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AIRCRAFT INTERIOR PANEL WITH ACOUSTIC MATERIALS

FIELD OF THE INVENTION

[0002] The present invention relates to an aircraft interior panel, and, more particularly to

an aircraft interior panel with noise attenuation properties.

BACKGROUND OF THE INVENTION

[0003] Commercial aircraft, such as the Airbus A320 or Boeing 737 are typically
constructed from modular components, the size, weight and construction of which are dictated
by many considerations, including fuselage dimensions, aesthetic and safety considerations.
Many of these requirements are imposed by law or regulation. Aircraft components, such as
overhead stowage compartments, seats, lavatories, galleys, lighting systems, etc. are all required

to function within strictly confined spaces.

[0004] Manufacturers of aircraft are constantly refining interior aircraft designs to
achieve more comfort and utility for passengers and crew within carrier-imposed restraints on
cost, weight, maintenance down-time, and safety. The current interior wall panels used in the
aircraft interior industry are based on a build up that has been around for decades. The composite
sandwich panel is a staple in the aircraft interiors industry today. Many panel and acoustics

providers are looking for new ways to evolve the composite sandwich panel by incorporating

different treatments to the skin of the panel.

SUMMARY OF THE PREFERRED EMBODIMENTS

[0005] In accordance with a first aspect of the present invention there is provided a panel

assembly that includes a first panel having an inner surface and an outer surface, and a
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second panel having an mner surface and an outer surface. The second panel inchudes a
plurality of rib members formed therein that extend inwardly. The rib members include an
inner surface and an outer surface. A plurality of panel portions are defined between the
plurality of rib members. The panel portions include an mnner surface and an cuter surface.
The mner surface of the rib members are secured to the mner surface of the first panel, and
the mner surtace of the panel portions 1s spaced apart from the mnner surtace of the first
panel to detine at least {irst and second cavities. In a preferred embodiment, the panel
assembly includes a first acoustic treatment member positioned in the first cavity, The first
acoustic treatment member s adhered to at {cast one of the inner surface of the first panci
or the mner surface of the second panel. Preferably, a space 1s defined between the first
acoustic treatment member and one of the mner surface of the first panel or the mmer
surface of the sccond panel. In a preferred ernbodiment, the first acoustic treatment
raember 1s comprised of at Jeast first and second lavers., Preferably, the first acoustic
reatroent member 1s adhered to the muer surface of the second panel, and the second panel
includes a plurahity of raised portions detined therein. In a preferred embodiment, the
panel assembly mchides a second acoustic treatment member, The first acoustic ireatent
member s adhered to the mner surtace of the first panel and the second acoustic treatment
member 18 adhered to the mner surface of the outer panel, and a space 1s defined between
the first and second acoustic treatment members. In an embodiment, the second cavity
defmes a ducting space and the does not melude an acoustic freatment member therein, In
a preforred embodiment, the panel assembly mcludes an outer acoustic treatment member
acdhered to at least a portion of the outer surface of the second panel and a decorative pane
adhered o the outer surtace of the first pancel member.

0006 in accordance with a first aspect of the present invention there 1s provided an aircraft

fuselage wall that mcludes a plurality of frame members and a panel assembly that
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inchudes a first panel having an mner surface and an outer surface, and a second panel
having an inner surface and an outer surtace. The second panel mcludes a plurality of rib
members formed theremn that extend mnwardly and cach define an ouler rib cavity. The rib
members mclude an mner surface and an outer surface. A plurality of pancl portions are
defined between the plurality of rib members. The panel portions inchude an inner surface
and an outer surface. The mner surface of the rib members are secured to the inner surface
of the first panel, and the mner surfaces of the panel portions are spaced apart trom the
mnner suriace of the first panel to define at least first and second cavities. At least some of

the frame members are received 1n at least some of the outer rib cavities.

~J

L-’-'

0007 in an exemplary embodiment, the present mvention mchudes no fill and fare, ¢.g.,
bondo, (however, 1in another embodiment, fill and tare can be implemented). In use, the
present mvention can provide an approximately 8-10% reduclion 1o noise ransnussion
compared to the prior art (however, this range 18 only exemplary and 1s not a lirpitation).
Furthermore, the production process 18 energy efficiont and preferably uses reusable and
recyciable material. The panels provide zero o bittle water absorption, a favorable surface
finish, approximately sixty second press time and overwrap decor with Ham compliance.
The pancls can be made of matenals such as Ultem and glass fiber composite,
thermoformed material in a preferred embodument. The panels can be crushed mio a large
variety of shapes with integrated acoustic freatments.

008} in a preferved omibodiment, the panel assembly mmcludes two (inner and outer) pancls
bonded together. The mner panel has a smooth ¢ross section and the outer panel has a
corrugated cross section. The outer panel provides stiffness to the pancl assembly with
mcorporated standott nibs, I will be appreciated by those of skill m the art that the mner

and outer panels can also be made of other matenials such as phenolic {¢.g., crush core

honeveomb panels or lavup lanunates), By spacing the two panels apart, the present
" i, 5

L
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invention provides a strong structure that provides rigidity to the panel assembly. The
double panel/wall construction, and the space/cavity therebetween, provides an acoustic
barrier.

in a preferred embodiment, the cavity between the mner and outer panel includes
acoustic treatments, such as one or more layers of the same or ditterent materials that
provide an acoustic barrier. In a preferred embodiment, the cavity mcludes a multiple
layer treatment. The lavers of the treatment are comprised of materials that have different
acoustic impedances. Therefore, when noise 1S propagating therethrough, at cach mterface
between different materials/layers, there 18 a reduction in the ¢tficiency of sound
propagation producing a reduction i sound level, In an embodiment, anocther acoustic
treatment can be positioned on the outside of the corrugated outer panel for added acoustic
performance.

As shown m the figures, m an exemplary embodiment, the present invention
combines a decorative panct and a first structural panel with the second stnictural pancl to
detine a distance thercbetween and the ability to attach acoustic maternials to the various
structural surfaces. The abihity o provide multiple material densities (including an
pockets) m lavers (key 1 noise attenuation) 18 mcereased with the assembly taught herem.

The mvention, together with additional features and advantages thereof, may be best

understood by reference to the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. | s a perspective view of a panel assembly m accordance with an
cmbodiment of the present invention:
FIG. 2 18 an exploded perspective view of the pancl assembly of FIG. 1;

FIG. 3 15 a perspective view of an end of the panel assembly of FIG, 1;

F1G, 4 1s a cross-sectional view of the panel assembly of FiG. 1
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FIG. § 18 a perspective view of the panel assembly of FIG. 1 incorporated into the
wall of an aircratt; and

F1(. 6 18 a cross-sectional view taken along line 6--6 of FIG. 3.

DETARLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description and drawings are tllustrative and are not {o be consirued
as limiting. Numerous specific details are described o provide a thorough understanding
of the disclosure. However, in certamn instances, well-known or conventional details are
not described in order to avoid obscuring the description. References {o one or an other
embodiment in the present disclosure can be, but not necessarily are, references to the
same embodiment; and, such references mean at least one of the embodiments.

Reterence in this specification to "one embodiment” or "an embodiment” means
that a particular feature, structure, or characteristic described in connection with the
embodiment 15 mcluded in at least one embodiment of the disclosure. Appearances of the
phrase "in one embodiment” i various places m the specification do not necessarily reter
o the same embodiment, nor are separate or aliernative embodiments mutually exclusive
of other embodiments. Moreover, various features are described which may be exhibited
by some embodiments and not by others. Simalarly, vanous requirements are described
which may be requirements for some embodiments but not other embodiments.

The terms used n ths

5

specification generally have their ordinary meanings i the
art, withmn the context of the disclosure, and in the speciic context where cach term 18
used. Certain terms that are used (o describe the disclosure are discussed below, or
clsewhere 1o the specification, to provide additional guidance to the practitioner regarding
the description of the disclosure, For convenience, certain terms may be highlighted, for
cxample usmg talics and/or quotation marks: The use of highlighting has no mtlucence on

the scope and meaning of a terny the scope and meaning of a term s the same, 1m the same

LA
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context, whether or not 1t 18 highlighted. It will be appreciated that the same thing can be
said m more than one way.

Consequently, alternative language and synonyms may be used for any one or more
of the terms discussed herein. Nor 1s any special significance to be placed upon whether or
not a term is elaborated or discussed herein. Synonyvms for certain terms are provided. A
recttal of one or more synonyms dogs not exclude the use of other synonyms. The use of
examples anywhere 1n this specification including examples of any terms discussed herein
1s Hlustrative only, and is not mtended to further limit the scope and meaning of the
disclosure or of any exemplified term. Likewise, the disclosure 1s not himited (o various
embodiments given n this specification.

Without intent to further limat the scope of the disclosure, examples of mstraments,
apparatus, methods and thew related resulls accordmg o the embodiments of the present
disclosure are given below. Note that titles or subiitlies may be used m the examples tor
convenicnce of a reader, which i no way should himut the scope of the disclosure. Unless
otherwise defined, all technical and scientific terms used herein have the same meaning as
cornmonly understood by one of ordimary skill i the art to which this disclosure pertans.

In the case of contlict, the present document, mcluding defimitions, will control.

LA b2 41

it will be appreciated that terms such as "front,” "back,” “op,” “bottom,” "side,”

N

"short,” "long,” "up,” "down," and "below" used herem are mercly for case of description
and refer to the onentation of the components as shown 1 the figures. It should be
understood that any onientation of the componenis described herem 1s within the scope of
the present mvention.

Keternng now o the drawmgs, wheren the showings are for purposes of illustrating

the present mvention and not for purposes of limiting the same, FIGS. 1-6 show a pancl

assembly 10 for use i the wall 100 of a vehacle, such as an awrcratt. In particular, the
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invention 1s contemplated for use on commercial passenger amrcrait. However, this 1s not a
ltmitation on the present mvention and the pancl assembly can be used clsewhere.

As shown m FIGS. 1-4, 1 a preferred embodiment, the panel assembly 10 includes a
first panel 12 having an mner surface 12a and an outer surface 12b and a sccond pancl 14
having an inner surface 14a and an outer surface 14b. When positioned m an aircratt, the
first panel 1s the inner panel and the second panel 1s the outer panel. In a preterred
crnbodiment, the sccond panel 14 1s corrugated (o form a phurality of rib members 16 and a
plurality of panel portions 18, I will be appreciated that the inner and outer surtaces of the
rib members and panel portions are the same as the mnner and outer surfaces of the outer
panel. However, for ease of description, the rib members 16 nclude mner surface 16a and
outer surtace 16b and the panel portions 18 mchude mner surface 18a and outer surtace
&b,

Preterably, the sccond panet 14 mcludes a phurality of the nib members 16 formed
thereim that extend mwardly and that cach define an outer vib cavity 20, In a preforred
embodiment, the 1oner surface 16a of the rib members 16 are secured {o the muer surface
12a of the tust panel 12. This can be accomplished by any method known i the ari, such
as ghung, adhering, attixing, securing with fasteners, weldmng, etc. Furthermore, an
acoustic treatment member or layer or the hike can be positioned between the mner surface
16a of the rib mombers 16 and the 1aner surface 12a of the first panel 12, This 18 within
the scope of "securimg” withun the present mvention.

As shown m FIG. 3, the mner surtace of cach panel portion 18a 18 spaced apart from
the mmmer surface of the first pancl 12a to define a plurality of cavifies 22, In a preferred
cmbodiment, at least a portion of the cavities 22 mcelude acoustic treatment members 24
are posifioned therem. The acoustic treatment mombers 24 are comprised of materials that

are known o reduce noise fravel therethrough. For example, the acoustic freatment
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members 24 can be comprised of any combination (in various layers) of the following
materials types: Nomex telt or another acoustic felf, such as MUB-4596 from TexTech
Industrics; skin damping material, such as ADC-006 from EAR Specialty Composites,
K150 or FROS40U from Damping Technologies, Inc.; rubber or vinvl acoustic sheets,
such as Isodamp C-1002 from EAR Specialty Composites. MNonge of these materials are
ltmiting and the acoustic treatment members can be made of any material with acoustic
damping properiies known in the art.

in a preferred embodiment, the acoustic treatment members 24 inchude a number of
layers of different matenials. For exampie, as shown best i FIGS. 2-3, the acoustic
treatment members 24 include layers 26 and 28 of ditferent materials having ditferent
thicknesses.

The acoustic treatrent members 24 can be adhered to one or both of the mner
surfaces of the first panel 12 or the second panel 14, In other words, the acoustic treatment
members 24 can fll the entire cavity 22 or space between the panel portion 18 and the first
panel 12 or, a space 30 can be detined between the acoustic treatment member 24 and the
first panel 12 or the second panel 14, As shown m FIG. 3, in g preferred embodument, the
second pance! 14 mcludes a plurality of raised portions 32 detined therem. The rased
portions 32 provide awr pockets 34 that further reduce noise propagation.

in a preferred embodiment, the panel assembly 10 also mcludes an outer acoustic
treatment member 36 that 15 adhered o the outer surtace 14b of the second panel 14, The
panel assembly 10 can also include a decorative panel 38 or other layers adhered to or
postfioned adjacent the outer surface 12b of the first panel member 172,

FIGS. 5-6 show a plurality of pancl assembilies 10 mstalled within the wall 100 of an

arreraft fusclage, The wall 100 mcludes frame members {02, As shownin FIG. 5,1 4
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preferred embodiment, some of the frame members 102 are recetved i some of the ouler
rib cavities 22. FIG. 6 shows how the rib members 16 abut the window of an aircrait.

As shown m FIG. 5§, 1in an embodiment of the invention, some of the cavities 22 can
define ducting space 40 and can be used o roule systems, wire harnesses, air ducting, etc.
The ducting space 40 can be coincident with space 30 in cavities 22 that mclude acoustic
treatment members 24 therein or the ducting space 40 can be defined in cavities 22 that do
not include any acoustic frecatment members 24 theremn, as shown in FIG. 5. The ducting
space 44 can be used to reduce the use of traditional ducting within the aircraft.

Unless the context clearly requires otherwise, throughout the description and the

¥f %%

claims, the words "comprise,” "comprising,” and the like are to be construed n an
inclusive sense, as opposed to an exclusive or exhaustive sense; that 1s to say, 1 the sense
of "mcluding, but not mited 0.7 As used heremn, the terms "connected,” "coupled,” or any
variant thereot, means any connection or coupling, cither direct or mdirect, between two or
more clements; the couphing of connection between the clements can be physical, logical,
or a combination thereof. Additionally, the words "herein,” "above,” "below,” and words of
similar iroport, when used in thys application, shall reter to this apphication as a whole and
not to any particular portions of this application. Where the conlext permuis, words i the
above Detasled Description of the Prelerred Embodiments using the singular or phural
number may also mclude the phlural or singular number respectively. The word "or” m
reference (o a list of two or more items, covers all of the following interpretations of the
word: any of the iterms in the hist, all of the ttems n the bist, and any combmation of the
items m the list

The above-detatied descniption of ernbodiments of the disclosure 1s not mtended to
be exhaustive or to limif the teachings to the precise form disclosed above, While specific

cmbodiments of and examples for the disclosure are described above for illustrative
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purposes, various equivalent modifications are possible within the scope of the disclosure,
as those skilled in the relevant art will recognize. For example, while processes or blocks
are presented in a given order, alternative embodiments may perform routines having steps,
or employ systems having blocks, i a different order, and some processes or blocks may
be deleted, moved, added, subdivided, combined, and/or modified to provide alternative or
subcombinations. Each of these processes or blocks may be implemented 1in a variety of
difterent ways. Also, while processes or blocks are at times shown as being performed in
series, these processes or blocks may mstead be pertormed m parallel, or may be
performed, at different times. Further any specific numbers noted herein are only
examples: alternative implementations may employ differing values or ranges.

The teachings of the disclosure provided heremn can be applied to other systems, not
necessarily the system described above. The clements and acts of the various embodiments
described above can be combined to provide further embodiments.

Any patents and applications and other references noted above, mcluding any that
may be listed 1 accompanying filing papers, are incorporated herem by reference 1o thewr
entirety. Aspects of the disclosure can be moditied, f necessary, o emiploy the systems,
functions, and concepts of the various references described above to provide vet hurther
embodiments of the disclosure.

These and other changes can be made to the disclosure 1 hight of the above
Detatled Descriphion of the Pretferred Embodiments. Whale the above descrniption describes
certain ernbodunents of the disclosure, and describes the best mode contemplated, no
maticr how defailed the above appears in text, the teachings can be practiced in many
ways, Details of the system may vary considerably i its mmplementation details, while
still being encompassed by the subject matier disclosed hercin. As noted above, particular

termunoelogy used when describing certam features or aspects of the disclosure should not

10
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be taken to imply that the terminology 1s being redefined herein to be restricted to any specific
characteristics, features or aspects of the disclosure with which that terminology 1s associated. In
general, the terms used in the following claims should not be construed to limit the disclosures to
the specific embodiments disclosed in the specification unless the above Detailed Description of

the Preterred Embodiments section explicitly defines such terms. Accordingly, the actual scope
of the disclosure encompasses not only the disclosed embodiments, but also all equivalent ways

of practicing or implementing the disclosure under the claims.
[0038] The scope of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation consistent with the

description as a whole.

11
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Claims

What 1s claimed is:
1. An aircraft fuselage wall comprising:

at least first and second frame members, wherein the first and second frame members

extend approximately parallel to one another,

a panel assembly that includes
a tirst panel having an inner surface and an outer surface, and

a second panel having an inner surface and an outer surface, wherein the second panel
includes at least first and second rib members formed therein that extend inwardly and each
define an outer rib cavity, wherein the first and second rib members each include an inner
surface and an outer surface, wherein at least a first panel portion is defined between the first and
second rib members, wherein the first panel portion includes an inner surface and an outer
surface, wherein the inner surfaces of the first and second rib members are secured to the inner
surface of the first panel, and wherein the inner surface of the first panel portion is spaced apart

from the inner surface of the first panel to define at least a first cavity,

wherelin the first and second frame members are received in and extend longitudinally

along the first and second outer rib cavities, respectively.

2. The aircraft fuselage wall of claim 1 further comprising a first acoustic treatment member

positioned in the first cavity.

3. The aircraft fuselage wall of claim 2 wherein the first acoustic treatment member is

adhered to at least one of the inner surface of the first panel or the inner surface of the second

panel.

4. The aircraft fuselage wall of claim 3 further comprising a second acoustic treatment

member, wherein the first acoustic treatment member is adhered to the inner surface of the first
panel and the second acoustic treatment member is adhered to the inner surface of the second

panel, and wherein a space is defined between the first and second acoustic treatment members.

12
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J. The aircraft fuselage wall of claim 1 further comprising an outer acoustic treatment
member adhered to at least a portion of the outer surface of at least two of the panel members,

and wherein the outer rib cavity is defined between the outer acoustic treatment member and the

outer surface of the rib member.

6. The aircraft fuselage wall of claim 5 further comprising a decorative panel adhered to the

outer surtace of the first panel member.

7. The aircraft fuselage wall of claim 3 wherein a space is defined between the first acoustic

treatment member and one of the inner surface of the first panel or the inner surface of the

second panel.

8. The aircraft fuselage wall of claim 7 wherein the first acoustic treatment member is

comprised of at least first and second layers.

9. The aircraft fuselage wall of claim 3 wherein the first acoustic treatment member is

adhered to the inner surface of the second panel, and wherein the second panel includes a

plurality of raised portions defined therein.

10.  The aircraft fuselage wall of claim 2 further comprising a second panel portion with an

inner surface spaced from the inner surface of the first panel to define a second cavity, and

wherein the second cavity defines a ducting space.

11. The aircraft fuselage wall of claim 10 wherein the second cavity does not include an

acoustic treatment member therein.

12. A panel assembly comprising:
a first panel having an inner surface and an outer surface, and

a second panel having an iner surface and an outer surface, wherein the second panel
includes at least first and second rib members formed therein that extend inwardly, wherein the

first and second rib members each include an inner surface and an outer surface, wherein at least
a first panel portion is defined between the first and second rib members, wherein the first panel
portion includes an inner surface, an outer surface and at least first and second raised portions

each having an inner surface defined therein, wherein the inner surfaces of the first and second
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rib members are secured to the inner surface of the first panel, wherein the first and second rib
members each include an attachment portion that is secured to the inner surface of the first panel
and ftirst and second legs that extend between the attachment portion and the second panel, and
wherein the inner surface of the first panel portion is spaced apart from the inner surface of the
first panel to define at least a first cavity and the inner surface of the second panel portion is

spaced apart from the inner surface of the second panel to define at least a second cavity:.

13. The panel assembly of claim 12 further comprising a first acoustic treatment member

positioned in the first cavity.

14, The panel assembly of claim 13 wherein the first acoustic treatment member is adhered to

at least one of the inner surface of the first panel or the inner surface of the second panel.

15, The panel assembly of claim 14 wherein a space is defined between the first acoustic

treatment member and one of the inner surface of the first panel or the inner surface of the

second panel.

16.  The panel assembly of claim 13 wherein the first acoustic treatment member is comprised

of at least first and second layers.

17.  'The panel assembly of claim 14 wherein the first acoustic treatment member is adhered to
the inner surface of the second panel, and wherein a space is defined between the inner surface of

the first and second raised portions and the first acoustic treatment member.

18. The panel assembly of claim 13 further comprising a second acoustic treatment member,
wherein the first acoustic treatment member is adhered to the inner surface of the first panel and
the second acoustic treatment member is adhered to the inner surface of the second panel, and

wherein a space is defined between the first and second acoustic treatment members.
19. A panel assembly comprising:

a first panel having an inner surface and an outer surface, and

a second panel having an inner surface and an outer surface, wherein the second panel
includes at least first and second rib members formed therein that extend inwardly, wherein the

first and second rib members each include an inner surface and an outer surface, wherein at least
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a first panel portion is defined between the first and second rib members, wherein the first panel
portion includes an inner surface, an outer surface and at least first and second raised portions
each having an inner surface defined therein, wherein the inner surfaces of the first and second
rib members are secured to the inner surface of the first panel, wherein the inner surface of the
first panel portion is spaced apart from the inner surface of the first panel to define at least a first
cavity and the inner surface of the second panel portion is spaced apart from the inner surface of
the second panel to define at least a second cavity, wherein a first acoustic treatment member is

positioned 1n the first cavity and the second cavity defines a ducting space.

20.  The panel assembly of claim 19 wherein the second cavity does not include an acoustic

treatment member therein.
21. A panel assembly comprising:
a first panel having an inner surface and an outer surface, and

a second panel having an inner surface and an outer surface, wherein the second panel
includes at least first and second rib members formed therein that extend inwardly, wherein the
first and second rib members each include an inner surface and an outer surface, wherein at least
a tirst panel portion is defined between the first and second rib members, wherein the first panel
portion includes an inner surface, an outer surface and at least first and second raised portions
each having an inner surface defined therein, wherein the inner surfaces of the first and second
rib members are secured to the inner surface of the first panel, wherein the inner surface of the
first panel portion is spaced apart from the inner surface of the first panel to define at least a first

cavity and the inner surface of the second panel portion is spaced apart from the inner surface of

the second panel to define at least a second cavity, and an outer acoustic treatment member
adhered to at least a portion of the outer surface of at least the first and second panel members,

and wherein an outer rib cavity is defined between the outer acoustic treatment member and the

outer surface of the first rib member.

22.  The panel assembly of claim 21 further comprising a decorative panel adhered to the

outer surface of the first panel member.

23. A panel assembly comprising:
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a first panel having an inner surface and an outer surface,

a second panel having an inner surface and an outer surface, wherein the second panel
includes a plurality of rib members formed therein that extend inwardly, wherein the rib
members include first and second side walls, an inner surface and an outer surface, wherein a
plurality of panel portions are defined between the plurality of rib members, wherein the panel
portions include an inner surface and an outer surface, wherein the inner surface of the rib
members are secured to the inner surface of the first panel, wherein the inner surface of the panel

portions is spaced apart from the inner surface of the first panel to define at least first and second

cavities, and,

an outer acoustic treatment member adhered to the outer surface of at least two of the

plurality of panel members, wherein an outer rib cavity is defined between the outer acoustic

treatment member and the outer surface of the rib member.

24.  The panel assembly of claim 12 wherein the inner surface of at least one of the first and

second raised portions is indented with respect to the inner surface of the first panel portion.

23. A panel assembly comprising:
a first panel having an inner surface and an outer surface, and

a second panel having an inner surface and an outer surface, wherein the second panel
includes at least first and second rib members formed therein that extend inwardly, wherein the
first and second rib members each include an inner surface and an outer surface, wherein at least
a first panel portion is defined between the first and second rib members, wherein the first panel

portion includes an inner surface, an outer surface and a plurality of raised portions each having

an 1nner surface defined therein, wherein the inner surfaces of the first and second rib members
are secured to the inner surface of the first panel, wherein the inner surface of the first panel
portion is spaced apart from the inner surface of the first panel to define at least a first cavity and
the inner surface of the second panel portion is spaced apart from the inner surface of the second

panel to define at least a second cavity, and wherein the plurality of raised portions of the first

panel portion are arranged in a plurality of rows and columns defined therein.

26.  The panel assembly of claim 24 wherein a first distance is defined between the inner
16
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surface of the first panel and the inner surface of the second panel, wherein a second distance is
defined between the inner surface of the first panel and the inner surface of the first raised

portion, and wherein the second distance is greater than the first distance.

27.  The panel assembly of claim 23 wherein the panel portions each include a plurality of

raised portions arranged in a plurality of rows and columns.

17



CA 02878487 2015-01-05

PCT/US2013/049597

WO 2014/008507

1/6




CA 02878487 2015-01-05

PCT/US2013/049597

WO 2014/008507

2/6

2b

]

12

.

Z

FIG.



00000000000000000000
000000000000000000000000000000

— TN
T z;'ﬂz“‘ 73

.| /é\\
VQ’

)

NS
:

S
AN

FIG. S

N ‘é{

fil

26



CA 02878487 2015-01-05

PCT/US2013/049597

WO 2014/008507

A

O ALl
v -

~
N > N

”’g"‘? ?A’ZZ
/ /

F”’”’g””ﬁ
(LA LL T T L L T L L L L L %
AANALTINAAVANNANANANANNANANNANANNANANNNNANNNNAS

‘

=




CA 02878487 2015-01-05
WO 2014/008507 PCT/US2013/049597

FIG. O



CA 02878487 2015-01-05
WO 2014/008507 PCT/US2013/049597

6/6







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

