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LATTICE PANEL STRUCTURE AND METHOD

TECHNICAL FIELD AND BACKGROUND OF THE INVENTION

This invention relates to a light weight panel structure that exhibits a three
dimensional lattice structure fabricated from a homogenous material through a two sided or
split draw manufacturing process such as machining, injection molding, casting or three
dimensional printing, and a method of producing such panels. Such three dimensional
structures are most often associated with chemical structures formed from regular, periodic
arrays of atoms and molecules, while two dimensional lattices are most often associated with
structures or patterns of strips crossing each other with square or diamond-shaped spaces left
between. The three dimensional lattice panels according to the various aspects of the
invention can be used for components such as tray tables and other components that require
light weight and rigid performance. These structures will be particularly useful in aircraft,
where weight reduction is an important factor in decreasing fuel consumption and improving
aircraft performance.

The structure is characterized by a two dimensional pattern of holes formed on
opposing sides, with the pattern on one side offset from the opposing side such that only parts
of the holes on opposing sides overlap. This allows removal of material while leaving a
series of support posts orthogonal to the machining tool direction or injection molding draw
direction. The combination of posts and thin material sections created by this geometry

results in a three dimensional lattice structure that is rigid in both bending and torsion.
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SUMMARY OF THE INVENTOR

It is therefore an object of the present invention to provide a lattice panel structure
that can be produced out of a single homogenous material instead of being a composite
structure that is bonded, welded, or otherwise fixed together.

It is another object of the present invention to provide a lattice pénel structure that can
be produced using a single process, such as machining, injection molding, casting or three-
dimensional printing, instead of requiring multiple production and assembly processes.

It is another object of the present invention to provide a lattice panel structure with
mechanical properties that can be accurately duplicated since it is comprised of a single
homogenous material.

It is another object of the present invention to provide a lattice panel structure that
does not require use of any adhesives.

These and other objects and advantages of the invention are achieved by providing a
three dimensional lattice panel structure, that includes a panel having a multitude of mutually
offset holes formed in a respective spaced-apart top and bottom of the panel that intersect to
form voids with interspersed support posts interconnecting the top and bottom of the panel in
areas not encompassed by the mutually offset holes.

According to another embodiment of the invention, the mutually offset holes are
selected from the group consisting of circular, rectangular and hexagonal holes.

According to another embodiment of the invention, the mutually offset holes are the
same shape and size.

According to another embodiment of the invention, the lattice panel is integrally

formed.
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According to another embodiment of the invention, a tray table for a passenger seat is
provided that includes a three dimensional lattice panel structure forming a panel having a
multitude of mutually offset holes formed in a respective spread-apart top and bottom of the
panel and intersecting to form voids with interspersed support posts interconnecting the top
and bottom of the panel in areas not encompassed by the mutually offset holes. An
imperforate cover is positioned over the top of the panel to provide a support surface for an
occupant seated aft of the tray table, and a pair of arms is attached to the panel structure for
mounting the panel structure to a seat positioned forward of the aft-seated occupant.

According to another embodiment of the invention, the multitude of mutually offset
holes formed in the top of the panel are circular, the mutually offset holes formed in the
bottom of the panel are circular, and the multitude of mutually offset holes formed in the top
of the panel and the mutually offset holes formed in the bottom of the panel intersect to form
voids with interspersed support posts interconnecting the top and bottom of the panel in areas
not encompassed by the mutually offset holes. The support posts define in cross-section
arcuate wall segments corresponding to the shape and position of arcuate portions of the
holes formed in the top of the panel and the holes formed in the bottom of the panel.

According to another embodiment of the invention, the posts are spaced-apart around
the periphery of the holes formed in the top of the panel and the holes formed in the bottom
of the panel.

According to another embodiment of the invention, the holes formed in the top of the
panel and the holes formed in the bottom of the panel define respective intermediate top and
bottom panel portions that isolate the holes formed in the top of the panel from each other,

and isolate the holes formed in the bottom of the panel from each other. The posts define
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intermediate voids by which the holes formed in the top of the panel and the holes formed in
the bottom of the panel communicate with each other.

According to another embodiment of the invention, a tray table for a passenger seat is
provided that includes a three dimensional, integrally-formed lattice panel structure forming a
panel having a multitude of mutually offset circular holes of the same shape and size formed
in a respective top and bottom of the panel and intersecting to form voids with interspersed
support posts interconnecting the top and bottom of the panel in areas not encompassed by
the mutually offset holes. The multitude of mutually offset holes formed in the top of the
panel are circular, and the mutually offset holes formed in the bottom of the panel are
circular. The multitude of mutually offset holes formed in the top of the panel and the
mutually offset holes formed in the bottom of the panel intersect to form voids with
interspersed support posts interconnecting the top and bottom of the panel in areas not
encompassed by the mutually offset holes. The support posts define in cross-section arcuate
wall segments corresponding to the shape and position of arcuate portions of the holes
formed in the top of the panel and the holes formed in the bottom of the panel. An
imperforate cover is positioned over the top of the panel to provide a support surface for an
occupant seated aft of the tray table, and an imperforate cover encloses the bottom of the
panel. A pair of arms are attached to the panel structure for mounting the tray table to a seat
positioned forward of the aft-seated occupant.

According to another embodiment of the invention, the posts are spaced-apart around
the periphery of the holes formed in the top of the panel and the holes formed in the bottom
of the panel.

According to another embodiment of the invention, the holes formed in the top of the

panel and the holes formed in the bottom of the panel define respective intermediate top and
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bottom panel portions that isolate the holes formed in the top of the panel from each other
and isolate the holes formed in the bottom of the panel from each other. The posts define
intermediate voids by which the holes formed in the tép of the panel and the holes formed in
the bottom of the panel communicate with each other.

According to a method according to the invention, a panel structure is formed,
comprising the steps of forming a multitude of holes in a top of the panel structure, and
forming a multitude of holes in a bottom of the panel structure, wherein the holes in the
bottom of the panel structure and the holes in the top of the panel structure are mutually and
concentrically-offset intersect to form voids with interspersed support posts interconnecting
the top and bottom of the panel in areas not encompassed by the mutually offset holes.

In accordance with another embodiment of the invention, the step of forming the
holes in the top and bottom includes the step of forming holes selected from the group
consisting of circular, rectangular and hexagonal holes.

In accordance with another embodiment of the invention, the step of forming the
holes in the top and bottom includes the step of forming holes that are the same shape and
size.

In accordance with another embodiment of the invention, the step of forming the
lattice panel includes the step of integrally forming the lattice panel.

In accordance with another embodiment of the invention, the lattice panel is a table

component of a tray table assembly adapted for use in an aircraft passenger cabin.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
The present invention is best understood when the following detailed description of

the invention is read with reference to the accompanying drawings, in which:
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Figure 1 is a perspective view of an aircraft passenger seat including a tray table
fabricated of a lattice panel according to one embodiment of the invention;

Figure 2 is a top plan view of the lattice panel of the tray table shown in Figure 1;

Figure 3 is a perspective cross-sectional view illustrating where material is removed
to form the lattice panel;

Figure 4 is a top plan schematic view showing the structure of the lattice panel of
Figures 1-3;

Figure 5 is a top plan schematic view showing an alternative structure of a lattice
panel wherein the holes forming the lattice are rectangular; and

Figure 6 is a top plan schematic view showing another alternative structure of a lattice

panel wherein the holes forming the lattice are hexagonal.

DETAILED DESCRIPTION OF THE PREFERRED EMOBIDMENT

Referring now specifically to the drawings, an aircraft passenger seat 10 is shown,
which includes a base 12, a seat bottom 14, seat back 16, head rest 18, arm rest 20 and a tray
table 22 mounted in a conventional manner on a pair of arms 24, 26 and a cross-member 28.
The tray table includes a lattice panel 30 according to one embodiment of the invention
overlaid with a thin plastic imperforate cover 32. The tray table 22 is exemplary of many
uses of the lattice panel 30 and is used by way of example only. Because of the substantial
amount of material that is removed in the formation process, weight is substantially reduced
while maintaining strength and rigidity.

As is best shown in Figures 2 and 3, the lattice panel 30 is formed of a multitude of
holes 34 in a regular array on a top side 36, and which extend through the thickness of the

panel 30 except to the extent that the holes 34 are offset with regard to holes 38 formed in the
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bottom side 40 of the panel 30. The holes 38 are offset with respect to the holes 34 in the
manner shown, leaving a multitude of spaced support posts 42, shown in Figure 3, which
provide both light weight and rigidity to the panel 30. The resulting structure has three
distinct aspects: through voids where the holes 34 and 38 overlap, offset areas having the
thickness of the top 36 and bottom 40 where the holes 34 and 38 do not overlap, and support
posts 42 which are integral to the panel 30 and extend from the top surface of the top 36 to
the bottom surface of the bottom 40. The support posts 42 are orthogonal, i.e., are axially
mutually perpendicular to the machining tool direction or injection molding draw direction.

In appropriate applications the panel 30 caﬁ be left bare to allow free air flow through
its thickness. In other applications, for example, the tray table 22 of Figure 1, the panel 30
may be provided with a cover, such as cover 32 on one or both sides to form an imperforate
structure. The cover 32 may be attached by an adhesive, by shrink-wrapping or any other
suitable method.

The above-described geometry is further illustrated in Figure 4, where the two
dimensional hole patterns are shown to generate the desired three dimensional geometry. The
solid lines represent the holes 34' in the top 36 and the dashed lines represent holes 38 created
from the bottom 40. The areas not encompassed by either a solid or dashed profile represent
the support posts 42.

An alternative geometry is illustrated in Figure 5, again shown for purposes of
illustration as a tray table 50 fabricated of a panel lattice panel 52. The panel 52 is formed of
holes 54 in the top of the panel 52, shown in solid lines, and is offset from holes 56, shown
by dashed lines, in the bottom of the panel 52. The areas not encompassed by either solid or

dashed lines represent support posts 58. The optional cover 59 is also shown.
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A further alternative geometry is illustrated in Figure 6, again shown for purposes of
illustration as a tray table 60 fabricated of a panel lattice panel 62. The panel 62 is formed of
holes 64 in the top of the panel 62, shown in solid lines, and is offset from holes 66, shown
by dashed lines, in the bottom of the panel 62. The areas not encompassed by either solid or
dashed lines represent support posts 68. The optional cover 70 is also shown.

Other geometrical shapes may be utilized, including without limitation, triangular,
ovoid, pentagonal, octagonal or any other suitable shape that permits formation of the three
aspects of the structure discussed above. Formation of the lattice panel structure is not
critical to a specific formation technique, and while it is believed that formation techniques
that result in an integral, one-piece structure is optimal, formation of two or more separate
components that are then assembled to form the lattice structure is accommodated within the
scope of the invention.

As used herein, the term “hole” means any opening, void or cavity having either a
circular or non—ciréular shape or profile, and extending either partially through or completely
through the thickness of the structure. The structure can be produced by any suitable
manufacturing process, such as by molding, casting, machining, laser-cutting, 3-dimensional
printing, or the like.

Similarly, while the embodiments disclosed in this application illustrate the invention
with holes of the same shape and size in respective embodiments, lattices with regular atrays
of holes of different shapes and/or sizes on one or both sides are accommodated within the
scope of the invention. |

A lattice panel structure according to the invention has been described with reference
to specific embodiments and examples. Various details of the invention may be changed

without departing from the scope of the invention. Furthermore, the foregoing description of
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the preferred embodiments of the invention and best mode for practicing the invention are
provided for the purpose of illustration only and not for the purpose of limitation, the

invention being defined by the claims.
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We claim:

L. A three dimensional lattice panel structure, having a multitude of mutually offset
holes formed in a respective spaced-apart top and bottom of the panel and intersecting to
form voids with interspersed suppott posts interconnecting the top and bottom of the panel in

areas not encompassed by the mutually offset holes.

2. A three dimensional lattice panel structure according to claim 1, wherein the mutually
offset holes are selected from the group consisting of circular, rectangular and hexagonal

holes.

3. A three dimensional lattice panel structure according to claim 1, wherein the mutually

offset holes are the same shape and size.

4, A three dimensional lattice panel structure according to claim 1, wherein the lattice

panel is integrally formed.
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5. A tray table for a passenger seat, comprising:

(a) a three dimensional lattice panel structure having a multitude of mutually
offset holes formed in a respective spaced-apart top and bottom of the panel and intersecting
to form voids with interspersed support posts interconnecting the top and bottom of the panel
in areas not encompassed by the mutually offset holes;

(b)  an imperforate cover positioned over the top of the panel to provide a support
surface for an occupant seated aft of the tray table; and

(c) a pair of arms attached to the panel structure for mounting the panel structure

to a seat positioned forward of the aft-seated occupant.

6. A tray table according to claim 5, wherein the mutually offset holes are selected from

the group consisting of circular, rectangular and hexagonal holes.

7. A tray table according to claim 5, wherein the mutually offset holes are the same

shape and size.

8. A tray table according to claim 5, wherein the lattice panel is integrally formed.
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9. A tray table according to claim 5, and including an imperforate cover enclosing the

bottom of the panel.

10. A tray table according to claim 5, wherein:

(a) mutually offset holes formed in the top of the panel are circular;

(b)  the mutually offset holes formed in the bottom of the panel are circular;

(¢)  the mutually offset holes formed in the top of the panel and the mutually offset
holes formed in the bottom of the panel intersect to form voids with interspersed support
posts interconnecting the top and bottom of the panel in areas not encompassed by the
mutually offset holes; and

(d)  the support posts define in cross-section arcuate wall segments corresponding
to the shape and position of arcuate portions of the holes formed in the top of the panel and

the holes formed in the bottom of the panel.

11. A tray table according to claim 10, wherein the posts are spaced-apart around the
periphery of the holes formed in the top of the panel and the holes formed in the bottom of

the panel.
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12. A tray table according to claim 11, wherein the holes formed in the top of the panel
and the holes formed in the bottom of the panel define respective intermediate top and bottom
panel portions that isolate the holes formed in the top of the panel from each other, isolate the
holes formed in the bottom of the panel from each other, and further wherein the posts define
intermediate voids by which the holes formed in the top of the panel and the holes formed in

the bottom of the panel communicate with each other.

13. A tray table for a passenger seat, comprising:

(a) a three dimensional, integrally-formed lattice panel structure having a
multitude of mutually offset circular holes of the same shape and size formed in a respective
top and bottom of the panel and intersecting to form voids with interspersed support posts
interconnecting the top and bottom of the panel in areas not encompassed by the mutually
offset holes, wherein:

(i) the mutually offset holes formed in the top of the panel are circular;

(ii)  the mutually offset holes formed in the bottom of the panel are
circular;

(iii)  the mutually offset holes formed in the top of the panel and the
mutually offset holes formed in the bottom of the panel intersect to form voids with
interspersed support posts interconnecting the top and bottom of the panel in areas not

encompassed by the mutually offset holes;
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(iv)  the support posts define in cross-section arcuate wall segments
corresponding to the shape and position of arcuate portions of the holes formed in the top of
the panel and the holes formed in the bottom of the panel;

(b). an imperforate cover positioned over the top of the panel to provide a support
surface for an occupant seated aft of the tray table;

(c) an imperforate cover enclosing the bottom of the panel; and

(d)  a pair of arms attached to the panel structure for mounting the panel structure

to a seat positioned forward of the aft-seated occupant.

14. A tray table according to claim 13, wherein the posts are spaced-apart around the
periphery of the holes formed in the top of the panel and the holes formed in the bottom of

the panel.

15. A tray table according to claim 13, wherein the holes formed in the top of the panel
and the holes formed in the bottom of the panel define respective intermediate top and bottom
panel portions that isolate the holes formed in the top of the panel from each other, isolate the
holes formed in the bottom of the panel from each other, and further wherein the posts define
intermediate voids by which the holes formed in the top of the panel and the holes formed in

the bottom of the panel communicate with each other.
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16. A method of forming a panel structure, comprising the steps of:

(a) forming a multitude of holes in a top of the panel structure;

(b) forming a multitude of holes in a bottom of the panel structure, wherein the
holes in the bottom of the panel structure and the holes in the top of the panel structure are
mutually and concentrically-offset intersect to form voids with interspersed support posts
interconnecting the top and bottom of the panel in areas not encompassed by the mutually

offset holes.

17. A method according to claim 16, wherein the step of forming the holes in the top and
bottom comprises the step of forming holes selected from the group consisting of circular,

rectangular and hexagonal holes.

18. A method according to claim 16, wherein the step of forming the holes in the top and

bottom comprises the step of forming holes that are the same shape and size.

19. A method according to claim 16, wherein the step of forming the lattice panel

includes the step of integrally forming the lattice panel.
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20. A method according to claim 16, wherein the lattice panel comprises a table

component of a tray table assembly adapted for use in an aircraft passenger cabin.
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