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PANEL STRUCTURE

ABSTRACT

A panel structure (10) and a method of forming the panel structure (10)
are disclosed. The panel structure (10) typically includes at least one panei
(12) associated with a material (16). The panel structure (10) has been found
particularly advantageous for use as an interior panel of an airpiane.
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PANEL STRUCTURE

FIELD OF THE INVENTION
The present invention relates generally to a panel structure that
10 incorporates one or more panels and a material for providing reinforcement,
baffling, sealing, sound absorption, damping or attenuation, thermal
insulation, combinations thereof or the like.

BACKGROUND OF THE INVENTION

15 For many years, industry, and particularly the transportation industry,
has been concerned with designing innovative structures that assist in
providing functional attributes such as reinforcement, baffling, sealing, sound
absorption, damping or attenuation, thermal insulation, combinations thereof
or the like to articles of manufacture such as airplanes, automotive vehicles,

20 buildings, fumiture or the like. In the interest of continuing such innovation,
the present invention provides a panel structure having one or more desirable

functional aftributes

SUMMARY OF THE INVENTION

25 Accordingly, the present invention provides a panel structure having at
least one panel and a material associated with the panel. In one desirable
embodiment, the panel structure includes a first panel and a second panel
with the material disposed therebetween. Typically, the material provides
reinforcement, baffling, sealing, sound absorption, damping, attenuation,

30 thermal insulation, combinations thereof or the like to the panel structure
and/or an article of manufacture incorporating the panel structure. In one
particular embodiment, the panel structure has been particularly useful when
employed for interior portions of transportation vehicles and particularly
aerospace vehicles such as airplanes.
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BRIEF DESCRIPTION OF THE DRAWINGS
The features and inventive aspects of the present invention will

become more apparent upon reading the following detailed description, claims

5 and drawings, of which the following is a brief description:
Fig. 1 is a perspective partially cut-away view of a portion of an

exemplary panel! structure formed in accordance with an aspect of the present

invention.
Fig. 2 is a perspective view of a sheet with masses of material

10 distributed thereon according to an exemplary aspect of the present invention.
Fig. 3 is a perspective view of an exemplary interior of an airplane in

accordance with an aspect of the present invention.
Fig. 4A is a perspective partially cut-away view of a portion of an
exemplary panel structure prior to activation of a material of the structure.
15 Fig. 4B is a perspective partially cut-away view of the portion the
exemplary panel structure of Fig. 4A after activation of the material of the

structure.
Fig. 5 is a perspective view of an additional or alternative embodiment

of a panel structure according to the present invention.
20 Fig. 6 is a perspective view of another additional or alternative
embodiment a of a panel structure according to the present invention.
Fig. 7 is a perspective view of another additional or alternative

embodiment a of a panel structure according to the present invention.
Fig. 8 is a perspective view of another additional or alternative

25  embodiment a of a panel structure according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention relates to a panel structure of an article of manufacture

and a method of forming the panel structure. The panel structure includes at
30 least one panel and a material associated with (e.g., laminated or layered
with) the at least one panel. Typically, the material is disposed between a first
panel and second panel, although not necessarily required. The material is
also typically a functional material that provides reinforcement, baffling,

sealing, sound absorption, sound damping, sound attenuation, thermal
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insulation, combinations thereof or the like to the panel structure and/or to an
article of manufacture incorporating the panel structure.

It is contemplated that the panel structure may be employed in a
variety of articles. Exemplary articles include household or industrial
appliance (e.g., dishwaéhers, washing machines, dryers or the like), furniture,
storage containers or the like. [n one embodiment, the panel structure is
employed in a transportation vehicle (e.g., an automotive vehicle, a boat, an
airplane or the like). When used for a transportation vehicle, the panel
structure has been found to be particularly useful as an interior panel structure
(e.g., a panel exposed to an interior cabin portion of the vehicle). In one
embodiment, the panel structure has been found particularly useful as an
interior panel structure of an aerospace vehicle (e.g., an airplane). As such,
the panel structure of the present invention is primarily discussed in relation to
an airplane, however, the invention should not be so limited unless otherwise
stated.

Referring to Figure 1, there is illustrated an exemplary embodiment of
an interior panel structure 10 of an airplane in accordance with an aspect of
the present invention. The panel structure 10 includes a first or inner panel 12
opposite a second or outer panel 14. The panel structure 10 also includes a
composite 16 intermediate the first panel 12 and second panel 14.

It should be understood that the panels (e.g., the first and second
panels 12, 14) of the present invention may be as thick or thin as needed or
desired. For exemplary purposes, the thickness of the panels is typically at
least about 0.03 mm but may be less, more typically at least about 0.2 mm
and even more typically at least about 0.4 mm and is typically less than about
0.5 cm but may be greater, typically less than about 3 mm and even more
typically less than about 1 mm.

The first panel 12 and the second panel 14 are shown as being
substantially planar, however, it is contemplated that the first and second
panels 12, 14 may be contoured as desired or needed. Typically, such
contouring will depend upon the location that the panels 12, 14, the panel
structure 10 or both are to be installed within the airplane or other article of

manufacture.
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The first panel 12 and second panel 14 may be formed of a variety of
materials. Exemplary materials include metals, polymeric materials (e.g.,
plastics, elastomers, thermorplastics, thermosets, combinations thereof or the
like). The materials of the panels may also be reinforced with minerals,
fibrous materials (e.g., glass, carbon or nylon fibers), combinations thereof or
the like. In one embodiment, the first panel 12 is formed of fiberglass/plastic
composite and the second panel 14 is formed of a metal or metal alloy.

The composite 16, as shown, includes a support 20 and a material 22
(e.g., a matrix material or functional materiai) integrated with the support 20.
it should be noted, however, that it is contemplated that the panel structure 10
may include only the material 22 without the support 20. The support 20 may
be formed in a variety of shapes and configurations such as corrugations,
lattice structures or the like. In the particular embodiment shown, the support
20 is a honeycomb structure defining a plurality of openings into which the
material 22 has been placed or located.

When included, the support is typically formed of a polymeric material
such as a thermoplastic or thermoset polymeric'material, which may or may
not be reinforced with minerals or fibrous materials (e.g., glass, carbon or
nylon fibers). It is contemplated, however, that the support may be formed of
several additional or alternative materials as well such as metals, fibrous
materials (e.g. cardboard, paper materials), combinations thereof or the like

which may be coated or uncoated.

The Material

The material 22 typically provides the panel structure 10 (or the article
of manufacture including the panel structure) with reinforcement, baffling,
sealing, sound absorption, damping or attenuation, thermal insulation,
combinations thereof or the like. Thus, the material may exhibit relatively high
strength to weight ratios, relatively high sound attenuation characteristics,
combinations thereof or the like.

The material 22 is typically selected so as to be activatible under a
desired condition. As used herein, activatable means that the material
softens (e.g, melts), cures, expands, foams or a combination thereof upon

exposure to a condition or upon the combination of particular chemicals (e.g.,

4
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2-component materials). Typically, the material, upon activation, can wet, and
preferably bond to adjacent surfaces (e.g., the surfaces provided by the
panels 12, 14, the support 20 or a combination thereof).

In a preferred embodiment, typically for reinforcement, the material has
a post-cure glass transition temperature that is greater than any temperatures
to which the material may be exposed while in its intended environment of use
(e.g., in an airplane or automotive vehicle). @ Exemplary post-cure glass
transition temperatures may be greater than about 80 degrees Celcius and
more preferably greater than about 100 degrees Celsius. Other desired
characteristics of the material might include good adhesion retention and
degradation resistance particularly in adverse environments such as highly
variable temperature environments, high dynamic activity environments,
combinations thereof or the like. For particular embodiments (e.g., where
damping or sound absorption is desired), the material may stay in a softer or
goopy state or it may become more solid particularly if it has a lower post-cure
glass transition temperature.

The material may be a thermoplastic, a thermoset or a blend thereof.
According to one embodiment, the material is as an epoxy-containing
material, an ethylene-containing polymer, an acetate or acrylate containing
polymer, or a mixture thereof, which when compounded with appropriate
ingredients (typically a blowing agent, a curing agent, and perhaps a filler),
typically expands, cures or both in a reliable and predictable manner upon the
application of heat or another activation stimulus. Thus, according to one
embodiment, an exemplary material may be a heat-activated and/or epoxy-
based resin having foamable characteristics. Of course, the material may be
activated by other conditions or stimuli. Generally, it is contemplated that,
particularly for higher expansion materials, the activatable material may
include or be based upon an elastomer (e.g., rubber), an acetate, an acrylate
or combinations thereof.

From a chemical standpoint for a thermally-activated material, such
material is usually initially processed as a thermoplastic material before
curing. After curing, the material typically becomes a thermoset material that
is fixed and incapable of any substantial flow. Examples of preferred
formulations that are commercially available include those available from L&L
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Products, inc. of Romeo, Michigan, under the designations L-0502, L-0504, L-
1066, L-2105, L-2663, L-5204, L-5206, L-5207, L-5208, L-5214, L-5218, L-
5222, L-5248, L-7102, L.-7220, L-8000, L-8100 or combinations thereof. It is
also contemplated that the material may have a fiberglass or other fabric
material integrated to one or more sides of the material and/or within the
material.

The material 22 may be formed using a variety of processing
techniques, machines and the like. Possible processing techniques for the
preferred materials include injection molding, blow molding, thermoforming,
extrusion with a single or twin screw extruder or extrusion with a mini-
applicator extruder. The material may also be formed as a blown or a cast
film, particularly prior to expansion.

Though preferred materials are disclosed other suitable material may
be used in conjunction with the present invention. The choice of the material
22 used will typically be dictated by performance requirements and economics
of the specific application and requirements. Examples of other possible
materials Include, but are not limited to, polyolefins, copolymers and
terpolymers with at least one monomer type an alpha-olefin,
phenol/formaldehyde materials, phenoxy materials, polyurethanes typically
with high glass transition temperatures (including polyureas), and mixtures or
composites thereof (optionally including solid or porous metals). See also,
U.S. Patent Nos. 5,766,719; 5,755,486; 5,575,526; 5,932,680

In applications where the matenal is a heat activated material, such as
when a thermally melting, expanding, curing and/or foaming material is
employed, an important consideration involved with the selection and
formulation of the material can be the temperature at which the material
activates, cures or both. In most applications, it is undesirable for the material
to activate at room temperature or the ambient temperature in a production or
assembly environment. Typically, it is desirable for the material to activate at
higher processing temperatures. Typical activation temperature[s] is at least
about 120 °F or less, more typically at least about 190 °F, still more typically

at least about 230 °F and even more typically at least about 265 °F and
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typically less than about 600 °F or greater, more typically less than about 450
°F and even more typically less than about 350 °F and still more typically less

than about 275 °F. Exposure to such temperatures typically occurs for a

period of time that is at least about 10 minutes or less, more typically at least
about 20 minutes and even more typically at least about 30 minutes and
typically less than about 300 minutes or greater, more typically less than
about 180 minutes and even more typically less than about 90 minutes.
Although the material 22 may be heat activated, it may be otherwise
additionally or alternatively activated by other stimuli to cure, expana, bond,
combinations thereof or the like. Without limitation, such material may be
activated by alternative stimuli such as, pressure, moisture, chemicals,
ultraviolet radiation, electron beam, induction, electromagnetic radiation or by
other ambient conditions. As particular examples, the material may be a two-
component adhesive material that expand, cure, adhere or a combination
thereof upon adding one component to the other. Examples of first
component/second component materials include epoxy/amine materials and

epoxy/acid materials.

Manufacture

The panel structure of the present invention may be formed according
to a variety of protocols. The material may be applied directly to the panels,
the support or both. Thereafter, the material may be activated to soften, cure,
expand or a combination thereof to wet and adhere the material to the panels,
the support or both. It is also contemplated that the material may be pre-
activated and subsequently applied to the panels, the support or both.
Further, it is contemplated that one or more adhesives may be employed for
attaching the panels, the material, the support or combinations thereof to each
other.

When the material 22 is incorporated with a support 20 having
openings such as the honeycomb structure of Fig. 1, various different
techniques may be used to provide the material 22 to the openings. in one
embodiment, and referring to Fig. 2, masses 30 of the material 22 may be

provided on a surface 34, which may be part of one of the panels 12, 14, of

PCT/US2005/021166
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the panel structure 10 or of another panel, according to the pattern of
openings of the support 20. Then, the masses 30 are located within the
openings of the support 20, while they remain upon the surface 34 by bringing
the surface 34 and support 22 closer to each other. In such an embodiment,
the masses 30 may be provided manually or automatically to the surface 34.
For instance, the masses 30 may be provided to the surface 34 using an
extruder (e.g., using extrude-in-place techniques). It may also be possible to
manually or automatically (e.g., with an extruder and or extrude-in-place
techniques) apply masses 30 of the material 22 directly into the opening of the
support 20. Techniques for extruding such materials in these embodiments
are disclosed in commonly owned U.S. Patent No. 5,358,397 and U.S. Patent
Application serial no. 10/342,025, filed January 14, 2003, titled “Method and
Apparatus for Applying Flowable Materials” .

In an alternative embodiment, and referring to Fig. 2, it is contemplated
that both the panel may be formed of a material (e.g., an expandable material)
as well as the masses 30 of material. In such an embodiment the pane! of
material would typicaily serves to adhere the masses and the support to one
of the paneis 12, 14.

In another embodiment, the material 22 is applied to the support 20 by
dispensing multiple (e.g. 3, 6, 20, 100 or more) masses (e.g., as small pellets
or as a powder) of the material 22 into each of the openings of the support 20.
Such masses may be poured, sprinkied or otherwise dispensed into the
openings of the support 20.

The panels 12, 14 may be attached to the support 20, the material 22
or both before, during or after activation of the material 22. Thus, in one
embodiment, the material 22 is activated to soften, expand, cure or a
combination thereof followed by attaching the panels 12, 14 to the material.
In the embodiment illustrated, the material 22 is activated to soften (e.g.,
melt), expand and wet the support 20 while simultaneously and/or thereafter
to cure and adhere to the support 20 thereby forming the composite 16.
Thereafter, the panels 12, 14 are respectively adhered to opposite sides of
the composite 16 with adhesive layers 40, 42.
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In another embodiment, one or both of the panels 12, 14 are placed
adjacent the material 22, the support 20 or both (e.g., placed adjacent
opposite sides of the material 22 and/or the support 20). Then, the material
22 is activated to soften (e.g., melt), expand and wet the support 20 and one
or both of the panels 12, 14 while simultaneously and/or thereafter curing and
adhering to the support 20 and one or both of the panels 12, 14. In such an
embodiment, the material 22, the composite 16 or both can be attachea to the
panels 12, 14 without the additional adhesive layers 40, 42, although such
adhesive layers may be additionally included. Also, in such an embodiment,
temporary attachments (e.g., fasteners) may be employed to located the
panels 12, 14, the material 22 and, if used, the support 20 relative to each
other at least until activation of the material 22.

In one particular embodiment, referring to Figs. 4A and 4B, there is a
panel sfructure 48 with a first layer 50 of the material 22 positioned between
the first panel 12 and a first side 52 of the support 20 and a second layer 56 of

the material 22 positioned between the second panel 14 and a second side 58

of the support 20.
Once assembled, typically either automatically, manually or a

combination thereof, the layers 50, 56 of material 22 are activated o soften,
expand and cure. As can be seen, the layers 50, 56 wet and adhere to both
the support 20, particularly the sides 52, 58 of the support and to side surface
of the panels 12, 14. The layers 50, 56 can also expand into and fill at least a
portion of the opening of the support 20. Advantageously, the layers 50, 56
may be able to provide reinforcement, structural integrity, sound and/or
vibration dampening, sound absorption or a combination thereof to the panel
structure 48. While, the material 22 in Figs. 4A and 4B is not shown as being
located in the more central openings of the support 20 as discussed in
previous embodiments, it is contemplated that such material may additionally
be so located and employed as previously described.

In a preferred embodiment, the material 22 of the panel structure is
heat activated in a panel press. For activation, the components (i.e., the
material 22, the layers 52, 56, the support 20 and the panels 12, 14 or a
combination thereof) of the panel structure may be assembled as described

above or otherwise. Thereafter, the panel structure is fed to a panel press
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where it experiences temperatures that are typically above about 150 °F,
more typically above about 200 °F and even more typically above about 265
oF and below about 550 °F, more typically below about 420 °F and even more

typically below about 350 °F. Such exposure is typically for a time period of
at least about 10 minutes, more typically at least about 30 minutes and even
more typically at least about 60 minutes and less than about 360 minutes
more typically less than about 180 minutes and even more typically less than
about 90 minutes. While in the press, a pressure is typically applied to the
panel structure urging the components (i.e., the material 22, the layers 52, 56,
the support 20 and the panels 12, 14 or a combination thereof) of the panel
structure toward each other. Advantageously, typically for reinforcement, the
material can provide more thorough adhesion to the support.

it is additionally contemplated that other additional or alternative
techniques may be used to assist in the formation of the panel structure.
Such techniques can include vacuum forming and baking, autoclaving and
pressure, others or combinations thereof. Such techniques can assist in
forming panels with contours. Heats and time period for these techniques can
be the same as those discussing above or may be different depending upon

the activatable material used.

Application
As discussed, the panel structure 10 may be used in several different

articles of manufacture such as transportation vehicles (e.g., automotive
vehicles), buildings, furniture or the like. Typically, although not required, the
panel structure is employed for forming the interior of one of these articles of
manufacture. In such an embodiment wherein the panel structure includes at
least two panels, at least one panels of the panel structure is typically
exposed to and/or at least partially defines an inner open area of the article
while another panel of the panel structure is closer to a body of the article.
For example, in a building, the inner or first panel would typically be exposed
to and/or define the interior of a room of the building while the outer or second
panel would typically be closer to the outer building material (e.g., brick, siding

or the like) of the building. As another example, in an automotive vehicle, the

10
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inner or first panel would typically be exposed to‘ and/or at least partially
define an interior cabin of the vehicle while the outer or second panel would
typically be closer to the body of the vehicle.

Referring additionally to Fig. 3, it is contemplated that the panel
structure 10 can be employed in several locations within the interior 60. For
example, and without limitation, the panel may form part or the entirety of a
door 62, an overhead storage compartment 64, a side panel 66, an archway
68, a ceiling panel 70, combinations thereof or the like. The panel may also
be employed in an airplane wing, floor structure or the like.

When the structure 10 is employed within an airplane the first or inner
panel 12 will typically be exposed and/or at least partially define the interior
cabin 60 of the airplane. The second or outer panel 14 is typically closer to
the fuselage of the airplane. Of course, the panels may be reversed.
Moreover, the panel may be located away from the fuselage and may or may
not be exposed to the interior cabin of the plane. For example, the panel may
be completely enclosed (e.g., within an interior door of a plane) or may be
covered with carpet (e.g., as in a floor panel of a plane). It should be
understood that the panel (e.g., the first panel) that is typically closest to the
interior cabin 60 may be covered by an aesthetic covering such as paint,
wallpaper, a plastic fascia, cloth, leather, combinations thereof or the like and
may still define the interior cabin 60.

The panel structure 10 may be attached to the fuselage of the airplane
according to a variety of techniques. Generally it is contemplated that the
second or outer panel 14 may be connected directly or indirectly connected or
attached to the fuselage and may be attached thereto with fasteners,
adhesives, interference fits, support structures, combinations thereof or the
like.

When the materials of the present invention are integrated into the
support as shown and discussed in relation to Fig. 1, the materials can
provide significant acoustical damping properties to the panels in addition to
the other properties imparted to the panels. When, the materials are used on
opposing sides of the support, as shown and discussed in relation to Figs. 4A
and 4B, the materials can provide significant structural integrity to the panels
In addition to the other properties imparted to the panels. As such, it should

11
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be understood that the material integrated into the support may be different or
may be the same as the material used to adhere to the opposing sides. For
example, where the materials are different, it is contemplated that the material
integrated into the support may volumetrically expand at least 10%, more
typically at least 30% and even more typically 100% more than the expansion
of the material on the sides. As used herein, a material that expands to a
volume that is 210 % of its original unexpanded volume volumetrically
expands 10% more than a material that expands to 200% of its original
volume, and similar calculations may be made for the other percentages.
Generally, higher expanding materials can be more specifically tailored for
acoustical dampening while the lower expanding material can be tailored for
providing structural integrity.

As an addition or alternative to the previous embodiments, it is
contemplated that that activated or activatable material, the support or a
combination thereof may fill none, a portion, a substantial portion or
substantially the entirety of a volume between two panels. The amount of the
volume filled may depend upon considerations such desired strength, desired
sound absorption or the like.

In Fig. 5, one embodiment of a panel structure 80 is illustrated as
having an activated material 82 (e.g., a foam) that fills a portion of a volume
84 between a first panel 86 (e.g., a resistive face sheet) and a second panel
88. In the illustrated embodiment, the activated material 82 is located within
openings 90 of a support 92. Typically, although not required, the material 82
(e.g., the foam and the voids or cells defined by the foam), the support 92 or
both fill at least 5%, more typically at least 15% and even more typically at
least 30 % of the volume between the panels. It is also typical, although not
required, for the material 82, the support 92 or both to fill less than 90%, more
typically less than 75% and even more typically less than 60% of the volume
between the panels.

The particular embodiment illustrated can, if desired, exhibit a relatively
high degree of sound absorption due to one or more factors such as the
materials used for the panel structure, the configuration of the components of
the panel structure or other factors. Generally, the panels 86, 88 may be
formed of any of the materials discussed herein or other materials. According

12
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to one preferred embodiment, however, the first panel 86 is formed of a fabric
(e.g., upholstery, felt material, wire mesh) or non-fabric material that includes
or is formed substantially entirely of a polymer, fiberglass, natural fiber, metal
(e.g., aluminum, steel, magnesium, a combination thereof or the like), metal
fibers, combinations thereof or the like, which may be woven into a fabric,
molded, exiruded or other wise formed or processed. The first panel 86 if
typically formed of a material that allows sound waves to pass through it and
the material may additionally provide some amount of sound impedance.
Generally, it is contemplated that the material of the first panel may or may
not be impervious to fluids.

The second panel 88, like the first, may also be formed of any of the
suitable materials discussed herein. As one example, the second panel 88,
may include or be formed substantially entirely of an epoxy/glass fiber prepreg
or composite. The support 92 can also be formed of any of the suitable
materials discussed herein. In the illustrated embodiment, the support 92 is a
honeycomb structure similar to that described for Fig. 1.

For forming the panel structure of Fig. 5, the activated material may be
located within the opening of the honeycomb according to any of the
techniques discussed herein. According to one embodiment, activatable
material is located adjacent the second panel 88 and expanded or foamed
(e.g., by exposure to heat as described herein) into the openings 90 of the
support 92 to whatever distance or degree is desired. Preferably, after
activation, the activated material 82 occupies a volume that is at least 150%,
more typically at least 400% and even more typically at least 800% of the
volume occupied by the activatable material prior to activation.
Advantageously, such an expansion of the activatable material allows for the
activated material 82 to efficiently fill at least part of the volume 84 between
the panels 86, 88.

As another addition or alternative to the previous embodiment, it is
contemplated that the panel structure of the present invention may include a
relatively high strength material throughout or within a region of the panel
structure. Advantageously, such a material or region can assist providing
structural integrity to the panel structure, particularly at locations where

components are attached to the panel structure.

13
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Referring to Fig. 6, an exemplary panel structure 100 is illustrated as
having a first panel 102 and a second panel 104. The panel structure 100
also includes support 106 and one or more activated materials 108, 110
between the first panel 102 and the second panel 104. It should be
understood that any of the components of the panel structure 100 can be
formed of any of the suitable materials discussed herein or others unless
otherwise specified. Moreover, the components may be assembled or applied
to each other using any of the suitable techniques discussed herein or others,
unless otherwise specified.

As can be seen, the panel structure 100 of Fig. 6 includes a relatively
high strength region 116 as defined by the dashed line. Although shown as
cylindrical, the region 116 may shaped as desired depending upon its
intended use. The high strength region 116 is defined by the fact that its
activated material 108 has a relatively high strength. For example, the
material 108 can have a compressive strength that is at least about 0.7 MPa
(but may be less), more typically at least about 1.5 MPa and even more
typically at least about 2.5 MPa. If needed, such compressive strength values
can be measured according to automotive standard ASTM D-1621. In
addition to compressive strength, the material 108 can have a compressive
modulus of at least 100 MPa but may be less, more typically at least about
150 MPa and even more typically at least about 200 MPa. Preferably, the
activated material 108 of Fig. 6 is a structural foam that has been activated
according to techniques already described herein, however, the material 108
may also be selected from the other materials discussed herein or others,
unless otherwise specified.

In Fig. 6, the high strength region 116 is surrounded by or adjacent a
lower strength region 120, however, it should be understood that the entire
panel structure 100 may be a high strength region. The lower strength region
120 is defined by the fact that its activated material 110 has a compressive
strength that is less than that of the activated material 108 of the high strength
region 116. For example, the compressive strength of the material of the
lower strength region can be less than 90%, less that 80% or even less than

60% of the compressive strength of the higher strength region 116.
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Generally, ‘for activated materials, the material of the high strength
region is formed from an activatable or expandable material having lower
expansion percentages than an activatable or expandable material forming
the material of the lower strength fegion. Such relative expansion levels have
been discussed above and apply here. It is also contemplated that the lower
strength material could be configured as shown and described in relation o
Fig. 5. Advantageously, high strength regions such as the region 116 of Fig.
6 are particularly suitable for having one or more components attached
thereto. In Fig. 6, a component 130 is illustrated just prior to attachment of
the component 130 to the high strength region 116. The component 130
shown is a handle (e.g. a door handie), however it could be any number of
different components such as mouldings, pictures, advertisements, mirrors,
other components, combinations thereof or the like. Typically, the component
will include one or more fasteners for attaching the component to the panel
structure. In Fig. 6, the component 130 includes a plurality of fasteners 134
(e.g., screws, blind rivets, clips or the like) which may be directly or indirectly
attached to (e.g., threadably fastened to, inserted into or the like) the high
strength region 116 including one or any combination of the activated material
108, the panels 102, 104 and/or the support 106.

As another addition or alternative to the previous embodiments, it is
contemplated that the panel! structure of the present invention may include
one or more relatively large openings (e.g., through-holes, cavities or the like)
that are suitable for receipt of one or more components. For example, panel
siructures of the present invention may need to have dpening suitable for
receipt of components such as wiring, handles (e.g., closure panel handles),
fasteners, trim, windows, signs, combinations thereof or other components.

Referring to Fig. 7, an exemplary panel structure 200 according to the
present invention Is illustrated as have at least one relatively large opening
202. As used herein, the term relatively large opening in intended to mean
any opening having a volume located between one or more surfaces defining
the opening wherein that volume is at least 2 cm®, more typically at least 4
cm® and even more typically at least 6 cm®. In the illustrated embodiment
illustrated, the opening 202 is a through-hole with an annular surface 204
defining the opening 202 as disc shaped volume between or surrounded by
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the annular surface 204. [t is contemplated that the volume of the opening
may be as large as needed. However, it is generally desirable that such
volume does not exceed 50 cm?, more typically does not exceed 30 cm® and
even more typically does not exceed 15 cm®.

As shown, the panael structure 200 is comprised of a first panel 210 and
a second panel 212 and a composite 214 therebetween. The composite 214
includes a support 218 and a first material 220 (e.g., activated or activatable
material such a foam or foamable) and optionally, a second material 222. it
will be understood that the panel structure 200 and its components (i.e., the
panels 210, 212, the support 218 and the materials 220, 222) may be formed
of any of the suitable materials discussed herein and may be configured
according to any of the other embodiments described herein unless otherwise
specifed. It should also be understood that the components of the panel
structure may be assembled according to any of the embodiments described
herein unless otherwise specifed.

The illustrated pane! structure 200 also includes a peripheral region
228 that extends adjacent to the opening 202. As used herein, a peripheral
region of the panel structure is intended to mean a region of the panel
structure that extends from adjacent the opening 202 (e.g., firming one or
more surfaces defining the opening) into the actual panel structure. Typically,
although not required, a peripheral region (e.g., the entirety of the peripheral
region) extends from adjacent the opening and into the panel structure a
distance of at least 1 cm, more typically at least 2 cm and even more typically
at least 3 cm. While it Is contemplated that the peripheral region may extend
from the opening any distance into the panel structure, it may be desirable for
the region to extend less than 30 cm, more typically less than 25 cm and even
more typically less than 10 cm into the panel structure. Generally, the
peripheral region may extend substantially continuously, intermittently or only
adjacent a portion of the opening.

Typically, the material 220 of the peripheral region 228, which may be
a foam or any of the other suitable materials discussed herein, has one or
more relatively high strength characteristics. For example, the material can
have a compressive strength that is at least about 0.7 MPa or lower, more
typically at least about 1.5 MPa and even more typically at least about 2.5
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MPa. Such values can be measured according to automotive standard ASTM
D-1621. Additionally, the material can have a compressive modulus of at
least 100 MPa or lower, more typically at least about 150 MPa and even more
typically at least about 200 MPa. Advantageously, the material 220 of the
peripheral region 228 can assist in providing structural integrity to the panel
structure 200, particularly at locations where components may extend into
and/or through the opening 202 of the structure 202.

While not required, it is contemplated that a secondary region 232 of
the panel structure 200 will include the second material 222, which has a
strength that is less than the strength of the first material 220. For example,
the second material 222 may have a compressive strength that is less than 90
% more typically less than 70% and even more typically less than 50% of the
compressive strength of the first material 220 as determined above.

While the peripheral region of Fig. 7 has been discussed primarily in
relation to relatively large openings, it is contemplated that such a peripheral
region may be located at any ending region (e.g., a side, edge, border or the
like) of the panel structure. For example, the peripheral region could be the
outer border of a door or could be at the edge of a panel defining an archway
or doorway or others. Thus, the peripheral region is typically adjacent to open
space, although not necessarily required. It should additionally, be
understood that a peripheral region can be a high relatively strength region
and vice versa.

As yet another addition or alternative to the previous embodiments, it is
contemplated that a peripheral region may be formed substantially entirely of
activated material without a support. In Fig. 8, a panel structure 250 is
illustrated with a peripheral or relatively high strength region 252.

The exemplary panel structure 250 is illustrated as having a first panel
254 and a second panel 256 and a support 258 and one or more activated
materials 260, 262 between the first panel 254 and the second panel 256. It
should be understood that any of the components of the panel structure 250
can be formed of any of the suitable materials discussed herein or others.
Moreover, the components may be assembled, confingured or applied to each
other using any of the suitable techniques discussed herein or others, unless
otherwise specified.
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The activated material 260 of the peripheral region 252 of the panel
structure 250 extends substantially continuously between the panels 254,
256. The peripheral region 252 is like previously discussed peripheral regions
in that the activated material 260 can have similar or same sizes, strengths
and configurations as compared to the previously discussed peripheral
regions. However, in the embodiment depicted, the peripheral region 252 is
without a support ‘or, stated another may, the support 258 of the panel
structure 250 stops prior to entry and/or does not extend into the peripheral
region 252.

The peripheral region 252 of Fig. 8 can be formed according to any of
the techniques discussed herein or others. In one embodiment, an
activatable material is located within the peripheral region 252 and activated
to expand and/or foam such that the material adheres to the panels 254, 256
and forms the activated material 260 (e.g., structural foam) of the panel
struciure 250. The activatable material may be located in the peripheral
region 252 between the panels 254, 256 using techniques such as manual or
automatic placement of an insert formed of the activatable material into the
region 252. Aiternatively, the activatable material could be extruded or
molded into the peripheral regions.

According to one embaodiment, it is preferable for the activated material
260 to provide a relatively smooth edge or side surface 270 of the panel
structure 250. Such a surface may be formed by machining (e.g., sanding)
the activated material 260 after expansion to form the surface 270.
Alternatively, such a surface may be formed by placing a barrier 272 adjacent
the peripheral region such that the activatable material, during expansion,
contacts and conforms to the barrier 272. Then, upon removal of the barrier
272, the surface 270 is relatively smooth. Of course, such surface 270 could
include contours and still be considered relatively smooth. Preferably, the
barrier 272 provides a non-stick surface such that the activated material 260
does not adhere to the barrier 272 with a high degree of strength during
formation of the surface 270.

It should be understood that the panel structure 250 may or may not
have a lower strength region in the same manner as the panel structures
100, 200 of Figs. 6 and 7. Unless stated otherwise, dimensions and
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15

geometries of the various structures depicted herein are not intended to be
restrictive of the invention, and other dimensions or geometries are possible.
Plural structural components can be provided by a single integrated structure.
Alternatively, a single integrated structure might be divided into separate
plural components. In addition, while a feature of the present invention may
have been described in the context of only one of the illustrated embodiments,
such feature may be combined with one or more other features of other
embodiments, for any given application. It will also be appreciated from the
above that the fabrication of the unique structures herein and the operation
thereof also constitute methods in accordance with the present invention.

The preferred embodiment of the present invention has been
disclosed. A person of ordinary skill in the art would realize however, that
certain modifications would come within the teachings of this invention.
Therefore, the following claims should be studied to determine the true scope
and content of the invention.
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CLAIMS

WHAT IS CLAIMED |S.

1. A method of forming an interior panel structure for providing sound

absorption, damping, or attenuation comprising:

providing a first panel formed at least partially of an epoxy/glass composite

material, the first panel being an inner panel of an aircraft;

providing a second panel formed at least partially of a porous material that

includes a metal, the second panel being an outer panel of an aircraft;

locating a honeycomb support intermediate the first panel and the second panel,
such that the support includes a plurality of openings, a first surface and a second

surface;

locating a layer of heat activated foamable material including an elastomer on the
first surface of the honeycomb support so that the heat activated material enters each of

the plurality of openings;

placing the first panel in contact with the layer of foamable heat activated

material and the first surface of the honeycomb support;

placing the second panel in contact with the second surface of the honeycomb

support;

exposing the heat activated materiai to a temperature in the range of about 150°F to
about 550°F for at least about 10 minutes to cause the epoxy glass composite to cure
and the heat activated foamable material t0 expand to create a foam material and to
occupy a volume that is at least 400% of the volume occupied by the first layer of heat
activated material prior to expansion and bond to at least the first panel, the side surface
of the panels, the honeycomb support, and the sides of the honeycomb support whereby
after expansion and cure the foam material remains in a softened state post-cure and
fills from about 5% to about 90% of each of the plurality of openings within the
honeycomb support so that space remains between the foam material and the second

panel so that sound is absorbed by the space and foam material.
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2. The method of claim 1, wherein no further adhesive is used to bond the

foamable material to the first panel and the honeycomb structure.

3. The method of claim 1, wherein a plurality of spaces are formed between
the expanded foamable material in each of the plurality of openings and the second

panel so that sound becomes absorbed into the plurality of spaces.

4. The method of claim 1, wherein the panel structure is placed in a panel
press thereby causing the first layer of heat activated material to expand and materials
of the first panel and second panel to bond with the first surface and second surface of

the honeycomb support.

5. The method of claim 1, wherein the first and second panels are

iIndividually formed of a polymeric and a metal material, respectively.

0. The method of claim 5, wherein the polymeric material is reinforced with

fibrous materials.

7. The method of claim 1, wherein after expansion of the first layer of heat
activated material, the material fills at least 5% and less than 75% of each of the plurality

of openings within the honeycomb support.

8. The method of claim 1, wherein after expansion of the first layer of heat
activated material, the materal fills at least 30% and less than 60% of each of the

plurality of openings within the honeycomb support.

9. A panel structure for an aircraft that incorporates two panels and a

material for providing sound absorption, damping or attenuation comprising:
a first panel formed at ieast partially of a polymeric material:
a second panei;
a honeycomb structure located between the first panel and second panel;

a material incorporated within the honeycomb structure, wherein the material

comprises an activatable foamed elastomer that is activated to expand and after
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expansion remains In a softened state and fills a portion of the volume between the first

panel and the second panel to leave a space adjacent the second panel;

wherein the second panel is an outer panel being closer to the body of the

aircraft and the first panel is closer to an interior cabin of the aircraft.

10. The panel structure of claim 9, wherein the foamed elastomer fills less

than 90% of the volume between the panels.

11. The panel structure of claim 9, wherein the first panel and second panel

are Individually formed of a polymeric and a metal material, respectively.
12. The panel structure of claim 9, wherein the second panel is perforated.

13. The panel structure of ciaim 9, wherein the polymeric material is

reinforced with fibrous materials.

14. The panel structure of claim 9, wherein the polymeric material comprises

a polyolefin, copolymers, and terpolymers with at least alpha-olefin.

15. The panel structure of claim 9, wherein the first panel comprises an

epoxy/glass fiber prepreg or composite.
16. A panel structure comprising:
a first panel;
a second panel;

an activatable foamed material including an elastomer, an acetate and an
ethylene based terpolymer located between the first panel and second panel and
activated to expand so that the foamed elastomer provides sound absorption, damping
or attenuation by remaining in a softened state post cure;

a support structure extending between the first panel and second panel, the
support structure containing openings which contain the foamed elastomer material.

17. The panel structure of claim 16, wherein the foamed elastomer material is

rubber.
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18. The panel structure of claim 16, wherein the support structure comprises

a honeycomb support.

190. The panel structure of claim 16, wherein the foamed elastomer occupies
a volume that is at least 150% of the volume of the unfoamed material.

20. The panel structure of claim 16, wherein the volume of the foamed

elastomer material is at least 400% of the volume of the unfoamed elastomeric material.

21. The panel structure of claim 16, wherein the foamed elastomer material

fills less than 90% of the volume between the first panel and second panel.

22. The panel structure of claim 16, wherein the first panel and second panel

comprise polymeric materials reinforced with fibrous materiais.

23. The panel structure of claim 16, wherein the volume of the foamed

elastomer material determines the amount of sound absorbed.

24.  The panel structure of claim 16, wherein the first panel is formed of a
material that allows sound waves to pass through it and the material additionally

provides sound impedance.
29. An interior panel structure of a transportation vehicle, comprising:
a first panel;

a second panel formed at least partially of a porous material, the second panel
being an outer panel that is closer to the body of the transportation vehicle than the first
panel while the first panel is closer to an interior cabin of the transportation vehicle; and

a heat-activated-foamable elastomeric material intermediate the first panel and
the second panel, the heat-activated material foaming at temperatures above 230°F and
whereby after expansion the foam material remains in a softened state:

a honeycomb structure located between the first and second panel and including
a plurality of openings for receiving the elastomeric material:

23
DOCS #11095263 v. 2A



CA 02572137 2012-08-29

wherein a plurality of spaces are formed between the elastomeric material in
each of the plurality of openings and the second panel so that sound becomes absorbed

into the plurality of spaces.

26. A panel structure as In claim 25, wherein the elastomeric materiat

adheres the honeycomb structure to only one of the first and second panel.

27. A panel structure as in claim 25, wherein the elastomeric material

adheres the honeycomb structure to the first panel upon foaming.

28. A panel structure as in claim 25, wherein the panel is adapted for being
located In a heat press so that the woven prepreg material cures and the elastomeric

material foams.

29. A panel structure as in claim 27, wherein no further adhesive is used to

bond the elastomeric material to the first panel and the honeycomb structure.

30. A panel structure as in claim 25, wherein the first panel is formed of a

phenolic prepreg.

31. A panel structure as in claim 25, wherein the first panel is formed of an

epoxy/glass composite.

32. A panel structure as in claim 25, wherein the panel structure is assembled

prior to foaming of the elastomeric material.

33. A panel as in claim 25 wherein the transportation vehicle is an airplane
and the body of the transportation vehicle is the fuselage of the airplane.

24
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