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WHEEL HUB FOR HEAVY-DUTY VEHICLES

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/510,812 filed May 25, 2017.

TECHNICAL FIELD
[0002] The disclosed subject matter relates generally to vehicle axles and wheel end
assemblies for heavy-duty vehicles. The disclosed subject matter is particularly directed to a

wheel hub formed from two or more axially joined pieces.

BACKGROUND

[0003] The heavy-duty vehicle industry utilizes wheel end assemblies mounted on each end
of one or more axles. Each wheel end assembly typically includes a wheel hub rotatably
mounted on the end of the axle, commonly known as an axle spindle. Reference is made
generally to a heavy-duty vehicle for the purpose of convenience, with the understanding that
such reference includes trucks, tractor-trailers and semi-trailers, trailers, and the like.

[0004] The design and arrangement of the wheel hub and other components vary according
to the specific vehicle requirements and anticipated uses. Moreover, the design and construction
of prior art wheel hubs have limitations, disadvantages, and drawbacks in wheel hub
manufacture, which typically lead to relatively heavy weight, relatively high cost of

manufacture, and a limited choice of materials that limits physical properties of the wheel hub.
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[0005] Prior art heavy-duty vehicle wheel hubs are typically made by casting a single
mostly cylindrical shape from materials, such as ductile iron, aluminum, or an economically
castable grade of steel. The single cast shape has critical surfaces machined to receive bearings,
seals, and brake drum mounting studs. Most prior art wheel hubs are cast due to the strength that
is required of the wheel hub and its relatively complex profile or configuration. Casting the
wheel hub in a single piece is relatively expensive due to the typically large size of the casting.
For example, when a one-piece wheel hub is cast, a casting core is employed to form an internal
wheel hub cavity. The core must be precisely aligned within the casting mold due to the narrow
tolerances that are required in the completed cast wheel hub. If the core shifts or is displaced
during casting, the casting typically must be scrapped, thereby increasing the time and relative
cost of forming one-piece cast wheel hubs. It is, therefore, desirable to reduce the cost of
forming a wheel hub, reduce the weight of a wheel hub, and concurrently maintain or increase
the physical properties of the wheel hub when compared to the prior art wheel hub.

[0006] The wheel hub casting must be machined to precise dimensions at critical surfaces
for the bearings, seals, and brake drum mounting studs. Machining large numbers of precise
dimensions on relatively large, one-piece castings of prior art wheel hubs is often difficult, which
may increase the cost and time associated with the machining operation. As a result, it is
desirable to reduce the difficulty associated with producing wheel hub castings and precision-
machined critical surfaces.

[0007] Another limitation is the inability to achieve optimal physical properties. Because
heavy-duty vehicle wheel hubs experience significant operational loads, strength and fatigue

resistance are important properties. Wheel hubs readily cast from metals, such as ductile iron,
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aluminum, and certain grades of steel, often possess limited strength. Generally, in order to
provide the wheel hub with fatigue resistance, the weight and/or cost of the wheel hub is often
undesirably, but necessarily, increased. It is, therefore, desirable to develop a wheel hub
structure employing materials that demonstrate good fatigue resistance and/or other optimal
physical properties or attributes while optimizing the strength-to-weight ratio and reducing the
cost of manufacturing.

[0008] Casting such large prior art one-piece wheel hubs also has disadvantages associated
with possible gas porosity and shrink porosity. Gas porosity is the formation of bubbles within a
casting. Shrink porosity is the formation of voids within a casting occurring while the molten
cast metal is cooling. Porosity may compromise the strength, fatigue resistance, and/or service
life of the prior art wheel hubs. As a result, it is desirable to reduce potential porosity issues
associated with casting a large wheel hub.

[0009] In the prior art, an alternative to casting a heavy-duty vehicle wheel hub as a single
piece that is subsequently machined has been to forge a wheel hub from aluminum or certain
grades of steel. Forging has not been commonly employed for several reasons due to the
limitations of the forging process for relatively large, complex shapes having a bulky profile,
which undesirably increases the weight of the wheel hub. The forging of a component that is the
size of a prior art heavy-duty vehicle wheel hub requires the use of very specialized and
expensive forging presses that possess high tonnage force and a deep stroke that may not be
readily available. As a result, it is undesirably expensive to form a large, forged, one-piece

wheel hub.
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[0010] These limitations, drawbacks, and disadvantages of prior art wheel hubs make it
desirable to develop a wheel hub that is lighter in weight, more economical to manufacture, and
exhibits equal or improved physical and performance properties when compared to prior art cast
one-piece wheel hubs. The disclosed subject matter satisfies these needs and overcomes the

limitations, drawbacks, and disadvantages of prior art wheel hubs.

SUMMARY

[0011] The wheel hub for heavy-duty vehicles of the disclosed subject matter reduces
weight and cost of manufacturing while maintaining or increasing strength and fatigue
resistance. The wheel hub for heavy-duty vehicles of the disclosed subject matter does not
require casting or forging of large, complex, one-piece shapes, thereby eliminating the potential
for porosity issues and the need for specialized and expensive equipment.

[0012] The wheel hub for heavy-duty vehicles of the disclosed subject matter generally
includes first and second tubular hub segments. The first tubular hub segment has a first annular
end surface. The second tubular hub segment has a second annular end surface and a radially
extending flange. The wheel hub for heavy-duty vehicles also includes a continuous
circumferential joint formed at an interface of the first annular end surface second annular end
surface. At least one of the first and second tubular hub segments is forged.

[0013] The wheel hub for heavy-duty vehicles according to another aspect of the disclosed
subject matter generally includes first, second, and third tubular hub segments. The first tubular
hub segment has a first annular end surface. The second tubular hub segment has a second

annular end surface and a third annular end surface. The third tubular hub segment has a fourth
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annular end surface and a flange. A first continuous circumferential joint is formed at an
interface between the first and second annular end surfaces. A second continuous
circumferential joint is formed at an interface between the third and fourth annual end surfaces.

At least one of the first and second tubular hub segments is forged.

DRAWINGS

[0014] The following description and drawings set forth certain illustrative aspects and
implementations of the disclosed subject matter. The drawings are indicative of but a few of the
various ways in which one or more aspects or implementations may be employed. Further
features of the disclosed subject matter will become apparent from reading the following
description with reference to the accompanying drawings, in which:

[0015] FIG. 1 is fragmentary cross-sectional view of a portion of a wheel end assembly for
a heavy-duty vehicle including a prior art wheel hub;

[0016] FIG. 2 is a perspective view of a two-piece wheel hub according to an aspect of the
disclosed subject matter for a heavy-duty vehicle viewed from an outboard side;

[0017] FIG. 3 is a cross-sectional view of the wheel hub for a heavy-duty vehicle shown in
FIG. 2 taken approximately along line 3-3 in FIG. 2;

[0018] FIG. 4 is a perspective view of a wheel hub according to another aspect of the
disclosed subject matter for a heavy-duty vehicle viewed from an outboard side;

[0019] FIG. 5 is a cross-sectional view of the wheel hub shown in FIG. 4 taken

approximately along line 5-5 in FIG. 4;
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[0020] FIG. 6 is a perspective view of a wheel hub according to yet another aspect of the
disclosed subject matter for a heavy-duty vehicle viewed from an outboard side;

[0021] FIG. 7 1s a perspective view of the wheel hub shown in FIG. 6 taken from an inboard
side;

[0022] FIG. 8 is a cross-sectional view of the wheel hub shown in FIGs. 6-7, taken
approximately along line 8-8 in FIG. 6;

[0023] FIG. 9 is a cross-sectional view of yet another aspect of the wheel hub, which is
similar in structure to the wheel hub shown in FIG. 8; and

[0024] FIG. 10 is a cross-sectional view of a three-piece wheel hub for a heavy-duty vehicle
of the disclosed subject matter.

[0025] Similar reference numerals refer to similar parts throughout the drawings.

DESCRIPTION

[0026] Exemplary details are set forth in order to provide an understanding of the disclosed
subject matter. It will be understood, however, that the disclosed subject matter can be practiced
without these specific details.

[0027] In order to better understand the wheel hub for heavy-duty vehicles of the disclosed
subject matter, a prior art wheel hub 42 for a heavy-duty vehicle is illustrated in FIG. 1 and
mounted on an axle spindle of a wheel end assembly. A typical heavy-duty vehicle includes one
or more axles 10. Each axle has a portion of a wheel end assembly 52 mounted to a respective
end of an axle. Since each end of axle 10 and its associated portion of wheel end assembly 52

are generally identical, only one axle and wheel end assembly will be described. Axle 10
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includes a central tube 14 with an axle spindle 50 attached by suitable means, such as welding, to
the end of the central tube.

[0028] The prior art wheel hub 42 is rotatably mounted on axle spindle 10 by inboard and
outboard bearings 54, 56, respectively, as is well known. Prior art wheel hub 42 is typically
formed as a one-piece casting and includes a radially extending brake drum and wheel mounting
flange 60. Critical surfaces on wheel hub 42 are machined to narrow tolerances and include an
inboard bearing receiving bore 62, an outboard bearing receiving bore 64, a main seal bore 66, a
brake drum and wheel rim mounting surface 68, wheel pilots 82, and openings 70 for wheel rim
mounting studs 48. When drum brakes (not shown) are mounted onto wheel hub 42, machined
brake drum pilots 72 enable the brake drum to be easily centered on the wheel hub for proper
brake operation.

[0029] Axle spindle 50 and wheel end assembly 52 may be designed for a dual-wheel
configuration in which two wheels (not shown) each mount a respective tire. The tire and wheel
assemblies are mounted on the wheel hub 42. In a dual-wheel, standard-tire configuration, the
focus of the load forces acting on axle spindle 50 during operation of the heavy-duty vehicle,
typically referred to in the art as a load line, is contained in a plane that extends generally
vertically through the axle spindle and between the two wheels.

[0030] Axle spindle 50 and wheel end assembly 52 may also accommodate a single wide
tire (not shown) that replaces the dual-wheel configuration. The single wide tire may include a
wheel that has a two-inch offset (not shown). This two inch offset places a vertical centerline of
the wheel and, thus the load line, about two inches in an outboard direction. The load line is

contained in a vertical plane further outboard than the load line associated with a dual-wheel
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configuration. This results in a relatively greater and undesirable moment arm being applied to
the axle spindle 50.

[0031] The prior art wheel hub 42 includes a rapid section modulus change at an interface
between wheel mounting flange 60 and drum pilot 72. This rapid section modulus change at the
interface reduces strength and fatigue resistance of prior art wheel hub 42. Reduced strength and
fatigue resistance and increased loading on prior art wheel hub 42 may reduce the service life
and effectiveness of the wheel hub. Thus, there is a need for a wheel hub for a heavy-duty
vehicle that has increased strength and fatigue resistance.

[0032] Prior art wheel hub 42 exhibits drawbacks, disadvantages, and limitations in its
design and manufacture. Generally, wheel hub 42 is cast from durable and economical
materials, such as ductile grey iron. Wheel hub 42 is then machined to provide precision
surfaces. Casting such a large and complex one-piece component leads to undesirably high
weight, high cost of manufacture, a limited selection of materials, and greater difficulty in
machining the precise critical surfaces 62, 64, 66, 68, 70, 72, and 82. This results in limitations
to the physical properties of the wheel hub. Such limitations, drawbacks, and disadvantages of
prior art wheel hub 42 make it desirable to develop a wheel hub that has reduced weight, reduced
manufacturing cost, and equivalent or improved physical properties. The disclosed subject
matter satisfies these needs and overcomes the limitations, drawbacks, and disadvantages of prior
art wheel hub 42.

[0033] A new and improved wheel hub 100 (FIGs. 2-3) for a heavy-duty vehicle according
to an aspect of the disclosed subject matter is formed from two or more discrete pieces or

components that are subsequently joined together. More particularly, wheel hub 100 includes an
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outboard portion 102 and an inboard portion 104 connected together at a joint 106. Outboard
portion 102 is generally cylindrical and includes an outboard bearing receiving bore 108 that is
machined to narrow tolerances and receives an outboard bearing assembly (not shown).
Outboard portion 102 also includes an inboard end 122. Outboard portion 102 is separately
formed from inboard portion 104 such that both outboard and inboard portion 102, 104 are
relatively smaller and less complex than prior art wheel hub 42. The smaller and less complex
shape of outboard and inboard portions 102, 104 facilitates relatively easier handling and
machining as compared to prior art wheel hub 42. Specifically, due to the smaller size of
outboard portion 102 and inboard portion 104, the outboard and inboard portions may be easily
loaded and unloaded onto lathes or machining centers for rough pre-machining prior to being
joined. Thus, relatively less final machining of the wheel hub 100 may be required. .

[0034] Inboard portion 104 is formed with a radially extending wheel mounting flange 110
and includes an inboard bearing receiving bore 112. Inboard bearing receiving bore 112 is
machined to narrow tolerances for receiving an inboard bearing assembly (not shown). Inboard
portion 104 also includes an outboard end 124 and a main seal bore 114 (FIG. 3). The wheel
mounting flange 110 includes a brake drum and wheel rim mounting surface 116 and openings
118, which receive brake drum and wheel rim mounting studs (not shown). The wheel mounting
flange 110 extends radially outward from inboard portion 104. The wheel mounting flange 110
includes optional pilot studs 120 rigidly attached to the wheel mounting flange. Each of the pilot
studs 120 may include a shoulder for proper positioning and alignment of a brake drum (not
shown) and a wheel rim (not shown) on wheel hub 100 in compliance with Society for

Automotive Engineers (SAE) recommended practices J694 and J1671. Forming inboard portion
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104 separately from outboard portion 102 facilitates relatively easier handling and machining as
compared to prior art wheel hub 42.

[0035] Joint 106 is located between outboard bearing receiving bore 108 of outboard
portion 102 and inboard bearing receiving bore 112 of inboard portion 104 in an area that
exhibits relatively low stress in wheel hub 100. Placement of joint 106 in a relatively low stress
area decreases the potential for fatigue issues to occur. Inboard end 122 of outboard hub portion
102 and outboard end 124 of inboard hub portion 104 are joined at joint 106 in a manner known
in the art. For example, joint 106 may be formed between inboard end 122 and outboard end 124
by friction or laser welding.

[0036] Inboard end 122 of outboard hub portion 102 and outboard end 124 of inboard hub
portion 104 may be formed as flat annular surfaces, contained in a plane substantially
perpendicular to a longitudinal central axis A. The inboard and outboard ends 122, 124 can be
arranged to abut one another to enable forming a butt joint for rotational friction welding. Thus,
forming joint 106 may involve abutting inboard and outboard ends 122, 124 against one another
and rotating them about longitudinal central axis A. This welding process results in a good
quality connection between outboard and inboard portions 102, 104. The weldment formed at
joint 106 is preferably machined by techniques known in the art in order to remove excess or
displaced material, such as curled metal, or flash curl, from the inner and outer surfaces of the
joint. This machining reduces stress risers in the wheel hub 100 adjacent the joint 106. Laser
welding may also be used to form joint 106 in order to minimize the amount of excess material

generated and reduce the amount of machining required.
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[0037] Alternatively, inboard and outboard ends 122, 124 may be formed with similarly-
shaped and cooperating non-planar surfaces (not shown), enabling outboard and inboard portions
102, 104 to mechanically engage one another at joint 106 prior to welding. This may enable
joint 106 to be formed by linear friction welding. Specifically, the non-planar surfaces formed
on inboard and outboard ends 122, 124 may include interfering tolerances and geometry that
enable linear friction welding. Linear reversing displacement parallel to the longitudinal central
axis A of outboard portion 102 and inboard portion 104 causes the interfering tolerances or
geometry to fuse the outboard and inboard portions to form joint 106. Linear friction welding
may be appropriate when materials used to form outboard portion 102 and/or inboard portion
104 are sensitive to fatigue. The mechanically cooperating, non-planar surfaces formed on
inboard and outboard ends 122, 124 may counteract and/or relieve stress in joint 106. A
secondary process may then be required to seal joint 106 as is known. Such secondary process
may be performed before or after machining of critical surfaces on wheel hub 100.

[0038] It is also contemplated that outboard portion 102 and inboard portion 104 may be
connected at joint 106 by other techniques, such as metal inert gas (MIG) welding, other types of
welding, or adhesive bonding, as is known. Wheel hub 100 may also be tempered or heat treated
after the welding or joining operation to decrease potential detrimental welding effects at joint
106.

[0039] Outboard portion 102 and inboard portion 104 may be formed by casting or forging.
Specifically, both outboard portion 102 and inboard portion 104 include a profile that is
relatively smaller, less complex, and has some relatively thinner components than prior art wheel

hub 42. As a result, outboard portion 102 and inboard portion 104 are more economical and

11
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easier to form. Casting the smaller and less complex shape of outboard portion 102 and inboard
portion 104 may result in fewer issues with porosity compared to larger, more complex profiles.
Casting or forging of smaller, less complex shapes may be better controlled than that of larger,
more complex shapes, such as prior art wheel hub 42, and may reduce the amount of machining
required to form precise critical surfaces. Forging the smaller and less complex shapes of
outboard and inboard portions 102, 104 may require machines with less stroke depth and tonnage
application than necessary to make prior art hub 42. This results in more efficient machining to
narrower tolerances on separately-formed outboard and inboard portions 102, 104.

[0040] Casting or forging wheel hub 100 as two or more discrete portions optimizes the
amount of material employed to form the wheel hub. Specifically, outboard portion 102 and
inboard portion 104 are smaller and less complex, which may result in reduced amount of scrap
from the forming process. Specifically, relatively large, one-piece prior art wheel hub 42 is cast
with a core requiring precise alignment within the casting. If the core shifts or is displaced, the
wheel hub 42 must be scrapped. However, outboard and inboard portions 102, 104 of wheel hub
100 may not need to employ a core for casting, which reduces potential scrap and decreases cost.
[0041] Traditional casting also limits the materials that can be used to form prior art wheel
hub 42. Castable materials typically include aluminum or a ferrous material, such as iron or an
economically castable grade of steel. Outboard portion 102 and inboard portion 104 are
relatively smaller and less complex than prior art wheel hub 42. As a result, outboard and
inboard portions 102, 104 may be formed by processes other than casting. Outboard portion 102

and inboard portion 104 may both be cast or formed from another process, such as forging or roll

12
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forming. Alternatively, each of the outboard and inboard portions 102, 104, respectively, may be
formed by different and distinct processes.

[0042] Forging outboard portion 102 and/or inboard portion 104 reduces the cost of wheel
hub 100. Forging large, complex parts, such as prior art wheel hub 42, would require the use of
specialized and expensive forging presses with both relatively high tonnage application and deep
stroke. This is a difficult and expensive combination to achieve in a forging press. Outboard
portion 102 and inboard portion 104 are smaller and less complex such that high tonnage and
deep stroke forging presses are unnecessary. Many standard forging presses may be used to
forge outboard and inboard portions 102, 104, which reduces difficulty and cost required to forge
components used to make wheel hub 100.

[0043] Different materials may be used to form non-cast portions of outboard and inboard
portions 102, 104. Specifically, it is desirable to optimize the strength-to-weight ratio of wheel
hub 100 to provide a relatively lighter wheel hub with sufficient strength to withstand loads and
forces during operation of the heavy-duty vehicle. Optimization of strength-to-weight ratio
typically requires the use of materials considered non-economical or not readily castable, such as
high-strength steel. However, one or both of outboard portion 102 and inboard portion 104 may
be formed by processes other than casting, which allows the forging of grades of steel that
possess enough carbon content to maintain high fatigue resistance in areas of the wheel hub 100
susceptible to fatigue. Such grades of steel may include 1038 carbon steel, 1038 modified
carbon steel with increased manganese content, 1025 through 1030 carbon steel, and 1020

carbon steel.

13
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[0044] In addition, outboard portion 102 and inboard portion 104 may be optimized for
specific properties. The inboard portion 104 includes wheel mounting flange 110, which
experiences particularly high stresses due to the attachment of the brake drum (not shown) and
the wheel rim (not shown). The inboard portion 104 may be forged from high-strength steel
followed by heat treatment, tempering, and/or hardening, such as induction hardening, to provide
the specific desired properties. Outboard portion 102 may experience less stress than inboard
portion 104, and, as such, may be formed by casting before being welded to the inboard portion
at joint 106. It will be apparent that outbound portion 102 may be forged in particular instances.
This enables wheel hub 100 to balance different properties or attributes and decrease the cost of
production.

[0045] Pilot studs 120 employed may be employed with wheel hub 100 to provide relatively
increased corrosion resistance. Specifically, heavy-duty vehicles travel over roads with moisture
on the road surface that may generate road spray. Road spray is known to include salt and/or
other chemicals present on the road surface. This may include certain chemicals for anti-icing.
Such salt and/or anti-icing chemicals can cause corrosion cells to form and propagate at
interfaces where it collects. Road spray may be forced upward by the vehicle tires from the road
surface and toward the underside of the heavy-duty vehicle. Road spray may also contact
exposed components on the underside of the heavy-duty vehicle. In prior art wheel hub 42, road
spray may collect in an interface between the wheel hub drum pilot surfaces and a brake drum,
and an interface between the wheel hub wheel pilot surface 82 (FIG. 1) and a wheel rim. The

propagation of corrosion at such interfaces may impede proper piloting and alignment of the

14
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brake drum and/or the wheel rim on prior art wheel hub 42, causing reduced service life and/or
performance of the wheel hub and adjacent components.

[0046] Pilot studs 120 of wheel hub 100 provide a reduced contact area between the brake
drum and the wheel hub surface at the drum pilots and between the wheel rim and the wheel hub
surface at the wheel pilots. Specifically, the pilot studs 120 have substantially only point
contacts with the brake drum and wheel rim at each pilot stud. This decreased amount of contact
area between the pilot studs 120 and the brake drum and wheel rim minimizes formation of
corrosion cells. Pilot studs 120 can be separately hardened or coated for additional corrosion
resistance. Proper piloting and alignment of adjacent components with wheel hub 100 provides
improved service life and performance of the wheel hub.

[0047] A wheel hub 130 (FIGs. 4-5) for a heavy-duty vehicle, according to another aspect
of the disclosed subject matter, is illustrated. Wheel hub 130 is similar in construction and
function to wheel hub 100 (FIG. 2). Wheel hub 130 includes two or more discrete pieces or
components, such as an outboard portion 132 and an inboard portion 134 that are axially joined
together at a joint 136. Outboard portion 132 includes an inboard end 133 and outboard bearing
receiving bore 138, which is machined to narrow tolerances and receives an outboard bearing
(not shown). Inboard portion 134 includes an outboard end 135, a radially-extending mounting
flange 140, a main seal bore 143, and an inboard bearing receiving bore 142 that receives an
inboard bearing (not shown). The main seal bore 143 and inboard bearing receiving bore 142 are
machined to narrow tolerances. Inboard portion 134 also includes a brake drum and wheel rim
mounting surface 144 and openings 145 that receive brake drum and wheel rim mounting studs

(not shown).
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[0048] Inboard and outboard ends 133, 135 may be planar annular surfaces, contained in a
plane substantially perpendicular to a longitudinal central axis B of wheel hub 130. Inboard and
outboard ends 133, 135 may be arranged to abut one another to enable forming a butt joint for
rotational friction welding. Thus, forming joint 136 may involve abutting inboard and outboard
ends 133, 135 against one another and rotating them about respective rotational axes. Joint 136
of wheel hub 130 is located between outboard bearing receiving bore 138 of outboard portion
132 and inboard bearing receiving bore 142 of inboard portion 134 in an area that experiences
relatively low stress in the wheel hub.

[0049] Wheel hub 130 includes wheel pilots 146 and drum pilots 147 in place of pilot studs
120 of wheel hub 100. Wheel pilots 146 have narrow tolerance surface areas formed on a
radially outer surface 148 of outboard portion 132, and are circumferentially spaced about the
perimeter of wheel hub 130. Wheel pilots 146 serve as indices for proper positioning of a wheel
rim (not shown) about the wheel hub 130. Drum pilots 147 have narrow tolerance surface areas
formed on a radially outer surface 149 of inboard portion 134. Drum pilots 147 may be axially
aligned with wheel pilots 146 and spaced about the perimeter of wheel hub 130 as illustrated in
FIG. 4. Drum pilots 147 serve as guides for proper positioning of the brake drum (not shown)
about the wheel hub 130.

[0050] Wheel pilots 146 and drum pilots 147 may be formed as cylindrical or frustoconical
segments of the outboard and inboard portions 132, 134, respectively. Reliefs may then be made
in wheel pilots 146 and drum pilots 147 by swaging or any other suitable process after outboard
portion 132 and inboard portion 134 have been joined together. The reliefs reduce the size of

and the contact area between the wheel pilots 146 and drum pilots 147 and the wheel rim and
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brake drum, respectively. As a result, the wheel pilots 146 and drum pilots 147 are less likely to
corrode. This corrosion resistance makes removal of the wheel rim and brake drum relatively
easier. Alternatively, wheel pilots 146 and drum pilots 147 may be formed as something other
than cylindrical or frustoconical segments of the inboard and outboard hub portions 134, 132
respectively. The wheel pilots 146 and drum pilots 147 may then be aligned and then joined by
laser welding, induction butt welding, or any other suitable process. It will also be apparent that
wheel pilots 146 and drum pilots 147 may be formed as segments of the inboard portion 134
only, such that joint 136 may be formed and located outboard of the wheel pilots.

[0051] Outboard and inboard portions 132, 134, respectively, may be easily formed by
forging, casting, or other processes to incorporate wheel pilots 146 and drum pilots 147.
Outboard portion 132 and inboard portion 134 may be joined at joint 136 by friction welding,
laser welding, or other suitable joining processes described above or known in the art. Thus,
wheel hub 130 utilizes forming processes and materials that allow for reduced weight, lower
cost, and improved physical properties.

[0052] Wheel hub 130 also exhibits increased corrosion resistance. Specifically, wheel hub
130 includes separate outboard portion 132 and inboard portion 134 that may be locally hardened
or treated for corrosion resistance in an economical manner. This enables wheel hub 130 to
inhibit corrosion and allow proper piloting and alignment of the brake drum and the wheel rim
with wheel hub 130, improving the service life and performance of the wheel hub.

[0053] A wheel hub 150 (FIGs. 6-8) for a heavy-duty vehicle, according to yet another
aspect of the disclosed subject matter, is similar in construction and arrangement to wheel hub

100 (FIGs. 2-3) and wheel hub 130 (FIGs. 4-5) and is formed from two or more discrete
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portions, including an outboard portion 152 and an inboard portion 154, connected together at a
joint 156. Outboard portion 152 includes an inboard end 180 (FIG. 8), a barrel 174, one or more
bosses 186 (FIG. 6), an outboard bearing cup engaging end surface 175, and an outboard bearing
receiving bore 158. Outboard bearing receiving bore 158 is machined to a narrow tolerance and
receives an outboard bearing (not shown). Bosses 186 may be integrally formed or attached to
outer portion 152. Bosses 186 generally include openings 188 for receiving fasteners (not
shown) to attach a wheel hub cap (not shown).

[0054] Inboard portion 154 is formed with a barrel 176 and a radially extending wheel
mounting flange 160. Barrel 176 includes an inboard bearing receiving bore 162 machined to
narrow tolerances that receives an inboard bearing (not shown). Inboard portion 154 also
includes an outboard end 182 (FIG. 8), an inboard bearing cup engaging end surface 177, a main
seal bore 164, a drum and wheel rim mounting surface 166, and openings 168 that receive
mounting studs 169. Each of the outboard end 182, main seal bore 164, drum and wheel rim
mounting surface 166, and openings 168 are machined to narrow tolerances. Wheel mounting
flange 160 is formed with openings 170 for receiving removable pilot studs 172. A portion of
each of the pilot studs 172 extends through its respective opening 170 and projects from the
inboard side. As a result, each of the pilot studs 172 may be removed in an outboard direction by
applying pressure to the inboard projection. The pilot studs 172 are also formed with a shoulder
173 that abuts the drum and wheel rim mounting surface 166. This allows proper piloting of the
brake drum (not shown) and the wheel rim (not shown). As a result, the pilot studs 172 conform

to SAE recommended practices J694 and J1671.
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[0055] A reservoir or channel 178 (FIG. 8) is formed in the inboard portion 154. A majority
of the volume of the reservoir channel 178 is located in a region substantially radially inward of
the wheel mounting flange 160. The reservoir channel 178 may have a portion with an inner
diameter that is greater than an outer diameter of barrels 174, 176. The reservoir channel 178
provides a volume for additional lubricant to occupy and further lessens the weight of the hub
150 by displacing metal material. Locating the reservoir channel 178 relatively close to the
inboard bearing receiving bore 162 makes available a relatively large amount of lubrication to
the inboard bearing where better lubrication is often needed.

[0056] Inboard end 180 of outboard portion 152 and outboard end 182 of inboard portion
154 may be formed as flat annular surfaces, contained in a plane substantially perpendicular to a
longitudinal central axis C of wheel hub 150. Inboard and outboard ends 180, 182 may be
arranged to abut one another to enable forming a butt joint for rotational friction welding or laser
welding or other suitable processes. Thus, forming joint 156 may involve abutting inboard and
outboard ends 180, 182 against one another and rotating them about respective rotational axes.
Joint 156 is located between outboard bearing receiving bore 158 of outboard portion 152 and
inboard bearing receiving bore 162 of inboard portion 154 in an area that exhibits relatively low
stress in wheel hub 150. The joint 156 may be located more proximal to the reservoir channel
178 than to outboard bearing receiving bore 158.

[0057] Wheel hub 150 utilizes relatively less material than prior art wheel hub 42.
Specifically, outboard portion 152 and inboard portion 154 may be formed by processes other
than casting, enabling the use of different materials. This enables the shape and properties of the

wheel hub 150 to be optimized for particular design considerations. Outboard portion 152 and
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inboard portion 154 may be forged from high-strength steel, enabling barrel 174 of outboard
portion 152 and a barrel 176 of inboard portion 154 to have an outer diameter substantially close
to the outer diameter of an associated axle spindle bearing receiving surfaces (not shown). This
allows wheel hub 150 to have a reduced diameter and wall thickness. Thus, wheel hub 150
allows for optimization of strength-to-weight ratio and reduces cost of manufacturing and
materials.

[0058] Inboard portion 154 provides an improved transition with a less rapid section
modulus change at transition region 184 (FIG. 8) between wheel mounting flange 160 and the
barrel 176. Specifically, the outboard section of barrel 176 has a relatively smaller outer
diameter and is formed radially away from pilot studs 172 allowing transition region 184 to form
a gradual, sloping radius. This results in a less rapid section modulus change that reduces the
stress in the region of connection 184 to improve strength and fatigue resistance of wheel hub
150.

[0059] Barrel 174 of outboard portion 152 and barrel 176 of inboard portion 154 have a
relatively thin wall thickness. The reduced wall thickness allows less energy to be used to form
joint 156. This provides improved strength and performance of wheel hub 150, while reducing
weight, porosity, and the cost of manufacturing and materials associated with forming the wheel
hub.

[0060] A wheel hub 250 (FIG. 9), according to another aspect, is similar to wheel hub 150
in structure and function and formed from two discrete pieces or components joined together.
Wheel hub 250 generally includes an outboard portion 252 and an inboard portion 254 connected

at a joint 256. Outboard portion 252 includes an inboard end 280, one or more bosses 286, and
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an outboard bearing receiving bore 258. Outboard bearing receiving bore 258 is machined to
narrow tolerances and receives an outboard bearing (not shown), as is known.

[0061] Inboard portion 254 is formed with an inboard barrel 276, an outboard barrel 277,
and a radially extending wheel mounting flange 260 located between barrels 276, 277. Barrel
276 includes an inboard bearing receiving bore 262 that is machined to narrow tolerances and
receives an inboard bearing (not shown). Inboard portion 254 also includes an outboard end 282,
an inboard bearing cup engaging end surface 273, a main seal bore 264, a drum and wheel rim
mounting surface 266, and openings (not shown) that receive mounting studs (not shown). Each
of outboard end 282, main seal bore 264, drum and wheel rim mounting surface 266, and the
mounting stud openings are machined to narrow tolerances. Wheel mounting flange 260 is
formed with openings 270 for receiving removable pilot studs 272.

[0062] A lubricant reservoir or channel 278 is formed in the inboard portion 254. A
majority of the volume of the reservoir channel 278 is located radially inward of the wheel
mounting flange 260. The reservoir channel 278 may have a portion with an inner diameter that
is greater than an outer diameter of barrels 276, 277. The reservoir channel 278 provides a
volume for additional lubricant to occupy and further lessens the weight of the hub 250 by
displacing metal material. Locating the reservoir channel 278 in the area of the inboard bearing
receiving bore 262 makes available a relatively large amount of lubrication near the inboard
bearing where better lubrication is often needed.

[0063] Inboard end 280 and outboard end 282 may be formed as flat annular surfaces,
contained in a plane substantially perpendicular to a longitudinal central axis D of wheel hub

250. Inboard and outboard ends 280, 282 may be arranged to abut one another to enable forming
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a butt joint for rotational friction welding or any other suitable processes. Thus, forming joint
256 may involve abutting inboard and outboard ends 280, 282 against one another and rotating
them about the longitudinal central axis D. Joint 256 is generally located between outboard
bearing receiving bore 258 of outboard portion 252 and inboard bearing receiving bore 262 of
inboard portion 254 in an area that experiences relatively low stress in wheel hub 250. Joint 256
may be located more proximal to the outboard bearing receiving bore 258 than to the drum and
wheel rim mounting surface 266 or the reservoir channel 278. Joint 256 is machined after
welding, such that displaced material, or flash curl, is removed from the outer surface of the
joint. The inner surface of the joint 256 is partially machined, such that a portion of the weld
flash curl may be used to form an end surface 257 of outboard bearing receiving bore 258 for
engaging a bearing cup of the outboard bearing assembly. This results in a simplification of
forging or forming the outboard portion 252 and inboard portion 254 and a reduction in the
amount of machining required and the associated cost.

[0064] The bosses 286 include openings 288 for receiving fasteners (not shown) to attach a
wheel hub cap (not shown) to wheel hub 250. The bosses 286 can be formed integrally with the
outer segment optimizing the cost and amount of material used. This may also reduce the weight
of wheel hub 250, the amount of time required to manufacture wheel hub 250, and cost
associated with waste material lost to machining. Other hub cap attachment arrangements may
be employed without detracting from the disclosed subject matter. Thus, wheel hub 250
provides relatively good strength and performance and reduced weight, porosity, and cost of

manufacturing and materials associated with forming the wheel hub.
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[0065] A wheel hub 350 (FIG. 10), according to another aspect, is similar in construction
and arrangement to wheel hub 150 and formed from three discrete pieces or components joined
together. Wheel hub 350 includes an outboard portion 352 and an intermediate portion 353
connected together at joint 355. The intermediate portion 353 and an inboard portion 354 are
connected together at joint 356. Outboard and intermediate portions 352, 353 are generally
barrel-shaped. Intermediate portion 353 includes an inboard end 380 and an outboard end 381.
Outboard portion 352 includes an inboard end 383, one or more bosses 386, an outboard bearing
cup engaging end surface 357, and an outboard bearing receiving surface 358. Outboard bearing
receiving bore 358 is machined to narrow tolerances and receives an outboard bearing (not
shown). Bosses 386 include openings 388 for receiving fasteners (not shown) to attach a wheel
hub cap (not shown).

[0066] Outboard and intermediate portions 352, 353 preferably may be formed by forging
and joined at joint 355 by friction or laser welding. This allows excess metal material to be
machined away from the inner and outer surfaces of the joint 355, reducing the weight of the
wheel hub 350. Bosses 386 may be formed integrally with the outboard portion 352 during
forging. This may result in reduced weight and lower manufacturing and material costs
associated with forming the wheel hub 350.

[0067] Inboard portion 354 is formed with an inboard barrel 376 and an outboard barrel 377
on axially opposite sides of a radially extending wheel mounting flange 360. Inboard portion
354 also includes an inboard bearing cup engaging end surface 373 and an inboard bearing
receiving bore 362. Inboard bearing receiving bore 362 is machined to a narrow tolerance and

receives an inboard bearing (not shown). Inboard portion 354 also includes an outboard end 382,
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a main seal bore 364, a drum and wheel rim mounting surface 366, and openings (not shown)
that receive mounting studs (not shown). Each of outboard end 382, main seal bore 364, drum
and wheel rim mounting surface 366, and the mounting stud openings are machined to narrow
tolerances. Wheel mounting flange 360 is formed with openings 370 for receiving removable
pilot studs 372.

[0068] A reservoir or channel 378 is formed in the inboard portion 354. A majority of the
volume of the reservoir channel 378 is located radially inward of the wheel mounting flange 360.
The reservoir channel 378 may have a portion with an inner diameter that is greater than an outer
diameter of the barrel 376. The reservoir channel 378 provides a volume for additional lubricant
to occupy and further lessens the weight of the hub 350 by displacing metal material. Locating
the reservoir channel 378 in the area of the inboard bearing receiving bore 362 makes available a
relatively large amount of lubrication near the inboard bearing where better lubrication is often
needed.

[0069] Inboard ends 380, 383 and outboard ends 381, 382 may be formed as flat annular
surfaces, contained in a plane substantially perpendicular to a longitudinal central axis E of
wheel hub 350. Inboard end 383 and outboard end 381 of the intermediate portion 353 may be
arranged to abut one another to connect at joint 355 by suitable processes, such as friction or
laser welding, as is known. Joint 355 is located in the region of the outboard bearing receiving
bore 358. Inboard end 380 of the intermediate portion 353 and outboard end 382 may be
arranged to abut one another to connect at joint 356 by suitable processes, such as friction or
laser welding, as is known. Joints 355, 356 are generally located between outboard bearing

receiving bore 358 and inboard bearing receiving bore 362 in areas that exhibit relatively low
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stress in wheel hub 350. Each of the outboard, intermediate, and inboard portions 352, 353, 354,
respectively, may be joined in any suitable sequence. As a result, wheel hub 350 provides
relatively good strength, relatively good performance, reduced weight, minimal if any porosity,
and relatively low cost of manufacturing and materials.

[0070] The above-described construction of wheel hub 100, 130, 150, 250, 350 of the
disclosed subject matter provides a wheel hub that is lighter in weight, more economical to
manufacture, and exhibits improved physical properties when compared to prior art one-piece
wheel hub 42.

[0071] Specifically, forming wheel hub 100, 130, 150, 250, 350 from two or more discrete
portions 102, 104, 132, 134, 152, 154, 252, 254, 352, 353, 354, respectively, and then joining the
portions together, enables each portion to be cast or forged as a smaller unit or formed from other
processes. By employing smaller castings, wheel hubs 100, 130, 150, 250, 350 have reduced
potential for porosity issues. Casting or forging of smaller, less complex shapes enables better
control over critical surfaces, more efficient machining, and reduced weight of wheel hub 100,
130, 150, 250, 350 when compared to prior art wheel hub 42. Casting or forging wheel hub 100,
130, 150, 250, 350 from two or more discrete portions optimizes the amount of raw material
employed to form the wheel hub and reduces the amount of scrap compared to prior art wheel
hub 42. This decreases the cost of forming the wheel hub 100, 130, 150, 250, 350.

[0072] Formation of portions wheel hub 102, 104, 132, 134, 152, 154, 252, 254, 352, 353,
354 from processes other than casting, such as forging, increases the available selection of
materials. This allows for individualized optimization of wheel hub portions 102, 104, 132, 134,

152, 154, 252, 254, 352, 353, 354 for specific properties. This enables wheel hub 100, 130, 150,
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250, 350 to be lighter in weight, to include improved strength-to-weight ratios, and to exhibit
additional desirable physical properties or attributes while reducing the cost of materials and
manufacturing.

[0073] It is to be understood that the structure and function of the disclosed subject matter
may be altered or rearranged, or certain components omitted or added, without affecting the
overall concept or operation. It is to be understood that materials and manufacturing processes
other than those described above may be employed for the disclosed subject matter wheel hub
without affecting the overall concept or operation. It is also to be understood that the disclosed
subject matter finds application in all types of wheel hubs and wheel end assemblies, including
other types of wheel hubs and wheel end assemblies than those shown and described without
affecting the concept or operation. While wheel hubs 100, 130, 150, 250, 350 are described and
illustrated for use with drum brakes, the concepts may apply to other types of braking systems,
for example air disc brakes with rotors.

[0074] When introducing elements or features of the present disclosure and the exemplary

aspects, the articles "a", "an" and "the" are intended to mean that there are one or more of such

"non
2

elements or features. The terms "comprising", "including", and "having" are intended to be
inclusive and mean that there may be additional elements or features other than those specifically
noted. It is further to be understood that the method steps, processes, and operations described
herein are not to be construed as necessarily requiring their performance in the particular order

discussed or illustrated, unless specifically identified as an order of performance. It is also to be

understood that additional or alternative steps may be employed.
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[0075] Although the description has been shown and described with respect to one or more,
aspects, applications, or implementations, it will occur to those skilled in the art, based upon a
reading and understanding of this description and the drawings, that equivalent alterations and
modifications may be made without detracting from the spirit and scope of the, aspects or
implementations in the description and drawings. The description, drawings, and claims are
intended to include all such modifications and alterations.

[0076] Having now described the features, discoveries and principles of the disclosed
subject matter, the manner in which the wheel hub for heavy-duty vehicles is used, the properties
of the construction, arrangement and method steps, and the advantageous, new and useful results
obtained, the new and useful structures, devices, elements, arrangements, process, parts and

combinations are set forth in the appended claims.
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WHAT IS CLAIMED IS:

1. A wheel hub for a heavy-duty vehicle comprising:

a first tubular hub segment having an annular first end surface;

a second tubular hub segment having an annular second end surface and a radially-outward
extending flange; and

a continuous circumferential joint formed at an interface of the annular first end surface and
annular second end surface, said joint being located outboard of said radially-outward extending

flange.

2. The wheel hub for a heavy-duty vehicle of claim 1 further including one or more of the first
tubular hub segment and second tubular hub segment being formed by at least one process chosen

from the group consisting of forging, casting, and swaging.

3. The wheel hub for a heavy-duty vehicle of claim 2, wherein each of the first and second

tubular hub segments being formed by a different process.

4. The wheel hub for a heavy-duty vehicle of claim 1 wherein the continuous circumferential
joint is formed by at least one process selected from the group consisting of friction welding and

induction butt welding.

5. The wheel hub for a heavy-duty vehicle of claim 1 further including the first tubular hub

segment having a first bearing receiving bore and the second tubular hub segment having a second
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bearing receiving bore, the continuous circumferential joint located between the first bearing

receiving surface and the second bearing receiving surface.

6. The wheel hub for a heavy-duty vehicle of claim 1 wherein the flange of the second tubular

hub segment includes a wheel mounting surface and a plurality of pilot openings in the flange.

7. The wheel hub for a heavy-duty vehicle of claim 6 further including a plurality of removable
pilot studs, each of the plurality of removable pilots studs being receivable in a respective one of the

plurality of pilot openings.

8. The wheel hub for a heavy-duty vehicle of claim 6 further including a plurality of openings
on the wheel mounting flange, each of the plurality of openings receiving a respective wheel

mounting stud.

9. A wheel hub for a heavy-duty vehicle comprising:

a first tubular hub segment having a body with an annular first end surface; and

a second tubular hub segment having a body with an annular second end surface and a
flange extending radially outward from the body, at least one of the first tubular hub segment and
second tubular hub segment being forged; and

a continuous circumferential joint formed at an interface of the annular first end surface and

the annular second end surface.
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10.  The wheel hub for a heavy-duty vehicle of claim 9 wherein the continuous circumferential
joint is formed by at least one process selected from the group consisting of friction welding and

induction butt welding.

11.  The wheel hub for a heavy-duty vehicle of claim 9 further including the first tubular hub
segment having a first bearing receiving bore and the second tubular hub segment having a second
bearing receiving bore, the continuous circumferential joint located between the first bearing

receiving surface and the second bearing receiving surface.

12.  The wheel hub for a heavy-duty vehicle of claim 9 where another of the at least one of the

first tubular hub segment and second tubular hub segment is formed by casting.

13.  The wheel hub for a heavy-duty vehicle of claim 9 wherein the flange includes a wheel

mounting surface and a plurality of pilot openings.

14.  The wheel hub for a heavy-duty vehicle of claim 13 further including a plurality of
removable pilot studs, each of the plurality of removable pilot studs being receivable in a respective

one of the plurality of pilot openings.

15. A wheel hub for a heavy-duty vehicle comprising:
a first tubular hub segment having a first annular end surface;
a second tubular hub segment having a second annular end surface and a third annular end

surface;
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a third tubular hub segment having a fourth annular end surface and a flange;

a first continuous circumferential joint formed at an interface of the first annular end surface
and the second annular end surface; and

a second continuous circumferential joint formed at an interface of the third annular end

surface and the fourth annular end surface.

16.  The wheel hub for a heavy-duty vehicle of claim 15 wherein at least one of the first and
second continuous circumferential joints is formed by at least one process selected from the group

consisting of friction welding and induction butt welding.

17.  The wheel hub for a heavy-duty vehicle of claim 16 further including a first bearing
receiving bore formed in the first tubular hub segment and a second bearing receiving bore formed
in the third tubular hub segment, the first continuous circumferential joint located within the first
bearing receiving bore, the second continuous circumferential joint located between the first and

second bearing receiving bores.

18.  The wheel hub for a heavy-duty vehicle of claim 15 further including at least one of the first
tubular hub segment, second tubular hub segment, and third tubular hub segment being cast and at
least one other of the first tubular hub segment, second tubular hub segment, and third tubular hub

segment being forged.

19.  The wheel hub for a heavy-duty vehicle of claim 15 further including the flange of the third

tubular hub segment having a wheel mounting surface and a plurality of pilot openings.
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20.  The wheel hub for a heavy-duty vehicle of claim 19 further including a plurality of
removable pilot studs, each of the plurality of removable pilot studs being receivable in a respective

one of the plurality of pilot openings.

21. A wheel hub for a heavy-duty vehicle comprising:

a first tubular hub segment having an annular first end surface;

a second tubular hub segment having an annular second end surface and a radially-outward
extending flange, said flange including a wheel mounting surface, a plurality of pilot openings, and
a plurality of openings receiving a respective wheel mounting stud; and

a continuous circumferential joint formed at an interface of the annular first end surface and

annular second end surface.

22. A wheel hub for a heavy-duty vehicle comprising:

a first tubular hub segment having a planar annular first end surface;

a second tubular hub segment having a planar annular second end surface and a radially-
outward extending flange, said planar annular second end surface abutting said planar annular first
end surface to form an interface; and

a continuous circumferential joint formed at the interface of the planar annular first end

surface and the planar annular second end surface.

23.  The wheel hub for a heavy-duty vehicle of claim 22 further including one or
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more of the first tubular hub segment and second tubular hub segment being formed by at least one

process chosen from the group consisting of forging, casting, and swaging.

24.  The wheel hub for a heavy-duty vehicle of claim 23, wherein each of the first and second

tubular hub segments being formed by a different process.

25. The wheel hub for a heavy-duty vehicle of claim 22 wherein the continuous circumferential
joint is formed by at least one process selected from the group consisting of friction welding and

induction butt welding.

26.  The wheel hub for a heavy-duty vehicle of claim 22 further including the first tubular hub
segment having a first bearing receiving bore and the second tubular hub segment having a second
bearing receiving bore, the continuous circumferential joint located between the first bearing

receiving surface and the second bearing receiving surface.

27.  The wheel hub for a heavy-duty vehicle of claim 22 wherein the flange of the second tubular

hub segment includes a wheel mounting surface and a plurality of pilot openings in the flange.

28.  The wheel hub for a heavy-duty vehicle of claim 27 further including a plurality of
removable pilot studs, each of the plurality of removable pilots studs being receivable in a

respective one of the plurality of pilot openings.
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29.  The wheel hub for a heavy-duty vehicle of claim 27 further including a plurality of openings
on the wheel mounting flange, each of the plurality of openings receiving a respective wheel

mounting stud.

30.  The wheel hub for a heavy-duty vehicle of claim 22 wherein at least one of the

first tubular hub segment and the second tubular hub segment is forged.

31.  The wheel hub for a heavy-duty vehicle of claim 30 wherein the other one of the at least one

of the first tubular hub segment and the second tubular hub segment is cast.

32.  The wheel hub for a heavy-duty vehicle of claim 1 wherein at least one of the

first tubular hub segment and the second tubular hub segment is forged.

33.  The wheel hub for a heavy-duty vehicle of claim 32 wherein the other one of the at least one

of the first tubular hub segment and the second tubular hub segment is cast.
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