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16 FEB 2004 | NTERNAL SPUN HUB AND METHOD OF MAKI NG SAME BACKGROUND OF THE

| NVENTI ON. The invention relates to a hub or pulley of sheet ntGaFE3az{dtby
spin-roll formng, but nore particularly, the invention relates to a

pul ey having a hub spun-roll formed by radially displacing an annul ar
sheet netal disc outward froma bore. Machi ned hubs formed from bar stock
are sonetines attached to webs and rins forned of sheet netal to make
pul l eys. A sheet nmetal we (or disc) and rimare attached to a machi ned hub
by wel di ng, brazing, fasteners or adhesion. A nmachined hub nmay provide
conplicated shapes such as a closed bore but it introduces the attendant

probl ens of weight, cost r Ip s o ' ] axially
al i gnnment during assen@'ﬂ}-gg&ﬁehﬁlﬁ ﬁ%!‘%‘ﬁ%@?@ﬁ%ﬁ%g@% sheet
metal may be shaped by press formng using a series of dies or
spin-tormng using nmandrels and rollers or a conbination ' thereof. For
exanple, a pulley with an i nBAGKERQUBNDNQEF THE INXENTIONwed is discl osed
in US 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 forned

in the rimof th I ggrbq)é I ' Helelh aet Bub bysshanih | n
US Pat. No. 4, gﬁﬁqh\gﬁﬁm rnatggl%g?;ﬁ]lé@ﬁl%w&#ﬁ& 526 di ?cToses YZ Fﬂet hod of

Shapi 19 2 Nupriing BUmér parguany: Beinstafunieiasiea peigRBIey et 2
opposite si gepw-trgﬂ formesdby @Qjéﬁ)’ ISR i 9 aﬁﬁéngﬁéﬁﬁﬁﬁé %Sngﬁ)sq égﬂ:ﬁ?éé'%pn
Wi ch di spl a8 G8& portion of metal while thinning part of the disc and
formng a si dewal Mdt¥igthabs MeketeBent batstock Aessometimestai@chetd de mabssheet
recal thi ckngs('js 'riminfo?rr%rgél (?frshmelae\ﬁnétséi {oorqgﬁg p%ﬁe{;rs?t ﬁlshlesét metal we (or disc) and
rim are attached 1o a machined hub by welding, brazing, fasteners or adhesion.
A machined hub may provide complicated shapes such as aj closed bore but it
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-torming using mandrels and rollers or a combination
thereof. For example, a pulley with an integra! hub that is press formed is
disciosed 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 groovés are spin formed in
the rim ot the puliey. Another pulley with an integral hub is éhown 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 a head
stock mandrel. 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 is ﬁomed as metal is
displaced and which progressively, axially extends. A shapihg roller presses the
annularly displaced metal against a mandrel while simultanéously forming a hub
integral to the disc. The problem with such hubs is that the forrned hub sidewall
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' di splaced and which progressively, axially extends. A shaping f%lkﬁﬁ 2004
presses the annularly displaced netal against a nandrel while S Lol
simul taneously formng a hub integral to the disc. The problemw th such
hubs is that the formed hub sidewall -1 1 6 FEB 2004 is fornmed from one
side of the hub only. In addition, in order to formsuch hubs, a greater
anmount of netal is displaced, as such, hubs requiring a smaller outside'
dianeter are nore difficult to form SUVMARY OF THE | NVENTI ON A hub havi ng
a bore, in accordance with the present invention, is spun-roll forned of a
portion of an annul ar sheet netal disc. The hub is formed by radially

di splacing a porti r Iﬁlh&% he
so formed HEB I'W%FFHP P'h‘?géj%nwh%q %nﬂ? érﬁdﬁﬁh‘é‘?{ﬁ%d;égqq§r?gsﬂglﬁ%bg web
having a h,%ﬁ}‘ébefétsar%%ﬁh‘t/@i SRtaltie displateid, Beswchhhnba reduidkgessmallen ddside’
annul ar sheet“netal disc before formatlon of the hub. The web may be used
to spun-rol | diboeteraarei morehdiffiowdt 1@ 18BNt recei ving portion and as such a
one-pi ece spurs roll formed pulley. The web nay al so be used to

i nterconnect to a rimhaving a belt receiving portion as a separate piece

fromthe hub and web. DuringuhmARY OF THEANMENFIOR shaping roller is
pressed against a bore of an annular sheet netal disc which is being

rotated simultaneously. The shaping roller is noved progressively,
radially outward, with or without, axi al ,osciliatio f
the rotating di soAbdRViNGBIBARsINACEEFIaNGT %Fﬁﬁ#é egeﬁ‘m ‘Sbnﬁ‘ %ﬁfn ot
axial l'y ext ndl n smm laféhU%e\mb RUpmReHIACRdall
configurati ﬂgn?gp?godroﬁnﬁﬁggg%n nu r{)eglt\l'/rgért?ous hub shapes. In additi or){

the spinni rtgsﬂﬁgﬁgseﬁpﬂﬁwnldfdhedmnmm sheet dnrscm’twardwémrmﬂ'ee bwgpu'ﬁge Bol | er
acting on the annular sheet netal disc

t he i nventi dormned hobghatisdetegrauts theanny rs°'g§r9r '6? g@&""b? W& hg‘gf]?%
displacing g portion of afiht 3B at 1e38%RAn Eﬁhréknéls%f e ¥ARdISF EREREMBEI .

disc before formation of the hub. The web may be used to spun-rolf form a rim
having a belt receiving portion and as such a one-piece spun roll 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 roller include various surface
configurations for forming any number of various hub shapes. In addition, the
spinning process may inciude 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 annutar 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 smalier 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 unchariged after the spin
forming process and as such stronger.
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* The invention provides an ease of manufacturing by reducing coqp¢epg’3 Eﬁ?lty

associated with axial alignment. Further, the invention affords tThe™a
to produce smaller conpact hub and pull eys. Another object of the
invention is to provide a nethod of spin forming a hub with an integral
web having a thickness which is unchanged after the spin form ng process
and as such stronger. -2 1 6 FEB 2004 These and ot her objects or advant ages
of the invention will be apparent after review ng the draw ngs and
descriptions thereof wherein: FIG 1 is a schematic in cross-section
illustrating key elenments of a spin- roll form ng machine and an annul ar

di sc positioned i rﬁﬂﬁ ' k7 | iR0entidrBwill Be bdparaHtew
simlar to FIG ;mt?%?%s OWIH{I?]SSP eg{snéa’%ﬂ%nderﬁg%%s gf){sr? Iﬁpggl:l:dt’i O:’]ed nggrrthe
start of sphfief Aviewwgnthegirawings #nd descriptiews theidofiwheoeiit G 2 but showi ng
‘a progressive operational step;. FIG 4 is a viewsimjJar to FIG ,3 but

showi ng an opti ofib. pivgredsmatic ip serssrserian Wegmting &gy slements ¢f 851 | ar .
to FIG 3 but ow ti ' o ' I . . is a
View s i | alotGTARLrERRRR T Bireflrh: KEsiifed B b achinEiior Shinch
step; FIG Forhﬁn% viewsimlar to FIG 2 but showng a final spin formng
step; FIGS. %$a-8e are cross sections al on‘ﬁ ?@radi al line fromthe center

&

line of an annuFHp. disa viswamilrgpddbed wing Hemashing ard discng
i sc and ¢ nBoTbpRER near e s riP R R,  on: - PO o o the Al
FIG. 3 is a view similar to FIG. 2 but showing a progressive operational
step;
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. Ba-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 the 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. S;

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 pulley 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 9 is a cross sectional view of a hub of the invention havipg FE?;E”{H’@'
threads; FIG 10 is a cross sectional view of a shaping roller used of
formng the hub showmn in,FIG 9; FIG 11 is a cross sectional view of a
hub of the invention having a closed bore; FIG 12 is a hub shown in FIG
FIG 13 is a FIG 14 is a invention; and cross sectional view of a shaping
roller used for formng the 11; cross sectional view of a flat pulley with
a hub of the invention; cross sectional view of a v-ribbed pulley with a
hub of the -3 1 6 FEB 200 4 FIG 15 is a cross sectional view of a v-bell
pulley with a hub of the invention. DESCRI PTI ON OF THE | NVENTI ON Referring

to FIGS. 1-7, an annular disc 10 of sheet t havj n bore 2 IS

posi tioned for whl&i h iseicrospeactieNal ey ﬁﬁd%&ﬁpwvﬁgm nggr ally at
12 that in¢cludes head stock tooling 14, a shaping roller 16, and a hol di ng
tool 18. InM¥EBUIOR: the head stock 14 has a cylindrical recess 22 sized to
receive the external dianmeter 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 di ng t ool
18 includes a corresponding cylindrical recess 24 for receiving a portion

of the external diameter 30-0bgiBHIGNGFIUEMVERFIBN he holding tool

recess has a depth that is

Referring to FIGS. 1-7, an annular cﬁsc 10 of sheet metal having a bore 26
is positioned for working with spin-roll forming machinery shown generally at 12
that includes head stock tooling 14, a shaping roller 16, and a holding tool 18.

In FIG. 1, the head 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 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 rolier 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-roll forming
machinery 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 rolier 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
i< mav be free to rotate as the disc spins and the 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 metal from the bore 26 radially .
outward. The shaping roller 16 radial movernent and the external profile surface

34 are correspondingly used to form select bore and hub sizes and shapes.
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| ess than the thickness T of the disc 10. The shaping roller 16 has _an
external profile surface 34 corresponding to the desired mat er i & FEBod004
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-roll formng machinery 12 prior
to the form ng operation. The disc 10 is clanped 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 predeterm ned anount of revolutions per

inute. FIG 3 sh th ' | 1 16. d t. dial | t d
P0si t10n So ¢ hat o IRsEERISMIGT: HHOMWP EnptioReLShapite el Aiing 4 ST 10
| so_t! 4 ' HEpHAg o1 &
bei hg ot at S0 GALRICHE PTG 41 4°CH {8 QRSB MG o APnerlald {hiRting e ©

spins and tRgs{@pigiglroller 16 may also be oscillating along an axis

parallel to an axis of the bore 26. The shaping roller 16, initiate
di spl aci ng a por FilGn5ahowseaniprtiond shaping fqilsﬁgpﬁﬁvmﬁébeﬂ&m%hﬂfﬁ'e

outward. The shapi r | ternal profile
sur f ace 34%&@%828‘&5@0@5@%@%5{”@2%@ pgﬁgﬁﬁﬁ?é%?%gtﬂﬂ@??and hub si zes and
shapes. -4 1 6 Figind0f¢ Fosh@¥aiPFeG. 6] 4n oftishal\whapingopileob@havinga ng
roller 40 having a convex external bprofl | e surface 42 used for gathering

the di sc 10coetale extgrsalprofilersyriase 62ivsed iy gathening thealise 191aakalan

optional shaping_rqllLer 50 bhaving,a flat external, profi # . 52 wused
for gathering angicgi ZLSPQmsr}getaﬁ@% rs%"efg "}lé?gﬁj'.sc éior’rr1ei;}z[;\cl’r\)le?,fro}}s‘i t@%%&ﬁ-forl]l FI G
6, an opti Oﬂ?r#niﬁ@?f&idwné leaeferwnmagiaﬂlsumowném\o@ AXinelutels i iptédral digef ace

62 used for gathering the disc 10 netal. FIG 7 shows the annul ar sheet

netal di sc dPwebmiyaddfarmoret2fe pe mubolQ exteodaifiog adest siface 24 88¢ & or ni ng

a hub 70. ngcc?# sZ aéé‘ﬁb%‘? Se fin' T8 f95 %%reg{igr%:paraﬂel the an axis A of the bore

26.
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 7.

In some applications, as shown in FIG. & a shaping roller 60 having a
concave exiernal 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}ogressive 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 also be formed including a
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or web 10 and a bore 26. The hub 70 extends froma first surfaci 27 _and a
second surface 29 of the web 10 in a direction parallel the an Bi §E8 2004
the bore 26. Referring to FIGS. 8a through Be illustrates the progressive
formation of a hub 50 of the invention including various optional
progressive operational steps. FIG 8a shows an annul ar sheet netal disc
10 with a bore 26 prior to any spin-roll formng. 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 netal as indicated at 64 in FIGS. 8b and 8c. As
shown in FIG 4/, after gashesishgwsanshapingaBab 75 086€RsifsanmigaReidisdeaddi ng

t he use of %aplng roller 40 having a Convex external profile surface 42
may be usedydre BR! Thetshepiiggolla07 mincldesa frottuded sdifaee 43 in FI GS 8d

h h 8f. As sh in FIG 5§, . j,onal. . i i.ncl udi h
Lse of a shapi ngThoRuEr7 &0 HEI NPT riEBrat o P MEbaPY TS Py
be used to gat hertﬁ?%qit%!p%[!%ygsnﬁ% E&%a@?pléotmmﬁ% in NS x4 aReiérring FI G

8g9. Referri Iy the i1 nvention having a bore 74, with
its integngledi 98, AQyihdied pulldy 80vs ililstreded i Thedutencimustetantiz edge of
including rnternal threads 76. FIG, 10 shows a shapi ngl roller 71 ﬁfﬁ for
form ng t halisé n0donwieb) i splidén keowmaskinage derm aniialeorl. eyiwdrigakia al
threads 73. Referring,to EIG% the hub 70 of the invention having a bore
74, with itf§Ce'|VH'tge§|b§I“ @PLMor web and a v-ribbed rim 72 may al so be

formed i ncl udi ngy 3_pthel FuIREBAE ¢had®FeRIBoT £ wWhere HeGoutk? chbomderanthlapi ng
roller 75 used ?C(\)rg r{orm%eﬁ% closed bore 77. The shaping roller 75

i ncl udes a eiget sfutiediisuf B axeplitdn kmpwnHashipo terforn@ fimEnha W8RG @i RIS Of

integral disc 10 or b may be used,i njunction with pull eys as for
exanpl e, t Wo@@oyﬁéva‘i*\,\foﬁ eﬁp&.ngl%yi%beae?%ﬁri ng

In FIG. 15, a v-belt pulley 100 is shown where the outer circumferential
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.



to FIG 13, a cylindrical pulley 80 is illustrated. The outer n
circunferential edge of disc 10 (or web) is split in known f akhi b3t &M or m
an integral, cylindrical rim82 for receiving a belt (not shown). A
v-ribbed pulley 90 is shown in FIG 14 .where the outer circunferential

edge of the disc 10 is split in known fashion to forma rim92 having a
plurality of v-grooves 94 for engaging a v-ribbed belt. In FIG 15, a
v-belt pulley 1l@Baitsishownimberiesthe outer circunferential edge of the
disc 10 is split in known fashion to forma rim 102 having at |east on
v-groove 104. The foregoing detailed description is nade for the purpose of

illustrating only andmbshs@t Jent eaelechd Oal indy thetsciopesphnthelrl aims. 6
1 6 FEB 2004 What is clained is: 13. A nethod of form ngLa hub that is
spun-rol | fornmed doraegoref od dforddocanmil apnsHedu st athesf sBebal a bore

and wherein the inp;Qye o sSes jhe ofngatiBekbRemedt POr ti on
of the annul ar shgg{l%\r{r:epgﬁh digscrm#rezm%tn{ﬁe B@%g‘?&andt r adi a?l y dingpl acing the
portion of the anndcapriskeetheesadpdicfic outward fromthe bore. 14. A

met hod of formng a pulley.with a hub that i spun.rol | . forned a
portion of an an%ul a%%h@éf“ghﬁt BPratet § dtaebSBgu}ﬁﬂ 3%8%"‘85%2 and

wherein the i npyo¥eNepsmcoR®dss@S thg steps of: gathering a portion of the
annul ar sheet netal disc froma bore edge; and
radially displacing the portion of the annular

sheet metal disc outward from the bore.

14. A method of forming a pulley with a hub that is
spun roll formed of a portion of an annular sheet
metal disc and a bore and a bore edge and wherein
the improvement comprises the steps of:

gathering a portion of the annular sheet metal
disc from a bore edge; and

radially displacing the portion of the sheet
metal disc outward from the bore a predetermined

distance.

15. The method as in c¢laim 14, wherein the disc
includes a web integral with a rim having a belt

receiving portion.

16. A method of forming a pulley including a hub
and a web comprising the steps of:
inserting an annular sheet metal disc hav}ng a
bore into a spun-roll forming machine;
clamping the annular sheet metal disc to the

spun-roll forming machine:;



radially displacing the portion of the sheet netal disc OUt“@%PFtBOEMﬁhe
bore a predeternined distance. 15. The nethod as in claim14, ‘Whéfein the
disc includes a web integral with a rimhaving a belt receiving portion.
16, A nethod of forming a pulley including a hub and a web conprising the *
steps of: inserting an annul ar sheet netal disc having a bore into a
spun-roll form ng machi ne; clanping the annular sheet netal disc to the

spun-roll formng na?@gyﬁidﬁi%QGgqghgghﬁgsféixg&ngaais@aaimgnmahber having-
rofi i

a concave external e surface in axial aljgnment with the  bore; .
movi ng the shapiewtenidlerpiaftidet sorfere; inr axae} ngl i enMid” H&et et al

di sc; nmoving the shaping roller in a radially outward direction against a’

di sc bore edge a&PPfedeternmi ned distance whereby the concave external

profile surface gathgisirhadle BBbaindi selhat emtal thgobpreoni ng a pul | ey
shaping roller against an outer surfgce of the q% qngng the pulley
shaping roller in a rerfisiing thewargy FFeﬁ???ﬁ19§¥% t >Fhe web out er

surface a predetern pad di Shancgdging’ den1ke dhsal aseidfey outward

direction against a disc bore edge a predetermined
distance whereby the concave external profile
surface gathers sheet metal disc material;

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 in order to displace the
material to thereby form a rim having a belt

receiving portion.

17.The method as in claim -16, wherein the disc
includes a web integral with a rim having a belt

receiving portion.

18.The method as in claim 13, wherein the step of
gathering a portion of the sheet metal disc from
a bore edge further comprises the step of:

forming a circumferentially continuous toroidal form

about the bore edge.



material to thereby forma rimhaving a belt receiving portifg. té.&ﬂ@
method as in claim 16, wherein the disc includes a web integ | it rim

having a belt receiving portion. 18.The method as in claim 13, wherein the .
st.ep of gathering a portion of the sheet netal disc from a bore edge '
further conprises the step of: formng a circunferentially continuous . .
toroidal form about the bore edge. -8 1 6 F ES 2004 19. The nethod as in
claim 16, whereijn thgStRrdd gatheréngishest wmdsedirdide netepiaf further
conprises the step of: formng a circunferentially continuozs Eoroidal form
about the bore edgder20g Theheet hodeddli n 818F m T t&FHH si AT PO ni ng the

gathered sheet netal dise 8t glglofo forma hub. 9

forming a circumferentially continuous toroidal form

about the bore edge.

20. The method as in claim 19 comprising:

forming the gathered sheet metal disc material to

form a hub.



