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COMPOSITE STRUCTURAL ELEMENT AND METHOD

Technical Field and Background of the Invention

This invention relates to airorall structural seating elements, for example, spreader
beams and simi.Iat' structural components, Typical prior art structural elements are fabricated
fiom metal, typically aluminum, and are machined, forged, stamped or otherwise fabricated
fromn a sing[c blank. Traditionally, the spreader of leg components of an aircraft seating
product have been machined or formed as an open section such as an I-Beam, rather than as a
closed section. Typically, when closed section structures have been made, such as welded
tubular spreader or legs, the result has been a multi-scgmented patt joined by welds or
adhesives that have significantly different mechanical properties as compared to the base
material, In an effort to further reduce weight in aircraft parts, it is desirable to fabricate as

many patts as possible from materials that ate lightweight, while maintaining or even

enhancing the strength of the parts.

Summary of the Invention

Therefore, it is an object ;(0 provide a cost effective, repeatable method of creating
strong structural clements for aerospace, and aircraft seating and seating components in
particular,

It is another object of the invention to [51'ovide an sircraft passenger seat and aircrafi
seal components that are fabricated of structural elements that are manufactured of

lightweight yet extremely strong composite materials that futnish both weight reduction and
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strength characteristics,

These and other objects and advantages of the present invention are achieved in the
preferred embodiment disclosed below by providing structural element that includes a central
part formed of a fibrous material suspended in a thermoplastic matrix and at least one side
part formed of a fibrous material suspended in a thermoplastic matrix, The cenfral part and
the at least one side patt arc bonded together while in a heated thermoplastic state to form g
single, integral structure characterized by the absence of discontinuity across the bond plane
of the structure. .

According to another emboditnent of the invention, the at least one side part
comprises first and second side parts, wherein the fivst side part is bonded to a first side of the
central part and the second side part is bonded to a second side of the central part.

According to anothet embodiment of the invention, the central part has a continuous
periphery and an array of weight-reducing iﬁterior voids thetein,

‘ According to another embodiment of the invention, the central part and.the first and
second side parts have the same peripheral shape.

According to another embodiment of the invention, the central part has a continuous
periphery and an array of weight-reducing interior voids therein and the at Icast one side part
has a continuous periphery and a solid body overlying the weight-reducing interior voids of
the cenfral patt.

According to another embodiment of the invention, a structural element a cenfral part
formed of a fibrous material suspended in a thermoplastic matrix and having 4 continuous
periphery and an array of weight-reducing interior voids therein, and first and second side

parts, each having a continuous periphery and a solid body overlying the weight-reducing
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interior voids of the central part, The first side part is bonded to a fitst side of the central part
and the second sidé part is bonded to a second side of the central part while in a heated
thermoplastic state to form a single, integral structure characterized by the absence of
discontinuity across the bond plane of the structure,

According to another embodiment of the invention, the combined -thiokﬁcss of the
first and second side parts is less than the thickness of the central part,

According to another cmbodiment of the invention, the side parts comprise side plates
of a spreader beam of an aircraft scat,

According to another embodiment of the invention, a method of forming a structural
element is provided, and includes the steps of forming a central part that is composite ofa
chopped or short fiber fill material molded with a composite matrix material, and forming at
least one side part of woven, directional weave materials ombcdded in a thermoplastic tesin
of a type compatible with the central part that can be heat formed or bonded in situ, The
central pait and the at least one side part are heated, and the central part at the at least one
side part are bonded together to form a single, integral structure characterized by the abscnce
of discontinuity across the bond plane of the structure.

According to another embodiment of the invention, the step of forming the at least
one side part inchudes the step of forming first and second side parts.

According to another embodiment of the invention, the step of forming ‘the central

part comprises the step sclected from the group of steps consisting extruding, molding or

pultruding the centrai part.

According to another embodiment of the invention, the method includes the steps of

forming the central part with a continuous periphety and forming an array of weight-reducing
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interior voids thergin,

According 1o another embodiment of the invention, the method includes the step of
forming the central part and the first and second side parts with the same peripheral shape.

“According to another embodiment of.the invention, the step of forming the central
part includes the step of forming a éont'muous periphery and an array of weight-reducing
interior voids therein, and the step of forming the at least one side part includes the step of
forming a continuous periphery and a solid body overlying the weight-reducing interior voids
of the central patt.

According to another embodiment of the invention, the method includes the step of
forming the central part and the step of forming the at least one side part comprises the step

of forming a spreader beam for a seat.

According to anothes embodiment of the invention, the method includes the steps of
forming an aircraft passenger scat that includes a plurality of spaced-apart spreader beams,

each spreader beam formed from a.central part and first and second side paits.

Brief Description of the Drawings

Some of the objects of the invention have been set forth above., Other objects and
advantages of the invention will appear as the description of the invention proceeds when

taken in conjunction with the following drawings, in which:

FIG. 1 is an exploded view of an aircraft seat structural part, by way of example, &

spreader beam, made according to the method according to the invention; and

FIG, 2 is an aircraft scat that includes structural parts according to the invention, and

made according to the method of the invention.
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nt and Best Mode

Description of the Preferred

Refetring now specifically to the drawings, a spreader beam 10 is shown in Figure 1
and forms a structural element of an aircraft passenger seat "S" illustrated in Fiéure 2. The
beam 10 includes a central beam patt 12 and a pair of side parts in the form of plates 14, 16
that are bonded to opposite sides of the ceniral beam part 12. The central beam part 12 may
“ be an extruded, molded or pultruded composite formed of a chopped or shott fiber fill
matcrial molded with a composite matrix material. The fiber fill material may be sclected
from a wide Variety of suitable fiber material, including carbon fiber and similar high-
strength, low Weight matertals, The fibrous material is suspended in a thermoplastic material
matrix rather than a thermoset material. The beam patt 12 may be formed with through voids
13 in the structure, as shown, The use of a thermoplastic matrix material permits a wide
variety of formation techniques to be used.

Side plates 14, 16 are formed of woven, directional weave materials embedded in a
thei‘mop]astic resin similat to the material of the central beam part 12. The side plates 14, 16

can thus be heat formed or bonded in situ, or similarly welded by other means. Using
thermoplastic composites petmits the base matrix that holds the fibers to be pressed together
to form a single cont.inuous section while the structural elements are remelted to form a single
continuous section once the thermoplastic re-solidifics. The result is a single, hollow,
monocoque sttuctute that is lighter than comparable aluminum structures yet with enhanced

strength. There is no discontinuity across the bond plane of the beam 10 and the pat is
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therefore stronger,

The woven and molded sti'cngt}lenftlg material§ can be fabricated from dissimilar
processes and yet bonded into a single homogenous matrix. The techniques can thus be
adapted for use with many types of parts aﬁd'part components. In general, any-loaded part

that uses machined I-beam or C-sections can be replaced with a part fabricated’in accordance

with the disclosure of this application.

A struétural element formed of multiple layers of thermoplastic compoéjte material iS
described above. Various details of the invention may be changed without departing from its
scope. Furthermore, the foregoing description of the preferred embodiment of the invention
and the best mode for practicing the invention are provided for the purpose of illustration

ontly and not for the purposc of limitation--the invention being defined by the claims,
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[ Claim:

1. A structural element, comprising;

(a}) A central part formed of a fibrous material suspended in a thermoplastic matrix;
(b)  atleast one side part formed of a fibrous material suspended in a thermoplastic
matrix; and

(c)  the central pait and the at least one side part are bonded together while in a heated
thermoplastic state to form a single, integral structure characterized by the absence of

discontinuity across the bond plane of the structure.

2. A structural element according to claim 1, and including first and second side patts,
wherein the first side part is bonded to a first side of the central part and the second side part

is bonded to a second side of the central part.

3, A structural element according to claim 1, wherein the central part has a continuous

periphery and an array of weight-reducing interior voids therein,

4, A structural eloment according to claim 2, wherein the central part and the first and

sccond side parts have the same peripheral shape,

S. A structural element according (o claim 3, whotcin the central patt has a continuous
periphery and an array of weight-reducing interior voids therein and the at least one side part

has a continnous periphery and a solid body overlying the weight-reducing interior voids of
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the central part,

6. A structural element, comprising:

(a) A central part formed of a fibrous material suspended in a thermoplastic matrix and
having a continuous petiphery and an array of weight-reducing interjor voids therein;

(b)  first and second side parts, cach having a continnous periphery and a solid body
ovetlying the weight-reducing interior voids of the central part; and

(¢)  wherein the first side part is bonded to a first side of the central parf and the second
side patt is bonded to a second side of the central part while in a heated thermoplastic .state to

form a single, integral structure characterized by the absence of discontinuitj across the bond

plane of the structure.

7. A structural elemont according 1o claim 6, wherein the central part and the first and

second side parts have the same peripheral shape.

8. A structural element according to claim 6, wherein combined thickness of the first and

second side patts is less than the thickness of the central part.

9 A structural element according to claim 6, wherein the side parts comprise side plates

of a sprcader beam of a sealt.

10. A method of forming a structural element, éomprising the steps of:

(a)  forming a ceniral part that is composite of a chopped or short fiber fill material

— — - — .__.-.—--“--A—n.--_l.-..l
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molded with a composite matrix material;

(b)  forming at least onc side part of woven, directional weave materials embedded in a
thermoplastic resin of a type compatible.with the central part that can be heat formed or
bonded in situ; and

(¢) hcaﬁng the central part and the at least one side part;

(d) bonding the central part at the at least one side part together to form a single, integral

structure characterized by the absence of discontinuity across the bond plane of the structure,

11. A method of forming a structural element according to claim 10, wherein the step of

forming the at least one side part comprises the step of forming first and sceond side parts,

12. A method of forming a structural element according to claim 11, wherein the step of

forming the central part comprises the step selected from the group of steps consisting

extruding, molding ot pultruding the central patt.

13. A method of forming a structural element according to claim 10, and including the
steps of forming the central part with a continuous periphery and forming an array of weight-

reducing interior voids therein.

14. A method of forming a structural glement according to claim 10, and including the

step of forming the central part and the first and sccond side parts with the same periphoral

shape.
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15, A method of forming a structural element according to claim 10, wherein the step of
forming the central part includes the step of forming a continuous periphery and an array of
weight-reducing interior voids therein, and the step of forming the at least one side part
includes the step of forming a continuous periphery and a solid body overlying the weight-

reducing interior voids of the central part,

16, A method of forming a structural ¢lement according to claim 10, and including the
step of forming the central part and the step of forming the at least one side part comprises

the step of forming a spreader beam for a seat,
17. A method of forming a structural element according to claim 10, and including the

steps of forming an airctaft passenger seat that includes a plurality of spaced-apart spreadet

beams, each spreader beam formed from a central part and first and second side parts,

10
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