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ABSTRACT

An axle assembly and method of manufacture. The axle
assembly may include a sleeve that is disposed in a spindle
and that is in sealing engagement with the spindle proximate
opposing ends. The sleeve has a smaller diameter than the
spindle such that a fluid passage is provided between the
spindle and the sleeve.
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AXLE ASSEMBLY HAVING A FLUID
PASSAGE AND METHOD OF
MANUFACTURE

TECHNICAL FIELD

[0001] This disclosure relates to an axle assembly that has
a housing assembly that has a fluid passage and a method of
manufacture.

BACKGROUND

[0002] An axle assembly having an axle housing is dis-
closed in U.S. patent application Ser. No. 16/594,795.

SUMMARY

[0003] In at least one embodiment, an axle assembly is
provided. The axle assembly may include a spindle and a
sleeve. The spindle may have a spindle hole that may extend
along an axis from a first end of the spindle to a second end
of the spindle. The sleeve may be disposed in the spindle
hole and may have a first sleeve end and a second sleeve end
that are in sealing engagement with the spindle. At least a
portion of the sleeve may be smaller than the spindle
between the first sleeve end and the second sleeve end such
that a fluid passage is provided between the spindle and the
sleeve.

[0004] In at least one embodiment, an axle assembly is
provided. The axle assembly may include a spindle, a sleeve,
a first weld, and a second weld. The spindle may have a
spindle hole that may extend along an axis from a first end
of'the spindle to a second end of the spindle. The sleeve may
be disposed in the spindle hole. The sleeve may have a first
sleeve end and a second sleeve end. The first weld may
extend around the axis and may join the first end and the first
sleeve end. The second weld may extend around the axis and
may join the second end to the second sleeve end. The sleeve
may have a smaller diameter than the spindle between the
first sleeve end and the second sleeve end such that a fluid
passage is provided between the spindle and the sleeve.
[0005] In atleast one embodiment, a method of making an
axle assembly is provided. The method may include pro-
viding a spindle that may have a spindle hole that extends
along an axis from a first end of the spindle to a second end
of the spindle. A sleeve may be provided that has a first
sleeve end and a second sleeve end. The sleeve may be
inserted into the spindle hole such that there is a gap between
the spindle and the sleeve between the first sleeve end and
the second sleeve end. First and second air impermeable
connections may be provided between the spindle and the
sleeve proximate the first and second sleeve ends, respec-
tively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view of an example of an
axle assembly.
[0007] FIG. 2 is a perspective view of an example of an

axle housing that may be provided with the axle assembly.
[0008] FIG. 3 is an exploded view of a portion of the axle
housing that illustrates examples of a spindle and a sleeve.

[0009] FIG. 4 is a section view of a portion of the axle
housing along section line 4-4 with the axle shaft omitted for
clarity.

[0010] FIG. 5is a section view of another configuration of

the portion of the axle housing.
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[0011] FIG. 6 is a section view of another configuration of
a portion of the axle housing with the axle shaft omitted for
clarity.
[0012] FIGS. 7 and 8 are magnified views of portions of
FIG. 6.
[0013] FIGS. 9 and 10 are magnified views of that show

examples of a sealant disposed between the spindle and the
sleeve.

[0014] FIGS. 11 and 12 are magnified views of that show
examples of a seal disposed between the spindle and the
sleeve.

[0015] FIG. 13 is a section view of another configuration
of a portion of the axle housing with the axle shaft omitted
for clarity that has a sleeve having a shorter axial length.
[0016] FIG. 14 is a magnified view of a portion of FIG. 13.
[0017] FIGS. 15 and 16 are magnified views that show
examples of a sealant disposed between the spindle and the
sleeve that may be provided with the configuration shown in
FIG. 13.

[0018] FIGS. 17 and 18 are magnified views that show
examples of a seal disposed between the spindle and the
sleeve that may be provided with the configuration shown in
FIG. 13.

DETAILED DESCRIPTION

[0019] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be under-
stood that the disclosed embodiments are merely exemplary
of the invention that may be embodied in various and
alternative forms. The figures are not necessarily to scale;
some features may be exaggerated or minimized to show
details of particular components. Therefore, specific struc-
tural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a representative basis
for teaching one skilled in the art to variously employ the
present invention.

[0020] Referring to FIG. 1, an example of an axle assem-
bly 10 is shown. The axle assembly 10 may be provided with
a vehicle like a truck, bus, farm equipment, mining equip-
ment, military transport or weaponry vehicle, or cargo
loading equipment for land, air, or marine vessels. The
vehicle may include a trailer for transporting cargo in one or
more embodiments.

[0021] The axle assembly 10 may be part of a vehicle
drivetrain that may provide torque to one or more traction
wheel assemblies that may include a tire mounted on a
wheel. One or more axle assemblies may be provided with
the vehicle. For example, the axle assembly 10 may be part
of a tandem axle configuration or multi-axle configuration
that may include a plurality of axle assemblies that may be
connected in series. The axle assembly 10 may include a
housing assembly 20, a differential assembly 22, and at least
one axle shaft 24.

[0022] Referring to FIGS. 1 and 2, the housing assembly
20 may receive various components of the axle assembly 10.
In addition, the housing assembly 20 may facilitate mount-
ing of the axle assembly 10 to the vehicle. The housing
assembly 20 may include an axle housing 30 and a differ-
ential carrier 32.

[0023] The axle housing 30 may receive and support the
axle shafts 24. In at least one embodiment, the axle housing
30 may include a center portion 40 and at least one arm
portion 42. A spindle 44 and a sleeve 46 may also be
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provided with the axle housing 30 and may extend from or
may be provided with at least one arm portion 42.

[0024] The center portion 40 may be disposed proximate
the center of the axle housing 30. The center portion 40 may
define an opening and a cavity that may receive the differ-
ential assembly 22. For example, the differential carrier 32
may be mounted to the center portion 40 such that a portion
of the differential carrier 32 may extend through the opening
in the center portion 40 and the differential assembly 22 may
be received inside the center portion 40. A lower region of
the center portion 40 may at least partially define a sump
portion that may contain lubricant. Splashed lubricant may
flow down the sides of the center portion 40 and may flow
over internal components of the axle assembly 10 and gather
in the sump portion.

[0025] One or more arm portions 42 may extend from the
center portion 40. For example, two arm portions 42 may
extend in opposite directions from the center portion 40 and
away from the differential assembly 22. An arm portion 42
may be adapted to receive an axle shaft 24. For example, an
arm portion 42 may have a hollow configuration or tubular
configuration that may extend around a corresponding axle
shaft 24 and may help separate or isolate the axle shaft 24
from the surrounding environment. The arm portion 42 may
also extend around an axis 50. The axle shaft 24 and/or a
vehicle wheel may be rotatable about the axis 50. An arm
portion 42 or a portion thereof may be integrally formed
with the center portion 40. Alternatively, an arm portion 42
may be separate from the center portion 40. In such a
configuration, each arm portion 42 may be attached to the
center portion 40 in any suitable manner, such as by welding
or with one or more fasteners.

[0026] An arm portion 42 may include an arm portion end
surface 60. The arm portion end surface 60 may be disposed
at a distal end of the arm portion 42 that may face away from
and may be disposed opposite the center portion 40. In at
least one configuration, the arm portion end surface 60 may
be disposed substantially perpendicular to the axis 50.
[0027] A brake mounting flange 62 may be provided with
the arm portion 42 to facilitate mounting of a brake assem-
bly. The brake mounting flange 62 may be axially positioned
or positioned along the axis 50 between the center portion 40
and the arm portion end surface 60.

[0028] Referring to FIGS. 2-4, the spindle 44 may extend
along or around the axis 50. The spindle 44 may be con-
figured to support a wheel hub of a wheel end assembly. For
instance, the spindle 44 may be received inside one or more
wheel bearings that may rotatably support the wheel hub.
The wheel hub may facilitate mounting of a wheel upon
which a tire may be disposed. The spindle 44 may be
provided with an axle assembly having a steerable or a
non-steerable configuration. In a steerable configuration, the
spindle 44 may be provided with and may be fixedly
positioned with respect to a supporting structural component
that may be referred to as a steering knuckle. In a non-
steerable configuration, the spindle 44 may extend from and
may be fixedly positioned with respect to an arm portion 42
of the axle housing 30. For convenience in reference, the
term axle housing may be used to generically refer to a
supporting structural component that may be a steering
knuckle or an axle housing having an arm portion 42. The
spindle 44 will be primarily described below with respect to
a non-steerable configuration. In a steerable configuration or
a non-steerable configuration, the spindle 44 may include a
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first end 70, a second end 72, an exterior side 74, an interior
side 76, a spindle hole 78, a first port 80, and optionally a
second port 82. These features are best shown with reference
to FIGS. 3 and 4.

[0029] The first end 70, which may also be referred to as
a first end surface, may be disposed proximate a supporting
structural component, such as the axle housing 30. For
example, the first end 70 may face toward and may contact
or engage the arm portion end surface 60 of an arm portion
42 of the axle housing 30. In at least one configuration, the
first end 70 may be disposed substantially parallel to the arm
portion end surface 60 and may be disposed substantially
perpendicular to the axis 50.

[0030] The second end 72 may be disposed opposite the
first end 70. As such, the second end 72 may face away from
the supporting structural component, such as the arm portion
42 of the axle housing 30. The second end 72 may be a distal
end surface of the axle housing 30.

[0031] The exterior side 74 may face away from the axis
50. The exterior side 74 may extend from the first end 70 to
the second end 72 and may include one or more exterior
surfaces that may be disposed at various distances from the
axis 50. One or more wheel bearings may engage or contact
the exterior side 74.

[0032] The interior side 76 may be disposed opposite the
exterior side 74. As such, the interior side 76 may face
toward the axis 50. The interior side 76 may extend from the
first end 70 to the second end 72 and may include a plurality
of interior surfaces. For instance, the interior side 76 may
include a first inner surface 90, a second inner surface 92, a
third inner surface 94, a fourth inner surface 96, and a step
surface 98, which are best shown in FIG. 4.

[0033] The first inner surface 90 may extend from the first
end 70. The first inner surface 90 may face toward the axis
50. In at least one configuration, the first inner surface 90
may extend continuously around the axis 50 and may have
a first diameter.

[0034] The second inner surface 92 may be axially posi-
tioned between the first inner surface 90 and the third inner
surface 94. The second inner surface 92 may face toward the
axis 50 and may be spaced apart from the first inner surface
90. The second inner surface 92 may extend continuously
around the axis 50 and may have a second diameter that may
be smaller than the first diameter.

[0035] The third inner surface 94 may extend between the
second inner surface 92 and the fourth inner surface 96. In
at least one configuration, the third inner surface 94 may
extend from an end of the second inner surface 92 that may
be disposed opposite the step surface 98 to an end of the
fourth inner surface 96. The third inner surface 94 may face
toward the axis 50, may extend around the axis 50, and may
not have a constant diameter. For instance, the third inner
surface 94 may have a tapered configuration in which the
diameter of the third inner surface 94 becomes progressively
smaller in an axial direction that extends from the first end
70 toward the second end 72.

[0036] The fourth inner surface 96 may extend between
the third inner surface 94 and the second end 72. In at least
one configuration, the fourth inner surface 96 may extend
from an end of the third inner surface 94 that may be
disposed opposite the second inner surface 92 to the second
end 72. The fourth inner surface 96 may face toward the axis
50. In at least one configuration, the fourth inner surface 96
may extend continuously around the axis 50 and may have



US 2021/0237508 Al

a diameter that may be smaller than the first diameter and the
second diameter. As an example, the fourth inner surface 96
may have a diameter of 64.0 mm.

[0037] The step surface 98 may extend from the first inner
surface 90 to the second inner surface 92. For instance, the
step surface 98 may extend from an end of the first inner
surface 90 to an end of the second inner surface 92. In at
least one configuration, the step surface 98 may be disposed
substantially perpendicular to the axis 50. The step surface
98 may act as a stop that may limit the distance the sleeve
46 can be inserted into the spindle hole 78. It is also
contemplated that the step surface 88 may be omitted in a
configuration where the second inner surface 92 has the
same diameter as the first inner surface 90, in which case the
second inner surface 92 is effectively replaced by the first
inner surface 90.

[0038] The spindle hole 78 may extend from the first end
70 to the second end 72 and may be defined by or at least
partially defined by the interior side 76. The spindle hole 78
may receive the sleeve 46 and may cooperate with the sleeve
46 to at least partially define a fluid passage 100 as will be
discussed in more detail below.

[0039] The first port 80 may provide a connection to the
fluid passage 100. The first port 80 may be disposed in the
spindle 44. For instance, the first port 80 may extend from
the exterior side 74 to the interior side 76 of the spindle 44
and thus may extend to the fluid passage 100. The first port
80 may be axially positioned closer to the first end 70 than
the second port 82. For example, the first port 80 may be
axially positioned such that the first port 80 may extend from
the exterior side 74 to the third inner surface 94 of the
interior side 76. The first port 80 may be disposed substan-
tially perpendicular to the axis 50 and one or more embodi-
ments.

[0040] The second port 82 may also provide a connection
to the fluid passage 100. The second port 82 may be spaced
apart from the first port 80. For instance, the second port 82
may be axially positioned closer to the second end 72 than
the first end 70 and may be axially positioned closer to the
second end 72 than the first port 80. In the configuration
shown in FIG. 4, the second port 82 is disposed in the
spindle 44 and may extend from the exterior side 74 to the
interior side 76. For instance, the second port 82 may extend
from the exterior side 74 to the fourth inner surface 96, and
thus may extend of the fluid passage 100. The second port
82 may be spaced apart from the second end 72 and may be
disposed substantially perpendicular to the axis 50 in such a
configuration. In the configuration shown in FIG. 5, the
second port 82 is disposed proximate the second end 72 of
the spindle 44 and may be provided in or may extend
through a second weld 122 that may couple or join the sleeve
46 to the spindle 44 as will be discussed in more detail
below.

[0041] Referring to FIGS. 3 and 4, the sleeve 46 may be
disposed in the spindle hole 78 and may cooperate with the
spindle 44 to at least partially define the fluid passage 100.
The sleeve 46 may be fixedly positioned with respect to the
spindle 44 and at least a portion of the sleeve 46 may be
spaced apart from the spindle 44. In at least one configura-
tion, the sleeve 46 may include a first sleeve end 110, a
second sleeve end 112. The sleeve 46 may also include one
or more of a mounting flange 114, a connecting portion 116,
and a tubular body 118. The sleeve 46 and the spindle 44
may or may not have substantially the same axial length.

Aug. 5,2021

[0042] The first sleeve end 110, which may also be
referred to as a first sleeve end surface, may be disposed
proximate or adjacent to the first end 70 of the spindle 44.
The first sleeve end 110 may face toward the axle housing
30. In at least one configuration, the first sleeve end 110 may
be substantially aligned with the first end 70 of the spindle
44. The first sleeve end 110 may be spaced apart from the
axle housing 30 and may not be attached to the axle housing
30 prior to joining or welding as will be discussed in more
detail below.

[0043] The second sleeve end 112 may be disposed oppo-
site the first sleeve end 110. As such, the second sleeve end
112 may face away from the supporting structural compo-
nent, such as a steering knuckle or arm portion 42 of the axle
housing 30. The second sleeve end 112 may be disposed
proximate the second end 72 of the spindle 44. The second
sleeve end 112 may be detached from the spindle 44 and
may be spaced apart from the spindle 44 prior to joining the
sleeve 46 to the spindle 44 as will be discussed in more detail
below.

[0044] The mounting flange 114 may extend from the first
sleeve end 110. In at least one configuration, the mounting
flange 114 may engage or contact the interior side 76 of the
spindle 44. For instance, the mounting flange 114 may have
an exterior surface that may face away from the axis 50 and
that may engage or contact the first inner surface 90 of the
spindle 44. In at least one configuration, the mounting flange
114 may extend continuously around the axis 50 and may
have an outside diameter that may be larger than an outside
diameter of the connecting portion 116. The mounting flange
114 may be spaced apart from the second inner surface 92
of the spindle 44 and optionally may be spaced apart from
the step surface 98 of the spindle 44.

[0045] The connecting portion 116 may extend between
the mounting flange 114 and the tubular body 118. In at least
one configuration, the connecting portion 116 may extend
from an end of the mounting flange 114 that may be disposed
opposite the first sleeve end 110 to an end of the tubular body
118. The connecting portion 116 may be spaced apart from
the spindle 44. In addition, the connecting portion 116 may
not have a constant diameter. For instance, the connecting
portion 116 may have a tapered configuration in which the
diameter of the connecting portion 116 becomes progres-
sively smaller in an axial direction that extends from the
mounting flange 114 toward the tubular body 118. Thus,
mounting flange 114 may have a larger diameter or larger
outside diameter than the connecting portion 116. In at least
one configuration, the connecting portion 116 may be
received inside the portion of the spindle hole 78 defined by
the second inner surface 92, the third inner surface 94, or
combinations thereof.

[0046] The tubular body 118 may extend between the
connecting portion 116 and the second sleeve end 112. For
example, the tubular body 118 may extend from an end of
the connecting portion 116 to the second sleeve end 112. The
tubular body 118 may be spaced apart from the spindle 44.
For instance, the tubular body 118 may have an exterior
surface that may face away from the axis 50 and that may be
spaced apart from the interior side 76 of the spindle 44. In
at least one configuration, the tubular body 118 may extend
continuously around the axis 50 and may have an outside
diameter that may be smaller than the outside diameter of the
mounting flange 114 and the connecting portion 116. As an
example, the tubular body 118 may have an outside diameter
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of 60.0 mm. The tubular body 118 may be received inside
the portion of the spindle hole 78 defined by the third inner
surface 94, the fourth inner surface 96, or combinations
thereof.

[0047] Referring primarily to FIGS. 4 and 5, the sleeve 46
may be joined to the spindle 44 in any suitable manner. In
at least one configuration, the sleeve 46 may be joined the
spindle 44 with a first weld 120 and a second weld 122.
[0048] The first weld 120 may join the arm portion 42, the
spindle 44, and the sleeve 46. The first weld 120 may be
provided at the first end 70 of the spindle 44. In at least one
configuration, the first weld 120 may extend continuously
around the axis 50 and may join the first end 70 of the
spindle 44 to the first sleeve end 110 of the sleeve 46.
[0049] The second weld 122 may join the spindle 44 and
the sleeve 46. The second weld 122 may be provided at the
second end 72 of the spindle 44. In at least one configura-
tion, the second weld 122 may extend continuously around
the axis 50 and may join the second end 72 of the spindle 44
to the second sleeve end 112 of the sleeve 46. For instance,
the configurations shown in FIGS. 4 and 5 may employ a
continuous weld. In the configuration shown in FIG. 5,
material may be removed from the second weld 122 to form
the second port 82. Alternatively, the second weld 122 may
join the second end 72 of the spindle 44 to the second sleeve
end 112 but may not extend continuously around the axis 50.
Instead, the second weld 122 may be discontinuous and the
second port 82 or a fitting that defines the second port 82
may be positioned opposing distal ends of the second weld
122 in a configuration like that shown in FIG. 5.

[0050] Referring primarily to FIGS. 4 and 5, the fluid
passage 100 may be located inside the spindle 44 between
the spindle 44 and the sleeve 46. For example, the fluid
passage 100 may be provided where the outer side of sleeve
46 that faces away from the axis 50 is spaced apart from
disposed closer to the axis 50 than the interior side 76 of the
spindle 44. In at least one configuration, the fluid passage
100 may be provided where the outer side of the sleeve 46
has a smaller diameter and is spaced apart from the interior
side 76 of the spindle 44. The fluid passage 100 may extend
in a radial direction between the interior side 76 of the
spindle 44 and the sleeve 46. The fluid passage 100 may be
axially positioned between the first sleeve end 110 and the
second sleeve end 112. For instance, the fluid passage 100
may extend in an axial direction between the first weld 120
and the second weld 122. As another example, the fluid
passage 100 may extend in an axial direction from where the
mounting flange 114 of the sleeve 46 engages or contacts the
first inner surface 90 of the spindle 44 to the second weld
122. Thus, the spindle 44 may be spaced apart from the
sleeve 46 between the mounting flange 114 of the sleeve 46
and the second weld 122. The fluid passage 100 may be
larger between the connecting portion 116 of the sleeve 46
and the spindle 44 than between the tubular body 118 and the
spindle 44. For instance, the connecting portion 116 may be
disposed further from the third inner surface 94 of the
spindle 44 than the tubular body 118 is disposed from the
fourth inner surface 96 of the spindle 44.

[0051] Referring to FIG. 1, the differential carrier 32,
which may also be called a carrier housing, may be mounted
on the center portion 40 of the axle housing 30. The
differential carrier 32 may support the differential assembly
22. For instance, the differential carrier 32 may include one
or more bearing supports that may facilitate mounting of a

Aug. 5,2021

roller bearing assembly that may rotatably support the
differential assembly 22. The differential carrier 32 may be
configured as a single component or as multiple components
that are assembled to each other. In at least one configura-
tion, the differential carrier 32 may be mounted to the center
portion 40 of the axle housing 30 with fasteners such as
bolts.

[0052] Referring to FIG. 1, the differential assembly 22
may be disposed in the center portion 40 of the housing
assembly 20. The differential assembly 22 may transmit
torque from a power source, such as an engine or an electric
motor, to the vehicle traction wheels and permit the traction
wheels to rotate at different velocities. An abbreviated
discussion of the operation of the differential assembly 22
follows with reference to FIG. 1, beginning with the input
yoke 130 shown in FIG. 1. However, it is to be understood
that the input yoke 130 may be omitted and that the power
source may be operatively connected to the drive pinion
without an input yoke.

[0053] The input yoke 130 may be coupled to a vehicle
drivetrain component, such as a drive shaft, that may be
coupled to an output of a vehicle transmission or transfer
case, which in turn may receive torque from the vehicle
power source. Alternatively, the input yoke 130 may be
operatively connected to an output of another axle assembly.
The input yoke 130 may be operatively connected to a drive
pinion. The drive pinion may provide torque to a ring gear
of' the differential assembly 22 and may rotate the differential
assembly 22 about the axis 50. The differential assembly 22
may be operatively connected to the axle shafts 24 and may
permit the axle shafts 24 to rotate at different rotational
speeds in a manner known by those skilled in the art. As
such, the differential assembly 22 may receive torque via the
ring gear and provide torque to the axle shafts 24.

[0054] An axle shaft 24 may transmit torque from the
differential assembly 22 to a corresponding traction wheel.
For example, two axle shafts 24 may be provided such that
each axle shaft 24 extends through a different arm portion 42
of axle housing 30. In at least one configuration, the axle
shafts 24 may extend along and may be rotated about the
axis 50 by the differential assembly 22. Each axle shaft 24
may have a first end and a second end. The first end may be
operatively connected to the differential assembly 22. The
second end may be disposed opposite the first end and may
be operatively connected to a wheel hub. As one nonlimiting
example, the axle shaft 24 may include an axle flange 140
that may be disposed proximate the second end of the axle
shaft 24 and may facilitate coupling of the axle shaft 24 to
the wheel hub. It is also contemplated that the axle flange
140 may be omitted and that the axle shaft 24 may be
directly or indirectly connected to the wheel hub with other
features, such as mating splines, an intervening gear set, or
any suitable coupling or fitting as known by those skilled in
the art.

[0055] An axle assembly having a spindle 44 and a sleeve
46 may be manufactured in various ways.

[0056] The spindle 44 may be initially provided with or
without ports. For instance, a port, such as the first port 80,
the second port 82, or both, may be provided before or after
the sleeve 46 is assembled to the spindle 44. A port may be
formed in the spindle 44 when the spindle 44 is made, such
as by casting a port into the spindle 44. Alternatively, a port
may be provided by removing material from the spindle 44,
such as by drilling a hole through the spindle 44. Providing



US 2021/0237508 Al

a port after joining the spindle 44 to the arm portion 42 as
discussed below may simplify manufacturing in that the
rotational position of the spindle 44 about the axis 50 may
not need to be controlled during assembly to obtain a desired
orientation of the port or ports.

[0057] The sleeve 46 may be inserted into the spindle hole
78 such that there is a gap 150 between the spindle 44 and
the sleeve 46. This gap 150 may partially define the fluid
passage 100 and may be used to refer to the space between
the spindle 44 and the sleeve 46 prior to joining these
components. In at least one configuration, the sleeve 46 may
be inserted into the spindle hole 78 such that the mounting
flange 114 of the sleeve 46 may contact the first inner surface
90 of the spindle 44. Moreover, the sleeve 46 and the spindle
may be provided with an interference fit (e.g., press fit
against the spindle 44) proximate the first end 70 when the
sleeve 46 is inserted into the spindle hole 78 such that the
mounting flange 114 may contact the first inner surface 90
with an interference fit. Press fitting the sleeve 46 into the
spindle 44 may help hold the sleeve 46 in position during
subsequent assembly steps and may help position the sleeve
46 in the spindle hole 78 such that the connecting portion
116 and the tubular body 118 of the sleeve 46 may be spaced
apart from the spindle 44.

[0058] The spindle 44 may be joined to the sleeve 46 after
the sleeve 46 is inserted into the spindle hole 78. For
example, the sleeve 46 may be joined to the spindle 44 and
to the arm portion 42 of the axle housing 30 proximate the
first end 70 of the spindle 44. The spindle 44 may be joined
to the sleeve 46 and to the axle housing 30 in any suitable
manner that may provide an air impermeable connection
between the spindle 44 and the sleeve 46. For example, the
spindle 44 may be joined to the sleeve 46 and the axle
housing 30 by welding the sleeve 46 to the spindle 44, such
as by providing the first weld 120. In at least one configu-
ration, the first weld 120 may be provided by friction
welding the spindle 44 to the arm portion 42.

[0059] During friction welding, at least one of the spindle
44 and the arm portion 42 may be rotated about an axis, such
as axis 50 and then the first end 70 of the spindle 44 may be
engaged with the arm portion end surface 60 under an axial
load. The friction between the first end 70 and the arm
portion end surface 60 may generate heat that may partially
melt the spindle 44 and the arm portion 42. Axial loading
may generate curls on the spindle 44 and the arm portion 42.
For example, as is best shown in FIGS. 4 and 5, a first
external curl 160 and a first internal curl 162 may be
primarily generated from the arm portion 42 while a second
external curl 170 and a second internal curl 172 may be
primarily generated from the spindle 44. The first external
curl 160 and the second external curl 170 may extend away
from the axis 50 and are shown in phantom in FIGS. 4 and
5 as these curls may be removed at any point after they are
generated. The first internal curl 162 and the second internal
curl 172 may extend toward the axis 50 and may be disposed
inside the hole in the arm portion 42 and the spindle hole 78.
The internal curls and the external curls may extend in a
continuous ring about the axis 50 and may increase in size
as friction welding continues. A hot internal curl, such as the
second internal curl 172, may extend to the sleeve 46 and
may weld or join to the first sleeve end 110 and optionally
the mounting flange 114 of the sleeve 46. Thus, the first weld
120 may extend to the sleeve 46 and join the sleeve 46 to the
spindle 44 and the arm portion 42 at the first sleeve end 110.
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Rotation of the spindle 44 and/or the arm portion 42 and
axial loading may be terminated when the first weld 120 is
complete. As such, the first weld 120 may weld the arm
portion 42, spindle 44, and sleeve 46 together and may
create an air impermeable welded connection between the
spindle 44 and the sleeve 46 that may seal a first end of the
fluid passage 100.

[0060] The sleeve 46 may also be joined to the spindle 44
proximate the second end 72 of the spindle 44. The spindle
44 may be joined to the sleeve 46 proximate the second end
72 in any suitable manner. For example, the spindle 44 may
be joined to the sleeve 46 by welding, such as by providing
the second weld 122 proximate the second end 72 of the
spindle 44 and the second sleeve end 112 of the sleeve 46.
For example, the second weld 122 may extend from the
second end 72 of the spindle 44 to the second sleeve end 112
of the sleeve 46 and may create an air impermeable welded
connection where the second weld 122 is provided. The
second weld 122 may extend continuously around the axis
50 or may extend partially around the axis 50 as previously
discussed. It is contemplated that the second weld 122 may
be provided after the first weld 120 is provided, before the
first weld 120 is provided, or at the same time the first weld
120 is provided.

[0061] The first port 80 and the second port 82 may be
provided before or after the spindle 44 is attached to the axle
housing 30 as previously discussed. For instance, the first
port 80 may be provided before or after the spindle 44 is
joined to the axle housing 30. The second port 82 may be
provided before or after the spindle 44 is joined to the axle
housing 30 in the configuration shown in FIG. 4. In the
configuration shown in FIG. 5, the second port 82 may be
provided between opposing distal ends of the second weld
122 or by removing material from the second weld 122 as
previously discussed. In a configuration where material is
removed, the second port 82 may be formed by removing
material from the second weld 122 and optionally the
spindle 44, the sleeve 46, or both. Material may be removed
in any suitable manner, such as by drilling a hole through at
least the second weld 122 to the fluid passage 100.

[0062] Referring to FIGS. 4 and 5, the first port 80, the
second port 82, and the fluid passage 100 may help convey
a fluid between a pressurized fluid source 180 and a com-
ponent that may be mounted on or otherwise associated with
the spindle 44, such as a wheel end disconnect or compo-
nents associated with a tire inflation system. Examples of
wheel end disconnects are disclosed in United States Patent
Publication No. 2019/0331173, the disclosure of which is
hereby incorporated by reference in its entirety. Examples of
tire inflation system are disclosed in U.S. Pat. Nos. 9,333,
813, 9,452,645, and 9,809,065, the disclosures of which are
hereby incorporated by reference in their entirety. In a tire
inflation system, a pressurized gas source may be fluidly
connected to a tire via one or more intervening components,
such as a rotary coupling, wheel hub, conduit, or combina-
tions thereof. The pressurized fluid may be liquid or a gas or
gas mixture, such as air, nitrogen, or the like.

[0063] The pressurized fluid source 180 may be fluidly
connected to the first port 80 with a first conduit 182. The
first conduit 182 may have any suitable configuration. For
instance, the first conduit may include a hose, tube, pipe, or
combinations thereof. A fitting 184 may facilitate coupling
of the first conduit 182 to the spindle. In such a configura-
tion, the first conduit 182 and the fitting 184 may fluidly
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couple the pressurized fluid source 180 to the fluid passage
100. The fluid passage 100 may be fluidly connected to
another component, such as a wheel end disconnect or
components associated with a tire inflation system, by the
second port 82. It is also contemplated that lubricant may be
provided via the fluid passage 100.

[0064] Referring to FIGS. 6-8, another configuration is
shown that is similar to the configuration shown in FIG. 4.
In this configuration, the sleeve 46 may be press fit into the
spindle 44 and the sleeve 46 may not be welded to the
spindle 44. The spindle 44 may include a neck 200. The neck
200 may be disposed proximate or may extend from the
second end 72 of the spindle 44. In at least one configura-
tion, the neck 200 may be axially positioned between the
second end 72 of the spindle and the second port 82. The
neck 200 may have a smaller diameter than the fourth inner
surface 96 and may engage or contact the sleeve 46. As such,
the sleeve 46 may be inserted into the spindle 44 and may
be press fit against the spindle 44 at both ends, such as
against the neck 200 and the first inner surface 90. It is
contemplated that the second internal curl 172 may or may
not extend to the sleeve 46 in this configuration. For
example, the first sleeve end 110 may be spaced apart from
the second internal curl 172 as is best shown in FIG. 8.
[0065] Referring to FIGS. 9 and 10, a configuration is
shown that is similar to that shown in FIGS. 7 and 8. In this
configuration, a sealant 210 may be provided between the
spindle 44 and the sleeve 46. The sealant 210 may be of any
suitable type. For instance, the sealant 210 may be an
adhesive or sealant such as an anaerobic flange sealant. The
sealant 210 may be provided near the first sleeve end 110,
the second sleeve end 112, or both, and may extend from the
sleeve 46 to the spindle 44 to help inhibit fluid leakage from
the fluid passage 100. For instance, the sealant 210 may
extend from the neck 200 to an outer surface of the sleeve
46 that may face away from the axis 50 as shown in FIG. 9
and may extend from a surface of the spindle 44 such as the
first inner surface 90 to the outer surface of the sleeve 46
proximate the first sleeve end 110. It is also contemplated
that the sealant 210 may extend from another surface of the
spindle 44 than the first inner surface 90 as shown in FIG.
10. For instance, the sealant 210 may extend from the second
inner surface 92, the third inner surface 94, or the fourth
inner surface 96 and configurations where the sleeve 46 has
a reduced axial length.

[0066] In at least one configuration, the sealant 210 may
extend continuously around the sleeve 46 such that the
sealant 210 may separate the sleeve 46 from the spindle 44.
It is also contemplated that the sleeve 46 may contact the
spindle 44 at various points or regions and that the sealant
210 may fill voids or gaps that may otherwise be present
between the spindle 44 and the sleeve 46. In at least one
configuration, the sealant 210 may be applied to the spindle
44, the sleeve 46, or the spindle 44 and the sleeve 46 prior
to inserting the sleeve 46 into the spindle 44.

[0067] Referring to FIGS. 11 and 12, a configuration is
shown that is similar to that shown in FIGS. 9 and 10. In this
configuration, a seal 220 may be provided between the
spindle 44 and the sleeve 46. The seal 220 may be of any
suitable type end may be made of any suitable material. For
instance, the seal 220 may be an O-ring having any suitable
cross-section. The seal 220 may be provided near the first
sleeve end 110, the second sleeve end 112, or both, and may
extend from the sleeve 46 to the spindle 44 to help inhibit
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fluid leakage from the gap 150. For instance, the seal 220
may extend from the neck 200 to the outer surface of the
sleeve 46 as shown in FIG. 11 and may extend from a
surface of the spindle 44 such as the first inner surface 90 to
the outer surface of the sleeve 46 proximate the first sleeve
end 110 as shown in FIG. 12. In at least one configuration,
the seal 220 may extend continuously around the sleeve 46
such that the seal may separate the sleeve 46 from the
spindle 44. It is also contemplated that the sleeve 46 may
contact the spindle 44 when a seal 220 is provided and that
one or more ends of the sleeve 46 may be press fit into the
spindle 44 when a seal 220 is provided.

[0068] A groove 222 may be provided to receive and help
retain the seal 220. In FIGS. 11 and 12, a groove 222 is
provided with the spindle 44; however, it is contemplated
that the groove 222 may be provided with the sleeve 46 in
other configurations. In FIG. 11, the groove 222 is config-
ured as a recess or indentation in the neck 200 that may
extend around the seal 220. In FIG. 12, the groove 222 is
configured as a recess or indentation that may be provided
in an inner surface of the spindle 44, such as the first inner
surface 90. It is also contemplated that the groove 222 may
be provided in another inner surface of the spindle 44, such
as the second inner surface 92, the third inner surface 94, or
the fourth inner surface 96 and configurations where the
sleeve 46 has a reduced axial length.

[0069] Referring to FIG. 13, a configuration is shown that
is similar to that shown in FIG. 4. In this configuration, the
sleeve 46' has a reduced axial length as compared to the
sleeve that is shown in FIG. 4. In such a configuration, the
largest outside diameter of the sleeve 46' may be smaller
than the largest outside diameter of the sleeve 46 that is
shown in FIG. 4. As such, the sleeve 46' may have a smaller
outside diameter than the first internal curl 162 and the
second internal curl 172, which may allow the sleeve 46' to
be inserted or removed after the spindle 44 is attached to the
axle housing 30. In addition, the first port 80 of the spindle
44 may be repositioned so that the first port 80 is located
between the first sleeve end 110 and the second sleeve end
112. For instance, in FIG. 13 the first port 80 is positioned
further from the first end 70 of the spindle 44 than in the
configuration shown in FIGS. 4 and 5. In FIG. 13, the first
port 80 extends to the fourth inner surface 96 of the spindle
44.

[0070] Referring to FIG. 14, a magnified view of the
sleeve 46' is shown proximate the second sleeve end 112.
The sleeve 46' may have a larger outside diameter at the first
sleeve end 110 and the second sleeve end 112 as compared
to a region of the sleeve 46' that is disposed between the first
sleeve end 110 and the second sleeve end 112. For instance,
the sleeve 46' may be initially formed as a cylindrical tube
and then the ends of the sleeve 46' may be expanded outward
to provide a larger outside diameter at both ends. The
expanded ends may then be press fit into the spindle 44 to
secure the sleeve 46' and inhibit the leakage of pressurized
fluid from the fluid passage 100. The second sleeve end 112
may have a similar configuration as the first sleeve end 110.
[0071] Referring to FIGS. 15 and 16, magnified views are
shown in which a sealant 210 is provided between the
spindle 44 and the sleeve 46'. FIGS. 15 and 16 are similar to
FIGS. 9 and 10, respectively, with the main differences
being that a neck is not provided with the spindle 44 in FIG.
15 and the sealant 210 is depicted in contact with the fourth
inner surface 96 of the spindle 44 rather than the first inner



US 2021/0237508 Al

surface 90 due to the reduced axial length of the sleeve 46'.
The sealant 210 may be of any suitable type and may be
provided near the first sleeve end 110, the second sleeve end
112, or both, to help inhibit fluid leakage from the fluid
passage 100 as previously discussed.

[0072] Referring to FIGS. 17 and 18, magnified views are
shown in which a seal 220 is provided between the spindle
44 and the sleeve 46'. FIGS. 17 and 18 are similar to FIGS.
11 and 12, respectively, with the main differences being that
a neck is not provided with the spindle 44 in FIG. 17 and the
seal 220 is depicted in contact with the fourth inner surface
96 of the spindle 44 rather than the first inner surface 90 due
to the reduced axial length of the sleeve 46'. The seal 220
may be of any suitable type and may have any suitable
configuration as previously discussed.

[0073] In the configurations discussed above, it is also
contemplated that the spindle 44 may be heated to increase
the diameter of the spindle hole 78 to facilitate installation
of the sleeve 46, 46' that the sleeve 46, 46' may be cooled to
decrease the outside diameter of the sleeve 46, 46', or
combinations thereof to achieve an interference fit or press
fit. For instance, the spindle 44 may be heated to increase its
inside diameter. Next, the sleeve 46, 46' may be inserted into
the spindle hole 78 to a desired axial position. Then the
spindle 44 may be allowed to cool to decrease its inside
diameter to reduce or eliminate the gap between the interior
side 76 of the spindle 44 and the sleeve 46. Accordingly, the
spindle 44 may then compress against the sleeve 46, 46' or
and intervening components such as the sealant 210 or a seal
220. Similar results may be obtained by calling the sleeve
46, 46' prior to insertion into the spindle hole 78 and then
allowing the sleeve 46, 46' to warm up and expand toward
the spindle 44.

[0074] It is also contemplated that the configurations
described above may be provided in various combinations.
For instance, one end of a sleeve 46, 46' may be press fit
against the spindle 44 without a sealant 210 or a seal 220
while an opposing end may be welded to the spindle 44, may
be provided with a sealant 210, may be provided with a seal
220, or combinations thereof. As another example, one end
of a sleeve 46, 46' may be welded to the spindle 44 while an
opposing end may be provided with a sealant 210, may be
provided with a seal 220, or combinations thereof. As yet
another example, one end of the sleeve 46, 46' may be
provided with a sealant 210 while the other and of the sleeve
46 may be provided with a seal 220.

[0075] The configurations described above may allow a
fluid connection to be made between a spindle and one or
more components that may be mounted on a spindle or that
may be rotatable with respect to the spindle by providing a
fluid passage that is disposed inside the spindle. An internal
fluid passage may be more robust or durable than an external
conduit and may be better protected from damage and the
environment. In addition, the configurations described
above may allow a fluid passage to be provided without
routing a conduit (e.g., tube, hose) through the spindle,
which may be susceptible to damage when other compo-
nents, such as the axle shaft, are installed in the axle
assembly or when components are removed or reinstalled
during maintenance operations. The fluid passage may also
have a larger volume than a fluid passage that may be
provided with a conduit, which may help increase the
volume of fluid available to actuate a component like a
wheel end disconnect or to inflate a tire.
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[0076] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms of the invention. Rather, the words used in
the specification are words of description rather than limi-
tation, and it is understood that various changes may be
made without departing from the spirit and scope of the
invention. Additionally, the features of various implement-
ing embodiments may be combined to form further embodi-
ments of the invention.

What is claimed is:

1. An axle assembly comprising:

a spindle having a spindle hole that extends along an axis
from a first end of the spindle to a second end of the
spindle; and

a sleeve that is disposed in the spindle hole and that has
a first sleeve end and a second sleeve end that are in
sealing engagement with the spindle, wherein the
sleeve is smaller than the spindle between the first
sleeve end and the second sleeve end such that a fluid
passage is provided between the spindle and the sleeve.

2. The axle assembly of claim 1 wherein a first port and
a second port are disposed in the spindle and extend to the
fluid passage.

3. The axle assembly of claim 1 wherein the sleeve is
press fit to the spindle to inhibit leakage of pressurized fluid
from the fluid passage.

4. The axle assembly of claim 1 wherein the sleeve is
welded to the spindle to inhibit leakage of pressurized fluid
from the fluid passage.

5. The axle assembly of claim 1 wherein a sealant is
provided between the spindle and the sleeve to inhibit
leakage of pressurized fluid from the fluid passage.

6. The axle assembly of claim 1 wherein a seal is provided
between the spindle and the sleeve to inhibit leakage of
pressurized fluid from the fluid passage.

7. The axle assembly of claim 1 wherein the sleeve and
the spindle have substantially the same axial length.

8. The axle assembly of claim 1 wherein the sleeve has a
shorter axial length than the spindle.

9. The axle assembly of claim 1 wherein the sleeve has a
mounting flange that extends from the first sleeve end, a
connecting portion that extends from an end of the mounting
flange that is disposed opposite the first sleeve end, and a
tubular body that extends from the connecting portion to the
second sleeve end, wherein the connecting portion and the
tubular body are spaced apart from the spindle.

10. The axle assembly of claim 9 wherein the mounting
flange has a larger diameter than the connecting portion and
the tubular body has a smaller diameter than the connecting
portion.

11. The axle assembly of claim 9 wherein the fluid
passage is larger between the connecting portion and the
spindle than between the tubular body and the spindle.

12. The axle assembly of claim 1 wherein the spindle has
an interior side that includes a neck that is disposed proxi-
mate the second end and an inner surface that extends from
the neck and is disposed further from the axis than the neck,
wherein the neck engages the sleeve.

13. An axle assembly comprising:

a spindle having a spindle hole that extends along an axis
from a first end of the spindle to a second end of the
spindle;

a sleeve that is disposed in the spindle hole and that has
a first sleeve end and a second sleeve end;
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a first weld that extends around the axis and joins the first

end to the first sleeve end; and

a second weld that extends around the axis and joins the

second end to the second sleeve end, wherein the sleeve
is smaller than the spindle between the first sleeve end
and the second sleeve end such that a fluid passage is
provided between the spindle and the sleeve.

14. The axle assembly of claim 13 further comprising an
axle housing having an arm portion that is adapted to receive
an axle shaft, wherein the first weld joins the arm portion to
the spindle and the sleeve.

15. The axle assembly of claim 13 wherein a first port and
a second port are disposed in the spindle and extend to the
fluid passage.

16. The axle assembly of claim 15 wherein the second
port extends through the second weld.

17. The axle assembly of claim 13 wherein the spindle
extends around the axis and has a first inner surface that
extends from the first end and faces toward the axis, a second
inner surface that is spaced apart from the first inner surface
and faces toward the axis, and a step surface that extends
from the first inner surface to the second inner surface, the
sleeve has a mounting flange that extends from the first
sleeve end, a connecting portion that extends from an end of
the mounting flange that is disposed opposite the first sleeve
end, and a tubular body that extends from the connecting
portion to the second sleeve end, wherein the connecting
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portion and the tubular body are spaced apart from the
spindle, and wherein the mounting flange engages the first
inner surface and is spaced apart from the spindle between
the second inner surface and the second weld.

18. A method of making an axle assembly comprising:

providing a spindle having a spindle hole that extends

along an axis from a first end of the spindle to a second
end of the spindle;

providing a sleeve having a first sleeve end and a second

sleeve end;
inserting the sleeve into the spindle hole such that there is
a gap between the spindle and the sleeve between the
first sleeve end and the second sleeve end; and

providing a first air impermeable connection between the
spindle and the sleeve proximate the first sleeve end
and providing a second air impermeable connection
proximate the second sleeve end.

19. The method of claim 18 further comprising joining the
spindle to the sleeve and to an axle housing proximate the
first end.

20. The method of claim 19 wherein joining the spindle to
the sleeve and the axle housing includes friction welding the
spindle to the axle housing and wherein friction welding the
spindle to the axle housing joins the sleeve to the spindle and
generates an internal curl that extends around the axis.
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