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the second channel. The aircraft component further in-
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between the first engagement portion and the first chan-
nel and between the second engagement portion and the
second channel. The first panel and the second panel are
joined together by cooperation of the web section and
the adhesive.



WO 2014/164121 PCT/US2014/020663

AIRCRAFT COMPONENT AND METHOD OF MAKING AN AIRCRAFT
COMPONENT

TECHNICAL FIELD

[0001] The present invention generally relates to aircraft and more particularly relates to

an aircraft component and a method for making an aircraft component.
BACKGROUND

[0002] Modern passenger aircraft include many different components. Several of these
components come into contact with the free stream while the aircraft is in flight. Some
common aircraft components include the wings, the flaps, the ailerons, the vertical stabilizer
and the horizontal stabilizer, to name just a few. Such components commonly include upper
and lower panels that interface with the free stream and an internal support structure that

supports the upper and lower panels and that gives the aircraft component its shape.

[0003] An important design goal for aircraft designers is to minimize the weight of an
aircraft as much as possible. Towards this end, the upper and lower panels of an aircraft
component have historically been fabricated from lightweight metals, such as aluminum. In
recent years, however, there has been movement away from the use of lightweight metals in
the construction of the upper and lower panels in favor of composite materials. This is

because composite materials weigh significantly less than metal materials.

[0004] Another important design goal for aircraft designers is to minimize the cost of
manufacturing the aircraft. Towards this end, low cost materials are preferred over higher

cost materials.

[0005] The goal of using lightweight materials in the manufacture of aircraft and the
goal of reducing the cost of manufacturing an aircraft are sometimes at odds with one
another. For example, lightweight metals such as aluminum are heavier than, but are also
less expensive than, composites materials. This situation requires aircraft designers to
choose between constructing a light weight aircraft component and constructing a low cost

aircraft component.
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[0006] Another problem associated with the manufacture of aircraft components is the
increasing level of complexity associated with their assembly. The assembling of a typical
aircraft component may entail the precise alignment of upper and lower panels, the precise
positioning of internal support structures, the precise alignment of rivets or other fasteners,
the use of braces and other temporary support structures to hold the various components in
their respective positions during the assembly process and the removal of such temporary
support structures subsequent to assembly of the aircraft component. Such elaborate
assembly requirements can pose a very complicated mechanical challenge to a work force

that is increasingly computer savvy and diminishingly mechanically inclined.

[0007] Accordingly, it is desirable to provide an aircraft component that addresses the
design objectives of both lower cost and lower weight. Furthermore, it is desirable to
provide an aircraft component that can reduce the complexity associated with its assembly.
Other desirable features and characteristics will become apparent from the subsequent
summary and detailed description and the appended claims, taken in conjunction with the

accompanying drawings and the foregoing technical field and background.

BRIEF SUMMARY

[0008] An aircraft component and a method of making an aircraft component are

disclosed herein.

[0009] In a first non-limiting embodiment, the aircraft component includes, but is not
limited to, a first panel including a first channel. The aircraft component further includes,
but is not limited to, a second panel including a second channel. The second panel is
disposed such that the second channel is aligned with the first channel. The aircraft
component further includes, but is not limited to, a web section that is disposed adjacent the
first panel and the second panel. The web section includes a first engagement portion and a
second engagement portion. The first engagement portion is engaged with the first channel
and the second engagement portion is engaged with the second channel. The aircraft
component further including, but not limited to, an adhesive that is disposed between the
first engagement portion and the first channel and between the second engagement portion
and the second channel. The first panel and the second panel are joined together by

cooperation of the web section and the adhesive.
2
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[0010] In another non-limiting embodiment, the method includes, but is not limited to,
obtaining a first panel having a first channel, a second panel having a second channel, and a
web section having a first engagement portion and a second engagement portion. The
method further includes, but is not limited to, applying an adhesive to one of the first
engagement portion and the first channel and to one of the second engagement portion and
the second channel. The method further includes, but is not limited to, positioning the first
panel, the second panel, and the web section such that the first engagement portion is
disposed adjacent the first channel and such that the second engagement portion is disposed
adjacent the second channel. The method further includes, but is not limited to,
compressing the first panel, the second panel, and the web section until the first engagement
portion engages the first channel and the second engagement portion engages the second

channel to form the aircraft component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will hereinafter be described in conjunction with the

following drawing figures, wherein like numerals denote like elements, and

[0012] FIG. 1 is a perspective view of a non-limiting embodiment of an aircraft

component made in accordance with the teachings of the present disclosure;

[0013] FIG. 2 is a perspective view of the aircraft component of FIG. 1 with an upper

panel removed;

[0014] FIG. 3 is a perspective view of a non-limiting embodiment of an upper panel

compatible for use with the aircraft component illustrated in FIG. 1;

[0015] FIG. 4 is a perspective view of a non-limiting embodiment of a web section

compatible for use with the aircraft component illustrated in FIG. 1;

[0016] FIG. § is an exploded cross-sectional view illustrating a portion of the aircraft

component of FIG. 1 prior to assembly;

[0017] FIG. 6. is an expanded cross-sectional view of the portion of FIG. 5 subsequent

to assembly; and
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[0018] FIG. 7 is a flow diagram illustrating an embodiment of a method for making an

aircraft component in accordance with the teachings of the present disclosure.

DETAILED DESCRIPTION

[0019] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention. Furthermore,
there is no intention to be bound by any theory presented in the preceding background or the

following detailed description.

[0020] An improved aircraft component is disclosed herein. In an embodiment, the
aircraft component includes an upper panel having a least one upper panel channel, a lower
panel having at least one lower panel channel, and at least one web section having an upper
channel engagement portion and a lower channel engagement portion. The web section and
the upper and lower panels are configured to engage one another. In some embodiments,
these components are configured to engage one another in a snap-fit manner. In other
embodiments, these components may engage one another in a tongue-in-groove manner. In
other embodiments, other configurations that permit engagement between the components
may also be employed. Such engagement permits rapid, simple, and repeatable assembly of
the aircraft component. Adhesive is applied where the upper and lower engagement

portions engage the upper channel and the lower channel, respectively.

[0021] The individual components can be loosely assembled in a press, and through the
application of compressive forces, can be quickly coupled to one another. The completed
aircraft component can then be immediately removed from the press without waiting for the
adhesive to cure. Such immediate removal is made possible because the engagement of the
components permits them to maintain their coupled configuration despite the absence of the
compressive forces from the press and despite the adhesive forces of the cured adhesive.
This ability to remove the assembled aircraft component from the press before the adhesive
cures facilitates the rapid fabrication of multiple aircraft components in the time previously

required to fabricate one aircraft component.

[0022] A conventional aircraft component couples the upper and lower panels to the

web sections through the use of fasteners (e.g., rivets, bolts, and the like). Such fasteners

4
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add weight and, in some applications, an aesthetically displeasing appearance to the finished
aircraft component. The aircraft component disclosed herein, however, uses the adhesive to
couple the upper and lower panels to the web sections and therefore eliminates the fasteners
from the finished assembly. By eliminating the fasteners, in some instances the aircraft
component can be made of lightweight metals such as aluminum, yet have a weight that is
roughly equivalent or lower than a comparably sized composite aircraft component. Thus,
the various configurations disclosed herein provide the cost advantage associated with
lightweight metals and the weight advantage associated with composite materials.
Additionally, the use of channels and web sections that engage one another in a snap-fit
manner simplifies the assembly process, thereby permitting existing workforces to easily

and quickly assembly the aircraft components.

[0023] A greater understanding of the aircraft component described above and of the
method for making the aircraft component may be obtained through a review of the
illustrations accompanying this application together with a review of the detailed description

that follows.

[0024] FIG. 1 is a perspective view illustrating a non-limiting embodiment of an aircraft
component 10 made in accordance with the teachings of the present disclosure. Aircraft
component 10 may be suitable for use in a wing, an aileron, a flap, a vertical stabilizer, a
horizontal stabilizer, and/or any other part of an aircraft that comes in contact with the free
stream. In some embodiments, aircraft component 10 may be suitable for use in other
applications that do not come into contact with the free stream but rather, are internal to the
aircraft. Although aircraft component 10 is disclosed and discussed as comprising a
component of an aircraft, it should be understood that it may also be used in other types
vehicles including watercraft, automobiles, and space craft. Additionally, the teachings
herein are not limited to use solely with vehicles, but may also be employed in a wide

variety of non-vehicular applications as well.

[0025] Aircraft component 10 includes an upper panel 12, a lower panel 14, and a
plurality of web sections such as web section 16, web section 18, and web section 20.
Upper panel 12 and lower panel 14 include channels (see FIG. 3) to receive the various web

sections and to ensure their proper alignment and positioning during the assembly process.
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[0026] In the illustrated embodiment, upper panel 12 and lower panel 14 are coupled
together by the cooperation of web sections 16, 18, and 20 with an adhesive. Unlike
conventional aircraft components, aircraft component 10 does not require the use of rivets,
nuts, bolts, or other fasteners to maintain upper panel 12 and lower panel 14 in a coupled
relationship. Laboratory testing has been performed and has confirmed that the use of a web
section (such as web sections 16, 18, and 20) with an adhesive to join upper and lower
panels (such as upper panel 12 and lower panel 14) provides a robust coupling despite the
absence of any additional mechanical fasteners. In some examples, testing has revealed that
the solid metal portions of web sections 16, 18, and 20 will fail under stress before failure
occurs in the joint formed between the web sections and the channels of the upper and lower
panels. The use of snap-fit joints and an adhesive to join web sections 16, 18, and 20 to
upper and lower panels 12 and 14 yields a substantial weight savings over conventional

aircraft components that utilize mechanical fasteners.

[0027] FIG. 2 is a perspective view illustrating aircraft component 10 with upper panel
12 (see FIG. 1) removed to permit observation of the interior of aircraft component 10.
Web sections 18 and 20 are arranged at a transverse angle to the three illustrated web
sections 16. This transverse arrangement enhances the structural stability of aircraft
component 10. The spacing between web sections 16 and/or between web sections 18 and
20 can be varied depending upon desired weight/strength/stiffness goals for aircraft

component 10.

[0028] In the illustrated embodiment, web sections 16, 18, and 20 (and the
corresponding channels in upper panel 12 and lower panel 14) extend for substantially the
entire length along upper panel 12 and lower panel 14. In other embodiments, the web
sections and corresponding channels may extend only partially along a length of the upper

and lower panels without departing from the teachings of the present disclosure.

[0029] FIG. 3 is a perspective view of upper panel 12. Lower panel 14 (see FIG. 1) is
substantially identical and therefore the description provided herein with respect to upper
panel 12 applies equally to lower panel 14. A plurality of channels are disposed on a
surface 22 of upper panel 12. In the illustrated embodiment, channels 24 and 26 extend in a
longitudinal direction along surface 22 while channels 28, 30, and 32 extend laterally along
surface 22. While in the illustrated embodiment, channels 24, 26, 28, 30, and 32 are

disposed on surface 22 and protrude above surface 22, in other embodiments, the channels
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may be defined in upper panel 12 such that they are disposed below surface 22. As will be
discussed in greater detail below, channels 24, 26, 28, 30, and 32 include a pair of
oppositely disposed lips that are configured to engage a barb disposed along an engagement
portion of web sections 18, 20, and 16, respectively. This configuration permits upper panel
12 and lower panel 14 to snap-fit to web sections 16, 18, and 20. Other configurations to

permit engagement are also possible.

[0030] FIG. 4 is a perspective view illustrating web section 16. With continued
reference to FIGS. 1-3, web section 16 has a tapered contour to impart a desired taper to
aircraft component 10.  Web section 16 further includes openings 34 that extend through
web section 16. Openings 34 reduce the amount of material that is needed to fabricate web

section 16, thus reducing both the weight and the cost of web section 16.

[0031] Web section 16 further includes engagement portions 36 disposed along opposite
sides of web section 16. In some embodiments, engagement portions 36 may have a
thickness that differs from the thickness of the remainder of web section 16. Engagement
portions 36 are configured to engage channels 28, 30, and 32 of upper panel 12 and lower
panel 14 in a snap-fit manner. In the illustrated embodiment, engagement portions 36 cach
include a barb 37 that extends along a length of each engagement portion 36 to facilitate
snap-fit engagement with channels 28, 30, and 32. In the illustrated embodiment, barb 37
extends along an entire length of each engagement portion 36 while in other embodiments,
barb 37 may extend for only a portion of the length along each engagement portion 36,
while in still other embodiments, barb 37 may extend in a broken or intermittent manner

along each engagement portion 36.

[0032] Web section 16 further includes engagement portions 38. Engagement portions
38 are configured to engage channels that are disposed on web sections 18 and 20.
Engagement (e.g., snap-fit engagement) of engagement portions 38 with channels disposed
on web sections 18 and 20 enhances the strength and stability of aircraft component 10,

imparting a matrix-like structure to the finished component.

[0033] FIG. 5 is an exploded cross-sectional view illustrating a portion of aircraft
component 10. Upper panel 12 and lower panel 14 are positioned opposite one another such
that their respective channels 30 come into alignment. Web section 16 is positioned

between upper panel 12 and lower panel 14 such that the upper and lower engagement
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portions 36 are aligned with channels 30 or upper panel 12 and lower panel 14, respectively.
Although web section 16 has been illustrated at a substantially perpendicular angle with
respect to upper panel 12 and lower panel 14, it should be understood that channels 30 may
be oriented at any desirable angle which would, in turn, permit web section 16 to engage

upper panel 12 and lower panel 14 at a corresponding angle.

[0034] In the view presented in FIG. 5, barbs 37 of each engagement portion 36 can be
observed. Additionally, each channel 30 includes a pair of lips 40 that are configured to
form a cavity 42. Cavity 42 is configured to engage with, and retain, barb 37 once barb 37

engages channel 30.

[0035] Before engagement portions 38 are engaged with channels 30, an adhesive is
applied to the joint. The adhesive may be either a liquid adhesive 44 or a film adhesive 46,
or both. If liquid adhesive 44 is utilized, it is squeezed into channel 30 before engagement
portion 38 is inserted into channel 30. If film adhesive 46 is utilized, it will be wrapped
around engagement portion 38 prior to insertion of engagement portion into channel 30.
Once the adhesive is in place, the components are pressed together in the direction indicated

by arrows 45 and 47.

[0036] FIG. 6. is an expanded cross-sectional view of the joint formed between lower
panel 14 and web section 16 after engagement portion 38 (see FIG. 5) is snap-fit into
engagement with channel 30. In this view, an adhesive layer 48 can be observed in the
joint. Adhesive layer 48 may be comprised of either liquid adhesive 44 or film adhesive 46,
or a combination thereof. By disposing adhesive layer 48 around three sides of engagement
portion 38 (see FIG. 5), a very robust coupling can be achieved between web section 16 and

lower panel 14, thus obviating the need for mechanical fasteners.

[0037] FIG. 7 is a flow diagram illustrating an embodiment of a method 60 for making
an aircraft component in accordance with the teachings of the present disclosure. With
continuing reference to FIGS. 1-6, at step 62, an upper panel, a lower panel, and a web
section such as, but not limited to, upper panel 12, lower panel 14, and web section 16,

respectively, are obtained.

[0038] In some embodiments of method 60, these components may obtained from a
supplier while in other embodiments, these components may be fabricated as part of making

the aircraft component. To fabricate the panels and web sections, obtain three billets of
8



WO 2014/164121 PCT/US2014/020663

material (e.g., aluminum), one billet corresponding to the upper panel, one billet
corresponding to the lower panel, and one billet corresponding to the web section. Each
billet of material may have a thickness that is only slightly thicker than the desired final

thickness of the completed component that it corresponds to.

[0039] Once the three billets of material have been obtained, remove material from each
billet to reduce its thickness to the desired thickness of the finished upper panel, lower
panel, and web section, respectively. In some embodiments, it may be desirable to machine
each billet in order to reduce its thickness. In other embodiments, the material may be

removed from the billet in any other suitable manner.

[0040] Once the desired thickness for each billet has been reached, form one or more
channels on two of the billets. In embodiments where the channels will protrude above the
surface of the panel, the channels may be formed when the thickness of each billet is
reduced. In other embodiments where the channels will be located below the surface of the
panel, additional material will be removed from the billet after its desired thickness has been
obtained. On the third billet, modify its end portions to form engagement portions. In some

embodiments, this may entail adding a barb along opposite edges of the billet.

[0041] Once the upper panel, lower panel, and web section have been obtained, at step
64, an adhesive is applied to the joint that couples the upper and lower panels to the web
section. In some embodiments, this may entail squeezing a liquid adhesive into the channel.
In other embodiments, a film adhesive may be wrapped around the engagement portions of
the web section. In some embodiments, the adhesive may be applied along the entire length
of the channel/engagement portion while in other embodiments, it may be sufficient to apply

the adhesive along a length less than the entire length of the channel/engagement portion.

[0042] At step 66, the upper panel, the lower panel, and the web section are aligned with
one another prior to snap-fit engagement. In some embodiments, this step requires that the
components be placed in a press. The upper panel and the lower panel will be positioned in
the press such that their respective channels are disposed opposite one another. The web
section is positioned such that its engagement portions are positioned adjacent the channels
of the upper and lower panels. In some embodiments, prior to compressing the components

together, the engagement portions may partially engage the channels of the upper and lower
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panel such that the components may independently maintain their final configuration

without the assistance of external or additional bracing structures.

[0043] At step 68, the components are compressed together to cause the engagement
portions of the web section to engage the channels of the upper and lower panel in a snap-fit
manner. In some embodiments, this may be accomplished using a press while in other

embodiments, it may be possible to compress the components together by hand.

[0044] Once the components have been snap-fit together, assembly of the aircraft
component is complete. The aircraft component may be removed from the press without
delay because the snap-fit features (or other type of engagement feature) enable the
components to remain attached together without having to wait until the adhesive cures.
This feature permits a shorter cycle time than would be required if the aircraft component
lacked the snap-fit/engagement features of the aircraft component disclosed herein because
a conventional aircraft component would need to remain in the press for a longer period of

time while the adhesive cures.

[0045] While at least one exemplary embodiment has been presented in the foregoing
detailed description of the disclosure, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exemplary
embodiment of the invention. It being understood that various changes may be made in the
function and arrangement of clements described in an exemplary embodiment without

departing from the scope of the disclosure as set forth in the appended claims.

10
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CLAIMS

What is claimed is:

1. An aircraft component comprising:

a first panel including a first channel;

a second panel including a second channel, the second panel positioned such that the
second channel is aligned with the first channel;

a web section disposed adjacent the first panel and the second panel, the web section
including a first engagement portion and a second engagement portion, the first engagement
portion engaged with the first channel and the second engagement portion engaged with the
second channel; and

an adhesive disposed between the first engagement portion and the first channel and
between the second engagement portion and the second channel,

wherein the first panel and the second panel are joined together by cooperation of the

web section and the adhesive.

2. The aircraft component of claim 1, wherein the first engagement portion and
the first channel are configured to snap-fit together and wherein the second engagement

portion and the second channel are configured to snap-fit together.

3. The aircraft component of claim 2, wherein the first engagement portion
includes a first barb extending along a length of the first engagement portion, the first
channel comprises a first lip extending along a length of the first channel, and the first lip is
configured to engage the first barb when the first engagement portion is inserted into the
first channel, and

wherein the second engagement portion includes a second barb extending along a
length of the second engagement portion, the second channel comprises a second lip
extending along a length of the second channel, and the second lip is configured to engage

the second barb when the second engagement portion is inserted into the second channel.

4. The aircraft component of claim 1, wherein the aircraft component is

substantially free of any fasteners.

11
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5. The aircraft component of claim 1, wherein the first panel is disposed
opposite the second panel and wherein the web section is disposed between the first panel

and the second panel.

6. The aircraft component of claim 1, wherein the first panel includes a plurality
of the first channels, wherein the second panel includes a respective plurality of the second
channels, the aircraft component further comprising a respective plurality of the web
sections, wherein each web section is engaged with a respective first channel and a
respective second channel, and wherein the adhesive is disposed between each first
engagement portion of each web section and each respective first channel and between each

second engagement portion of each web section and each respective second channel.

7. The aircraft component of claim 6, wherein one first channel of the plurality
of first channels is out of alignment with another first channel of the plurality of first
channels, wherein one second channel of the plurality of second channels is out of
alignment with another second channel of the plurality of second channels, and wherein the

one first channel is aligned with the one second channel.

8. The aircraft component of claim 1, wherein the adhesive is engaged with

three sides of the first engagement portion and with three sides of the second engagement

portion.

9. The aircraft component of claim 1, wherein the adhesive comprises a liquid
adhesive.

10. The aircraft component of claim 1, wherein the adhesive comprises a film
adhesive.

11. The aircraft component of claim 1, wherein the first panel, the second panel,

and the web section each comprise a metal material.

12. The aircraft component of claim 11, wherein the metal material comprises

aluminum.

12
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13. A method of making an aircraft component, the method comprising the steps
of:

obtaining a first panel having a first channel, a second panel having a second
channel, and a web section having a first engagement portion and a second engagement
portion;

applying an adhesive to one of the first engagement portion and the first channel and
to one of the second engagement portion and the second channel;

positioning the first panel, the second panel, and the web section such that the first
engagement portion is disposed adjacent the first channel and such that the second
engagement portion is disposed adjacent the second channel;

compressing the first panel, the second panel, and the web section until the first
engagement portion engages the first channel and the second engagement portion engages

the second channel to form the aircraft component.

14. The method of claim 13, wherein the obtaining step comprises:

obtaining at least three billets of material;

removing material from a first billet to produce a first subcomponent having a first
desired thickness;

removing material from a second billet to produce a second subcomponent having a
second desired thickness;

removing material from a third billet to produce a third subcomponent having a third
desired thickness;

defining a first channel in the first subcomponent to form the first panel;

defining a second channel in the second subcomponent to form the second panel;

defining a first engagement portion and a second engagement portion on the third

subcomponent to form a web section.

15. The method of claim 14, wherein the obtaining step comprises:

obtaining a first billet of material having a first initial thickness that is insubstantially
thicker than the first desired thickness;

obtaining a second billet of material having a second initial thickness that is
insubstantially thicker than the second desired thickness; and

obtaining a third billet of material having a third initial thickness that is

insubstantially thicker than the third desired thickness.
13
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16. The method of claim 14, wherein removing material from the first billet
comprises machining the first billet, wherein removing material from the second billet
comprises machining the second billet, and wherein removing material from the third billet

comprises machining the third billet.

17. The method of claim 14, wherein defining the first channel comprises
defining a first pair of engaging lips, wherein defining the second channel comprises
defining a second pair of engaging lips, wherein defining the first engagement portion
comprises defining a first barb along a first edge of the third subcomponent, and wherein
defining the second engagement portion comprises defining a second barb along a second

edge of the third subcomponent.

18. The method of claim 13, wherein the compressing step comprises

compressing the first panel, the second panel, and the web section in a press.

19. The method of claim 18, wherein the aircraft component is removed from the

press before the adhesive cures.

20. The method claim of claim 13, wherein the first engagement portion includes
a first barb configured for snap-fit engagement with the first channel, wherein the second
engagement portion includes a second barb configured for snap-fit engagement with the
second channel, and wherein the compressing step comprises compressing the first panel,
the second panel, and the web section until the first engagement portion and the first channel
snap together and until the second engagement portion and the second channel snap

together.

14
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62~

Obtaining a first panel having a first channel, a second panel having
a second channel, and a web section having a first engagement
portion and a second engagement portion

64“‘\ v

Applying an adhesive to one of the first engagement portion
and the first channel and fo one of the second engagement
portion and the second channel

68"‘\ W

Positioning the first panel, the second panel, and the web section
such that the first engagement portion is disposed adjacent the
first channel and such that the second engagement portion is
disposed adjacent the second channel

68‘\ 4

Compressing the first panel, the second panel, and the web section
until the first engagement portion engages the first channel and the
second engagement portion engages the second channel to form
the aircraft component

FIG. 7
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