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FIG. 1

(57) Abstract: A wing panel structure for an aerospace vehicle or the like may include an outer layer of material having a prede-
termined thickness. A core structure may be placed on at least a portion of the outer layer of material. An inner layer of material
may be placed at least on the core structure. The inner layer of material may have a selected thickness less than the predetermined
thickness of the outer layer of material.
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WING PANEL STRUCTURE

BACKGROUND OF THE INVENTION

The present invention relates to aircraft, aerospace vehicles or the like and more
particularly to a wing panel structure for an aircraft or aecrospace vehicle.

Aircraft structures such as fuselages, wings and other components should be as hght
weight as possible but able to carry the loads and stresses expected during normal operations.
Additionally, the structures need to be of a size and shape that minimizes aero drag to promote
efficient operation and fuel savings. To minimize aero drag, outboard wing sections and
panels may have a very shallow depth or low protile but must also be capable of carrying high
loads. The shallow depth may limit access to the inside of the wing panel. Typical wing
structures utilize stringers attached to the main skin of the aircraft to add stifthess. Stringers
may require extra depth which can increase aero drag. Additionally, stringers are separate
parts that must be bonded or bolted to the main skin, which may increase design and

manufacturing costs.

BRIEF SUMMARY OF THE INVENTION

[n accordance with one aspect of the invention, there 1s provided a panel structure for an
acrospace vehicle. The panel structure includes a tirst portion of the panel structure, a second
portion of the panel structure, and an outer layer of material having a predetermined thickness

and extending across both the first portion and the second portion of the panel structure. The
panel structure also includes a core structure placed on the outer layer of material and included
in the first portion of the panel structure, and an 1nner layer of material formed at least on the
core structure. The mner layer of material has a selected thickness less than the predetermined

thickness of the outer layer of material. The panel structure also includes a stiffener formed on -
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the outer layer of material and included in the second portion of the panel structure. The
stiffener has a predetermined structural shape comprising a flange formed on the outer layer
and a member extending from the flange on an opposite side from the outer layer. The panel
structure also includes a support rib formed on the inner layer of material between the stiffener
and an assembly including the core structure and the inner layer of material. The inner layer of
material extends under the support rib and overlaps a portion of the flange of the stiffener.

The outer layer of material may include a structure to predominantly support a load.

The outer layer of material may include a multiplicity of plies of material.

The multiplicity of plies of material may be cured and processed to a higher strength
specification than the core structure and the inner layer of material. The higher strength
specification may include a curing temperature above about 300 degrees F. and a pressure
above about 80 ps:.

The multiplicity of plies of material may include a multiplicity of epoxy unidirectional
tape plies.

T'he plies of material may be continuous for an extent of the panel.

T'he panel structure may further include a layer of a non-destructive inspection reflective
material formed between the outer layer of material and the core structure.

The core structure may include a honeycomb type structure.

The outer layer, the core structure and the inner layer may be cured at a curing

temperature between about 300 and about 400 degrees F. and a pressure between about 80 and

about 100 psi.

The nner layer of material may include a plurality of plies of a fabric.
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The stiffener may include at least one of an | section stiffener and a T section stitfener.

The stiffener may be inboard of the assembly including the core structure and the inner
layer of material.

In accordance with another aspect of the mvention, there 1s included a panel structure for
an aerospace vehicle. The panel structure includes a first portion of the panel structure, a
second portion of the panel structure, and an outer layer of material having a predetermined
thickness and extending across both the first portion and the second portion of the panel
structure. The panel structure also includes a core structure placed on the outer layer of
material and included n the first portion of the panel structure, an inner layer of material
formed at least on the core structure, and a stiffener placed on the outer layer and included 1n
the second portion of the panel structure. The stiffener has a predetermined structural shape
including a flange formed on the outer layer and a member extending from the flange on an
opposite side from the outer layer. The panel structure also includes a support rib placed on the
inner layer of material between the stitfener and an assembly including the core structure and
the inner layer of material. The inner layer of material extends under the support rib and
overlaps a portion of the flange of the stiffener.

The outer layer of material may include a structure to predominantly support a load.

The outer layer of material may include a multiplicity of plies of maternial.

The multiplicity of plies of material may be cured and processed to a higher strength
specification than the core structure and inner layer of material. The higher strength
specification may include a curing temperature above about 300 degrees I'. and a pressure

above about 80 psi.

2a
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The panel structure may further include a layer of a non-destructive inspection reflective
material disposed between the outer layer of material and the core structure.

The core structure may include a honeycomb type structure.

The stiffener may include a stringer of composite material.

The stiffener may be inboard of the assembly including the core structure and the mnner
layer of material.

In accordance with another aspect of the invention, there 1s provided an aerospace
vehicle. The aerospace vehicle includes a fuselage and an airfoil extending from the fuselage.
The airfoil includes at least one panel structure. The at least one panel structure includes a first
portion of the panel structure, a second portion of the panel structure, an outer layer of material
having a predetermined thickness and extending across both the first portion and the second
portion of the panel structure, a core structure placed on the outer layer of material and
included in the first portion of the panel structure, and an inner layer of material formed at least
on the core structure. The inner layer of matertal has a selected thickness less than the
predetermined thickness of the outer layer of material. The at least one panel structure also
includes a stiffener formed on the outer layer of material and included in the second portion of
the panel structure. The stiffener has a predetermined structural shape including a tlange
formed on the outer layer and a member extending from the flange on an opposite side from
the outer layer. The at least one panel structure also includes a support rib formed on the inner
layer of material between the stiffener and an assembly including the core structure and the
inner layer of material. The inner layer of material extends under the support rib and overlaps a

portion of the tlange of the stittener.

2b



10

15

20

CA 02659448 2011-08-25

The outer layer of material of the at least one panel structure may include a structure to
predominantly support a load.

The outer layer of matenal of the at least one panel structure may include a multiplicity
of plies of material and the multiplicity of plies of material may be cured and processed to a
higher strength specification than the core structure. The higher strength specification may
include a curing temperature above about 300 degrees F. and a pressure above about 80 psi.

The aerospace vehicle may turther include a layer of a non-destructive inspection
material disposed between the outer layer of material and the core structure of the at least one
panel structure.

The core structure of the at least one panel structure may include a honeycomb type
structure.

In accordance with another aspect ot the invention, there is provided a method of making
a panel structure for an aerospace vehicle. The method involves forming a first portion of the
panel structure, forming a second portion of the panel structure, and forming an outer layer of
material having a predetermined thickness and extending across both the first portion and the
second portion of the panel structure. The method also involves placing a core structure on at
least a portion of the outer layer of material to form the first portion of the panel structure and
forming an 1nner layer of material disposed at least on the core structure. The inner layer of
material has a selected thickness less than the predetermined thickness of the outer layer of
material. The method also involves disposing a stiffener on the outer layer of material to form

the second portion of the panel structure. The stiftener has a predetermined structural

2C
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shape including a flange formed on the outer layer and a member extending from the tlange on
an opposite side from the outer layer. The method also involves torming a support rib on the
inner layer of material between the stiffener and an assembly including the core structure and
the mner layer of material. The mner layer of material extends under the support rib and
overlaps a portion of the flange of the stiffener.

Forming the outer layer of material may involve forming a structure to predominantly
support a load.

Forming the outer layer of material may involve depositing a multiplicity of plies of
matertal, and curing and processing the multiplicity of plies of material to a higher strength
spectfication than the core structure and inner layer of material. The higher strength
specification may involve a curing temperature above about 300 degrees F. and a pressure
above about 80 psi.

The multiplicity of plies of material of the outer layer of material may be cured and
processed before the core structure and inner layer of material are disposed on the panel
structure.

The method may involve forming a layer of non-destructive inspection reflective material
between the outer layer of material and the core structure.

Placing the core structure may involve placing a honeycomb type structure.

Forming the inner layer of material may involve laying a plurality of plies of a fabric.

The method may involve curing the panel structure after forming the inner layer of
material.

Curing the panel structure may involve applying a temperature between about 300 and

about 400 degrees F. and a pressure between about 80 and about 100 psi.

2d
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Other aspects and features of the present invention, as defined solely by the claims, will
become apparent to those ordinarily skilled in the art upon review of the following non-limited

detailed description of the invention in conjunction with the accompanying tigures.

BRIEF DESCRIPTION OI' THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 1s a side elevation view of a wing panel structure mm accordance with an

embodiment of the present invention.
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- Figure 2 1s a cross-sectional view of the wing panel structure of Figure 1 taken along

lines 2-2.-

Figure 3 is a cross-sectional view of the wing panel structure of Figure 1 taken along

lines 3-3.

Figure 4 1s a tflow chart of an example of a method for making a wing panel structure

in accordance with an embodiment of the present invention.

Figure 5 1s an 1illustration of an example of an aircraft including a wing panel

structure 1n accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description of embodiments refers to the accompanying
drawings, which illustrate specific embodiments of the invention. Other embodiments
having different structures and operations do not depart from the scope of the present

invention.

Figure 1 1s a side elevation view of a wing panel structure 100 in accordance with an
embodiment of the present invention. The wing panel structure 100 may be used for a wing
of an aircraft, aerospace vehicle or the like. Referring also to Figure 2, Figure 2 is a cross-
sectional view of the wing panel structure 100 of Figure 1 taken along lines 2-2. The wing
panel structure 100 may include an outer layer 102 of material having a predetermined
thickness “T.” The outer layer 102 may include a structure to predominantly support or
carry the bulk of the wing load. Accordingly, the outer layer 102 of material may include a
multiplicity of plies of material. The material may include a multiplicity of epoxy
unidirectional tape plies or similar material to provide a structure to predominantly support

any loading on a wing in which the wing panel structure 100 is incorporated. The
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multiplicity of plies of material of the outer layer 102 may be cured and processed to a
higher strength specification than other components of the wing panel structure. The higher
strength specification may typically involve curing at a temperature between about 300 and
about 400 dégrees Fahrenheit (F) and a pressure between about 80 and about 100 psi.
Accordingly, the multiplicity of plies of the outer layer 102 may be cured and processed
before other components of the wing panel structure 100 are deposited or formed. In
another embodiment of the present invention described in more detail below, the entire wing

panel structure 100 may be assembled and then cured to the higher strength specification.

The wing panel structure 100 may also include a core structure 104 placed or
deposited on at least a portion 106 of the outer layer 102. The core structure 104 may be a
honeycomb type structure or similar light weight structure to add support to outer layer 102
while permitting the profile of this portion of a wing to be minimal for reduced aero drag but
maximum strength. The honeycomb type structure for core 104 may be a composite

material or similar material as 1s known in the aerospace industry.

The wing panel structure 100 may also include a layer 108 of fiberglass, titanium,
aluminum, copper or other non-destructive inspection (NDI) reflective material or the like
disposed or formed on the outer layer 102. The layer 108 of NDI reflective material may
facilitate inspection of the wing panel structure, such as confirming the integrity of the
bonds between the multiplicity of plies in layer 102 and other important structural

characteristics of the wing panel 100.

An 1nner layer 110 of material may be deposited or formed at least on the core
structure 104. As illustrated in Figure I, the inner layer may also be deposited on the outer
layer 102 or layer 108 of NDI reflective material. The inner layer 110 may include a

plurality of plies of fabric. The plurality of plies of fabric may be aerospace quality carbon
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fiber fabric or similar material. The inner layer 110 or plurality of plies of tabric may be
processed at a temperature of between about 200 and about 300 degrees I and a pressure of
between about 40 and about 50 psi. As best shown 1n Figure 2, the inner layer 110 may have a
selected thickness *t” that is less than the predetermined thickness “T” ot the outer layer 102 of
material. As previously discussed, the outer layer 102 1s expected to predominantly support the
wing load. The inner layer 110 having fewer plies of material reduces the weight and cost of
manufacturing the wing panel 100. The outer layer 102 plies of material may be laid by an
automated machine. The inner layer 110 plies may be laid by hand or by machine.

Referring also to Figure 3, Figure 3 1s a cross-sectional view of the wing panel structure
100 of Figure 1 taken along lines. The wing panel structure 100 may also include a stiffener 112.
The stiffener 112 may be formed or deposited on the outer layer 102 or NDI laver 108 at another
portion 114 of the wing panel 100. The portion 106 ot the wing panel 100 may be an outboard
portion of a wing where a much smaller wing profile 1s desired to reduce aero drag but still
provide sufficient strength to handle in excess of any expected wing loads. The other portion
14 may be an inboard portion of the wing where the wing profile can be larger. The stiffener
112 may be an “I” section stiffener, a ““I"” section stiffener or similar structural member. The
stiffener may be a composite material or other lightweight high strength material.

The .wing panel structure 100 may aiso include a support rib 116. The support rib 116
may be formed or deposited on the outer layer 102 of material or on the NDI layer 108. The
support rib 116 may be disposed between the stiffener 112 and an assembly 118 including the
core structure 104 and the inner layer 110. The support rib 116 may be a composite material or
other lightweight, high strength material. In an embodiment of the present invention, the inner
layer 110 may extend under the rib 116 and may lap over a portion 120 of a bottom flange 122 of

the stiffener 112. The rib 116 may be joined or attached to the inner layer 110 and the inner

S
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layer 110 may be joined or integrally formed with the portion 120 of the bottom flange 122
during curing or processing.

Figure 4 1s a flow chart of an example of a method 400 for making a wing panel structure
in accordance with an embodiment of the present invention. The method 400 may be used to
make the wing panel structure 100 of Figure 1. In block 402, a multiplicity of plies of material
may be formed or deposited on a tool surface or the like. As previously discussed, the plies of
material may be deposited or formed to predominantly support or carry the bulk of the wing
load. The multiplicity of plies may be deposited by an automated machine. The multiplicity of
plies may be toughened epoxy unidirectional tape plies or similar tape plies that may be laid by
an automated tape laymg machine or the like.

In block 404, the outer plies of material may be cured and processed to a high strength
specification. As previously discussed, the higher strength specification may typically involve
curing at a temperature between about 300 and about 400 degrees F and a pressure between
about 80 and about 100 psi. In another embodiment of the present invention, the wing panel
structure may be substantially completely assembled and then may be cured and processed in one
step as described below.

In block 406, a layer of fiberglass, titanium, aluminum, copper or other NDI reflective
material may be formed or deposited similar to that previously discussed.

In block 408, a core structure or assembly may be formed or deposited on the outer layer
or outer layer of plies. As previously discussed, the core structure may be a honeycomb type
structure or assembly, or other light weight high strength structure.

In block 410, a plurality of inner plies of material may be formed or deposited. The inner

plies may be a selected number of plies of a fabric. As previously discussed, the inner
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plies or layer may have a thickness substantially less than the outer layer or plies. The core
structure and the inner layer or plies may defme an outboard wing panel portion of a wing -

panel assembly, similar to section or portion 106 in Figure 1.

In block 412, a stringer or inboard stringer or stiffener may be formed or deposited.
The stringer or stiffener may be an “I” section or “T” section stiffener or stringer, similar to

stiffener or stringer 112 of Figure 1 or some other support structure.

In block 414, the final assembly of the wing panel may be cured and processed.
Adding the core structure and inner fabric plies after the outer plies allows the final
assembly to be processed to lower manufacturing specifications which allows less expensive

inner fabric and a limiting of the number of inner plies compared to outer plies.

In another embodiment, the wing panel structure may be substantially completely
assembled and then cured or processed in one step. In this embodiment, the final assembly

may be cured or processed to the higher strength specification.

Figure 5 is an illustration of an example of an aircraft 500 including a wing panel
structure 502 1n accordance with an embodiment of the present invention. The wing panel
structure 502 may have a structure similar to the wing panel structure 100 of Figure 1. The
wing panel structure 502 may form part of a wing 504 of the aircraft 500. The wing 504

may extend from a fuselage 506 of the aircraft 500. The wing panel structure 502 is not
necessarily to scale and merely illustrates how the wing panel structure 502 may be used in

forming the wing 504. The wing may include a plurality of such panels.

The block diagrams in the Figures illustrate the architecture, functionality, and
operation of possible implementations of systems and methods according to various
embodiments of the present invention. In this regard, each block in the block diagrams may

represent a module, component, element or segment. It should also be noted that, in some
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alternative implementations, the functions noted in the block may occur out of the order
noted in the figures. For example, two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be exeéuted in the reverse order,
depending upon the functionality involved. It will also be noted.that each block of the block
diagrams, and combiﬁations of blocks in the block diagrams, can be implemented by special
purpose hardware-based systems which perform thé specified functions or acts, or

combinations of special purpose hardware.

The terminology used herein is for the purpose of describing particular embodiments
only and 1s not intended to be limiting of the invention. As used herein, the singular forms
"a", "an" and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms "comprises" and/or
"comprising," when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, elements, components,

and/or groups thereof.

Although specific embodiments have been illustrated and described herein, those of
ordinary skill in the art appreciélte that any arrangement which is calculated to achieve the
same purpose may be substituted for the specific embodiments shown and that the invention
has other applications in other environments. This application is intended to cover any
adaptations or variations of the present invention. The following claims are in no way

intended to limit the scope of the invention to the specific embodiments described herein.
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WING PANEL STRUCTURE

BACKGROUND OF THE INVENTION

5 The present invention relates to aircraft, aerospace vehicles or the like and more

particularly to a wing panel structure for an aircraft or aerospace vehicle.

Aircraft structures such as fuselages, wings and other components should be as light
weight as possible but able to carry the loads and stresses expected during normal
operations. Additionally, the structures need to be of a size and shape that minimizes aero

10  drag to promote efficient operation and fuel savings. To minimize aero drag, outboard wing
sections and panels may have a very shallow depth or low profile but must also be capable
of carrying high loads. The shallow depth may limit access to the inside of the wing panel.
Typical wing structures utilize stringers attached to the main skin of the aircraft to add
stiffness. Stringers may require extra depth which can increase aero drag. Additionally,

15  stringers are separate parts that must be bonded or bolted to the main skin, which may

increase design and manufacturing costs.

BRIEF SUMMARY OF THE INVENTION
In accordance with an embodiment of the present invention, a wing panel structure
20  for an aerospace vehicle or the like may include an outer layer of material having a
- predetermined thickness. A core structure may be placed on at least a portion of the outer
layer of material. An inner layer of material may be placed at least on the core structure.
The 1nner layer of material may have a selected thickness less than the predetermined
thickness of the outer layer of matenal.
25 In accordance with another embodiment of the present invention, a wing panel

structure for an aecrospace vehicle or the like may include an outer layer of material having a

predetermined thickness. A core structure may be placed on a portion of the outer layer of
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material and an inner layer of material may be formed at least on the core structure. A _
stiffener may be placed on another portion of the outer layer and a support rib may be placed
on the outer layer of material between the stiffener and an assembly including the core
structure and the inner layer of material.

In accordance with another embodiment of the present invention, an aerospace
vehicle may include a fuselage and a wing extending from the fuselage. The wing may
include a plurality of vﬁng panel structures. Each wing panel structure may include an outer
layer of material having a predetermined thickness. A core structure may be placed on at
least a portion of the outer laYer of material. An inner layer of material maiy be formed at
least on the core structure. The inner layer of matenial may have a selected thickness less

than the predetermined thickness of the outer layer of material.

In accordance with another émbodiment of the present invention, a method of
making a wing panel structure may include forming an outer layer of mgterial having a
predetermined thickness and placing a core structure on at least a portion of the outer layer
of material. The method may also include forming an inner layer of material disposed at
least on the core structure, wherein the inner layer of material has a selected thickness less

than the predetermined thickness of the outer layer of material.

Other aspects and features of the present invention, as defined solely by the claims,
will become apparent to those ordinarily skilled in the art upon review of the following non-

limited detailed description of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1 i1s a side elevation view of a wing panel structure in accordance with an

embodiment of the present invention.



10

15

20

25

CA 02659448 2009-01-29

WO 2008/105806 PCT/US2007/016377

- Figure 2 1s a cross-sectional view of the wing panel structure of Figure 1 taken along

lines 2-2.-

Figure 3 is a cross-sectional view of the wing panel structure of Figure 1 taken along

lines 3-3.

Figure 4 1s a tflow chart of an example of a method for making a wing panel structure

in accordance with an embodiment of the present invention.

Figure 5 1s an 1illustration of an example of an aircraft including a wing panel

structure 1n accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description of embodiments refers to the accompanying
drawings, which illustrate specific embodiments of the invention. Other embodiments
having different structures and operations do not depart from the scope of the present

invention.

Figure 1 1s a side elevation view of a wing panel structure 100 in accordance with an
embodiment of the present invention. The wing panel structure 100 may be used for a wing
of an aircraft, aerospace vehicle or the like. Referring also to Figure 2, Figure 2 is a cross-
sectional view of the wing panel structure 100 of Figure 1 taken along lines 2-2. The wing
panel structure 100 may include an outer layer 102 of material having a predetermined
thickness “T.” The outer layer 102 may include a structure to predominantly support or
carry the bulk of the wing load. Accordingly, the outer layer 102 of material may include a
multiplicity of plies of material. The material may include a multiplicity of epoxy
unidirectional tape plies or similar material to provide a structure to predominantly support

any loading on a wing in which the wing panel structure 100 is incorporated. The
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multiplicity of plies of material of the outer layer 102 may be cured and processed to a
higher strength specification than other components of the wing panel structure. The higher
strength specification may typically involve curing at a temperature between about 300 and
about 400 dégrees Fahrenheit (F) and a pressure between about 80 and about 100 psi.
Accordingly, the multiplicity of plies of the outer layer 102 may be cured and processed
before other components of the wing panel structure 100 are deposited or formed. In
another embodiment of the present invention described in more detail below, the entire wing

panel structure 100 may be assembled and then cured to the higher strength specification.

The wing panel structure 100 may also include a core structure 104 placed or
deposited on at least a portion 106 of the outer layer 102. The core structure 104 may be a
honeycomb type structure or similar light weight structure to add support to outer layer 102
while permitting the profile of this portion of a wing to be minimal for reduced aero drag but
maximum strength. The honeycomb type structure for core 104 may be a composite

material or similar material as 1s known in the aerospace industry.

The wing panel structure 100 may also include a layer 108 of fiberglass, titanium,
aluminum, copper or other non-destructive inspection (NDI) reflective material or the like
disposed or formed on the outer layer 102. The layer 108 of NDI reflective material may
facilitate inspection of the wing panel structure, such as confirming the integrity of the
bonds between the multiplicity of plies in layer 102 and other important structural

characteristics of the wing panel 100.

An 1nner layer 110 of material may be deposited or formed at least on the core
structure 104. As illustrated in Figure I, the inner layer may also be deposited on the outer
layer 102 or layer 108 of NDI reflective material. The inner layer 110 may include a

plurality of plies of fabric. The plurality of plies of fabric may be aerospace quality carbon
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fiber fabric or similar material. The inner layer 110 or plurality of plies of fabric may be
processed at a temperature of between about 200 and about 300 degrées F and a pressure of
between about 40 and about 50 psi. As best shown in Figure 2, the inner layer 110 may
have a selected thi_ckness “t” that is less than the predetermined thickness “T” of thé outer
layer 102 of material. As previously discussed, the outer layer 102 is expected to
predominantly support the wing load. The inner layer 110 having fewer plies of material
reduces the weight and cost of manufacturing the wing panel 100. The outer layer 102 plies
of material may be laid by an automated machine. The inner layer 110 plies may be laid by

hand or by machine.

- Referring also to Figur¢ 3, Figure 3 is a cross-sectional view of the wing panel
structure 100 of Figure 1 taken along lines. The wing panel structure 100 may also include a
stiffener 112. The stiffener 112 may be formed or deposited on the outer layer 102 or NDI
layer 108 at another portion 114 of the wing panel 100. The portion 106 of the wing panel
100 may be an outboard portion of a wing where a much smaller wing profile is desired to
reduce aero drag but still provide sufficient strength to handle in excess of any expected
wing loads. The other portion 114 may be an inboard portion of the wing where the wing
profile can be larger. The stiffener 112 may be an “I” section stiffener, a “T” section

stiffener or similar structural member. The stiffener may be a composite material or other

lightweight high strength material.

The wing panel structure 100 may also include a support rib 116. The support rib
116may be formed or deposited on the outer layer 102 of material or on the NDI layer 108.
The support rib 116 may be disposed between the stiffener 112 and an assembly 118
including the core structure 104 and the inner layer 110. The support rib 116 may be a

composite material or other lightweight, high strength material. In an embodiment of the

present invention, the inner layer 110 may extend under the nb 116 and may lap over a
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portion 120 of a bottom flange 122 of the stiffener 112. The rib 116 may be joined or
attached to the inner layer 110 and the inner layer 110 may be joined or integrally formed

with the portion 120 of the bottom flange 122 during curing or processing.

Figure 4 1s a flow chart of an example of a method 400 for making a wing panel
structure 1n accordance with an embodiment of the present invention. The method 400 may
be used to make ,thé wing panel structure 100 of Figure 1. In block 402, a multiplicity of
plies of material may be formed or deposited on a tool surface or the like. As previously
discussed, the plies of material\ may be deposited or formed to predominantly support or
carry the bulk of the wing load. The multiplicity of plies may be deposited by an automated
machine. The multiplicity of plies may be toughened epoxy unidirectional tape plies or

similar tape plies that may be laid by an automated tape laying machine or the like.

In block 404, the outer plies of material may be cured and processed to a high
strength specification. As previously discussed, the higher strength specification may
typically involve curing at a temperature between about 300 and about 400 degrees F and a
pressure between about 80 and aboutl00 psi. In another embodiment of the present
invention, the wing panel structure may be substantially completely assembled and then may

be cured and processed in one step as described below.

In block 406, a layer of fiberglass, titanium, aluminum, copper or other NDI

reflective material may be formed or deposited similar to that previously discussed.

In block 408, a core structure or assembly may be formed or deposited on the outer
layer or outer layer of plies. As previously discussed, the core structure may be a

honeycomb type structure or assembly, or other light weight high strength structure.

In block 410, a plurality of inner plies of material may be formed or deposited. The

inner plies may be a selected number of plies of a fabric. As previously discussed, the inner
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plies or layer may have a thickness substantially less than the outer layer or plies. The core
structure and the inner layer or plies may defme an outboard wing panel portion of a wing -

panel assembly, similar to section or portion 106 in Figure 1.

In block 412, a stringer or inboard stringer or stiffener may be formed or deposited.
The stringer or stiffener may be an “I” section or “T” section stiffener or stringer, similar to

stiffener or stringer 112 of Figure 1 or some other support structure.

In block 414, the final assembly of the wing panel may be cured and processed.
Adding the core structure and inner fabric plies after the outer plies allows the final
assembly to be processed to lower manufacturing specifications which allows less expensive

inner fabric and a limiting of the number of inner plies compared to outer plies.

In another embodiment, the wing panel structure may be substantially completely
assembled and then cured or processed in one step. In this embodiment, the final assembly

may be cured or processed to the higher strength specification.

Figure 5 is an illustration of an example of an aircraft 500 including a wing panel
structure 502 1n accordance with an embodiment of the present invention. The wing panel
structure 502 may have a structure similar to the wing panel structure 100 of Figure 1. The
wing panel structure 502 may form part of a wing 504 of the aircraft 500. The wing 504

may extend from a fuselage 506 of the aircraft 500. The wing panel structure 502 is not
necessarily to scale and merely illustrates how the wing panel structure 502 may be used in

forming the wing 504. The wing may include a plurality of such panels.

The block diagrams in the Figures illustrate the architecture, functionality, and
operation of possible implementations of systems and methods according to various
embodiments of the present invention. In this regard, each block in the block diagrams may

represent a module, component, element or segment. It should also be noted that, in some
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alternative implementations, the functions noted in the block may occur out of the order
noted in the figures. For example, two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be exeéuted in the reverse order,
depending upon the functionality involved. It will also be noted.that each block of the block
diagrams, and combiﬁations of blocks in the block diagrams, can be implemented by special
purpose hardware-based systems which perform thé specified functions or acts, or

combinations of special purpose hardware.

The terminology used herein is for the purpose of describing particular embodiments
only and 1s not intended to be limiting of the invention. As used herein, the singular forms
"a", "an" and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms "comprises" and/or
"comprising," when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, elements, components,

and/or groups thereof.

Although specific embodiments have been illustrated and described herein, those of
ordinary skill in the art appreciélte that any arrangement which is calculated to achieve the
same purpose may be substituted for the specific embodiments shown and that the invention
has other applications in other environments. This application is intended to cover any
adaptations or variations of the present invention. The following claims are in no way

intended to limit the scope of the invention to the specific embodiments described herein.
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EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.

2.

A panel structure for an aerospace vehicle, comprising:

a first portion of the panel structure;

a second portion of the panel structure;

an outer layer of material having a predetermined thickness and extending

across both the first portion and the second portion of the panel structure;

a core structure placed on the outer layer of material and included in the first

portion of the panel structure;

an nner layer of material formed at least on the core structure, wherein the

inner layer of material has a selected thickness less than the predetermined

thickness of the outer layer of material;

a stiffener formed on the outer layer of material and included in the second
portion of the panel structure, wherein the stiffener has a predetermined
structural shape comprising a flange formed on the outer layer and a member

extending from the {lange on an opposite side from the outer layer; and

a support rib formed on the inner layer of material between the stiffener and
an assembly including the core structure and the inner layer of material,
wherein the inner layer of material extends under the support rib and overlaps

a portion of the flange of the stiffener.

The panel structure of claim 1, wherein the outer layer of material comprises a

structure to predominantly support a load.
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The panel structure of claim 1, wherein the outer layer of material comprises a

multiplicity of plies of material.

The panel structure of claim 3, wherein the multiplicity of plies of material are cured
and processed to a higher strength specification than the core structure and the nner
layer of material, wherein the higher strength specification comprises a curing

temperature above about 300 degrees F. and a pressure above about 80 psi.

The panel structure of claim 3, wherein the multiplicity of plies of material comprise

a multiplicity of epoxy unidirectional tape plies.

The panel structure of claim 3, wherein the plies of material are continuous for an

extent of the panel.

The panel structure of claim 1, further comprising a layer of a non-destructive
inspection reflective material formed between the outer layer of material and the core

structure.

The panel structure of claim 1, wherein the core structure comprises a honeycomb

type structure.

The panel structure of claim 1, wherein the outer layer, the core structure and the

inner layer are cured at a curing temperature between about 300 and about 400

degrees IF. and a pressure between about 80 and about 100 pst.

The panel structure of claim 1, wherein the inner layer of material comprises a

plurality of plies of a fabric.

The panel structure of claim 1, wherein the stiffener includes at least one of an |

section stiffener and a T section stitfener.

The panel structure of claim 1, wherein the stiffener 1s inboard of the assembly

including the core structure and the inner layer of material.

10
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14.

15.

16.
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A panel structure for an aerospace vehicle, comprising:
a tirst portion of the panel structure;
a second portion of the panel structure;

an outer layer of material having a predetermined thickness and extending

across both the first portion and the second portion of the panel structure;

a core structure placed on the outer layer of material and included in the first

portion of the panel structure;
an inner layer of material formed at least on the core structure;

a stiftener placed on the outer layer and included in the second portion ot the
panel structure, wherein the stiffener has a predetermined structural shape
comprising a flange formed on the outer layer and a member extending from

the flange on an opposite side {from the outer layer; and

a support rib placed on the inner layer of material between the stiffener and an
assembly including the core structure and the inner layer of material, wherein
the 1mnner layer of material extends under the support rib and overlaps a portion

of the flange of the stiftener.

The panel structure of claim 13, wherein the outer layer of material comprises a

structure to predominantly support a load.

The panel structure of claim 13, wherein the outer layer of material comprises a

multiplicity of plies of maternial.

The panel structure of claim 15, wherein the multiplicity of plies of material are cured

and processed to a higher strength specification than the core structure and inner layer
of material, wherein the higher strength specitication comprises a curing temperature

above about 300 degrees F. and a pressure above about 80 psi.

11
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18.

19.

20).

21.
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The panel structure of claim 13, further comprising a layer of a non-destructive
inspection reflective material disposed between the outer layer of material and the

core structure.

The panel structure of claim 13, wherein the core structure comprises a honeycomb

type structure.

The panel structure of claim 13, wherein the stiffener comprises a stringer of

composite material.

The panel structure of claim 13, wherein the stitfener 1s inboard of the assembly

including the core structure and the mnner layer ot matenal.
An aerospace vehicle, comprising:
a fuselage; and

an airfoil extending from the fuselage, wherein the airfoil includes at least one

panel structure, the at least one panel structure including:
a first portion of the panel structure;
a second portion of the panel structure;

an outer layer of material having a predetermined thickness and
extending across both the first portion and the second portion of the

panel structure;

a core structure placed on the outer layer of material and included in

the first portion of the panel structure;

an inner layer of material formed at least on the core structure, wherein
the nner layer of material has a selected thickness less than the

predetermined thickness of the outer layer of material; and

12
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23.

24.

26.
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a stiffener formed on the outer layer of material and included in the
second portion of the panel structure, wherein the stiffener has a
predetermined structural shape comprising a flange formed on the
outer layer and a member extending from the tlange on an opposite

side trom the outer layer; and

a support rib formed on the inner layer of matenal between the
stiffener and an assembly including the core structure and the inner
layer of material, wherein the inner layer of material extends under the

support rib and overlaps a portion of the flange of the stiffener.

The aerospace vehicle of claim 21, wherein the outer layer of material of the at least

one panel structure comprises a structure to predominantly support a load.

The aerospace vehicle of claim 21, wherein the outer layer of material of the at least
one panel structure comprises a multiplicity of plies of material and wherein the
multiplicity of plies of material are cured and processed to a higher strength
specification than the core structure, wherein the higher strength specification

comprises a curing temperature above about 300 degrees F. and a pressure above

about 80 psi.

The aerospace vehicle of claim 21, further comprising a layer of a non-destructive

inspection material disposed between the outer layer of material and the core structure

of the at least one panel structure.

The aerospace vehicle of claim 21, wherein the core structure of the at least one panel

structure comprises a honeycomb type structure.
A method of making a panel structure for an aerospace vehicle, comprising:
forming a first portion of the panel structure;

forming a second portion of the panel structure;
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forming an outer layer of material having a predetermined thickness and

extending across both the first portion and the second portion of the panel

structure:

placing a core structure on at least a portion of the outer layer of material to

form the first portion of the panel structure;

forming an mner layer of material disposed at least on the core structure,
wherein the inner layer of material has a selected thickness less than the

predetermined thickness of the outer layer of material;

disposing a stiffener on the outer layer of material to form the second portion
of the panel structure, wherein the stiffener has a predetermined structural
shape comprising a flange formed on the outer layer and a member extending

from the flange on an opposite side from the outer layer; and

forming a support rib on the inner layer of material between the stiftener and
an assembly including the core structure and the inner layer of material,
wherein the inner layer of material extends under the support rib and overlaps

a portion of the flange of the stiffener.

27.  The method of claim 26, wherein forming the outer layer of material comprises

forming a structure to predominantly support a load.
28.  The method of claim 26, wherein forming the outer layer of material comprises:
depositing a multiplicity of phes of material;

curing and processing the multiplicity of plies of material to a higher strength
specification than the core structure and inner layer of material, wherein the
higher strength specification comprises a curing temperature above about 300

degrees F. and a pressure above about 80 psi.

14
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31.

32.

33.

34.
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The method of claim 28, wherein the multiplicity of plies of material of the outer
layer of material are cured and processed before the core structure and inner layer of

material are disposed on the panel structure.

The method of claam 26, further comprising forming a layer of non-destructive
inspection reflective material between the outer layer of material and the core

structure.

The method of claim 26, wherein placing the core structure comprises placing a

honeycomb type structure.

The method of claim 26, wherein forming the inner layer of material comprises laying

a plurality of plies of a fabric.

The method of claim 26, further comprising curing the panel structure after forming

the inner layer of material.

The method of claim 33, wherein curing the panel structure comprises applying a
temperature between about 300 and about 400 degrees F. and a pressure between

about 80 and about 100 psi.

15
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FORM OR DEPOSIT MULTIPLICITY OF OUTER PLIES OF MATERIAL TO
PREDOMINANTLY SUPPORT OR CARRY BULK OF WING LOAD - -402
(LAY TOUGHENED EPOXY UNIDIRECTIONAL TAPE PLIES, ETC)

CURE AND PROCESS OUTER PLIES OF MATERIAL TO HIGHER STRENGTH
SPECIFICATION THAN OTHER WING COMPONENTS (OTHER EMBODIMENT-CLRE [ 404
FINAL ASSEMBLY TO HIGHER STRENGTH SPECIFICATION)

FORM OR DEPOSIT LAYER OF FIBERGLASS, TITANIUM, ALUMINUIM, COPPRR |~ 406
, OR OTHER NDI REFLECTIVE MATERIAL
FORM OR DEPOSIT CORE STRUCTIRE. |~ 408
(HONEYCOMB CORE, ETC) ON OUTER LAYER PLIES

FORM OR DEPOSIT A PLURALITY OF INNER PLIES |
OF MATERIAL: CORE STRUCTURE AND INNER PLIES DEFINE [ 410
OUTBOARD WING PANEL PORTION OF ASSEMBLY

FORM OR DEPOSIT INBOARD STRINGER ON
QUTER PLIES (STIFFENER MAY BE' 1"
SECTION, " T SECTION, ETC)

412

CURE AND PROCESS FINAL ASSEMBLY (ADDING CORE AND INNER FABRIC PLIES
AFTER QUTER PLIES ALLOWS FINAL ASSEMBLY TO BE PROCESSED TO LOWER
MANUFACTURING SPEC. ALLOWING LESS EXPENSIVE INNER FABRIC AND LIMITING
NUMBER OF INNER PLIES COMPARED TO QUTER PLIES; OTHER EMBODIMENT-
FINAL ASSEMBLY CURED TO HIGHER STRENGTH SPECIFICATION, ETC)
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