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WHEEL ASSEMBLY, AND APPARATUS AND
METHOD FOR MAKING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority of
U.S. Provisional Patent Application Ser. No. 61/208,102,
filed on Feb. 20, 2009, which is hereby incorporated by ref-
erence in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to an appa-
ratus and a method for reducing lateral run-out of a wheel-hub
assembly and, more specifically, a method and an apparatus
for machining the rotor-mounting flange surface of the hub.

BACKGROUND OF THE INVENTION

[0003] A typical automotive vehicle is equipped with disc
brake systems for the purpose of stopping the vehicle. These
disc brake systems are located at the front axle wheel assem-
blies and/or at the rear wheel assembly. Each wheel assembly
typically includes a wheel hub, a rotor and a bearing. The
bearing may further engage a knuckle that in turn may be
connected to the vehicle. The disc brake rotor is comprised of
acircular metal disc having opposed braking surfaces that are
clamped by the brake pads to exert a braking effect. The rotor
is attached to a wheel hub.

[0004] Performance of the braking system is related to the
dimensional characteristics of the rotor and the wheel hub
surface abutting the rotor. Any run-out variation in the wheel
hub surface will cause lateral run-out or lateral deflection in
the rotor. Lateral disc run-out refers to a lateral deviation of
the planar surface of a rotor along a plane perpendicular to the
longitudinal axis of rotation of the rotor. Because the rotor is
designed to operate in a precise plane normal to the axis of the
wheel, even slight run-out variations of the wheel hub is
problematic. Similarly, the radial run-out of the outer edges of
the braking surfaces need to be controlled to ensure that the
brake pads engage as much of the available rotor-braking
surface as possible without overlapping the edges of the rotor.
If run-out is not controlled it can cause premature failure of
the brake lining due to uneven wear which requires premature
replacement of the brake lining at an increased expense. Fur-
ther, problems due to run-out include, brake judder, steering
wheel “nibble” and pedal pulses felt by the user, and warped
rotors which result in brake noise and uneven stopping. How-
ever, manufacturers have faced difficulties in achieving
enhanced control over these tolerances due to the influence of
several factors.

[0005] One factor that frequently contributes to lateral run-
out is variation in the processes that are used to machine the
flange surface of the wheel hub. For example, the outer and
inner flange surfaces of the wheel hub may be individually
machined causing uneven deviation of the planar surface of
the wheel hub.

[0006] Another factor that contributes to run-out is the
stack-up of the individual components in a wheel assembly,
i.e., their combined tolerances. While the tolerances of each
part can be reduced when they are separately machined, when
the parts are assembled, the combined tolerances stack up,
causing run-out that is still relatively significant. Tolerance
stacking may also be caused by variation in the turning pro-
cesses that are used to machine the flange surface, when the
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wheel hub is individually machined, in an effort to make it flat
with respect to the rotor. Further, the installation and press
condition of the wheel bolts, the assembly process of the
wheel assembly, and improperly pre-loaded bearings, can all
cause misalignment of the hub surface with respect to the
rotor and thus cause unacceptable run-out.

[0007] Lateral run-out may also be caused by the insertion
and/or press-fitting of the wheel bolts to the flange after the
flange surface of the wheel hub has been finished or
machined. When the wheel bolts are press-fitted or tightened
to the flange surface, the force causes the peripheral areas
immediately around the wheel bolts to deform on the flange
surface. Consequently, this deformation causes the surface of
the flange to deform and deviate from the necessary planar
surface of the wheel hub, causing lateral run-out.

[0008] The process of pressing or assembling the hub to the
bearing is another possible factor that causes lateral run out.
When the bearing is assembled to the hub, additional run-out
variation may be introduced to the rotor mounting face of the
hub. Additionally, removal of the bearing and/or reassem-
bling the bearing to the wheel hub after machining the wheel
hub can re-introduce lateral run-out variation.

[0009] Therefore, a need exists for an apparatus and a
method for machining the wheel hub to eliminate the lateral
run-out after the wheel bolts or bearing have been attached
and to evenly machine the flange surface without significantly
increasing the manufacturing cost of the assembly or increas-
ing manufacturing difficulty.

SUMMARY OF THE PRESENT INVENTION

[0010] The present invention provides an apparatus and a
method for manufacturing a wheel hub to reduce lateral run-
out. Specifically, a wheel hub having a flange portion with an
outer flange surface and an inner flange surface is provided. A
plurality of wheel bolts are connected to the wheel hub, and
the wheel hub is connected to a bearing. A grind wheel is then
applied to the inner flange surface and outer flange surface to
minimize run-out of the flange portion. The grind wheel
includes a channel configured to allow clearance of the wheel
bolts during rotation of the grind wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Objects and advantages together with the operation
of'the invention may be better understood by reference to the
following detailed description taken in connection with the
following illustrations, wherein:

[0012] FIG. 1is a perspective view of a portion of a wheel
hub assembly engaged with a mill cutter.

[0013] FIG. 2is aperspective view of a wheel hub assembly
including a knuckle.

[0014] FIG. 3 is a perspective view of a portion of a wheel
hub assembly engaged with a mill cutter.

[0015] FIG. 4 is a perspective view of a portion of a wheel
hub assembly engaged with a grind wheel.

[0016] FIG. 51is a perspective view of a portion of a wheel
hub assembly engaged with a grind wheel.

[0017] FIG. 6 is a cross-sectional view of a portion of a
wheel hub assembly engaged with a grind wheel.

DETAILED DESCRIPTION OF THE INVENTION

[0018] FIGS.1and2illustrate awheel hub assembly 1. The
assembly 1 may include a variety of components, including a
wheel hub 4, bearing 5, and knuckle 16. The wheel hub 4 may
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have a flange face 12 and a pilot portion 6. The pilot portion
6 extends generally outward from the flange face 12 so as to
allow a rotor to be guided and affixed to the wheel hub
assembly as known to one of ordinary skill in the art.

[0019] The knuckle 16 may have a generally circular bore
18 formed therein and a plurality of outwardly extending
appendages or legs 20 that are capable of attachment to the
vehicle through a plurality of apertures formed in the plurality
of'legs 20, as is known in the art.

[0020] The bearing 5 may be press-fitinto the bore 18 of the
knuckle 16. However, it should be understood that a variety of
different knuckle/bearing attachment configurations may be
utilized. For example, the bearing 5 may be press-fit with or
without a snap ring, or may be held in place with a nut, or
secured by other methods known in the art. Alternatively, a
portion of the bearing 5 may be bolted to the knuckle 16 or
integrally formed with the knuckle 16. Moreover, an inner
portion of the bearing 5 may be integrally formed with the
wheel hub.

[0021] A plurality of respective wheel bolts 3 may be
attachable to the wheel hub 4. In an embodiment, the wheel
bolts 3 are attached to the flange face 12 in a predetermined
pattern, such as equidistantly spaced, and on the same pitch
circle diameter. The wheel bolts 3 are oriented with the
threaded ends extending outwardly so as to connect a rotor
and an associated wheel onto the wheel hub 4 as commonly
known in the skill of the art. The flange face 12 may have a
relief channel 8 machined therein. The relief channel 8 may
divide the flange face 12 into an outer flange surface 7 and an
inner flange surface 9. In an embodiment, the relief channel 8
is turned into the flange face 12 so that the plurality of the
wheel bolts 3 are positioned in the relief channel 8.

[0022] Thewheel hub 4 may be positioned on the bearing 5.
The bearing 5 is not limited to being positioned as illustrated
in the figures and may, for example, secure about and/or
attach about the inside diameter of the wheel hub 4, the
outside diameter of the wheel hub 4 and/or therebetween. The
bearing 5 may be any bearing type as known to one of ordi-
nary skill in the art, including but not limited to a single row,
adouble row, a ball, aroller and/or the like. The bearing 5 may
be integrated with the wheel hub 4. In an embodiment, the
bearing 5 is used in the final wheel assembly 1 such that the
bearing 5 is not detached from and/or reassembled with the
wheel hub 4. To this end, the bearing 5 is used in the wheel
assembly 1 that is attachable and/or securable to and/or
secured to, for example, a vehicle.

[0023] Removal ofthe bearing 5 after machining the flange
face 12 may cause lateral run-out of the wheel hub 4. Advan-
tageously, the present invention provides an apparatus and a
method for machining the flange face 12 after the bearing 5 is
attached to and/or integrated with the wheel hub 4. The wheel
hub 4 may be secured to the bearing 5 so that the wheel hub 4
can rotate with respect to the bearing 5. Alternatively, the
wheel hub 4 and bearing 5 may rotate with respect to the
knuckle 16. The wheel hub 4 may be affixed or mounted onto
the bearing 5 in a variety of wheel hub/bearing configurations
as known to one of ordinary skill in the art.

[0024] Inoperation, the wheel hub assembly 1 is machined
to flatten the outer flange surface 7 and the inner flange
surface 9 that will contact a rotor, and thus minimize any
lateral run-out. The machining process flattens the inner
flange surface 9 and the outer flange surface 7 such that
surfaces 7, 9 are parallel with respect to each other. In an
embodiment, the machining process finishes the flange sur-

Dec. 24, 2015

faces 7, 9 such that the flange surfaces 7, 9 are co-planar. As
is further discussed below, either the mill cutting process or
alternatively, the use of grind wheel process accomplishes the
machining of the flange face 12. Both processes, however,
may occur after the wheel bolts 3 and/or the bearing 5 are
attached or secured to the wheel hub 4.

[0025] FIGS. 3 and 5 illustrate rotational directions for
certain components of the wheel hub assembly and compo-
nents used for the finishing thereof. It will be appreciated that
the rotational direction of each component is not limited to the
direction of rotation illustrated. Rather, each denoted compo-
nents may rotate in any direction as required.

[0026] FIG. 3 illustrates a milling process for the flange
face 12 and wheel hub assembly 1. The wheel hub 4 is situated
on the bearing 5, allowing the wheel hub 4 to rotate about an
axis determined by the bearing 5. The wheel hub 4 is posi-
tioned on the bearing 5 so as to allow the flange face 12 to
engage an inner mill cutter 2 and an outer mill cutter 10
protruding from a machine, such as a lathe. In one embodi-
ment, the inner mill cutter 2 and the outer mill cutter 10 are
stationary and each consists of a cutting end, but individually
rotate about an axis determined by the tool and it’s bearing.
The cutting end of the inner mill cutter 2 engages the inner
flange surface 9 of the flange face 12. The cutting end of the
outer mill cutter 10 engages the outer flange surface 7 of the
flange face 12. Alternatively, one of the mill cutters 2, 10 may
be used to machine the inner flange surface 9 and/or the outer
flange surface 7.

[0027] The milling process may occur as the wheel hub 4
rotates on the bearing 5 in a clockwise motion. In a preferred
embodiment, the mill cutters 2, 10 move from a storage
position and engage the flange surfaces 7, 9 as described
above. The outer mill cutter 10 and/or the inner mill cutter 2
moves radially in and out as the hub wheel 4 turns, milling and
finishing the flange surfaces 7, 9. This process of finishing
reduces lateral run-out.

[0028] As shown FIG. 4-6, an alternate embodiment for
refinishing the flange face 12 is a grinding process. The grind-
ing process involves use of a grind wheel 11. The grind wheel
11 may be constructed from an abrasive material that may be,
for example, boron, diamond, or any other abrasive and
immalleable material known to one of ordinary skill of the art.
In an embodiment, the grind wheel 11 is a singular cylindrical
apparatus that may consist of an inner lip 13 and an outer lip
14. In one embodiment, the inner lip 13 has a shape that
corresponds with the inner flange surface 9. Similarly, in an
embodiment, the outer lip 14 and the outer flange surface 7
have corresponding shapes. Located in between the inner lip
13 and outer lip 14 is a channel 15. The channel 15 and the
relief channel 8 also have corresponding shapes. As described
below, the purpose of the channel 15 is to allow the wheel
bolts 3 of the wheel hub 4 to pass or clear within the grind
wheel 11 while the grind wheel 11 engages and finishes the
flange surfaces 7, 9. While the grind wheel 11 is described as
having both an inner lip and outer lip, it will be appreciated
that other configurations may be used. For example, the grind
wheel 11 may comprise a single lip configured to engage
either the outer flange surface 7 or the inner flange surface 9.
[0029] The grind wheel 11 serves as a machining apparatus
for the purpose of finishing the flange face 12. Referencing
FIG. 6, the open face of grind wheel 11 is placed on the top of
the wheel hub 4 so that the grind wheel 11 engages flange face
12. The inner lip 13 is aligned along the inner flange surface
9. The outer lip 14 is aligned along the outer flange surface 7.
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This arrangement allows the outer lip 14 to cup the wheel
bolts 3 so that the wheel bolts 3 terminate within the channel
15 of the grind wheel 11.

[0030] FIGS. 5 and 6 illustrate the grinding process of the
present invention. The grind wheel 11 is placed on top of the
wheel hub 4 as described above. As the wheel hub 4 rotates in
a clockwise direction about the axis of the bearing 5, the grind
wheel 11 is rotated in the counterclockwise direction. The
rotations of the wheel hub 4 and the grind wheel 11 are not
limited to clockwise and counterclockwise rotations respec-
tively, but, preferably are in opposite directions as known to
one of ordinary skill of the art. The inner flange surface 9 and
outer flange surface 7 are finished by the friction created
against the inner lip 13 and outer lip 14 of the grind wheel. In
an embodiment, the grind wheel 11 rotates at a higher rate of
speed than the wheel hub 11 and in an opposite direction with
respect to the wheel hub 11. The engagement of the grind
wheel 11 upon the flange surfaces 7, 9 causes a high degree of
friction that removes material from the flange surfaces 7, 9
and creates the flattening and finishing process of the flange
face 12, thereby reducing lateral run-out.

[0031] Other objects and features of the present invention
will become apparent when reviewed in light of detailed
description of the preferred embodiment when taken in con-
junction with the attached drawings and appended claims

What is claimed is:

1. (canceled)

2. The apparatus of claim 25, wherein the flange portion
includes an outer flange surface and wherein said grind wheel
includes an outer lip configured to engage said outer flange
surface.

3. The apparatus of claim 2, wherein the flange portion
includes an inner flange surface and wherein said grind wheel
includes an inner lip configured to engage said inner flange
surface.

4. (canceled)

5. (canceled)

6. (canceled)

7. (canceled)

8. The method of claim 18, wherein said flange portion
includes a recessed channel located between said outer flange
surface and said inner flange surface.

9. The method of claim 8 wherein said wheel bolts are
positioned within said recessed channel.

10. (canceled)

11. (canceled)

12. (canceled)

13. The apparatus of claim 25, wherein said grind wheel is
constructed of boron.

14. The method of claim 20, wherein said wheel hub
includes a relief channel arranged between said inner flange
surface and said outer flange surface.

15. (canceled)

16. The apparatus of claim 25, wherein the flange portion is
includes an outer flange surface and an inner flange surface
and rotation of said grind wheel finishes said outer flange
surface and said inner flange surface to be substantially co-
planar.

17. The method of claim 20, wherein said bearing is press
fit with said knuckle.

18. A method of manufacturing a wheel assembly compris-
ing:

providing a wheel hub having a flange portion with an outer

flange surface and an inner flange surface;
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securing a plurality of wheel bolts to said flange portion of
said wheel hub;

connecting a bearing to said wheel hub;

applying a first milling tool to the inner flange surface or
the outer flange surface; and

rotating said wheel hub and the first milling tool while the
first milling tool contacts the inner flange surface or the
outer flange surface;

wherein the milling tool rotates about a second axis of
rotation, wherein the first and second axis of rotation are
fixed, parallel and sufficiently offset so that the first
milling tool contacts the inner flange surface or the outer
flange surface without contacting the wheel bolts.

19. The method of claim 18 wherein the method includes

applying the first milling tool to said outer flange surface.

20. The method of claim 18 wherein said bearing is con-
nected to a knuckle prior to rotating said wheel hub with
respect to said bearing.

21. The method of claim 19, wherein the method includes
applying a second miffing tool to the inner flange surface.

22. The method of claim 21, wherein the second milling
tool rotates about a third axis of rotation, wherein the first and
third axis of rotation are fixed, parallel and sufficiently offset
so that the second miffing tool contacts the inner flange sur-
face without contacting the wheel bolts.

23. The method of claim 22, wherein the inner and outer
flange surfaces are coplanar.

24. The method of claim 23, wherein the method includes
moving the first and second milling tools from a storage
position to a cutting position.

25. An apparatus for preparing a flange surface of a wheel
hub comprising:

i) a first component for mounting a wheel hub having a
flange portion and for rotating the wheel hub in a first
axis of rotation; and

ii) a second component including a grind wheel, wherein
the second component rotates the grind wheel about a
second axis of rotation, wherein the first axis of rotation
and the second axis of rotation form an acute angle;

wherein the grind wheel includes a grind surface that is
perpendicular to the first axis of rotation.

26. The apparatus of claim 25, wherein the wheel hub is

mounted on a bearing.

27. An apparatus for preparing a flange surface of a wheel
hub comprising:

i) a first component for mounting a wheel hub having a
plurality of wheel bolts and having a first flange portion,
wherein the first component rotates the wheel hub in a
first axis of rotation and the first flange portion is per-
pendicular to the first axis of rotation, and the first flange
portion is located interior to a cylindrical region defined
by a portion of the wheel bolts closest to the first axis of
rotation; and

ii) a second component including a milling tool, wherein
the second component rotates the milling tool about a
second axis of rotation, wherein the first axis of rotation
and the second axis of rotation are fixed, parallel and
sufficiently offset so that the milling tool mills the first
flange portion;

wherein the milling tool has a cutting surface generally
perpendicular to the second axis of rotation.

28. The apparatus of claim 27, wherein the wheel hub is

mounted to a bearing.
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29. The apparatus of claim 28, wherein the second compo-
nent includes a milling tool for milling a second flange por-
tion located outside a cyclindrical region defined by a portion
of the wheel bolts furthest from the first axis of rotation.
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