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(57) ABSTRACT 

A knuckle hub assembly (10) and a method for manufacturing 
same Whereby brake run out is produced includes a knuckle 
(12), a bearing (28) press ?t into the knuckle (12), and a Wheel 
hub (14) coupled to the bearing (28) and rotateable With 
respect to the knuckle (12). The Wheel hub (14) has a ?ange 
surface (34) having a relief channel (60) formed therein. A 
plurality of Wheel studs (44) are press ?t into bolt opening 
(42) formed in the relief channel (60). This arrangement 
provides a ?at ?ange surface (34) for mating With a rotor (42) 
to minimize brake run out. The knuckle hub assembly (10) is 
mounted into a ?oating tool for ?nish turning of the ?ange 
surface (34) to provide minimal run out and maximum ?at 
ness. 
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KNUCKLE HUB ASSEMBLY AND METHOD 
FOR MAKING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present [invention] application is a continuation of 
Ser. NO. 09/414,113 ?led Oct. 8, 1999, US. Pat. No. 6,485, 
109, which claims priority from [Applicant’s co-pending] 
provisional application, Ser. No. 60/136,535, ?led May 28, 
1999. 

TECHNICAL FIELD 

The present invention relates generally to motor vehicle 
wheel end components. More particularly, the present inven 
tion relates to a knuckle/hub assembly having a unique 
assembly and manufacturing process for reducing lateral run 
out and a unique apparatus for machining the rotor-mounting 
?ange surface of the wheel hub. 

BACKGROUND ART 

Most motor vehicles today include disc brake systems for 
the front axle wheel assemblies and many further include disc 
brakes at the rear axle position. The disc brake rotor is a 
circular metal disc having opposed braking surfaces that are 
clamped by brake pads carried by a brake caliper to exert a 
braking effect. The wheel hub typically incorporates an anti 
friction wheel bearing assembly in which one race of the 
bearing is coupled to the vehicle suspension and the other 
rotationally mounts the wheel hub, the brake rotor and wheel. 
Ordinarily, the rotating components of the rotor and hub 
assembly are manufactured separately and assembled 
together. This enables the brake rotor to be serviced and 
replaced if necessary during use. Moreover, the desired mate 
rial characteristics for a brake rotor and the hub components 
are different. Although efforts to integrate these components 
have been proposed, such an approach has not found wide 
spread acceptance. 

In order to enhance performance of the braking system, it is 
desired to carefully and accurately control the dimensional 
characteristics of the rotor braking surfaces as the rotor 
rotates. The thickness variation of the disc and the lateral 
run-out or lateral de?ection of the surfaces as they rotate need 
to be held to minimum tolerances. 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 overlap 
ping the edges of the rotor which gives rise to brake run-out. 
However, manufacturers have faced di?iculties in achieving 
enhanced control over these tolerances due to the in?uence of 
several factors. 
Most efforts to date have focused on decreasing run-out by 

controlling the dimensional characteristics of the rotor and 
therefore the relationship of the rotor surface to the wheel hub 
?ange or surface. However, despite the fact that the tolerances 
and dimensional characteristics of the rotors have improved, 
performance and run-out problems still exist. These run-out 
problems are due in large part to other components of the 
wheel end assembly, including the bearing/hub assembly, 
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2 
which is comprised of a wheel hub and a bearing or the 
knuckle/hub assembly, which is comprised of a knuckle, a 
heel hub, and a bearing. 
One factor that contributes to this run-out is the stack-up of 

the individual components in a knuckle/hub 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, caus 
ing run-out that is still relatively signi?cant. Another factor 
that contributes to stack-up is any variation in the turning 
processes that are used to machine the ?ange surface, when 
the wheel hub is individually machined, in an effort to make 
it ?at with respect to the rotor. Further, the installation and 
press condition of the wheel bolts, the assembly process of the 
knuckle/hub 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. This run-out 
can cause premature failure of the brake lining due to uneven 
wear which requires premature replacement of the brake lin 
ing at an increased expense. Further, 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. 

Presently available manufacturing methods and designs of 
knuckle hub assemblies limit the accuracy to which lateral 
run-out of braking surfaces can be controlled. These methods 
and designs are also insuf?cient to solve the problems asso 
ciated with run-out, as discussed above. Current methods 
typically involve ?nishing the knuckle and the hub individu 
ally and then assembling the machined parts to form a com 
pleted knuckle/hub assembly. These methods, however, do 
not solve the run-out problems due to the factors discussed 
above, including stack-up tolerances, turning process varia 
tions, and wheel bolt and bearing installations. 

Other options have been considered in an effort to solve the 
run-out problem, but they also all suffer from a variety of 
disadvantages. One contemplated option for reducing run-out 
is to separately decrease the run-out of each individual com 
ponent, by decreasing their respective tolerances during 
manufacture and then assembling the components. The 
“stack up” of tolerance variations related to such an approach 
is still signi?cant and provides only limited system improve 
ment at an increased manufacturing cost. Another contem 
plated option includes tightening the press-?t tolerance varia 
tion between the knuckle, the wheel hub, and the bearing. 
This, however, signi?cantly increases the di?iculty in the 
assembly process as well as increases the manufacturing cost. 
Further, this option does not provide the desired reduction in 
system run-out. 

It would therefore be advantageous to design a knuckle/ 
hub assembly for a motor vehicle that decreases system run 
out without signi?cantly increasing the manufacturing co st of 
the assembly or increasing the manufacturing di?iculty. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a knuckle/ hub assembly and a method for manufacturing 
same that provides reduced wheel hub lateral run-out. 

It is a further object of the present invention to provide a 
knuckle/hub assembly and a method for manufacturing same 
that results in a brake con?guration which minimizes brake 
noise and uneven stopping. 

It is still a further object of the present invention to provide 
a knuckle/hub assembly and method for manufacturing same 
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that results in a brake con?guration which minimizes uneven 
brake lining wear and thus the need for frequent lining 
replacements. 

It is a related object of the present invention to provide a 
knuckle/hub assembly and a method for manufacturing same 
that results in a brake con?guration which increases the life of 
vehicle brake linings. 

It is yet another object of the present invention to provide a 
knuckle/hub assembly and a method for manufacturing same 
that results in a brake con?guration which provides improved 
performance at relatively lower cost. 

It is yet a further object of the present invention to provide 
a tool to allow for the machining of a knuckle/hub assembly 
to provide decreased lateral run-out on the outboard wheel 
hub ?ange face. 

In accordance with the objects of the present invention a 
knuckle/hub assembly for a motor vehicle is provided. The 
knuckle/hub assembly includes a knuckle having a plurality 
of apertures formed therein for attachment of the knuckle to a 
vehicle. The knuckle also includes a bearing retention por 
tion. The knuckle bearing retention portion is in communica 
tion with a bearing through press-?tting. The bearing in turn 
is in rotational communication with a wheel hub. The wheel 
hub includes a neck portion that is pressed into the bearing, 
and a ?ange. The ?ange has a ?ange face, which includes an 
outer portion, an inner portion, and a relief channel that is 
formed in the ?ange face between the outer portion and the 
inner portion. The relief channel has a plurality of bolt holes 
formed therein with each of the plurality of bolt holes receiv 
ing a wheel bolt passed therethrough. The inner portion and 
the outer portion are disposed on the same plane and are 
parallel to the caliper mounting features, and wherein the 
inner and outer portions have minimal run out with respect to 
the bearing axis of rotation. 

In accordance with another object of the present invention, 
a method for forming a knuckle/hub assembly having 
reduced run-out is provided. The method includes providing 
a knuckle having a generally circular bore formed therein. 
The generally circular knuckle bore has a bearing press-?t 
therein. A wheel hub having a neck portion and a ?ange 
portion with a ?ange face is provided. The ?ange face is then 
machined to form a relief channel therein, which divides the 
?ange surface into an inner portion and an outer portion. The 
inner portion and the outer portion of the wheel hub ?ange 
face are each ?nished. The relief channel has a plurality of 
wheel bolts press-?t into bolt holes formed therein. The neck 
portion of the wheel hub is then journaled into the bearing 
such that the wheel hub can rotate with respect to the knuckle. 
The knuckle/hub assembly is then mounted such that the 
?ange face is then ?nal ?nished with the inner portion and the 
outer portion being co-planar and parallel with respect to the 
caliper ears. 

In accordance with another object of the present invention, 
an assembly for holding a knuckle/hub assembly while it is 
?nal ?nished is provided. The assembly includes a standard 
lathe machine with a ?xture for clamping and locating the 
knuckle/hub assembly. The ?xture applies a clamping force 
to the wheel hub and the inner race of the bearing to generate 
a pre-load on the bearing. The ?xture also holds the knuckle 
in place so that the wheel hub may be rotated. Thereafter, the 
inner and outer surfaces of the ?ange face are ?nal ?nished so 
that they are ?at and co-planar with respect to each other. 
These two surfaces have minimal run-out when measured 
back to the knuckle/hub assembly’s axis of rotation. 

These and other features and advantages of the present 
invention will become apparent from the following descrip 
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4 
tion of the invention when viewed in accordance with the 
accompanying drawings and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a knuckle/hub assembly in 
accordance with a preferred embodiment of the present 
invention; 

FIG. 2 is an exploded cross-sectional view illustrating the 
components of a knuckle/hub assembly and a brake rotor in 
accordance with a preferred embodiment of the present 
invention; 

FIG. 3 is a cross-sectional view of the knuckle/hub assem 
bly in accordance with a preferred embodiment of the present 
invention; 

FIG. 4 is a rear view of a knuckle/hub assembly in accor 
dance with a preferred embodiment of the present invention; 

FIG. 5 is an end view of a wheel hub ?ange face in accor 
dance with a preferred embodiment of the present invention; 

FIG. 6 is a cross-sectional view ofthe wheel hub ofFIG. 5 
along the line 6i6; 

FIG. 7 is a top view of a manufacturing ?xture assembly for 
use in the generation of a knuckle/hub assembly in accor 
dance with a preferred embodiment of the present invention; 

FIG. 8 is a bottom view of a manufacturing ?xture assem 
bly with a knuckle/hub assembly clamped therein in the 
direction of the arrow 8 in FIG. 9 in accordance with a pre 
ferred embodiment of the present invention; 

FIG. 9 is a cross-sectional view of the manufacturing ?x 
ture assembly and knuckle/hub assembly clamped therein of 
FIG. 7 in the direction of the arrows 9i9; 

FIG. 10 is a cross-sectional view of a puller member of the 
manufacturing ?xture assembly of FIG. 7 in the direction of 
the arrows 10i10; 

FIG. 11 is a cross-sectional view of the manufacturing 
?xture assembly, with a knuckle/hub assembly positioned 
therein; of FIG. 9 in the direction of the arrows 11i11; 

FIG. 12 is a cross-sectional view of the manufacturing 
?xture assembly, with a knuckle/hub assembly positional 
therein; of FIG. 9 in the direction of the arrows 12i12; 

FIG. 13 is a cross-sectional view of an alternative embodi 
ment of a wheel hub assembly in accordance with a preferred 
embodiment of the present invention; and 

FIG. 14 is a cross-sectional view of another alternative 
embodiment of a wheel hub assembly in accordance with a 
preferred embodiment of the present invention. 

BEST MODE(S) OF THE INVENTION 

FIGS. 1 through 4 illustrate a preferred knuckle/hub 
assembly, as generally indicated by reference number 10, in 
accordance with the present invention. The assembly 10 is 
comprised of a variety of components, including a knuckle 12 
and a wheel hub 14. The knuckle 12 is preferably constructed 
of metal and is generally formed by casting while the wheel 
hub 14 is preferably constructed of metal. The knuckle and 
hub can obviously be formed of other materials. The knuckle 
12 preferably has a generally circular bore 16 formed therein 
and a plurality of outwardly extending appendages 18 that 
attach to the vehicle through a plurality of apertures 20 
formed in the plurality of legs 18, as is well known in the art. 
The bore 16 has a recess 22 formed therein bounded by an 

upper snap ring groove 24 and a lower snap ring 26 or shoul 
der for receiving a bearing 28 press ?t therein. A snap ring 29 
is preferably press ?t or otherwise secured into the upper snap 
ring groove 24 prior to engagement of the bearing 28 with the 
knuckle 12. It should be understood that while the illustrated 
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assembly has a bore 16 formed in the knuckle 12, the bearing 
28 can be attached or secured to the knuckle 12 in a variety of 
con?gurations. For example, the bearing 28 can be mounted 
to an upper surface or other portion of the knuckle 12. Alter 
natively, the bearing 28 can be only partially disposed in the 
bore 16. Additionally, the bore 18 can be eliminated alto 
gether. 

The bearing 28 preferably has an outer race 31 and an inner 
race 33. However, it should be understood that a variety of 
different bearings may be utilized as well as a variety of 
different knuckle/ bearing attachment con?gurations. For 
example, instead of being press-?t with a snap ring, i.e., 
between the upper retention ring 24 and the lower retention 
ring 26, the bearing 28 may be press-?t without a snap ring 
and held in place with a nut or other known securing methods. 
Alternatively, the outer race 31 may be integrally formed with 
the knuckle 12 (FIG. 14) or may be con?gured as an orbital 
formed outer race rotation bearing/knuckle assembly. Fur 
ther, the bearing outer race 31 could alternatively be bolted to 
the knuckle 12 such that the inner race 33 rotates with the 
wheel hub 14. Moreover, the inner race 33 may be integrally 
formed with the wheel hub 14 (FIG. 13). Further, a spindle 
con?guration having a non-driven outer race rotation may 
also be utilized. 

In the preferred embodiment, the wheel hub 14 has a neck 
portion 30 and a ?ange portion 32. The neck portion 30 is 
preferably pressed into contact with the inner race 33 of the 
bearing 28 so that the wheel hub 14 can rotate with respect to 
the knuckle 12, as shown in FIG. 3. Alternatively, the neck 
portion 30 may be integrally formed with the inner race 33 or 
the outer race 31. It should be understood that other wheel 
hub/bearing con?gurations may also be utilized. 

The ?ange portion 32 has a ?ange face 34 and a wheel and 
rotor pilot portion 36. The wheel and rotor pilot portions 36 
extend generally upwardly from the ?ange face 34 and has an 
inner surface 38, which de?nes a spline 40. The wheel hub 14 
also has a plurality of bolt holes 42 formed in the ?ange face 
34 through which a plurality of respective wheel bolts 44 are 
passed. The plurality of wheel bolts 44 are attached to the 
?ange face 34 in a predetermined pattern and on the same 
pitch circle diameter. The wheel bolts 44 are oriented with the 
threaded ends extending outwardly so as to connect a rotor 46 
and associated wheel onto the hub 14 in a fashion, which is 
more clearly described below. Alternatively, the wheel hub 14 
may have bolt holes 42 that receive lug nuts that are attached 
to a vehicle wheel and are passed through the bole holes 42 
when the wheel is attached to the wheel hub 14. 
As best shown in FIG. 2, the rotor 46 comprises a cup 48 

with a central aperture 50 adapted to receive therethrough a 
wheel shaft (not shown) af?xed to the wheel and rotor pilot 
portions 36 and extending outwardly from the ?ange face 34. 
The cup 48 is dimensioned to receive the hub ?ange portion 
32 and includes at its outer end an annular ?ange 52 having a 
plurality of apertures 54 lying in the same pitch circle diam 
eter relative to the wheel shaft as the wheel bolts 44 and 
having a similar pattern so as to accommodate the wheel bolts 
44 therethrough. 
A pair of parallel, annular discs 56 spaced from each other 

by a plurality of rectangular ?llets 58 extend outwardly from 
the cup 48 and de?ne braking surfaces for a plurality of brake 
calipers (not shown) The completion of the assembly to the 
wheel is done by positioning the wheel over the bolts 44 and 
the threading nuts (not shown) over the bolts 44 so as to secure 
the wheel between the nuts and the rotor 46. This invention 
addresses, among other things, the problems, which occur 
between the mating surfaces of the hub ?ange portion 32 and 
the rotor 46. 
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6 
Turning now to FIGS. 5 and 6, which illustrate the pre 

ferred wheel hub 14 and ?ange portion 32 of the present 
invention. The ?ange face 34 has a relief channel 60 machined 
therein. It should be understood that the relief channel 60 may 
also be forged into the ?ange face 34 or may be formed by 
other known methods. The relief channel 60 divides the 
?ange face 34 into an outer ?ange surface 62 and an inner 
?ange surface 64. The relief channel 60 is turned into the 
?ange face 34 so that the plurality of bolt holes 42 lie in the 
relief channel 60. The plurality of bolt holes 42 may be 
formed either before or after the relief channel 60 has been 
formed. The relief channel is preferably set below the level of 
the ?ange face 34, this is to eliminate any surface unevenness 
caused by press-?tting the wheel bolts 44 into the bolt holes 
42. Any unevenness due to press-?tting of the wheel bolts 44 
is compensated for by the relief channel 60 as any unevenness 
will not be raised with respect to the ?ange 62, 64, and 
therefore does not contribute to any run-out. The relief chan 
nel 60 also allows for ?nal ?nishing or ?nish turning to be 
performed on the assembly 10 after the bolts 44 have been 
seemed to the wheel hub 14. 
The relief channel 60 is preferably formed in the ?ange 

surface 34 prior to the knuckle 12, the bearing 28, and the 
wheel hub 14 being assembled. However, it should be under 
stood that the relief channel 60 can be formed in the ?ange 
surface 34 after the wheel hub 14 is assembled to the bearing 
28 and the knuckle 12 and before the wheel studs 44 are 
press-?t therein. In accordance with the preferred method of 
forming, the wheel hub 14 has the relief channel 60 formed 
therein. Thereafter, the outer ?ange surface 62 and the inner 
?ange surface 64 are ?nished. After the ?nishing process has 
been completed, the wheel bolts 44 are press ?t into the bolt 
holes 42. Thereafter, the hub 14 is mounted to the bearing 28 
and the knuckle 12 to form the completed knuckle/hub 
assembly 10. 
The assembly 10 is then placed into a clamping apparatus, 

as is discussed in more detail below, where it is ?nish turned 
or ?nal ?nished to provide a ?at outer ?ange surface 62 and a 
?at inner ?ange surface 64 that will contact the rotor 46 and 
thus, minimize any run out. The re?nishing will provide an 
inner ?ange surface 64 and an outer ?ange surface 62 that are 
co-planar with respect to each other so as to provide a ?at 
?ange surface 34. The re-?nishing process minimizes run-out 
with respect to not only the rotor, but also to the center of 
rotation of the assembly 68, as established by the bearing 28. 
Further, the method and con?guration of the present inven 
tion allows the distance between the caliper ears and the 
?ange surfaces 62, 64 to be accurately controlled. 

Additionally, the parallelism between the caliper ears and 
the ?ange surfaces 62, 64 can also be accurately controlled. In 
the preferred embodiment, each ?ange surface has a ?atness 
of 20 micrometers (or microns) or better. Additionally, 
the run-out is minimized to 14 micrometers (or microns) 
or better and the co -planamess of the inner and outer surfaces 
62, 64 is 20 [um] micrometers or better. However, the ?atness 
requirements may be varied. A person having ordinary skill in 
the art will appreciate that as used herein the terms “or 
better” mean less than or having a ?atness better than the 
mentioned amount. For example, a?atness of15 microns is a 
?atness better than and less than 20 microns. 

FIGS. 7 through 12 illustrate a preferred part clamping 
?xture 70 in accordance with the present invention. The part 
clamping ?xture 70 is preferably incorporated into a lathe 
machine (not shown) and is used to locate and hold the 
knuckle/hub assembly 10 for re?nishing, in accordance with 
the process described above. 
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As shown in FIG. 7, the part clamping ?xture 70 includes 
a generally ?at top surface 72 for abutting a portion or surface 
of the lathe machine. The generally ?at top surface 72 
includes an opening 74 formed therein in which a split collar 
76 is generally positioned for engagement with a drive motor 
from the lathe. The split collar 76 is disposed such that it is 
rotatable with respect to the opening 74. The split collar 76 
has a top surface 78 with a plurality of drive motor engage 
ment notches 80 that communicate with the drive motor from 
the lathe in order to rotate the split collar 76. 

With reference to FIGS. 7 through 12, the part clamping 
?xture 70 is shown in more detail. The ?xture 70 includes a 
plurality of keys 82 that ?t into recesses 84 formed in the 
generally ?at top surface 72. The keys 82 have fasteners 86 
that pass through both the keys 82 and the generally ?at top 
surface 72 to secure the keys 82 to a spacer plate 88. The 
spacer plate 88 is disposed on top of a base plate 90 with the 
two plates 88, 90 being secured by standard fasteners 92 that 
extend through the generally ?at top surface 72. 

The split collar 76 has a bore 94 formed therein in which a 
toothed gear 96 is disposed. The toothed gear 96 is secured to 
a puller member 98 that, when lowered by the lathe, extends 
generally downward and into communication with the 
knuckle 12. The toothed gear 96 is rotatable with respect to 
the split collar 76 and is supported at a bottom surface 100 by 
a u-joint adapter 102 that has a central opening 104 formed 
therein that encompasses the puller member 98. 

The part clamping ?xture 70 has a right housing portion 
106, a right cover portion 108, and a right pull piston 110 
disposed in the right housing portion 106. The part clamping 
?xture 70 also includes a left housing portion 114, a left cover 
116, and a left pull piston 118 disposed within the left housing 
portion 114. Both the right pull piston 110 and the left pull 
piston 118 are secured to the base plate 90 by respective 
fasteners 112, 120. Each of the right housing portion 106 and 
the left housing portion 114 are moveable with respect to the 
respective pull pistons 110, 118 such that respective cham 
bers 122, 124 are formed between each housing portion 106, 
114. Each chamber 122, 124 has an ori?ce 126, 128 in ?uid 
communication therewith allowing ?uid to enter and exit the 
respective chamber 122, 124 to assist in moving the right and 
left housing portions 106, 114 upwardly and downwardly. 
The left and right chambers 122, 124 are sealed from their 
respective housings 106, 114 by a plurality of o-rings 130. 
Obviously any other sealing mechanism may alternatively be 
utilized. The left pull piston 118 is preferably smaller in 
length and diameter than the right pull piston 110 to ensure 
that equal forces are applied to the knuckle 12. It should be 
understood that the size of the pull pistons 110 and 118 may 
vary depending upon the knuckle con?guration. 
As shown in FIG. 9, a bayonet 132 is preferably inserted 

into the spline 40 de?ned by the inner surface 38 of the wheel 
pilot portion 36 of the ?ange portion 32. The bayonet 132 is 
for engagement with the puller member 98 to lift the knuckle/ 
hub assembly 10, as described in more detail below. The 
bayonet 132 preferably engages a washer bore or face 133 in 
order to lift the assembly 10. 
As shown in FIG. 11, the right housing portion 106 is 

retained in proximity with the base plate 90 by a pair of 
retaining blocks 134. Each of the retaining blocks 134 has a 
supporting portion 136 that engages a ?ange portion 138 of 
the right housing portion 106. Each of the retaining blocks 
134 is secured to the base plate 90 by a fastener 140 or the like. 
A pair of guide pins 142 are disposed in the right housing 
portion 106. Each of the guide pins 142 is secured to the base 
plate 90 at an upper end 144 and each is in communication 
with a spring 146 at a lower end 148. Each spring 146 ?ts 
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within a recess 150 formed in the lower end 144 of each of the 
guide pins 142 and extends downwardly into contact with the 
right housing portion 106. The biasing force from the springs 
146 helps bias the right housing portion 106 away from the 
guide pins 142. 
As also shown in FIG. 11, the right housing portion 106 

includes a pair of bores 152 within which a respective piston 
154 reciprocates. Each piston 154 moves between a normally 
unengaged position and a knuckle engaging position. The 
bores 152 are each sealed adjacent the outer ends 156 of the 
pistons 154 by an end cap 158. The inner ends 160 of each of 
the pistons 154 has a gripper portion 162 and a swiveling 
gripper portion 164 which allow the piston 154 to engage and 
holdthe upper strut arm 155 of the knuckle 12 when the piston 
154 is in the knuckle engaging position. Each piston 154 
reciprocates within a bushing 166 secured within the respec 
tive bore 152 to ensure proper alignment of the gripper por 
tions 162 and the swiveling gripper portions 164 with respect 
to the upper strut arm 155. 

Turning now to FIG. 12, which is a cross-sectional view of 
the ?xture assembly 70 through the left housing portion 114. 
The left housing portion 114 is also retained in proximity with 
the base plate 90 by a pair of retaining blocks 168. Each of the 
retaining blocks 168 has a supporting portion 170 that 
engages a ?ange portion 171 of the left housing portion 114. 
Each of the retaining blocks 1 68 is secured to the base plate 90 
by a fastener 172 or other securing means.A pair of guide pins 
174 are disposed in the left housing portion 114. Each of the 
guide pins 174 is secured to the base plate 90 at an upper end 
176 and each is in communication with a spring 178 at a lower 
end 180 of the guide pins 174. Each spring 178 ?ts within a 
recess 182 formed in the lower end 180 and extends down 
wardly into contact with the left housing portion 114. The 
biasing force from the springs 178 helps bias the left housing 
portion 114 away from the guide pins 174. The left guide pins 
174 are preferably smaller in length and diameter than the 
right guide pins 142. 
As also shown in FIG. 12, the left housing portion 114 

includes a pair of bores 184 within which a respective piston 
186 reciprocates. Each piston 186 moves between a normally 
unengaged position and a knuckle engaging position. The 
bores 184 are each sealed adjacent the outer ends 188 of the 
pistons 186 by a respective end cap 190. The inner ends 182 
of each of the pistons 186 have a gripper portion 194 and a 
swiveling gripper portion 196 which allow the pistons 186 to 
engage and clamp the lower ball joint 198 of the knuckle 12 
when the pistons 186 are in a knuckle engaging position. Each 
piston 186 reciprocates within a busing 188 secured within 
each bore 184 to ensure proper alignment of the gripper 
portion 194 and the swiveling gripper portion 196 with 
respect to the lower ball joint 198. 

Referring now to FIGS. 9 and 10, which illustrate the puller 
member 98 and the surrounding encasing 200. The puller 
member 98 has a head portion 202 around which the toothed 
gear 96 is located, a neck portion 204 which passes through 
the opening 104 in the u-joint adapter 102, and a stem portion 
206 which is rotatable within a bore 208 formed in the sur 
rounding encasing 200. The surrounding encasing 200 has a 
plurality of bearings 210 disposed around the bore 208 to 
assist in the rotation of the stem portion 206. 
The encasing 200 includes an upper body portion 212 that 

has an upper end cap portion 214 disposed thereabove, a 
lower end cap portion 216 disposed therebelow, and a spacer 
portion 218 disposed between the upper body portion 212 and 
the lower end cap portion 216. The components of the upper 
body portion 212 are held together by a fastener 220 or other 
securing mechanism. The encasing 200 also includes a lower 
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stop portion 222 which is secured to an upper end cap 224 by 
a fastener 226 or other securing mechanism. The upper body 
portion 212 and the lower stop portion 222 are surrounded by 
a body portion 228 having a stop portion 230 secured thereto. 
The encasing 200 is preferably secured to the underside of the 
base plate 90 by a plurality of fasteners 232, such as bolts or 
other securing mechanisms. 
An upper reservoir 234 is preferably formed in the upper 

body portion 212. The upper reservoir 234 is in ?uid commu 
nication with a ?uid inlet port 236 for receiving hydraulic 
?uid therein. The upper reservoir 234 is also in ?uid commu 
nication with a ?rst ?uid ori?ce 238 formed in the stem 
portion 206 of the puller member 98. The ?rst ?uid ori?ce 238 
is in ?uid communication with an internal ?uid passageway 
240 which is in ?uid communication with a second ?uid 
ori?ce 242 formed in the stem portion 206. Fluid that passes 
through the second ?uid ori?ce 242 is passed into a lower 
reservoir 244. The lower reservoir 244 is formed between the 
lower stop portion 222 and the upper end cap 224. 

The stem portion 206 has an annular ?ange 246 integrally 
formed thereon. The annular ?ange 246 is preferably dis 
posed in the lower reservoir 244. The annular ?ange 246 and 
the upper end cap 224 are in mechanical communication 
through the inclusion of a plurality of springs 248 disposed in 
recesses 250, 252 formed in their respective surfaces and a 
spring drive pin 254. Thus, as hydraulic ?uid enters the lower 
reservoir 244 through the second ?uid ori?ce 242, the annular 
?ange 246 is caused to move upward against the force of the 
springs 248. 

In operation, a knuckle/hub assembly 10 which is to be 
re?nished in accordance with the process, as described in 
detail above, is located in the lathe and generally beneath the 
part clamping ?xture 70. The knuckle/hub assembly 10 is 
preferably resting on a pallet or other supporting structure 
with unobstructed passages. After the knuckle/hub assembly 
10 has been located on the pallet beneath the part clamping 
?xture 70, the bayonet 132 enters the spline 40 of the assem 
bly 10 by passing up through the pallet upon which the assem 
bly 10 is resting. The bayonet 132 is pressed upward until a 
shoulder portion 256 contacts the washer face 133 of the 
?ange portion 32 forcing it upward. The assembly 10 is lifted 
by the bayonet 132 at least enough so that the wheel studs 44 
are clear from the pallet 10. 

Thereafter, the lathe lowers the puller member 98 and the 
puller encasing 200 through the opening 74 and into commu 
nication with the knuckle 12. The stem portion 206 of the 
puller member 98 has a recess 258 formed at its lower end 260 
which is opposite the head portion 202. The recess 258 is 
non-uniform in diameter as in one orientation, it is large 
enough to receive a rounded top portion 260 of the bayonet 
132 therewithin. However, when the stem portion 206 is 
rotated 90 degrees, its diameter is not large enough to receive 
the rounded top portion 260 therewithin or to allow the 
rounded top portion 260 to be withdrawn from the recess 258 
if it is positioned therein. Thus, when the puller member 98 is 
lowered, it is oriented so as to receive the rounded top portion 
260 therewithin. 

After the puller member 98 and the puller encasing 200 
have been lowered, the pair of right pistons 154 and the pair of 
left pistons 186 are hydraulically actuated in order to apply a 
pinching or clamping force to the knuckle 12. The right pis 
tons 156 apply a clamping force to the opposing sides of the 
upper strut arm 155 through the use of the gripper portions 
162 and the swiveling gripper portions 164. Similarly, the left 
pistons 186 apply a clamping force to the opposing sides of 
the lowerball joint 198 through the use of the gripper portions 
192 and the swiveling gripper portions 196. The lifting of the 
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assembly 10 by the bayonet 132 and the lowering of the puller 
member 98 forces the knuckle 12 into contact with the stop 
portion 230. The stop portion 230 has an annular shoulder 262 
which engages knuckle 12. These actions locate the knuckle/ 
hub assembly 10 within the lathe and also ?x the knuckle 12 
to the lathe separately from any drive mechanism. Further, the 
knuckle 12 acted on by the pullers and grippers so that the 
knuckle is ?xed and located. The knuckle 12 is not exposed to 
any bearing pre-load force. 

After the assembly 10 is located, the bayonet 132 is 
engaged by rotating the puller member 98 and the puller 
encasing 200 with respect to the surrounding body portion 
228. The puller member 98 and the puller encasing 200 are 
free to rotate with respect to the body portion 228 and are 
rotated 90° in order to engage the bayonet 132. Thereafter, a 
clamping force is introduced by applying pressure to the 
annular ?ange 236 by introducing hydraulic ?uid into the 
lower reservoir 244 through the second ?uid ori?ce 242 forc 
ing the puller 20 upward. By pulling the puller member 98 up, 
the bayonet 132 is also pulled upward such that the lower stop 
portion 222 sits on the inner race 31 of the bearing 28 in order 
to apply a force thereto and thus preload the bearing 28. 

After the assembly 10 has been located and clamped as 
described above, the ?nal ?nishing process of the inner and 
outer surfaces 62, 64 of the hub ?ange face 34 can be per 
formed by a ?nishing tool. In such a process, the hub 14 is 
driven such that it is rotating with respect to the knuckle 12 in 
which is ?xed. The ?nishing tool is also preferably single tool 
such as a CNC tool, as is well known in the art. However, a 
variety of the other ?nishing tools may alternatively be uti 
lized. 
One of the features of the ?xture assembly 70 is to turn the 

wheel hub 14 and the bearing 28 compliantly, such that the 
stem portion 206 and the annular ?ange 246 are free to ?oat 
and follow the knuckle/hub bearing’s axis of rotation. It is 
further preferred that the ?ange surface 34 is probed before 
?nal ?nishing to ensure a small ?nal ?nish cut, i.e., decreasing 
the amount of material removal that is required during the 
?nal ?nish cut. This helps control the distance between the 
caliper ears and the ?ange face 34. 

Other objects and features of the present invention will 
become apparent when reviewed in light of detailed descrip 
tion of the preferred embodiment when taken in conjunction 
with the attached drawings and appended claims. 
What is claimed is: 
1. A wheel end assembly for a motor vehicle, comprising: 
a knuckle having a generally circular bore therein; 
a bearing having an inner race and an outer race, said 

bearing in communication with said knuckle; 
a wheel hub having a neck portion, in rotational commu 

nication with said bearing, and a ?ange portion attached 
to said neck portion; 

said ?ange portion having a ?ange face with an outer 
portion, an inner portion, and a relief channel disposed 
between said outer portion and said inner portion; 

a plurality of wheel bolt receiving apertures formed in said 
relief channel each for receipt of a wheel bolt there 
through; 

said inner portion and said outer portion of said ?ange face 
lying generally in a single plane with said plane being 
generally parallel to a plane in which a pair of brake 
mounting structures are disposed; 

wherein run-out of said ?ange face with respect to an axis 
of rotation of said bearing and said knuckle is [mini 
mized, and wherein said innerportion of said ?ange face 
and said outer portion of said ?ange face have a ?atness 
of at least 20] 14 pm or less; and 
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wherein said inner portion of said?ange face and said 
outer portion ofsaid?angefaces have a?atness onO 
,um or less. 

2. The assembly as recited in claim 1, further comprising: 
[a knuckle having] a plurality of apertures formed [therein] 

in said knuckle for attachment of said knuckle to the 
vehicle[, said knuckle having a generally circular bore 
formed therein]. 

3. The assembly as recited in claim 2, wherein said gener 
ally circular bore of said knuckle [has] includes an upper snap 
ring groove and a lower shoulder portion for receiving said 
bearing therebetween. 

4. The assembly as recited in claim 3, wherein a snap ring 
is positioned in said snap ring groove and wherein said bear 
ing is snap ?t into said knuckle between said snap ring and 
said lower shoulder portion. 

5. The assembly as recited in claim 1, wherein said neck 
portion of said wheel hub is press ?t into communication with 
said bearing. 

6. The assembly as recited in claim 1, wherein said bearing 
outer race is integrally formed with [a] said knuckle. 

7. The assembly as recited in claim 1, wherein said bearing 
inner race is integrally formed with said neck portion of said 
wheel hub. 

8. The assembly as recited in claim 1, wherein parallelism 
between said inner portion of said ?ange face and said outer 
portion of said ?ange face and a pair of brake caliper ears can 
be accurately maintained. 

9. A hub assembly comprising: 
a knuckle; 
a bearing structure [that is intended to communicate] in 

communication with [a] said knuckle; 
a wheel hub having a neck portion and a ?ange portion, said 

neck portion being in rotatable communication with said 
bearing, said wheel hub being in rotatable communica 
tion about an axis of rotation with respect to said 

knuckle; 
a ?ange face formed on said ?ange portion for mating with 

a brake rotor; 
a relief channel formed in said ?ange face and dividing said 

?ange face into an inner portion and an outer portion; 
and 

[whereby] wherein said ?ange face inner portion is parallel 
to a ?rst brake caliper and said ?ange face outer portion 
is parallel to a second brake caliper and [whereby] 
wherein lateral run-out of said ?ange face portions with 
respect to said [brake rotor] axis of rotation of said 
bearing and said brake rotor is [minimized to 20] 14 pm 
[or better] or less. 

10. The assembly as recited in claim 9, wherein said inner 
portion and said outer portion of said ?ange face are generally 
co-planar to each other. 

11. The assembly as recited in claim 10, wherein a plurality 
of wheel bolt receiving apertures are formed in said relief 
channel, each of said apertures receiving a wheel bolt there 
through. 

12. The assembly as recited in claim 11, wherein said 
supporting structure is part of a motor vehicle. 

13. The assembly as recited in claim 10, wherein said 
bearing is intended to be received in a generally circular bore 
formed in said knuckle. 

14. The assembly as recited in claim 13, wherein said 
generally circular bore receives said bearing therein and 
wherein said attachment structure that communicates with 
said bearing is an inner surface of said bore. 
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15. The assembly as recited in claim 9, wherein said bear 

ing is intended to be bolted to said knuckle. 
16. The assembly as recited in claim 9, wherein said bear 

ing [has] includes an inner race and an outer race and said 
bearing outer race is integrally formed with said knuckle. 

17. The assembly as recited in claim 9, wherein said bear 
ing [has] includes an inner race and an outer race and said 
bearing inner race is integrally formed with said wheel hub 
neck portion. 

18. The assembly as recited in claim 9, wherein said inner 
portion of said ?ange face and said outerportion of said ?ange 
face have a ?atness of [at least] 20 pm or less. 

[19. The assembly as recited in claim 9, wherein said 
run-out between said ?ange face and an axis of rotation of 

said bearing is minimized.] 
[20. The assembly as recited in claim 9, herein said run-out 

between said ?ange face and a bearing axis of rotation is 14 
pm or better.] 

21. A method for manufacturing a wheel hub assembly, 
comprising: 
providing a knuckle in communication with a bearing; 
providing a wheel hub having a neck portion and a ?ange 

portion, said ?ange portion having a ?ange face with an 
inner portion, an outer portion, and a relief channel 
disposed between said inner portion and said outer por 
tion; 

forming a plurality of bolt receiving apertures in said relief 
channel; 

journaling said neck portion of said wheel hub into com 
munication with [a] said bearing to allow rotation of said 
wheel hub about a bearing axis; 

clamping said knuckle, bearing, and wheel hub together; 
?nal ?nishing said inner portion and said outer portion of 

said ?ange face [whereby] wherein said inner portion 
and said outer portion are co-planar [whereby] and 
wherein lateral run-out of said ?ange face to a brake 
rotor is minimized; and 

wherein said ?nal ?nishing step includes ?nishing said 
inner portion and said outer portion of said ?ange face 
such that they have a ?atness of [at least] 20 pm or less. 

22. The method as recited in claim 21, further comprising: 
?nishing said inner portion and said outer portion of said 

?ange face prior to said ?nal ?nishing step. 
[23. The method as recited in claim 21, further comprising: 
locating said assembly in a clamping ?xture.] 
24. The method as recited in claim 21, further comprising: 
press-?tting a wheel bolt into each of said plurality of bolt 

receiving apertures prior to said step of ?nal ?nishing. 
25. The method as recited in claim 21, further comprising: 
forming said relief channel in said ?ange face through 

machining. 
26. The method as recited in claim 21, further comprising: 
forming said relief channel in said ?ange face through 

forging. 
27. The method as recited in claim 21, further comprising: 
press-?tting said bearing into a bore in said knuckle[bore]. 
28. The method as recited in claim 21, further comprising: 
integrally forming an outer race of said bearing with [a] 

said knuckle. 
29. The method as recited in claim 21, further comprising: 
integrally forming an inner race of said bearing with said 

neck portion of said wheel hub. 
30. The method as recited in claim 21, further comprising: 
securing said bearing to [a] said knuckle. 



US RE42,914 E 
13 

31. The method as recited in claim 21, wherein parallelism 
between said inner portion and said outer portion of said 
?ange face and a plurality of brake caliper ears is maintained. 

32. The method as recited in claim 21, wherein said ?nal 
?nishing step provides run-out between said ?ange face and 
said bearing axis of rotation of 14 pm [or better] or less. 

33. A method for manufacturing a wheel end assembly, 
comprising: 

providing a knuckle in communication with a bearing; 
providing a wheel hub having a neck portion and a ?ange 

portion said ?ange portion having a ?ange face; 
forming a relief channel in said ?ange face such that said 

?ange face has an inner portion and an outer portion; 
forming a plurality of bolt receiving holes in said relief 

channel; 
clamping said knuckle, bearing, and wheel hub in a?xture; 
?nishing said ?ange face in order to ?atten said ?ange face 

inner portion and said ?ange face outer portion; and 
?nal ?nishing said inner portion and said outer portion of 

said ?ange face [whereby] wherein lateral run-out of 
said ?ange face is minimized, and wherein said inner 
portion and said outer portion each have a ?atness of [at 
least] 20 pm or less. 

34. The method as [recite] recited in claim 33, wherein said 
step of ?nal ?nishing [including] includes forming said inner 
portion and said outer portion such that they are co-planar. 

35. The method as recited in claim 33, wherein parallelism 
between said inner portion and said outer portion of said 
?ange face and a plurality of brake caliper ears is maintained. 

[36. The method as recited in claim 33, further comprising: 
locating the wheel end assembly into a ?xture assembly 

prior to said step of ?nal ?nishing.] 
37. The method as recited in claim 33, [further comprising: 

providing a] wherein said knuckle [having] includes a bear 
ing retention structure formed therein. 

38. The method as recited in claim 37, wherein said bearing 
retention structure is a generally circular bore formed in said 
knuckle. 

39. The method as recited in claim 38, further comprising: 
snap-?tting said bearing having an inner race and an outer 

race into said bore. 
40. The method as recited in claim 39, wherein said bearing 

is located in said bore between a lower shoulder portion and 
an upper snap ring. 

41. The method as recited in claim 38, wherein said bearing 
is only partially disposed in said bore. 

42. The method as recited in claim 37, wherein said bearing 
retention structure is disposed on an upper surface of said 
knuckle. 

43. The method as recited in claim 33, wherein said bearing 
is secured to [a] said knuckle. 

44. The method as recited in claim 33, wherein said relief 
channel is formed in said ?ange face through machining. 

45. The method as recited in claim 33, wherein said relief 
channel is [conned] formed in said ?ange face through forg 
ing. 

46. The method as recited in claim 33, further comprising: 
integrally forming an outer race of said bearing with said 

knuckle. 
47. The method as recited in claim 33, further comprising: 
integrally forming an inner race of said bearing with said 

neck portion of said wheel hub. 
48. The method as recited in claim 33, further comprising: 
press-?tting a wheel bolt into each of said plurality of bolt 

receiving holes prior to said step of ?nal ?nishing. 
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49. The method as recited in claim 33, wherein wheel bolts 

are passed through each of said plurality of bolt receiving 
holes when a wheel is attached to said wheel hub. 

50. A wheel hub assembly, comprising: 
a bearing structure; 
a knuckle in communication with said bearing structure; 
a wheel hub having a neck portion and a ?ange portion with 

a ?ange face, said neck portion being in rotatable com 
munication with said bearing; 

a relief channel formed in said ?ange face and dividing said 
?ange face into an inner portion and an outer portion; 

[and] 
wherein said inner portion and said outer portion of said 

?ange face have a ?atness of [at least] 20 pm or less; and 
wherein run-out of said ?ange face with respect to an axis 

ofrotation ofsaid bearing andsaid knuckle is minimized 
to 14pm or less. 

51. The wheel hub assembly as recited in claim 50, further 
comprising: 

[a knuckle having] a plurality of apertures formed [therein] 
in said knuckle for attachment of said knuckle to a 
vehicle[, said knuckle intended to communicate with 
said bearing]. 

52. The wheel hub assembly as recited in claim 50, wherein 
said inner portion and said outer portion of said ?ange face 
have a ?atness of [at least] 14 pm or less. 

53. The wheel hub assembly as recited in claim 50, wherein 
said neck portion of said wheel hub is press ?t into commu 
nication with said bearing. 

54. The wheel hub assembly as recited in claim 50, wherein 
said bearing has an inner race and an outer race and said outer 
race is integrally formed with a knuckle. 

55. The wheel hub assembly as recited in claim 50, wherein 
said bearing has an inner race and an outer race and said inner 
race is integrally formed with said neck portion of said wheel 
hub. 

56. The wheel hub assembly as recited in claim 50, wherein 
said relief channel is formed through forging. 

57. The wheel hub assembly as recited in claim 50, wherein 
said relief channel is formed through machining. 

58. A wheel hub assembly comprising: 
a knuckle; 
a bearing structure [that is intended to communicate] in 

communication with a knuckle; 
a wheel hub having a neck portion and a ?ange portion, said 

neckportionbeing in rotatable communication with said 
bearing; 

a ?ange face formed on said ?ange portion [formating] 
mating with a brake rotor; and 

a relief channel formed in said ?ange face, which divides 
said ?ange face into an inner portion and an outer por 
tion; 

[whereby] wherein literal run-out of said ?ange face with 
respect to [said brake rotor,] an axis of rotation of said 
bearing, said knuckle, and said brake rotor is [mini 
mized to at least 20] 14 pm or less. 

59. The wheel hub assembly as recited in claim 58, wherein 
said inner portion and said outer portion have a ?atness of [at 
least] 20 pm or less. 

60. The wheel hub assembly as recited in claim 58, [further 
comprising: a] wherein said knuckle [having] includes a plu 
rality of apertures formed therein for attachment of said 
knuckle to a vehicle[, said knuckle intended to communicate 
with said bearing]. 

61. The wheel hub assembly as recited in claim 58, wherein 
said neck portion of said wheel hub is press ?t into commu 
nication with said bearing. 
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62. The Wheel hub assembly as recited in claim 58, Wherein 
said bearing has an inner race and an outer race, said outer 
race being integrally formed With a knuckle. 

63. The Wheel hub assembly as recited in claim 58, Wherein 
said bearing has an inner race and an outer race, said inner 
race being integrally formed With said neck portion of said 
Wheel hub. 

64. A method for manufacturing a Wheel end assembly, 
comprising: 

providing a knuckle in communication with a bearing; 
providing a Wheel hub having a neck portion and a ?ange 

portion, said ?ange portion having a ?ange face; 
forming a relief channel in said ?ange face such that said 

?ange face has an inner portion and an outer portion; 
forming a plurality of bolt receiving holes in said relief 

channel; 
inserting a through bolt into each of said plurality of bolt 

receiving holes; 
clamping said knuckle, bearing, and wheel hub in a?xture; 
?nal ?nishing said ?ange face in order to ?atten said inner 

portion and said outer portion such that they have a 
?atness of [at least] 20 pm or less. 

65. The method as recited in claim 64, Wherein said step of 
?nal ?nishing ?attens said inner portion and said outer por 
tion such that they have a ?atness of [at least] 14 pm or less. 

66. The method as recited in claim 64, further comprising: 
?nishing said inner portion and said outer portion of said 

?ange face prior to said ?nal ?nishing step. 
67. The method as recited in claim 64, further comprising: 
placing said neck portion of said Wheel hub in communi 

cation With [a] said bearing to allow rotation of said 
Wheel hub about a bearing axis. 

68. The method as recited in claim 67, further comprising: 
integrally forming an outer race of said bearing With [a] 

said knuckle. 
69. The method as recited in claim 67, further comprising: 
integrally forming an inner race of said bearing With said 

neck portion of said Wheel hub. 
70. The method as recited in claim 67, Wherein said [stop] 

step of ?nal ?nishing includes minimiZing run-out between 
said ?ange face and said bearing axis of rotation to [at least] 
20 pm or less. 

71. A Wheel hub assembly, comprising: 
a knuckle in communication with a bearing; 
a Wheel hub having a neck portion and a ?ange portion, 

said neckportion in rotational communication with said 
bearing; 

a ?ange face formed on said ?ange portion; 
a relief channel formed in said ?ange face and dividing said 

?ange face into an inner portion and an outer portion; 
a plurality of bolt receiving apertures formed in said relief 

channel; 
[Whereby] wherein lateral run-out of said ?ange face With 

respect to [a brake rotor] an axis of rotation of said 
knuckle, said bearing, and said brake rotor is [mini 
mized to at least 20] 14 pm or less. 

72. The Wheel hub assembly as recited in claim 71, Wherein 
said inner portion and said outer portion have a ?atness of [at 
least] 20 pm or less. 

[73. The Wheel hub assembly as recited in claim 71, further 
comprising: 

a bearing in communication With said neck portion allow 
ing said ?ange face to rotate about a bearing axis of 

rotation.] 
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74. The Wheel hub assembly as recited in claim [73] 7], 

Wherein said bearing has an inner race and an outer race, said 
inner race being integrally formed With said neck portion. 

75. A Wheel hub assembly, comprising: 
a knuckle in communication with a bearing; 
a Wheel hub having a neck portion and a ?ange portion, 

said neckportion in communication with said bearing to 
rotate about an axis ofrotation ofsaid bearing and said 
knuckle; 

a ?ange face formed on said ?ange portion; 
a relief channel formed in said ?ange face and dividing said 

?ange face into an inner portion and an outer portion; 
a plurality of bolt receiving apertures formed in said relief 

channel; 
Wherein said inner portion and said outer portion have a 

?atness of [at least] 20 pm or less; and 
wherein lateral run-out of said ?ange face with respect to 

an axis ofrotation ofsaid bearing andsaid knuckle is 14 
pm or less. 

[76. The Wheel hub assembly as recited in claim 75, further 
comprising: 

a bearing in communication With said neck portion allow 
ing said ?ange face to rotate about a bearing axis of 

rotation.] 
[77. The Wheel hub assembly as recited in claim 76, 

Wherein lateral run-out of said ?ange face to said bearing axis 
of rotation is minimized to at least 20 

78. The Wheel hub assembly as recited in claim 75, Wherein 
said inner portion and said outer portion have a ?atness of [at 
least] 14 pm or less. 

79. A method for manufacturing a Wheel hub assembly, 
comprising: 
providing a knuckle in communication with a bearing; 
providing a Wheel hub having a neck portion in rotational 

communication with said bearing, and a ?ange portion, 
said ?ange portion having a ?ange face; 

forming a relief channel in said ?ange face such that said 
?ange face has an inner portion and outer portion; 

inserting one of a plurality of Wheel bolts through a respec 
tive one of a plurality of Wheel bolt apertures formed in 
said relief channel; [and] 

clamping said knuckle, bearing, and wheel hub in a?xture; 
and 

?nal ?nishing said ?ange face such that lateral run-out of 
said ?ange face with respect to an axis of rotation of said 
knuckle and said bearing is minimized to [at least 20] 14 
pm or less. 

80. The method as recited in claim 79, further comprising: 
?nishing said ?ange face prior to said step of ?nal ?nish 

mg. 
81. The method as recited in claim 79, Wherein said step of 

?nal ?nishing includes increasing the ?atness of said ?ange 
face to [at least] 20 pm or less or less. 

82. The method as recited in claim 79, Wherein said step of 
?nal ?nishing includes minimiZing the ?atness of said ?ange 
face to [at least] 14 pm or less. 

[83. The method as recited in claim 79, further comprising: 
placing a bearing in communication With said neck portion 

thereby alloWing said ?ange face to rotate about a bear 
ing axis of rotation.] 

84. The method as recited in claim [83] 82, Wherein said 
bearing has an inner race and an outer race and said outer race 
is integrally formed With said neck portion. 

* * * * * 




