| NTEGRALLY MOLDED COMPCSI TE STEERI NG WHEEL BACKGROUND

OF THE INVENTION This invention relates generally to
war@enzagt wheel s for autonotive vehicles, and POT/ES2006/030608

particularly to integrally nol ded conposite steering

wheel s including a deformabl e thernoplastic material.

Known steering wheels include a netal armature that

forms t HTEPRREYE MALRED [GONPOTTE PHERAND BEEthe steering
wheel . The armature is usually fabricated as a single

pi ece or formed from separate parts that are wel ded or
BACKGREINDJRE AEIE WYBENTHdNeners. The armature is

encapsul ated by an appropriate covering material such
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can create work place environnental issues as well as
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wheel for an autonotive vehicle having a steeri Ng o
elasgesnerie materiplo\ioa etrampife RADYHISEMRG RAFENS, f AHRogpbination of
mat'eﬂal.Udes arim a center hub, and a plurality of
Spokes connecting the rimto the center hub. The rim
the center hub and the plurality of spokes are forned
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conposite s [ '
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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.

In 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 the
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hub. The attachment nenber is sized to couple to the
steering colum. i another aspect, a nethod of formng
W@ 2@monpasite steering wheel for an autonotive RENU81086/030608
having a steering colum is provided. The nethod
i ncludes providing an attachnment menber sized to
couple to the steering colum, positioning the
modd tachneatrimembiimi 0 céiter hat ayithathd dttathmehtcinagber embedded

def ornabl e thernpplastic material jnto thenold to form
theein. 2l 1 fpri BIREBL Al BPKSR DIRAFSRE glaﬁ?@m benber
enbedded therein, and to forma plurality of spokes

BRIGAMEHCRGTIONR O THEDRASVIORNS er hub. BRI EF _
DESCRI PTION OF THE DRAW NGS Figure 1 is a perspective

~schematic illustration of a conposite steering wheel
Figure dcisor parspectivet sehematenbbigiration obfa ediepgsite segering wheel in
i nventiaon. Figur i [ i.ve expl oded
8L ag‘ﬁéaf”?[g alnleP%§9 1'r‘%na it8f1thgip P‘At%ﬁlthggéﬁ%l\égi te steering wheel
shown in Figure 1 including vibration danpers. Figure
Figaré 8 ia aspatipeotiad espglbdstnschemntid ilddstratioronf die eompusite Greering
of the conposite steeripng wheel shown in Figure 2.
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steering wheel formed froma defornmabl e thernoplastic
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a metal or plastic rimelenment is described be?ow in
wheeltshpwn in Higareod-her enbodi nment the conposite steering

wheel does not include a rimelenent. The conposite

| ' ' ' danpers located in
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inserts in the rimand center hub permt the steering
A pdmedsitt oteniihg sthacidonnaliframt a defpaniblé dedsoplastict material which

. per ently deformto absorb energy.and prevent . .
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Figure 1 is a perspective schematic illustration of an

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. In 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 element
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exenpl ary enbodi nent of a conposite steering wheel 10.
Figure 2 is a perspective schematic illustration of
W@ posidse steering wheel 10 includi ng vi brat i PET/US2006/030608
dampers 12, and Figure 3 is a section al schematic
illustration of a portion of conposite steering wheel
10. Referring to Figures 1-3, conposite steering wheel
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0l ogi es enpl oyed to achi eve hol | ow sections in
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Spo or cmc tet I%%b'%t glre' 1%& 9& fi omlférl.% @EtlczglateTﬁ? 22, and are
I SR il

acconp varl s et hods,
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moﬁihﬁgm@l sgi@ablles 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, commercially



positioned in a nold and thernoplastic material 22 is
i ntroduced into the nold so that thernoplastic
woreaoen24abs 22 forns spokes 18, center hub 16 anBPCT/US2006/030608

over-nolds nmetal rimelenment 20 to formrim14 with

metal rimelenment 20 enbedded in thernoplastic

material 22. Any suitabl e nolding technique can be
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ernmopl astic nmaterial 22" is deformable and absorbs

usedener gy during an inpact event. Specifically, a

suitabl e thernoplastic material has the properties of
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throfleh Ctedtey ubu p$.e dAttachoemt erortiard S28inclades patatgghmeny Bye 56
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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.



end 42 of center rod 28 and anchors second spring 34

to prevent second spring from noving past second end
wa2o0002ent er rod 28. Second end 42 of center POOHUB06/630608

positioned in a bore 44 in the inner wall defining

cavity 28 adjacent rim14. A flat or fornmed netal

plate 50 is nolded into center hub 18. Metal plate 50
Whilsche deendof hat bpar tewerib&R imima afevirions apdcfid embbdiments,

portion 54 extending fraomf]lat portion 52 apd through .
thogse skidled Hipthesart AYHlatasReHEe &&#tﬁhg HRESRYOR FagBe Ripcticed with
mo@fffc@tgmfrﬁinﬁﬂé gpdﬁﬁarﬁlxstcs bife ERGREL hrough that is

shap

si zed and to receive the steering colum (not
shown) f an autonobile vehicle to attach conposite
steering wheel 10 to the steering colum. Flat portion
52 also includes a plurality of airbag attachnent

openi ngs 58 that are sized for attachment of an airbag
unit 60 to center hub 18 between spokes 16. Met al
plate 50 acts as a reaction plate for airbag unit 60
duri ng depl oynent of the airbag in an inpact event. In
one enbodi nent, flat portion 52 and attachnent portion
54 are fornmed as a single piece. In another

enbodi nent, attachnent portion 54 is a separate piece
that is attached to flat portion 52 by any suitable
nmet hod, for exanple, by welding, spin welding,

swagi ng, cold heading, and the like. In an alternate
enbodi nent, conposite steering wheel includes an
attachnment sl eeve that does nor include a flat plate
portion. The attachment sleeve is enbedded in the

t hernopl astic material and sized and shaped to receive
the steering columm of an autonotive vehicle. Metal
plate 50 can be forned fromany suitable netal, for
exanpl e, steel, alum num and magnesi um Wil e the

i nvention has been described in terns of various

speci fic enbodi nents, those skilled in the art wll
recogni ze that the invention can be practiced with

- -modi f-icati-on within-the-spirit-and scope of the-- ... -
claims. WHAT IS CLAIMED I'S: 1. A conposite steering
wheel for an autonotive vehicle, the autonotive
vehi cl e




having a steering colum, said conposite steering
wheel conprising: arim a center hub; a plurality of
WG poRestsonnecting said rimto said center hubPCEEBZ006/030608
rim said center hub, and said plurality of spokes
formed froma defornmable thernoplastic material; and
an attachment nenber enbedded in said center hub, said
WHﬂi‘tlé‘@l'mMEIﬂ?@ber sized to couple to the steering
. 2. A conposite steering wheel in accordance

mnth C1a|n11 wherei n sai d def or mabl I
1. maBeronglosits staeringarbes! fw&nr?élbqfa%ti‘fecveﬁﬁiﬁ% F‘iﬁgi?ﬁoégttw vehicle

i TRGPH PR RSl LB pRdas g O m 1

sai d
def ormabl e thernopl astic material overnolded around -
aringai d rimelenent. 4. A conposite steering wheel in
accordance with Claim3 wherein said rim el enent
conprlses a nmetal material or a plastic material, said
a cenfgk b mat er i al conprising at |east one of steel
al um num and negnesium said plastic nateri al

a phﬁ@ﬁ@lrdf% ks %bnﬁ&ﬁﬁ% sainein®fo siid tamerehubpstid ried said center hub,
pol ycar onates pol yesters, pol&ﬁ enyl ene
8

and soid dbyalipiof praey Fasmed Frpitia pefoymRle HigHBOPIaStCAMETiHOR1 o

steering wheel in accordance with Caim3 wherein said

an a@P&pqn? %ﬂ{bd ?mﬁ@ciqeg i98aill Uaﬁ&aﬁuba Bd GRANMERE Metber sized to

rectangu or polygonal cross sectiona
comibﬁp&wsﬁwnﬂgednpm5|te steering wheel in accordance
wth Caiml wherein said deforrmble t her nopl asti c

mat eri al conprises at |.east one
OA,C%W%]&? egeerwl ﬁ?eelpg} )?.8%(%1‘ ;}nc’e po}lyg enyﬁgg}ggkﬁg said
def&?ﬂag% th@HopREAPaRRAI isaTdathed@iRfnoplastic 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- - - - - - - e

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.



t hernopl astic materials thereof.7. A conposite
steering wheel in accordance with Caim1l wherein said
wa@ledoonz®bd e t hernopl astic material further conpCT/EEX0&030608
plurality of reinforcing fibers. 8. A conposite
steering wheel in accordance with Claim1l wherein said
thernopl astic nmaterial has a 20 percent stress to
7. fajil wrﬁ]fd'sﬂy 08r8% RBRSIUAE hebyrdATEMB3Elaith 1Awherein said
conposite steering wheel in accordance with Claim.1l
deforniudiecthernadpldseia siatain furthict cayppikess & PRPRIE &F renfoEfing hioers.
chanber extend fromsaid hub at |east partially to
said rim .10. A.conposjt j el PeaRIdANGSd
8. Wi PhCUEPRISHCOS UM 168%&%r€?ct§§1%h%gw r gl?lohpn 1da eérjhﬁc1l
therrASP AR ifat9 ihas @120 Peidenearbs maﬁaﬂuﬂeahﬁmg/\amaaﬂ@ee:g_. byl ASTM
conposite steering wheel in accordance with Caim 10
D63&herein said vibration danper assenbly conprises: a
center rod; a weight slidably coupled to said center
rog; i ' b &f CRaindl vderebehtviessn one
% salg‘ Owoéﬁ?tstgﬁlgﬁéa%f?@gtﬁ agéﬁ]cgﬂﬁgeggiid rod, a second ,
said SpUliengmipeses a holbov clvenbes zkiend fronbesidein 2islans) PaiagH o said
~and a second end of said rod; a first end cap coupl ed
mm.to said first end of said rod; and a second end cap
coupled to said second end of said rod. 12. A o
10. COMPAshicite kReFihg Whebleialactdrdareovidalizaml fithel apmprsing a
wherein said attachnment nenber, copprises: a plate
vibrgtomt dapuper agsemblypasiiioned pogach éﬂdi‘ﬁﬂgw& YO om one si de
of said plate portion; andan attachnent opening

11. Z;( :Aggc%h@%%ﬁéq rs&:%ﬁﬂg s@hddi aht achiBAte RAM IQMim 981 Gherein 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; and



openi ng sized to receive the steering colum. 13. A
met hod of form ng a conposite steering wheel for an
waedoonpisye vehicle, the autonotive vehicl e haRCTgSA06/030608
steering columm, said nethod conprising: providing an
attachnment nenber sized to couple to the steering
columm; positioning the attachnment nenber in a nold,
an afisthiieht opeiihg @xrndigf ahroabh saidhsttachipbats portionpsaid iatthchment

into the nold forma ri to forma center hub with
wmsa%qdé@m@me%%@rngé%%%ed therein, and to forma

plurality of spokes connecting the rimto the center

13.hubp 14y, 4 oﬁcﬂ?ﬂﬂ% e ol §’t@ r%%h@el GoRbMaddnidint h}%fucle

conprising: providing rimelement, wherein the netal

themintonedtewahicleshas bigi acsta@aring whlwina, szid maﬂmmncm@m
circular, rectangular, or polygonal cross sectiona
shape; tioni ng, the t al nent nol d;

prei s tn REGhErRGhETbbr Gebr wsts B o Sratls Shulver o
into the nold to overnold around the r|n1elenent to

podii@sihg the afth¢Anddid nlenbleOna MbRL; et er hub with the
attac ment enbedded therein, and to formthe plurallty

spokes connecting the ri t he cen hub. .
1nt1ﬁaépq;igg ajdeformablethameonlastin r@tg;a&n{cg the, lcfﬁpr{rh% rim, to form a

cerH& IRILTRRY ﬁi et RGEARRL Q‘?éﬂlﬁer%{b%ﬁﬂéﬁ thERAP2hd ]S fétin h PARAIity of

one of silicone nD pol ycar bonat €s, nyl on,
spgkes yasicetirg thp ciny phbegtmerdubxi de, pol ypropyl ene, and
foamed t hernopl astic naterials thereof. 16. A nethod

tpeﬁfésfﬁg@?ﬁw%ﬁagﬁ fth e BBt Ol T2 T
o

reinforcing fibers. 17. A nethod in accordance with
prdidihgnal BniveRheny Whaeiiethor iedal eint Rbsmeap|iasblid eratubniaaland

has a 20 percent stress to f ure ratl as nmeasur ed
COIBWWS?MHBB@B regtangyl %@W&Oﬁa’ﬁ%ﬁ%}?&@ P% Caim 13
wherein at | east one of the plurality of spokes

poﬁﬂ&'ﬁﬁ%ﬁfé AetA0lih QR Pe oK RN from the center hub

st partially to the

1ntroduc1ng a deformable thermoplastlc _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 D6338.



rim 19. A nethod in accordance with Caim 18 further
conprising positioning a vibration danper assenbly in
weawh/ohabd ow chanber. 20. A nethod in accor daneer/vb1006/030608
Claim 19 wherein the vibration danper assenbly
conprises: a center rod; a weight slidably coupled to
the center rod; a first spring positioned over the rod
18. betAvarthddhe avexirddice anith Glafm A3 twhersdn of leagi@ne of thegplurality of
second sprin osi tj one er the rod tween the
spokgsiCGRPTisha haTe chabag oot fiim MEeahRs niF hL R ﬁ’aﬂ%:agﬁ to the
rimcoupl ed to the first end of the rod; and a second end
cap coupled to the second end of the rod. 21. A nethod
in accordance with daim10 wherein the attachnent
19. me b enctbodin i aseerdarcepith Clan t }ofurthes compiisHigepesitioning a

. rti,on extendi r ' of the plate portion;
Vﬂ”ﬁﬁﬁngﬂn%?@gﬁﬁﬁgggl%%@ﬁb%%sgg%gﬁﬁing t hrough t he
attachment portion, the attachment opening sized to
20. 1 ec&i methbl eins iewrdange cwlthin@laim 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.



