
INTEGRALLY MOLDED COMPOSITE STEERING WHEEL BACKGROUND
OF THE INVENTION This invention relates generally to
steering wheels for automotive vehicles, and more
particularly to integrally molded composite steering
wheels including a deformable thermoplastic material.
Known steering wheels include a metal armature that
forms the spokes, the rim, and the hub of the steering
wheel. The armature is usually fabricated as a single
piece or formed from separate parts that are welded or
joined together with fasteners. The armature is
encapsulated by an appropriate covering material such
as wood, elastomeric materials, for example,
polyurethane materials, or a combination of materials.
Disadvantages of known metal armatures are their
relatively heavy weight and their high mass moment
inertia. Further, the use of polyurethane materials
can create work place environmental issues as well as
worker safety issues. Also, because of the need to
increase fuel economy of automobiles, weight reduction
is an important aspect of automotive design. And as
such the relatively heavy weight of known metal
armatures needs to be overcome. BRIEF DESCRIPTION OF
THE INVENTION In one aspect, a composite steering
wheel for an automotive vehicle having a steering
column is provided. The composite steering wheel
includes a rim, a center hub, and a plurality of
spokes connecting the rim to the center hub. The rim,
the center hub and the plurality of spokes are formed
from a deformable thermoplastic material. The
composite steering wheel also includes an attachment
member embedded in the center 



hub. The attachment member is sized to couple to the
steering column. i another aspect, a method of forming
a composite steering wheel for an automotive vehicle
having a steering column is provided. The method
includes providing an attachment member sized to
couple to the steering column, positioning the
attachment member in the mold, and introducing a
deformable thermoplastic material into themold to form
a rim, to form a center hub with the attachment member
embedded therein, and to form a plurality of spokes
connecting the rim to the center hub. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a perspective
schematic illustration of a composite steering wheel
in accordance with an embodiment of the present
invention. Figure 2 is a perspective exploded
schematic illustration of the composite steering wheel
shown in Figure 1 including vibration dampers. Figure
3 is a sectional schematic illustration of a portion
of the composite steering wheel shown in Figure 2.
DETAILED DESCRIPTION OF THE INVENTION A composite
steering wheel formed from a deformable thermoplastic
material which in one embodiment is overmolded around
a metal or plastic rim element is described below in
detail. In another embodiment the composite steering
wheel does not include a rim element. The composite
steering wheel includes vibration dampers located in
the spokes of the steering wheel. Metal or plastic
inserts in the rim and center hub permit the steering
wheel to withstand occupant impact loads and to
permanently deform to absorb energy and prevent
"rebound" of the steering wheel back to the occupant
during an impact event. Referring to the drawings,
Figure 1 is a perspective schematic illustration of an



exemplary embodiment of a composite steering wheel 10.
Figure 2 is a perspective schematic illustration of
composite steering wheel 10 including vibration
dampers 12, and Figure 3 is a section al schematic
illustration of a portion of composite steering wheel
10. Referring to Figures 1-3, composite steering wheel
10 includes a rim 14, a center hub 16, and a plurality
of spokes 18 (4 shown) connecting rim 14 to center hub
16. Rim 14 is formed from a metal or plastic rim
element 20 over-molded with a deformable thermoplastic
material 22. Li the exemplary embodiment, rim element
20 is a metal or plastic rod that has a circular cross
section. In another embodiment, rim element 20 is a
hollow tubular element. Also, in alternate
embodiments, rim element20 has a rectangular or a
polygonal cross sectional shape. Any suitable metal
can be used to form rim element 20, including, but not
limited to, steel, aluminum, and magnesium. Also, any
suitable plastic material can be used to form rim
element 20, for example, silicone modified
polycarbonates, nylon, polyesters, polyphenylene
oxide, polypropylene, and polyurethane. Particularly,
rim element 20 can be solid or hollow polymeric
material. A hollow core can be achieved by water
assist, gas assist, rotational molding, or other
methodologies employed to achieve hollow sections in
polymeric materials. Also, the material can be foamed
to introduce minute gas pockets dispersed throughout
the core of the material of rim element 20. The
foaming can be accomplished by various methods,
including but not limited to, exothermic blowing
agents, introduction of liquid nitrogen or nitrogen
gas during the melt phase of processing, or other such
methods. In an alternate embodiment, rim 14 is formed
from thermoplastic 22 without the presence of rim
element 20. Spokes 18 and center hub 16 are formed
from thermoplastic material 22, and are molded as one
piece along with rim 14. Particularly, metal rim
element 20 is 



positioned in a mold and thermoplastic material 22 is
introduced into the mold so that thermoplastic
material 22 forms spokes 18, center hub 16 and
over-molds metal rim element 20 to form rim 14 with
metal rim element 20 embedded in thermoplastic
material 22. Any suitable molding technique can be
used, for example injection molding. A suitable
thermoplastic material 22 is deformable and absorbs
energy during an impact event. Specifically, a
suitable thermoplastic material has the properties of
elastic deformation at low loads and plastic
deformation at high loads. Low loads being
characterized as those encountered during normal
operation of a steering wheel, and high loads being
characterized as severe abuse or impact events as
defined under Federal Motor Vehicle Safety Standard
203. Further, thermoplastic material 22 has a 20
percent stress to failure rating as measured by
tensile testing in accordance with ASTM D-638.
Examples of suitable thermoplastic materials 22
include, but are not limited to, silicone modified
polycarbonate, nylon, polyesters, polyphenylene oxide,
polypropylene, mixtures thereof, and foamed materials
thereof. In the exemplary embodiment, silicone
modified polycarbonate, commerciallyavailable from the
General Electric Company under the trademark Lexan(r)
EXL, is used. Each spoke 18 includes a hollow cavity
24 extending from center hub 16 to rim 14. Cavity 24
includes an access opening 26 adjacent center hub 16.
Cavity 24 is sized to receive vibration damper 12
which includes a center rod 28, a weight (mass) 30
slidably coupled to center rod 28, a first spring 32
and a second spring 34. First and second springs 32
and 34 are positioned on opposite sides of weight 30.
Vibration damper 12 also includes a first end cap 36
attached to first end 38 of center rod 28 that is
sized to close opening 26 in cavity 24. A second end
cap 40 is attached to second 



end 42 of center rod 28 and anchors second spring 34
to prevent second spring from moving past second end
42 of center rod 28. Second end 42 of center rod 28 is
positioned in a bore 44 in the inner wall defining
cavity 28 adjacent rim 14. A flat or formed metal
plate 50 is molded into center hub 18. Metal plate 50
includes a flat portion 52 and a center attachment
portion 54 extending from flat portion 52 and through
center hub 18. Attachment portion 54 includes an
attachment bore 56 extending therethrough that is
sized and shaped to receive the steering column (not
shown) f an automobile vehicle to attach composite
steering wheel 10 to the steering column. Flat portion
52 also includes a plurality of airbag attachment
openings 58 that are sized for attachment of an airbag
unit 60 to center hub 18 between spokes 16. Metal
plate 50 acts as a reaction plate for airbag unit 60
during deployment of the airbag in an impact event. In
one embodiment, flat portion 52 and attachment portion
54 are formed as a single piece. In another
embodiment, attachment portion 54 is a separate piece
that is attached to flat portion 52 by any suitable
method, for example, by welding, spin welding,
swaging, cold heading, and the like. In an alternate
embodiment, composite steering wheel includes an
attachment sleeve that does nor include a flat plate
portion. The attachment sleeve is embedded in the
thermoplastic material and sized and shaped to receive
the steering column of an automotive vehicle. Metal
plate 50 can be formed from any suitable metal, for
example, steel, aluminum, and magnesium.While the
invention has been described in terms of various
specific embodiments, those skilled in the art will
recognize that the invention can be practiced with
modification within the spirit and scope of the
claims.WHAT IS CLAIMED IS: 1. A composite steering
wheel for an automotive vehicle, the automotive
vehicle 



having a steering column, said composite steering
wheel comprising: a rim; a center hub; a plurality of
spokes connecting said rim to said center hub, said
rim, said center hub, and said plurality of spokes
formed from a deformable thermoplastic material; and
an attachment member embedded in said center hub, said
attachment member sized to couple to the steering
column. 2. A composite steering wheel in accordance
with Claim 1 wherein said deformable thermoplastic
material is a foamed thermoplastic material. 3. A
composite steering wheel in accordance with Claim 1
wherein said rim comprises a rim element, said
deformable thermoplastic material overmolded around -
said rim element. 4. A composite steering wheel in
accordance with Claim 3 wherein said rim element
comprises a metal material or a plastic material, said
metal material comprising at least one of steel,
aluminum, and magnesium, said plastic material
comprising at least one of silicone modified
polycarbonates, nylon, polyesters, polyphenylene
oxide, polypropylene, and polyurethane. 5. A composite
steering wheel in accordance with Claim 3 wherein said
rim element is solid or tubular and comprises a
circular, rectangular, or polygonal cross sectional
shape. 6. A composite steering wheel in accordance
with Claim 1 wherein said deformable thermoplastic
material comprises at least one of silicone modified
polycarbonates, nylon, polyesters, polyphenylene
oxide, polypropylene, and foamed 



thermoplastic materials thereof.7. A composite
steering wheel in accordance with Claim 1 wherein said
deformable thermoplastic material further comprises a
plurality of reinforcing fibers. 8. A composite
steering wheel in accordance with Claim 1 wherein said
thermoplastic material has a 20 percent stress to
failure rating as measured by ASTM D638. 9. A
composite steering wheel in accordance with Claim 1
wherein at least one said spoke comprises a hollow
chamber extend from said hub at least partially to
said rim. 10. A composite steering wheel in accordance
with Claim 9 further comprising a vibration damper
assembly positioned in each said hollow chamber. 11. A
composite steering wheel in accordance with Claim 10
wherein said vibration damper assembly comprises: a
center rod; a weight slidably coupled to said center
rod; a first spring positioned over said rod between
said weight and a first end of said rod; a second
spring positioned over said rod between said weight
and a second end of said rod; a first end cap coupled
to said first end of said rod; and a second end cap
coupled to said second end of said rod. 12. A
composite steering wheel in accordance with Claim 1
wherein said attachment member comprises: a plate
portion; an attachment portion extending from one side
of said plate portion; andan attachment opening
extending through said attachment portion, said
attachment 



opening sized to receive the steering column. 13. A
method of forming a composite steering wheel for an
automotive vehicle, the automotive vehicle having a
steering column, said method comprising: providing an
attachment member sized to couple to the steering
column; positioning the attachment member in a mold;
and introducing a deformable thermoplastic material
into the mold form a rim, to form a center hub with
the attachment member embedded therein, and to form a
plurality of spokes connecting the rim to the center
hub. 14. A method in accordance with Claim 13 further
comprising: providing a rim element, wherein the metal
rim element is solid or tubular and comprises a
circular, rectangular, or polygonal cross sectional
shape; positioning the metal rim element in a mold;
and introducing a deformable thermoplastic material
into the mold to overmold around the rim element to
form the rim and to form the center hub with the
attachment embedded therein, and to form the plurality
of spokes connecting the rim to the center hub. 15. A
method in accordance with Claim 13 wherein the
deformable thermoplastic material comprises at least
one of silicone modified polycarbonates, nylon,
polyesters, polyphenylene oxide, polypropylene, and
foamed thermoplastic materials thereof. 16. A method
in accordance with Claim 13 wherein the deformable
thermoplastic material further comprises a plurality
of reinforcing fibers. 17. A method in accordance with
Claim 13 wherein the deformable thermoplastic material
has a 20 percent stress to failure rating as measured
by ASTM D638.18. A method in accordance with Claim 13
wherein at least one of the plurality of spokes
comprise a hollow chamber extend from the center hub
at least partially to the 



rim. 19. A method in accordance with Claim 18 further
comprising positioning a vibration damper assembly in
each hollow chamber. 20. A method in accordance with
Claim 19 wherein the vibration damper assembly
comprises: a center rod; a weight slidably coupled to
the center rod; a first spring positioned over the rod
between the weight and a first end of the rod; a
second spring positioned over the rod between the
weight and a second end of the rod; a first end cap
coupled to the first end of the rod; and a second end
cap coupled to the second end of the rod. 21. A method
in accordance with Claim 10 wherein the attachment
member comprises: a plate portion; an attachment
portion extending from one side of the plate portion;
and an attachment opening extending through the
attachment portion, the attachment opening sized to
receive the steering column. 


