
16 FEB 2004 INTERNAL SPUN HUB AND METHOD OF MAKING SAME BACKGROUND OF THE
INVENTION. The invention relates to a hub or pulley of sheet metal made by
spin-roll  forming, but more particularly, the invention relates to a
pulley having a hub  spun-roll formed by radially displacing an annular
sheet metaI disc outward from a bore. Machined hubs formed from bar stock
are sometimes attached to webs  and rims formed of sheet metal to make
pulleys. A sheet metal we (or disc) and  rim are attached to a machined hub
by welding, brazing, fasteners or adhesion.  A machined hub may provide
complicated shapes such as a 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 integral hub that is press formed is  disclosed
in U.S. Pat. No. 5,441,456 with a stepped bore in FlG. 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 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 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 1 6 FEB 2004 is formed from one
side of the hub only. In addition, in order to form such hubs,  a greater
amount of metal is displaced, as such, hubs requiring a smaller outside'
diameter are more difficult to form. SUMMARY OF THE INVENTION A hub having
a bore, in accordance with the present invention, is spun-roll  formed of a
portion of an annular sheet metal disc. The hub is formed by radially
displacing a portion of the annular sheet disc outward from the bore. The
so  formed hub that is integral to the annular sheet metal disc forms a web
having a  thickness equivalent to or not less than a thickness of the
annular sheet metal  disc before formation of the hub. The web may be used
to spun-roll form a rim  having a belt receiving portion and as such a
one-piece spurs 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
axially extending collar. The shaping roller 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. -2 1 6 FEB 2004 These and other objects or advantages
of the invention will be apparent  after reviewing the drawings and
descriptions thereof wherein: FIG. 1 is a schematic in cross-section
illustrating key elements of a spin- roll forming machine and an annular
disc positioned in the machine for spin-roll  forming; FIG., 2 is a view
similar to FIG. 1 but showing the machine and disc  positioned near the
start of spin-roll forming; 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. $a-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. 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 forming 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. DESCRIPTION OF THE INVENTION Referring
to FIGS. 1-7, an annular disc 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 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 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 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 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 movement and the external profile
surface  34 are correspondingly used to form select bore and hub sizes and
shapes. -4 1 6 FEB 2004 For example, FIG. 4 shows an optional shaping
roller 40 having a convex  external profile surface 42 used for gathering
the disc 10 metal and splitting the  disc 10 metal. FIG. 5 shows an
optional shaping roller 50 having a flat external profile  surface 52 used
for gathering and flattening the disc 10 metal. Similarly, as shown in FIG.
6, an optional shaping roller 60 having a  concave external profile surface
62 used for gathering the disc 10 metal. FIG. 7 shows the annular sheet
metal disc 10 removed from the spin-roll  forming machine 12 after forming
a hub 70. The hub 70 includes an integral disc  



or web 10 and a bore 26. The hub 70 extends from a first surface 27 and a
second surface 29 of the web 10 in a direction parallel the an axis A of
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 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 progressive 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 It 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 -5 1 6 FEB 26f4 closed bore 77. FIG. 12 shows a shaping
roller 75 used for forming the closed  bore 77. The shaping roller 75
includes a protruded surface 79. The hub 70 of the invention with its
integral disc 10 or web may be used in  conjunction with pulleys as for
example, those shown in FIGS. 13-14. Referring  



to FIG. 13, a cylindrical pulley 80 is illustrated. The outer
circumferential edge of  disc 10 (or web) is split in known fashion to form
an integral, cylindrical rim 82 for  receiving a belt (not shown). A
v-ribbed pulley 90 is shown in FIG. 14 .where the outer circumferential
edge of the disc 10 is split in known fashion to form a rim 92 having a
plurality of  v-grooves 94 for engaging a v-ribbed belt. 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. 6
1 6 FEB 2004 What is claimed is: 13. A method of forming a hub that is
spun-roll  formed of a portion of an annular sheet metal  disc and a bore
and wherein the improvement  comprises the steps of: gathering. a portion
of the annular sheet metal  disc from the bore; 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 claim 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 having a  bore into a
spun-roll forming machine; clamping the annular sheet metal disc to the
spun-roll forming machine; 7 1 6 Fri 20 positioning a shaping roller having
a concave  external profile surface 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 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. 8 1 6 F ES 2004 19. The method as in
claim 16, wherein the step of  gathering sheet metal disc material further
comprises the step of: 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. 9 


