WO 01128709 PCT/ US00/ 09626 | NTERNAL SPUN HUB AND METHOD OF MAKI NG SAVE
BACKGROUND OF THE | NVENTI ON The invention relates to a hub or pulley of
sheet netal made by spin-roll formng, but nore particularly, the

i nvention M@P8VI% o a pulley having a hub spun-roll fornREI/BY00/0%62b al | y

di spl aci ng an annul ar sheet netal disc outward from a bore. Mchi ned hubs
formed frombar stock are sonetines attached to webs and rins fornmed of
sheet nmetal to make pulleys. A sheet netal we (or disc) and rimare
attached to a machined hub by wel ding, brazing, fasteners or adhesion. A
machi ned hub may provide conplicated shapes such as a claosed bore but it

i ntroduces the att endaWTﬁRUWL&@UNfH%i@“@,M%.Sﬁpodgﬁ MAKING SAMBp| exiti es
associated with axially alignment during assenbly of the hub to the rim
Hubs or pulleys of sheet netal may be shaped by press formng using a
series of dies or spin-torr BAQKGROYNOG THE INMENTEDNer s or a conbi nation
thereof. For exanple, a pulley with an integral hub that is press forned is
disclosed in U S. Pat. No. 5,441,456 with a stepped bore in FIG 5, and a

bore with splineTheg@ieitiof relatseiesa hib bt fulley. ofBhkbt metdimddedbyospinvels are
spin formed in the rimof the pulley, Angther pulley with an integral hub

i s shown in formingrdut mowg particsjarlys e inggptipmrealates te aylleyhaving 82uibyi scl oses
a met hod of ' ;T ' ' |

o essed agai SORLOPIoAmRL by hcichp WReld¥dE B0 aNGEPsfed PARAMIe Subird o
supported atabmneopposite side with- a head stock mandrel. The shapi ng

roller is noved. ogr essi yel ' ' | NS | f the
rotating disc whi @{?cg|n§§ﬁﬁ‘§&fxﬁﬁ%§oﬂb§h}o%ﬁo¥¥%€}§y soﬁ%& %ﬁcﬂgf’ggq%é’gt of
the di sc andah@¥ifsforhed iof eheét metaltowmake palieysies shedtatetabwe dosdistyand t he
original sheet neta hi.ckness. .An nul ar ve IS, fo; d as netal .is

di spl aced anBmaEctashed te adnashiged AP by weidlng chrazing festensrgr aufasion
presses the A?’R?%Hiﬁ‘ét‘l hubin$d) FrooRie Bniplicatia sidped silBRAE Q! cliddd Kore but it

si mul taneously formng a hub

introduces the attendant problems of weight, cost and process complexities

associated with axially alignment during assembly of the hub to the rim.

" Hubs or pulleys of sheet metal may be shaped by press forming using a
series of dies or spin-forming using mandrels énd rollers or a combination
thereof. For example, a pulley with an integral hub that is press formed is _
disclosed in U.S. Pat. No. 5,441,456 with a stepped bore in FIG. 5, and a bore
with spline receiving grooves in FIG. 8. Belt receiving grooves are spin formed in
the rim of the pulley. Another pulley with an integral hub is shown in U.S. Pat.
No. 4,824,422,

German Patent No. 4,444,526 discloses a method of shaping a hub by

spin forming where a shaping roller is pressed against a side of a spinning

~ annular disc of sheet metal that is supported at an opposite side with ahead ™ .
stock mandfel. The shaping roller is moved progressively radially inwardly
against the side of the rotating disc which displaces a portion of metal while
thinning part of the disc and forming a sidewall having a thickness that is less
than the original sheet metal thickness. An annular wave js formed as metal is
displaced and which progressively, axially extends. A shaping roller presses the
annularly displaced metal against a mandrel while simultaneously forming a hub
integral to the disc. The problem with such hubs is that the formed hub sidewall

-1-



integral to the disc. The problemw th such hubs is that the formed hub
sidewal | -1 WD 01/28709 PCT/ USOQ 09626 is forned fromone side of the hub

only. In aggwllng%o in order to formsuch hubs, a greater ’%ﬂﬁ(@t{’@g nmet al

i s displac as’''such, hubs requiring a snmaller outside' 26re nore
difficult to form SUVMARY OF THE I NVENTI ON A hub having a bore, in
accordance with the present invention, is spun-roll forned of a portion of
an annul ar sheet nmetal disc. The hub is forned by radially displacing a
portion of the annular sheet disc outward fromthe bore. The so fornmed hub

that is int e&%hpé&’frbﬁ?oﬁé‘@idb&ff te&RED OBt ah adidiiont I SRleptoNRPMsICh Mabs

t hi ckness equivalent to or not |less than a thickness of .the annul ar sheet

netal disc bgreater agmouat pionetal is displaced, amsliche bubs jeqiiringa gmalesputsideo) |
forma rim ' : | 'ﬁf}moortion and as such a one-piece spun
roll formed g%ﬁeg%&e?rﬁé;em%ﬁﬁﬁgba SO be used to. interconnect to arim
having a belt receiving portion as a separate piece fromthe hub and web.
During the spinning proces [ JH% ' essed agai nst a bore of
an annul ar sheet netal di S?Hﬂ@ﬁ?séﬁ Iﬂ%ﬂ?@& mul t aneousl y. The
shaping roller is noved progressively, radially outward, with or w thout
axial oscillation, against the bore of the rotating disc which displaces a

portion of netal Amubhavingabo, macesrdanes with the,piesgntmveation, iePWhigh ng
roller incl ry ' ' ok O )+ ,ﬁ{gq of
vari ous hubufg) rgégso‘f gltb}rg d?ﬁﬁ?ﬁgﬁgé%ﬁ%?ﬂ%s%r ggég{s‘m&g% I nc %e t "g use
of nore thandisplacisgapporionof the anrulanghest discrautwardfram tbadere.nthekodi sc at

Chonrert | e o e B R e i e a4
netal disc omickaess egoivalenbty or not Téss thanenthickness ofthdemmuiarsheet wbtal
Furt her , 1 helisrbeiore SATERRPGRAES HEbadhe WEp Ty B el SeUamPLITELAREE L hub
and pul | eys. having a belt receiving portion and as such a one-piece spun roil formed pulley.

The web may also be used to interconnect to a rim having a belt receiving portion

as a separate piece from the hub and web.

During the spinning process, a shaping roller is pressed against a bore of
an annular sheet metal disc which is being rotated simultaneously. The shaping
roller is moved progressively, radially outward, with or without axial oscillation,
against the bore of the rotating disc which displaces a portion of metal in the form
of an axiélly extending collar. The shaping roiler include various surface
configurations for forming any number of various hub shapes. In addition, the
spinning process may include the use of more than one shaping roller acting on
the annular sheet metal disc at different times.

An object of the invention is to provide a hub that is spun-roll formed by
radially displacing a portion of an annular sheet metal disc outward from a bore.
The invention provides an ease of manufacturing by reducing complexities
associated with axial alignment. Further, the invention affords the ability to
produce smaller compact hub and pulleys. |

Another object of the invention is to provide a method of spin forming a
hub with an integral web having a thickness which is unchanged after the spin
forming process and as such stronger.
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Anot her object of the invention is to provide a nethod of spin formng a

hub with an integral web having a thickness which is unchanged after the

spin fo&gbgﬁn%é)cess and as such stronger. -2 WO 01/28709 PCT/ US00/ 09626 -
0

These an
after review ng the drawi ngs and descriptions thereof where
schematic in cross-section illustrating key elenents of a s

i n:
pi n-

er objects or advantages of the invention W4TUP¥¥%bar ent

FIG 1is a
roll

form ng machi ne and an annul ar disc positioned in the nachine for spin-rol 'i
formng; FIG, 2is aviewsimlar to FIG 1 but show ng the machi ne and

di sc positi oneqnagaand Btheriabidct®br sdamtadys oftRé Hvettion Wit beapSardnt/ | eW
simlar to FIG 2 but showi ng a progressive operational step;, FIG 4 is a

vi ew si mi | after tevigwing therdiavwings\ang descripions therepfiwhgrelssi ve

ope

step, FIG 5 i SF?G"i E‘% gérlﬁgs&gﬁc i}lcbrgés%gqtlglr'itilg%tﬂ%p@Qgﬁgﬁaﬁmdﬁé’gﬁé

operational step;, F view sim

SNOW n

rational
sBirnggr essi ve
g an

opti onal propfoemiigwaachipe aatianainuaralisc positionediie the maehineifoi $gin-rolb FI G 2
but showing a.final spin formng step; FIGS. 8a-8e are cross sections
along a ral™"M$ine fromthe center line of an annular disc showi ng

progressive di spl@.,czmmewﬂmtludbrmeopmmanbwmgqhemwe arftf disge portion of

metal froma portion of the annul ar disc and t

e formation of a hub of the

i nvent i on; ppsitipnes pearthe startokspipreHIrMingaw of a hub of the invention

havi ng i nter nal ew il
rol | er used forF%%:ymE%iﬁ?We Iﬁ%‘%@shom inF

step;

FIS. 2 bt Qﬁ%ﬁﬁg proBflssieperdtichab NapPi NY

FIG. 4 is a view similar to FIG. 3 but showing an optional progressive

operational step;

FIG. 5 is a view similar to FIG 3 but showing an optional progressive

operational step;

FIG. 6 is a view similar to FIG. 3 but showing an optional progressive

operational step;

FIG. 7 is a view similar to FIG. 2 but showing a final spin forming step;

FIGS. 8a-8e are cross sections along a radial line from the center line of

an annular disc showing progressive displacement, including optional operations,

of the portion of metal from a portion of the annular disc and the formation of a

hub of thé invention;

FIG. 9 is a cross sectional view of a hub of the invention having internal

threads;

FIG. 10 is a cross sectional view of a shaping roller used for forming the

hub shown in FIG. 9;

FIG. 11 is a cross sectional view of a hub of the invention having a closed

bore;

FIG. 12 is a cross sectional view of a shaping roller used for forming the

hub shown in FIG. 11;

FIG. 13 is a cross sectional view of a flat bulley with a hub of the invention;

FIG. 14 is a cross sectional view of a v-ribbed pulley with a hub of the

invention; and-
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~FIG 11 is a cross sectional view of a hub of the invention having a cl osed
bore; FIG 12 is a cross sectional -view of-a.shaping roller used for

form ng th.a,oJmE,ﬁhown in FIG 11; FIG 13 is a cross Sec?&%&/ﬂ‘g*aﬁf a

flat pulley with a hub of the invention; FIG 14 is a cr Vi ew
of a v-ribbed pulley with a hub of the invention; and -3 WO 01/28709
PCT/ US00/ 09626 FIG 15 is a cross sectional view of a v-belt pulley with a
hub of the invention. DESCRI PTI ON OF THE | NVENTI.ON Referring to FIGS. 1-7,
an annul ar disc 10 of sheet netal having a bore 26 “is positioned for

wor ki ng wi th spi Nefoldg ; ) ' J hat

I ncl udes head stglt::llgj't‘l(?()'%%{]égb%%,sggt saggilreﬁ,ggfro Sfﬂﬁ?gé@g"m agﬁ%%?f P%g t ool 18.
In FIG 1, timeebtiord stock 14 has a cylindrical recess 22 sized to receive
the external diameter 30 of the disc 10 and where the recess has a depth
that is less than the thickness T of the disc 10. The hol ding tool 18

I ncludes a corresponding cylindrical recess 24 for receiving a portion of
the external dianeter 30 of the disc hol di ng tool recess
has a depth that is |ess ﬂﬂ@ﬁcﬁwg+gﬂyiﬁ%ggg'¥R§%$Fhﬁfdisc 10. The shapi ng
roller 16 has an external profile surface 34 corresponding to the desired

material flow operation. In FIG 1, the shapi ng roller 16 includes an
external profil e RefefringtoFAGSr1-Gaamannvigr disd 101ofsheet mgtal having acbare 26

For g rmchireBgngs o DGR 5ot B hB R bl gRRbrygh 12

cl anped i nsi hat inekides dledd stpdkotablind 14 ez skapifig rallet 16hand acblding ddoltiBol i ng 14

recess 22, e STRRIER, helnadek ToRaE A ik Fediika AL AR RLH {1 a0
anount of r epglditdrRARdifPete 30 éf~the disc 10 and where the recess has a depth that is

less than the thickness T of the disc 10. The holding tool 18 includes a

corresponding cylindrical recess 24 for receiving a portion of the external

diameter 30 of the disc 10 and where the holding tool recess has a depth that is

less than the thickness T of the disc 10.

The shaping roller 16 has an external profile surface 34 corresponding to
the desired material flow operation. In FIG. 1, the shaping roller 16 includes an
external profile surface 34 for gathering and flattening the disc 10 material.

FIG. 2 shows the annular disc 10 inserted in the spin-rolil forming
machinefy 12 prior to the forming operation. The disc 10 is clamped inside the
holding tool 18 recess 24 and the head stock tooling 14 recess 22. The shaping
roller 16 is positioned in axial alignment with and inside the bore 26. The head
stock tooling 14 is rotated a predetermined amount of revolutions per minute.

FIG. 3 shows the shaping roller 16 moved to a radially outward position so
that the external profile surface 34 of the shaping roller 16 is pressed against the
bore 26 while the annular sheet metal disc 10 is being rotated. Shaping roller 16
is may be free to rotate as the disc spins and the shaping rolier 16 may aiso be
oscillating along an axis paréllel to an axis of the bore 26. The shaping roller 16
initiates displacing a portion of the disc 10 metal from the bore 26 radially .
outward. The shaping roller 16 radial movement and the external profile surface
34 are correspondingly used to form select bore and hub sizes and shapes.
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FIG 3 shows the shaping roller 16 noved to a radially outward position so
that the external profile surface 34 of the shaping roller 16 is pressed

agai nst 0189 26 while the annular sheet metal disc P'gc?r si?,gglﬂggl s and

r ot at ed. aprng roller 16 is may be free to rotate as
t he shaping roller 16 may also be oscillating along an axis parallel to an
axis of the bore 26. The shaping roller 16 initiates displacing a portion,
of the disc 10 netal fromthe bore 26 radially. outward. The shaping roller
16 radi al novenent and the external profile surface 34 are correspondingly

used to forms Wl FESptisial § It 48Rk,
PCT/ US00/ 096266#@;"%%%@?4% sh F(>)ws anﬁﬁ’ﬁgﬁg%al shapi r?éztrz‘gﬁeér 40

havi ng a cextemal prafile suifager4? used %mﬁttteémazh@g@s onetphand splitjng the di sc 10
met al and htl nt% the disc 10 netal. FIG 5 shows an optional shaping
rol | er 50 % ‘| at external profile surface 52 used for gathering and
flattening the HG?Q‘) sHowsedrabptidBialshapihg rolles Sﬁhmm'ngi aflat exterbal profilept i onal

shapi ng roll r 6 hav concay xter urface 62 used for
gat hering % QSJ#;?ggéher'ﬁgé"d%ag‘ﬁﬁ\/\gqﬁﬁgggqlrddpﬁﬁsheet nmetal disc 10
removed from”@inﬁlaﬂv a@éﬂowrf el 3 anféEtumalﬂsaapifnbebuércama\mgiahub 70. The
hub 70 includes an integral disc _or web 10 and a bore 26. The hub 70

ext ends f reancave extarnaprofie sudacefid U&‘*"i@cﬂ%@@lﬂ#’&@@@@ getalne web 10 in a
direct ton paraldls 7ldigwdingshAutdr Shedt ?tQPﬂﬁc‘l@@enB%EfrBhE@letébarﬂéﬁs 8a

through 8e illustrates the progressive Tormtion
i nvent i on formingdhachine 2 after fpsmingalhup78gTbe subag Odpeludes anintegrabdisc FI G

8a shows an a ar _.shee t any
pi ne 1ol 1 Otgrtpana 1557 28, The L2 7o S8tehtk e 1 EtaPh 27 agh3 0"
t hi ckness. skcoh8 saﬁgee 29 pf theawebi 8 in agdirectiom parallel e #h axisAafitimgbore | er 60

havi ng a concave external profile surface 62 is used to gather the disc 10
netal as 346idicated at 64 in FIGS. 8b and 8c.. As shown in FIG 4, after

gathering, an Referring to FIGS. 8a through 8e illustrates the progressive formation of a-
hub 50 of the invention including various optional progressive operational steps.
FIG. 8a shows an annular sheet metal disc 10 with a bore 26 prior to any spin-roll
forming. The disc 10 includes an outer diameter 30 and a thickness T.

In some applications, as shown in FIG. 6 a shaping roller 60 having a
concave external profile surface 62 is used to gather the disc 10 metal as
indicated at 64 in FIGS. 8b and 8c. As shown in FIG. 4, after gathering'. an
optional p.rogressive step including the use of a shaping roller 40 having a
convex external profile surface 42 may be used to split the disc 10 metal as
indicated at 44 in FIGS 8d through 8f. As shown in FIG. 5, an optional
progressive step including the use of a shaping roller 50 having a flat external
profile surface 52 may be used to gather and flatten the disc 10 metal as
indicated at 54 in FIG. 8g. |

Referring to FIG. 9, the hub 70 of the invention having a bore 74, with its
integral disc 10 or web and a v-ribbed rim 72 may also be formed including
internal threads 76. FIG. 10 shows a shaping roller 71 used for forming the
internal threads 76. The shaping roller 71 includes external threads 73.

Referring to FIG 11, the hub 70 of the invention having a bore 74, with its
integral disc 10 or web and a v-ribbed rim 72 may aiso be formed including a
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optional progressive step including the use of a shaping roller 40 having a
convex external profile surface 42 mmy be,used to split the disc 10 netal
as indicated at 44 in FIGS 8d through 8f ‘As shown in FIG 5, an optional
progressi vevOUB el udi ng the use of a shaping roller 50 RE¥USE9636 ot
external profile surface 52 may be used to gather and flatten the disc 10
metal as indicated at 54 in FIG 8g. Referring to FIG 9, the hub 70 of
the invention having a bore .74, with its integral .disc 10 or web and a
v-ribbed rim72 may al so be“forned including internal threads 76. FIG 10

shows a shapi [ l747 f ) i I The
shaping roll %ﬂé{%ﬁ@ﬂ%ﬁ?éf’ﬁ%ﬁ ﬁ@gg@sﬁ%r 7%2%@? B?r%ﬁﬁgﬁglﬁ%d%%dt he
hub 70 of thédreVEntihershapingrgller Hoineludes aprotruded suifagee?d®.al di sc 10 or web

and a v-ribbed rim7 Q. f.ar including a,~-5 01/ 28709, .

Ao son 09656 | ciTbeduEg 8158 ."R%’ﬁ%"@ﬁ%']hso@egéa's‘ﬂ%"p? 0g w68 Lgedip ¢ o
formng the goARMEtioMWitA Tpﬁﬁeysﬁ&fcﬁ'ha&ﬁiﬂm.rthbé@shd/ﬁl innRIGS] &3- 7. pRefer ke d
surface 79. The hub 70 of the ipvention with its integral disc 10 or web
may be used it® Fl(&ommex"neﬁca%wﬂexpéb isiustsated o The,outgr drcupigrestialigsige ofn

FI GS. 13-14. Refa{fd : | poioal y, j: S ted.
The outer ci rd ?&ﬂ{d{g%b&?é’%@ég lg]ﬂc?vvra?assg%ldof&‘(:“glr'rﬁ%t@épIéa?,scaﬁﬁ;[ihc?arl] rlblnggvtrf]&a
fashi on to f eeceidng artiedtnat shawn)i ndrical rim 82 for receiving a belt (not

ol reun erenti ol Bobbae puly gb. 5 YRR £G4 Whefh Bleo s el 1
ri m 92 havi ngdge pf theadisé Y0 & split irpkmawe fashiorf tor forn @airh 92 Having & phealitpeft . | n

FIG 15, a v-belt pul I&y 100 i s ShQV\H %/He[[e the-outer circunferential edge
of the disc Y@reeves 4 toreporgiBaR -HeRedReto form a rim 102 having at |east

on v-groove 104-|nThG.f1@rg§|cBéng%lg@yaﬂdoq§ sHEMAIVIRErk Mk bStePBRCUrhidreltRe

purpose of illustrating is not intended to limt the scope of the

cl ai ns. edge of the disc 10 is split in known fashion to form a rim 102 having at least on
v-groove 104.
The foregoing detailed description is made for the purpose of illustrating
only and is not intended to limit the scope of the claims. .



6 WO 01/28709 PCT/US00/ 09626 What is claimed is: 1. A hub that is
spun-roll formed of a portion of an annular sheet netal disc and a bore
and wherein the inprovenent conprises: radially displacing a &frtion of the
annul ar YNt al disc outward fromthe bore. 2. A p&CTeBPYE%% a hub
that is spun-roll formed of a portion of an annular sheet netal disc and a
bore and wherein the inprovenent conprises: radially displacing a portion .
of the annul ar sheet netal disc outward fromthe bore. 3. A pulley as
claimed in claim2 wherein the disc includes a web integral with a rim
havi ng a b%h%uﬁﬁﬁﬁﬁ%ﬁﬂg.portion; 4. Apulley as clainmed in claim3 wherein
the belt recerving portion includes a substantially cylindrical surface.

5. Apulley as clained in claim3 wherein the belt receiving portion

i ncl udes at, | eagt .V-Qro . ul.le i ped i . al wher ei n
the rimi st]f or néd‘ungagﬁses@ n'ﬁéygqmg‘gloépﬁp oﬁl 10 %fra?ihgﬁg‘.k@%ﬁ% Irb&u‘flfdéséaghé%cl ai ned
in claim2 wherborm ahdehwein thsimprowsntenncemyrizés:t 0 a rim having a belt

receiving portion, .8.. A pulley with a hub that is .spun-roll .formed of a
portion of an al’?Hlﬂué{td“@]‘F@‘é‘ga ft nJ}H?%@“&F‘E%”?"P‘%?H%&\ﬂ“L‘@“QﬂBQ ®recei vi ng
portion and a bgge connected by a web and wherein the inprovenent

conprises: 11 _ This Sheet Has Been Replaced IIl'Il'"~ VIIIl 111 VviIl 111
VI 11 111

2. A pulley with a hub that is spun-roll foﬁned of a portion of an annular sheet metal
disc and a bore and wherein the improvement comprises:
radially displacing a portion of the annular sheet metal disc outward from the

bore.

3. A pulley as claimed in claim 2 wherein the disc includes a web integral with a rim

having a belt receiving portion.

. 4. A pulley as claimed in claim 3 wherein the belt receiving portion includes a
substantially cylindrical surface.
5. A pulley as claimed in claim 3 wherein the belt receiving portion includes at least

one v-groove.

6. A pulley as claimed in claim 3 wherein the rim is formed of sheet metal by spin
forming.

7. A pulley as claimed in claim 2 wherein the web is interconnected to a rim having
a belt receiving portion.

8. A pulley with a hub that is spun-roll formed of a portion of an annular sheet metal

disc with a rim having a belt receiving portion and a bore connected by a _web and

gy TRV

¢ L

wherein the improvement comprises:
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112 1111 111 ~ L M111111111. WO 01/ 28709 PCT/ US00/ 09626 radially

di splacing a portion of the annul ar sheet netal disc outward fromthe
bore. 9. A one-piece pulley fornmed fromsheet netal including a rim having
a belt re@@??ﬂi’ﬁa"’portion, a web having a first and secondPGU/F$MR08626

I nterconnecting the rim and a hub and wherein the inprovenent conprises:
the hub extending fromboth the first surface of the web and the second
surface of the web. 10. A nethod of form ng a hub including a bore wherein
t he met hod conprises: rotating an annular sheet ‘netal disc having a bore;
noving a fixture in a radially outward direction agaijst the hore a
predeterm ned di* @‘éﬁl’:é’sl’ cigg 8?“’98%&9[5‘?’%@%’ %Q’%ﬁ%tﬁ%r"“&%@ romths|  di sc
to thereby form gdpaib. 11. A nmethod of forming a hub including a bore
wherein the method conprises: inserting an annul ar sheet netal disc having
a bore into a spun-roll form ng nachine; clanping the annul ar sheet netal
disc to the &pun- - ) OB fREn bt QP b 00 ler in
axial ali gnn%nt vfn&;ahéf){?gég%% novifﬁbg“?l}]egp@higkfuﬂ%ﬂ%%?‘|rg‘? |r1t at[.)ﬂke bor e;
rotating the annueerivisppertiongs web kiAving a finst/andgecdnd sytfagsi intereapnksingithe dm
radially outward di,r [ | . i [ predet erm ned di stance
in order to di Splaéxgea%%ﬁgggﬂgﬁg{rﬁéH:gé&?v%nﬁ%nér:&ﬁp@sg@:tO thereby forma hub.
12. A method of fthe huhextending frexy bothahefiistgurfack afithawabandvwhe sedvad surfadelvf

met hod conprises; inserting an annul ar sheet netal disc having a bore into
a spun-rol | fornmAgWHachi ne;

10. A method of forming a hub including a bore wherein the method comprises:
rotating an annular sheet metal disc having a bore;
moving a fixture in a radially outward direction against the bore a predetermined

distance in order to displace the annular sheet metal disc to thereby form a hub.

11. A method of forming a hub including a bore wherein the method comprises:
inserting an annular sheet metal disc having a bore into a spun-roll forming
machine;
clamping the annular sheet metal disc to the spun-roll forming machine;
positioning a shaping roller in axial alignment with the bore;
moving the shaping roller into the bore;
rotating the annular sheet metal disc;
moving the shaping roller in a radially outward direction against the disc bore a
predetermined distance in order to displace the annular sheet metal disc to thereby

form a hub.

12. A method of forming a pulley including a hub and a web wherein the method
comprises:
inserting an annular sheet metal disc having a bore into a spun-roll forming
machine;

clamping the annular sheet metal disc to the spun-roll forming machine;

positioning a shaping roller in axial alignment with the bore;

Replaced
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cl anpi ng the annul ar sheet netal disc to the spun-roll form ng machi ne;
positioning a shaping roller i .al alignnment with the ‘bore; This ,, Repl aced
sheet Has Be 8 111 1111 ~~~~- 1111 1111 * CL MS 111 111 WO 01/28709
PCT/ USOOMSBYT9pyi ng t he shaping roller into the borePCTOISAV t he

annul ar sheet netal disc; noving the shaping roller in a radially outward
direction against the disc bore a predeterm ned distance in order to

di spl ace di sc annul ar sheet netal disc material to thereby forma hub;
positioning a pulley shaping roller against an outer surface of the web;
novi ng the pul | ey shapi roller.in a radially inward direction against the
web outer surf ’%@?%%Fﬂ’?ﬂé’@&?"@éﬁce in order to displace the
material to thergbting the hifufarshédt fhatal Bige;a bel t recei ving portion.

111111121121 - 11213117311211. S 1}1111 ~. L This Sheet Has Been Repl aced
L1I~I111 I1~I11 [mmqvingtheshaping reller in a radially outward direction against the disc bore a
predetermined distance in order to displace disc annular sheet metal disc material
to thereby form a hub;
positioning a pulley shaping roller against an outer surface of the web;
moving the pulley shaping roller in a radially inward direction against the web
outer surface a predetermined distance fn order to displace the material to thereby

form a rim having a belt receiving portion.
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