comprising: 

a ?rst transparent ?berglass layer; 

a second transparent ?berglass layer; and 

a transparent epoxy layer betWeen the ?rst and second 
transparent ?berglass layers; 

Wherein the ?rst and second transparent ?berglass layers 
have an index of refraction at least approximately 
matching an index of refraction of the transparent 
epoxy layer; and 

Wherein the ?rst and second transparent ?berglass layers 
have edge portions that are arranged to overlap With 
portions of said skin such that said WindoW forms an 
integral structural Portion of said skin. 

2. The WindoW of claim 1, further comprising a glass 
outer-pane removably coupled to the ?rst transparent ?ber 
glass layer such that the glass outer-pane covers the ?rst 
transparent ?berglass layer. 

3. The WindoW of claim 1, further including at least one 
tubular composite sill adapted to be coupled to the panel of 
the mobile platform, the ?rst and second transparent ?ber 
glass layers being secured to said composite sill. 

4. The WindoW of claim 1, further including a pair of 
tubular composite sills adapted to be coupled to the panel of 
the mobile platform, the ?rst and second transparent ?ber 
glass layers extending betWeen the pair of tubular composite 
sills. 

5. The WindoW of claim 1, Wherein the transparent epoxy 
layer comprises an aliphatic epoxy. 

6. An aircraft comprising: 

an outer skin having an outer layer and an inner layer, the 
outer skin supported on a sill; and 

a WindoW having a ?rst transparent layer, a second 
transparent layer, and a transparent epoxy layer 
betWeen the ?rst and second transparent layers, the ?rst 
and second transparent layers have an index of refrac 
tion matching an index of refraction of the transparent 
epoxy layer; 

Wherein the ?rst transparent layer is bonded to the outer 
layer and the second transparent layer is bonded to the 
inner layer; and 

Wherein the ?rst and second transparent layers overlap 
said outer and inner layers to form an integral portion 
of said skin. 
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7. The aircraft of claim 6, further including a glass 
outer-pane coupled to the ?rst transparent ?berglass layer. 

8. The aircraft of claim 6, Wherein the transparent epoxy 
layer comprises an aliphatic epoxy. 

9. The aircraft of claim 6, Wherein the refraction index of 
the ?rst transparent layer, the second transparent layer, and 
the transparent epoxy layer is approximately the same. 

10. The aircraft of claim 6, further comprising a second 
tubular cornposite sill, the WindoW extending betWeen the 
tWo tubular cornposite sills. 

11. The aircraft of claim 6, Wherein the ?rst transparent 
layer and the second transparent layer are comprised of 
?berglass. 

12. A method of integrally forming a WindoW Within an 
opening in a skin of a structure, comprising: 

providing a WindoW having a ?rst transparent layer, a 
second transparent layer, and a transparent epoxy layer 
betWeen the ?rst and second transparent layers; 

providing a panel structure having an opening formed 
therethrough, the panel structure having a ?rst plastic 
layer and a second plastic layer; 
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inserting the WindoW into the opening; 

securing the ?rst transparent layer to the ?rst plastic layer 
such that the material of the ?rst transparent layer 
cornrningles With the material of the ?rst plastic layer; 

securing the second transparent layer to the second plastic 
layer such that the material of the second transparent 
layer cornrningles With the material of the second 
plastic layer; and 

the transparent layers and the plastic layers forming an 
integral portion of the skin. 

13. The method of claim 12, further comprising rernov 
ably fastening a glass outer-pane to the ?rst transparent layer 
such that the glass outer-pane covers the ?rst transparent 
layer. 

14. The method of claim 12, Wherein the transparent 
epoxy layer comprises an aliphatic epoxy. 

15. The method of claim 12, Wherein the refraction index 
of the ?rst transparent layer, the second transparent layer, 
and the transparent epoxy layer is approximately the same. 

* * * * * 


