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Description
BACKGROUND

[0001] This invention relates to axle shafts. In particu-
lar, the invention relates to a method for forming a vari-
able-wall light-weight drive axle shaft with an integral
flange member.

[0002] Axle shafts are often subjected to significant
loads. Vehicle drive axle shafts, for example, transmit
significant torque to the vehicle wheels and are subject
to rapid starts and stops in operation. Because of the
significant loads that are often imposed on axle shafts,
most axle shafts are formed of solid metal to provide suf-
ficient rigidity and strength. Solid axle shafts, however,
require a significant amount of material and are relatively
heavy. In vehicles, this weight has a negative effect on
fuel economy and imposes additional loads on other ve-
hicle components.

[0003] Because of the disadvantages associated with
solid drive axle shafts, hollow drive axle shafts have been
developed as shown, for example, in U.S. Patent No.
5,213,250. Existing methods for forming hollow axle
shafts, however, make it difficult to both quickly manu-
facture multiple axle shafts while also varying the inner
and/or outer diameters of the shafts to achieve the ob-
jectives of a particular application for the shafts. Moreo-
ver, existing hollow drive axle shafts include a tubular
body and a separately forged wheel flange that is friction
welded to the body by rotating one or both of the flange
and body relative to one another. The process of joining
the wheel flange to the body requires a relatively large
amount of time and manufacturing equipment and pro-
duces a joint between the flange and body that remains
subject to fatigue and potential separation under certain
loads.

[0004] US-A-2003/093888 discloses a method for
forming a two piece axle shaft comprising forming a
flange structure having a mounting aperture and a con-
tact surface, providing a shaft structure having a coupling
portion with an engagement surface, and coupling the
shaft structure and the flange structure such that the en-
gagement surface is engaed to the contact surface to
transmit rotary power therebetween. In this method, the
tubular blank is initially rotary swaged and the flange
structure is net-formed in a roll forming operation.
[0005] The inventor herein has recognized a need for
a drive axle shaft and a method for forming the drive axle
shaft that will minimize and/or eliminate one or more of
the above-identified deficiencies.

SUMMARY

[0006] This invention relates to axle shafts. In particu-
lar, the invention relates to a method for forming a vari-
able-wall light-weight drive axle shaft with an integral
flange member. The invention provides a method for
forming a drive axle shaft as defined in claim 1. Optional
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features of the method are the subject of claims 2 to 15.
[0007] A drive axle shaft includes an elongate tubular
body disposed about a longitudinal axis. The tubular body
has a first longitudinal end portion, an intermediate por-
tion, and a second longitudinal end portion configured
for coupling to a side gear in a differential. The drive axle
shaft further includes a wheel flange configured to sup-
port a vehicle wheel disposed at the first longitudinal end
portion of the tubular body. The elongate tubular body
and the wheel flange are formed as a unitary body without
any weld therebetween.

[0008] In some implementations, the method further
includes providing a fourth die comprising a mandrel con-
figured to be received within said tubular body. The meth-
od may further include moving, prior to said forming step,
at least one of said support apparatus and said fourth die
toward the other of said support apparatus and said fourth
die to expand said first longitudinal end portion of the
tubular body radially outwardly between the second and
fourth dies.

[0009] In some implementations, a portion of the man-
drel of the fourth die comprises an outer diameter that
increases in an axial direction toward a base of the fourth
die.

[0010] In some implementations, a length of the man-
drelof the fourth die measured from the base of the fourth
die is greater than a length of the mandrel of the third die
measured from a base of the third die.

[0011] In some implementations, the third and fourth
dies are mounted on a shuttle, the shuttle configured to
move the third and fourth dies in a radial direction and
an axial direction.

[0012] In some implementations, forming the wheel
flange further comprises displacing the first longitudinal
end portion of the tubular body in the axial direction away
from the second die while the shuttle moves at least one
of the third and fourth dies into position.

[0013] In some implementations, displacing the first
longitudinal end of the tubular body comprises applying
aforce to a second longitudinal end portion of the tubular
body in an axial direction.

[0014] In some implementations, the method further
includes the step of ejecting the tubular body from the
support apparatus.

[0015] In some implementations, ejecting the tubular
body comprises applying a force to a second longitudinal
end portion of the tubular body.

[0016] In some implementations, heating the first lon-
gitudinal end portion of the tubular body comprises se-
lectively heating the first longitudinal end portion via elec-
tromagnetic induction.

[0017] In some implementations, the third die is sup-
ported on a base, and the mandrel has an outer diameter
that varies in some portions across its length.

[0018] In some implementations, the method further
includes temporarily displacing the tubular body within
the support apparatus by applying a force to a second
longitudinal end portion of the tubular body to direct the
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first longitudinal end portion away from the second die.
[0019] In some implementations, the elongate tubular
body is hollow along the entire length of the tubular body.
[0020] In some implementations, the wheel flange is
hollow along the entire length of the wheel flange.
[0021] In some implementations, a wall thickness of
the elongate tubular body varies along a length of the
elongate tubular body.

[0022] A method for forming the drive axle shaft in ac-
cordance with the present invention represent an im-
provement relative to conventional forming methods. By
using successive blanks and positioning the blanks and
tools, the inventive method allows rapid production of
axle shafts while also allowing the shafts to be formed
with varying inner and outer diameters. In addition, pro-
ducing the wheel flange directly from the extruded shaft
body reduces the time required for production of the axle
shaft and eliminates certain equipment required for fric-
tionwelding of the flange and shaft body thereby resulting
in lower manufacturing costs. Further, by eliminating the
joint between the flange and shaft body, the strength of
the axle shaft is increased. Finally, forming the wheel
flange directly from the extruded shaft body may be pro-
duce a hollow flange thereby further reducing the weight
of the axle shaft.

[0023] The foregoing and other aspects, features, de-
tails, utilities, and advantages of the present invention
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Figure 1 is a perspective view of an axle shaft formed
with a method in accordance with one embodiment
of the present invention.

Figure 2 is a cross-sectional view of the axle shaft
of Figure 1.

Figures 3A-3K are schematic and cross-sectional
drawings illustrating steps in a method for forming
an axle shaft in accordance with various embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0025] Referring now to the drawings wherein like ref-
erence numerals are used to identify identical compo-
nents in the various views, Figures 1-2 illustrate one em-
bodiment of an axle shaft 10 that may be formed using
a method in accordance with the present invention. Shaft
10 is particularly adapted for use in a vehicle drive axle
and, more particularly, a rear drive axle. It should be un-
derstood, however, that the methods disclosed herein
can be used in the formation of axle shafts for front drive
axles and in other vehicular and non-vehicular power
transmission applications. Shaft 10 may include a tubular
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body 12 and a wheel flange 14.

[0026] Body 12 may be used to transfer torque be-
tween a drive member and a driven member such as
from a vehicle drivetrain (not shown) to one or more ve-
hicle wheels (not shown). Body 12 may be made from
conventional metals and metal alloys. Body 12 is elon-
gate and is disposed about, and may be centered about,
a rotational axis 16. One longitudinal end portion 18 of
body 12 is formed into flange 14, flange 14 being config-
ured to support a vehicle wheel. The other longitudinal
end portion 20 of body 12 may be coupled to a side gear
(not shown) in a differential. Body 12 also includes an
intermediate portion 22 between end portions 18, 20. Re-
ferring again to Figure 1, the radially outer surface of end
portion 20 may define a plurality of axially extending
splines 24 configured to engage corresponding splines
in a bore of side gear in order to couple shaft 10 for ro-
tation with the side gear. The splines 24 may be formed
by, for example, rolling or swaging. Body 12 is tubular or
hollow in order to reduce the weight of axle shaft 10 rel-
ative to conventional solid axle shafts and defines a bore
26 extending along a portion or all of the length of body
12. The outer and/or inner diameters of body 12 may vary
to define a wall 28 of varying thickness (and a bore 26
of varying diameter) along the length of body 12 in order
to accommodate variations in loads along the length of
body 12. It should be understood, however, that the var-
iation in wall 28 shown in body 12 is exemplary only and
that the inner and/or outer diameters of wall 28 may vary
depending on the application to accommodate anticipat-
ed needs in terms of strength, packaging, and other pa-
rameters. Bore 26 may be machined at either end portion
18, 20 to define internal threads, grooves or other forma-
tions configured to receive a plug or other type of seal
(not shown) used to prevent changes to the fluid levels
and fluid flow dynamics in the differential and any poten-
tial contamination of the differential fluids and compo-
nents.

[0027] Wheel flange 14 is provided to support a driven
member such as a vehicle wheel and to couple the driven
member to axle shaft 10 for rotation therewith. As de-
scribed in greater detail hereinbelow, body 12 and flange
14 are formed as a unitary body without any weld there-
between. For example and without limitation, flange 14
is integrally formed from longitudinal end portion 18 of
body 12 during a "warm-forming" process subsequent to
an extrusion process for forming body 12 (described in
more detail herein below). Flange 14 includes an axially
extending annular hub 30. The outboard end of hub 30
may be closed with a plug or seal to prevent foreign ob-
jects and elements from entering bore 26 in body 12.
Flange 14 also includes a wheel mount 32 that extends
radially outwardly from hub 30. Wheel mount 32 may be
generally circular in shape and may include a plurality of
bores (not shown) extending parallel to axis 16 and con-
figured to receive bolts (not shown) used to support the
vehicle wheel. Wheel mount 32 defines an inboard side
34 and an outboard side 36. Inboard side 34 may include
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an axially inboard extending annular ring 38 disposed
radially between hub 30 and the radially outer periphery
of wheel mount 32.

[0028] Referring now to Figures 3A-3K, methods for
forming an axle shaft, such as axle shaft 10, in accord-
ance with various embodiments of the present invention
will be described. Referring to Figure 3A, the method
begins with the step of inserting a tubular blank 40 in a
die 42. Blank 40 is made from conventional metals and
metal alloys with a material composition and size select-
ed depending on the needs of the application. Blank 40
may be cut to length from a longer pole of the selected
material. Blank 40 has a leading end 44 and a trailing
end 46 with leading end 44 inserted into die 42 before
trailing end 46. Blank 40 also defines a bore 48 that ex-
tends along the length of blank 40 between ends 44, 46.
Prior to insertion of blank 40 into die 42, areactive forming
lubricant may be applied to blank 40. Die 42 is tubular in
shape, is prestressed, and defines an inlet end 50 and
an outlet end 52. The opening formed at inlet end 50 has
a diameter sized to receive blank 40 in an undeformed
state. The opening formed at outlet end 52 has a diameter
that is smaller than the diameter of the opening at inlet
end 50 (and the undeformed blank 40) and comprises a
die orifice or extrusion throat 54 through which blank 40
is extruded beginning with leading end 44 of blank 40
and ending with trailing end 46 of blank 40. The area in
die 42 immediately preceding outlet end 52 comprises a
reduction zone and the diameter of this area may vary
to create an angled surface to promote efficient material
flow.

[0029] Referring to Figures 3B-3E, the method may
continue with the step of extruding blank 40 through the
die orifice 54 to elongate blank 40 and form body 12.
Referring to Figure 3B, the extrusion may begin with the
substep of inserting a tool 56 into die 42. Tool 56 may
comprise a punch or similar tool. Tool 56 includes a body
58 and a mandrel 60 extending from body 58. Body 58
has a diameter that is about equal to the inner diameter
of die 42 and the outer diameter of blank 40. Body 58
defines a surface 62 at one end configured to engage
trailing end 46 of blank 40. Mandrel 60 is configured to
be received within bore 48 of blank 40 and extrusion
throat 54 of die 42. Mandrel 60 may have a varying di-
ameter along its length. In the illustrated embodiment,
mandrel 60 includes a first portion 64 having a first diam-
eterd, and a second portion 66 having a second diameter
d, that is different from diameter d4. In the illustrated em-
bodiment, diameter d, is greater than diameter d4. Man-
drel may also include a tapered portion 68 between por-
tions 64, 66. It should be understood that mandrel 60
may have one or more than one portions having different
diameters and that the diameters can increase or de-
crease moving from portion to portion along the length
of mandrel 60. The extruding step may continue with the
substep of moving tool 56 within die 42 such that surface
62 engages trailing end 46 of blank 40 and a leading end
70 of portion 64 of mandrel 60 exits blank 40 and extends
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beyond leading end 44 of blank 40.

[0030] Referring to Figure 3C, the extruding step may
continue with the step of applying a force to tool 56 to
move tool 56 towards the outlet end 52 of die 42 and
extrude blank 40 through orifice 54 to begin forming the
tubular body 12 of the axle shaft 10. As the leading end
44 of blank 40 is extruded through die 42, the leading
end 44 collapses about mandrel 60 and end portion 18
of the body 12 (from which flange 14 may be formed)
assumes a shape having an outer diameter defined by
throat 54 and an inner diameter and length defined by a
trailing end 72 of portion 64 of mandrel 60. As tool 56
continues to move towards outlet end 52 of die 42, portion
64 of mandrel 60 exits die 42 and portion 66 of mandrel
60 moves into and through throat 54 of die 42. As aresult,
intermediate portion 22 of body 12 assumes a shape hav-
ing an outer diameter defined by throat 54 and inner di-
ameter and length defined by portion 66 of mandrel 60.
A stepped or gradual transition portion may be formed
between end portion 18 and intermediate portion 22 de-
pending on the shape of mandrel 60 (and particularly
portion 68 of mandrel 60).

[0031] Referring to Figure 3D, once tool 56 has
reached a predetermined position, the extruding step
may continue with the steps of withdrawing tool 56 from
die 42 and inserting another tubular blank 40A into die
42. Blank 40A is moved within die 42 until the leading
end 44A of blank 40A engages the trailing end 46 of blank
40. The extruding step may further continue with the sub-
steps of reinserting tool 56 into die 42 and moving tool
56 within die 42 until surface 62 of tool 56 engages the
trailing end 46A of blank 40A. At this point, mandrel 60
extends through bore 48A of blank 40A and leading end
70 of portion 64 of mandrel 60 exits blank 40A and ex-
tends beyond leading end 44A of blank 40A into trailing
end 46 of blank 40. In an alternative embodiment of the
invention, as opposed to reinserting tool 56 into die 42,
a different tool may be inserted into die 42. Using a dif-
ferent tool permits further variation in the formation of the
inner diameter of blank 40 and the wall thickness of body
12. For example and without limitation, the mandrel of
the different tool may be configured to form end portion
20 of body 12 in such a way that a portion 74 (shown in
Figure 2) of the end portion 20 is relatively thick to provide
support for subsequent spline forming operations and/or
formation of a ring groove for use in receiving a retaining
clip used to prevent outboard movement of shaft 12 from
the vehicle differential, while another portion 76 (shown
in Figure 2) of the end portion 20 inboard from portion 74
is relatively thin to reduce the need for material removal
when forming the inner diameter of end portion 20 to
receive a plug or seal.

[0032] Referring to Figure 3E, the extruding step may
continue with the substep of applying a force to tool 56
to move the tool 56 towards outlet end 52 of die 42 such
that end portion 20 of body 12 of shaft 10 assumes a
shape having an outer diameter defined by throat 54 and
aninner diameter defined by the leading end 70 of portion
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64 of mandrel 60. Once the trailing end 46 of blank 40 is
ejected from die 42, extrusion of blank 40A may begin in
the same manner as blank 40. In the illustrated embod-
iment, the extrusion of blank 40A can begin without re-
moval of tool 56. Alternatively, if a different tool is used
to form end portion 20 of body 12, the different tool may
be removed and tool 56 reinserted into die 42.

[0033] Referring now to Figure 3F, the method contin-
ues with the step of heating longitudinal end portion 18
of body 12. Heating of end portion 18 allows for subse-
quent formation of wheel mount 32 of flange 14. Heating
is selective (i.e., targeted) such that only the segment of
end portion 18 that will be formed into wheel mount 32
is heated. In one embodiment of the inventive method,
heating may be accomplished via induction heating. In
the illustrated embodiment, a coil 78 and end portion 18
of body 12 are positioned such that coil 78 surrounds
longitudinal end portion 18 of body 12. Coil 78 is ener-
gized by a power supply (not shown) and generates a
magnetic field. The field induces eddy currents in longi-
tudinal end portion 18 of body 12, which may be com-
posed of an electrically conductive material, such as alloy
steel. Electrical resistance in longitudinal end portion 18
leads to resistance or Joule heating of end portion 18.
Although an embodiment of the invention is described
and illustrated herein that relies on induction heating, one
of ordinary skill in the art will understand that the step of
heating longitudinal end portion 18 of body 12 may be
accomplished in various ways other than through induc-
tion heating.

[0034] Referring to Figure 3G, the method may contin-
ue with the step of inserting body 12 into a bore 80 in a
support apparatus 82. Support apparatus 82 is generally
configured to support the unheated portion of body 12
(e.g., at least one of end portion 20 and intermediate
portion 22 of body 12) while longitudinal end portion 18
of body 12 projects outwardly from bore 80. Support ap-
paratus 82 may define a die 84 at one end 86 of support
apparatus 82. Die 84 may be formed on an external sur-
face of apparatus 82 in an end face of apparatus 82 and
may surround bore 80. Die 84 has a shape complemen-
tary to the desired shape of inboard side 34 of wheel
mount 32 and may therefore define a cavity 88 corre-
sponding to ring 38 formed on inboard side 34 of wheel
mount 32. In the illustrated embodiment, support appa-
ratus 82 is a unitary body. It should be understood, how-
ever, that support apparatus 82 may be formed in multiple
pieces and, further, that support apparatus 82 (and die
84) may be configured in a variety of ways depending on
the application.

[0035] Stillreferring to Figure 3G, the method may con-
tinue with the step of providing another die 90 comprising
a mandrel 92 configured to be received within bore 26 of
body 12. Die 90 may be supported on a base 94. Die 90
may be configured to preform or prepare longitudinal end
portion 18 of body 12 for subsequent processing. In one
embodiment, mandrel 92 has an outer diameter that var-
ies in some portions across its length. In the illustrated
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embodiment, mandrel 92 curves radially outwardly prox-
imate base 94 such that its outer diameter increases in
an axial direction moving from one end of mandrel 92
distance from base 94 towards an opposite end of man-
drel 92 adjacent base 94. One of ordinary skill in the art
will understand that the rate of change in diameter in
mandrel 92 may be constant (as in a conical shape) or
may vary.

[0036] Referringto Figure 3H, the method may contin-
ue with the step of moving at least one of support appa-
ratus 82 and die 90 toward the other of supportapparatus
82 and die 90 to expand longitudinal end portion 18 of
body 12 radially outwardly between dies 84, 90. Die 90
may be mounted on a shuttle 96 configured to move die
90 in at least a radial direction and an axial direction rel-
ative to axis 16. Movement of shuttle 96 may be controlled
using fluid (hydraulic or pneumatic) actuators and shuttle
96 may include retaining clamps toretain die 90 on shuttle
96. In one embodiment, support apparatus 82 remains
stationary while shuttle 96 moves die 90 toward support
apparatus 82. Shuttle 96 may be configured to stop at a
predetermined position along axis 16 such that die 90
does not contact die 84. Movement of apparatus 82
and/or die 20 towards one another compresses longitu-
dinal end portion 18 of body 12 and causes longitudinal
end portion 18 of body 12 to expand in the radial direction.
One of ordinary skill in the art will understand that the
steps illustrated in Figure 3G and Figure 3H for preform-
ing or preparing longitudinal end portion 18 for subse-
quent processing may not be required. Furthermore, it
should be understood that further preforming of longitu-
dinal end portion 18 may occur in using additional dies
or other tools. After the preforming steps are complete,
the method may optionally include the step of temporarily
displacing body 12 within apparatus 82 by applying a
force to end portion 20 of body 12 to force at least an
additional portion of body 12 to exit bore 80. In this man-
ner, the heated end portion 18 of body 12 is shifted away
from die 84 to prevent unnecessary heat transfer to die
84 during those times that forming operations are not
occurring (e.g., while shuttle 96 is in motion). An endcap
98 of a conventional ejector assembly (not shown) may
be extend through a bore in the end of apparatus 82
opposite end 86 and engage end 20 of body 12 to enable
transfer of force from the ejector assembly.

[0037] Referringto Figure 31, the method may continue
with the step of providing another die 100. Die 100 may
be configured to form outboard side 36 of wheel mount
32 of flange 14 (shown in Figures 1-2). Die 100 may in-
clude a base 102, a mandrel 104 that extends from base
102 and is configured to be received within body 12, a
cavity 106, and a circumferential step 108 disposed ra-
dially between mandrel 104 and cavity 106. In one em-
bodiment, mandrel 104 has an outer diameter that may
vary in some portions across its length. In the illustrated
embodiment, mandrel 104 curves radially outwardly
proximate base 102 such that its outer diameter increas-
es in an axial direction moving from one end of mandrel
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104 distant from base 102 towards an opposite end of
mandrel 104 adjacent base 102. One of ordinary skill in
the art will understand that the rate of change in diameter
in mandrel 104 may be constant (as in a conical shape)
or may vary. In the illustrated embodiment, the length of
mandrel 104 as measured from base 102 is less than the
length of mandrel 92 on die 90 as measured from base
94 of die 90. It should be understood, however, that the
shape and configuration of mandrels 92, 104 (and dies
90, 100 generally) may vary depending on the applica-
tion.

[0038] Referring to Figure 3J, the method may contin-
ue with the step of forming wheel mount 32 of flange 14
by moving at least one of said support apparatus 82 and
die 100 toward the other of support apparatus 82 and die
100 to deform longitudinal end portion 18 of body 12 be-
tween dies 84, 100. Die 100 may be mounted on shuttle
96 such that shuttle 96 may move die 100 in at least the
radial direction and the axial direction relative to axis 16.
In other embodiments, die 100 may mounted on another
shuttle. Mounting dies 84, 100 on the same shuttle 96,
however, enables more rapid and refined control of the
manufacturing process. In one embodiment, support ap-
paratus 82 remains stationary while shuttle 96 moves die
100 toward support apparatus 82. Shuttle 96 may be con-
figured to stop at a predetermined position along axis 16
such that die 84 on support apparatus 82 contacts base
104 of die 100. Such movement causes longitudinal end
portion 18 of body 12 to deform and extend (in the radial
and axial directions) into cavity 106 of die 100 and cavity
88 of die 84, thus forming the inboard and outboard sides
32, 34, respectively, of wheel mount 32 of flange 14
(shown in Figures 1-2). Any excess material protruding
from flange 14 may be subsequently removed by ma-
chining or shearing (trimming) operations. Once the step
of forming wheel mount 32 of flange 14 is complete, shut-
tle 96 may retract in the radial and/or axial directions so
that body 12 can be ejected from support apparatus 82.
[0039] Referring to Figure 3K, the method may contin-
ue with the step of ejecting body 12 from support appa-
ratus 82. As discussed hereinabove, this step may in-
clude the substep of applying a force to end portion 20
of body 12 (e.g., through endcap 98) to urge body 12 to
exit bore 80 of apparatus 82. Thereafter, the completed
axle shaft 10 may be allowed to cool.

[0040] A method for forming the drive axle shaft 10 in
accordance with the present invention represent an im-
provement relative to conventional forming methods. By
using successive blanks 36, 36A and positioning the
blanks 36, 36A and tools 52, the inventive method allows
rapid production of axle shafts 10 while also allowing the
shafts 10 to be formed with varying inner and outer di-
ameters. In addition, producing the wheel flange 14 di-
rectly from the extruded shaft body 12 reduces the time
required for production of the axle shaft 10 and eliminates
certain equipment required for friction welding of the
flange 14 and shaft body 12 thereby resulting in lower
manufacturing costs. Further, by eliminating the joint be-
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tween the flange 14 and shaft body 12, the strength of
the axle shaft 10 is increased. The inventive method may
also result in a flange 14 that, like body 12, is hollow
thereby further reducing the weight of shaft 10.

[0041] While one or more particular embodiments
have been shown and described, it will be understood
by those of skill in the art that various changes and mod-
ifications can be made without departing from the scope
of the invention as defined in the claims.

Claims

1. A method for forming a drive axle shaft (10), com-
prising:

inserting a tubular blank (40) in a first die (42)
including an outlet end (44) having a die orifice
(54);

extruding the tubular blank through the die ori-
fice to form an elongate tubular body (12) with
a longitudinal axis;

selectively heating a first longitudinal end por-
tion (18) of the tubular body;

inserting the tubular body into a bore (80) of a
support apparatus (82) such that the first longi-
tudinal end portion of the tubular body projects
outwardly from the bore and the body is sub-
stantially supported by the support apparatus,
the support apparatus defining a second die (84)
at one end (86) surrounding the bore;
providing a third die (90) comprising a mandrel
(92) configured to be received within the tubular
body; and

forming a wheel flange (14) including a wheel
mount (32) configured to receive and support a
vehicle wheel by moving at least one of the sup-
port apparatus and the third die toward the other
of the support apparatus and the third die to
sandwich the first longitudinal end portion of the
tubular body between the second and third dies;
wherein selectively heating the first longitudinal
end portion of the tubular body occurs prior to
forming the wheel flange to allow forming there-
of.

2. The method of Claim 1, further comprising:

providing a fourth die (100) comprising a man-
drel (104) configured to be received within the
tubular body; and,

moving, prior to the forming step, at least one of
the support apparatus and the fourth die toward
the other of the support apparatus and the fourth
die to expand the first longitudinal end portion
of the tubular body radially outwardly between
the second and fourth dies.
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The method of Claim 2, wherein a portion of the man-
drel of the fourth die comprises an outer diameter
that increases in an axial direction toward a base
(102) of the fourth die.

The method of Claim 2 or 3, wherein a length of the
mandrel of the fourth die measured from the base of
the fourth die is greater than a length of the mandrel
of the third die measured from a base (94) of the
third die.

The method of any one of Claims 2-4, wherein the
third and fourth dies are mounted on a shuttle (96),
the shuttle configured to move the third and fourth
dies in a radial direction and an axial direction.

The method of Claim 5, wherein forming the wheel
flange further comprises displacing the first longitu-
dinal end portion of the tubular body in the axial di-
rection away from the second die while the shuttle
moves at least one of the third and fourth dies into
position.

The method of Claim 6, wherein displacing the first
longitudinal end of the tubular body comprises ap-
plying a force to a second longitudinal end portion
of the tubular body in an axial direction.

The method of any one of the preceding claims, fur-
ther comprising the step of ejecting the tubular body
from the support apparatus.

The method of Claim 8, wherein ejecting the tubular
body comprises applying a force to a second longi-
tudinal end portion (20) of the tubular body.

The method of any one of the preceding claims,
wherein heating the first longitudinal end portion of
the tubular body comprises selectively heating the
first longitudinal end portion via electromagnetic in-
duction.

The method of any one of the preceding claims,
wherein the third die is supported on a base, and
wherein the mandrel associated with the third die
has an outer diameter that varies in some portions
across its length.

The method of any one of the preceding claims, fur-
ther comprising temporarily displacing the tubular
body within the support apparatus by applying a
force to a second longitudinal end portion of the tu-
bular body to direct the first longitudinal end portion
away from the second die.

The method of any one of the preceding claims,
wherein the elongate tubular body is hollow along
the entire length of the tubular body.
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14.

15.

The method of any one of the preceding claims,
wherein the wheel flange is hollow along the entire
length of the wheel flange.

The method of any one of the preceding claims,
wherein awallthickness of the elongate tubular body
varies along a length of the elongate tubular body.

Patentanspriiche

1.

Verfahren zum Bilden einer Antriebsachswelle (10),
umfassend:

das Einsetzen eines rohrformigen Rohlings (40)
in ein erstes Gesenk (42), umfassend ein Aus-
trittsende (44) mit einer Gesenkoffnung (54);
das Extrudieren des rohrférmigen Rohlings
durch die Gesenkoffnung zum Bilden eines
langlichen rohrférmigen Korpers (12) mit einer
Langsachse;

das selektive Erwarmen eines ersten langlichen
Endteils (18) des rohrférmigen Koérpers;

das Einsetzen des rohrférmigen Kérpers in eine
Bohrung (80) einer Stlutzvorrichtung (82), so
dass der erste langliche Endteil des rohrformi-
gen Korpers von der Bohrung nach aulRen vor-
ragt und der Korpers im Wesentlichen von der
Stitzvorrichtung gestitzt wird, wobei die Stiitz-
vorrichtung ein zweites Gesenk (84) an einem
Ende (86) umgebend die Bohrung definiert;
das Bereitstellen eines dritten Gesenks (90),
umfassend einen zur Aufnahme im rohrférmi-
gen Korper ausgebildeten Dorn (92); und

das Bilden eines Radflansches (14), umfassend
eine zum Aufnehmen und Stiitzen eines Fahr-
zeugrads ausgebildete Radaufnahme (32)
durch Bewegen der Stitzvorrichtung oder des
dritten Gesenks zur Stitzvorrichtung bzw. zum
dritten Gesenk, um den ersten langlichen End-
teil des rohrférmigen Koérpers zwischen dem
zweiten und dem dritten Gesenk anzuordnen;
wobei das selektive Erwarmen des ersten lang-
lichen Endteils des rohrformigen Koérpers vor
dem Bilden des Randflansches erfolgt, um ein
Bilden von diesem zu ermdglichen.

2. Verfahren nach Anspruch 1, ferner umfassend:

das Bereitstellen eines vierten Gesenks (100),
umfassend einen zur Aufnahme im rohrférmi-
gen Korper ausgebildeten Dorn (104); und,
vordem Bildungsschrittdas Bewegen der Stitz-
vorrichtung oder des vierten Gesenks zur Stitz-
vorrichtung bzw. zum vierten Gesenk, um den
ersten langlichen Endteil des rohrférmigen Kor-
pers radial nach auBen zwischen dem zweiten
und dem vierten Gesenk auszudehnen.
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Verfahren nach Anspruch 2, wobei ein Teil des
Dorns des vierten Gesenks einen duReren Durch-
messer umfasst, der in einer axialen Richtung zu
einer Basis (102) des vierten Gesenks hin zunimmt.

Verfahren nach Anspruch 2 oder 3, wobei eine Lan-
ge des Dorns des vierten Gesenks gemessen von
der Basis des vierten Gesenks groler ist als eine
Lange des Dorns des dritten Gesenks gemessen
von einer Basis (94) des dritten Gesenks.

Verfahren nach einem der Anspriiche 2-4, wobeidas
dritte und das vierte Gesenk an einer Pendelvorrich-
tung (26) montiert sind, wobei die Pendelvorrichtung
zum Bewegen des dritten und des vierten Gesenks
in einerradialen Richtung und einer axialen Richtung
ausgebildet ist.

Verfahren nach Anspruch 5, wobei das Bilden des
Radflansches ferner das Verschieben des ersten
l&anglichen Endteils des rohrformigen Korpers in der
axialen Richtung vom zweiten Gesenk weg umfasst,
wahrend die Pendelvorrichtung das dritte oder das
vierte Gesenk in Position bringt.

Verfahren nach Anspruch 6, wobei das Verschieben
des ersten langlichen Endes des rohrférmigen Kor-
pers das Anwenden einer Kraft auf einen zweiten
l&anglichen Endteil des rohrférmigen Kérpers in einer
axialen Richtung umfasst.

Verfahren nach einem der vorhergehenden Ansprii-
che, ferner umfassend den Schritt des Auswerfens
des rohrformigen Kérpers von der Stiitzvorrichtung.

Verfahren nach Anspruch 8, wobei das Auswerfen
des rohrférmigen Korpers das Anwenden einer Kraft
auf einen zweiten langlichen Endteil (20) des rohr-
férmigen Korpers umfasst.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei das Erwarmen des ersten langlichen
Endteils des rohrformigen Korpers das selektive Er-
warmen des ersten langlichen Endteils durch elek-
tromagnetische Induktion umfasst.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobeidas dritte Gesenk auf einer Basis gestitzt
wird, und wobei der mit dem dritten Gesenk ver-
knlpfte Dorn einen AuRendurchmesser aufweist,
derin einigen Abschnitten entlang der Lange variiert.

Verfahren nach einem der vorhergehenden Ansprii-
che, ferner umfassend das voriibergehende Ver-
schieben des rohrférmigen Koérpers in der Stiitzvor-
richtung durch Anwenden einer Kraft auf einen zwei-
ten langlichen Endteil des rohrférmigen Kérpers, um
den ersten langlichen Endteil vom zweiten Gesenk
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weg zu lenken.

13. Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der langliche rohrformige Korper entlang
der gesamten Lange des rohrformigen Korpers hohl
ist.

14. Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der Radflansch entlang der gesamten
Lange des Radflansches hohl ist.

15. Verfahren nach einem der vorhergehenden Ansprii-
che, wobei eine Wandstérke des langlichen rohrfor-
migen Koérpers entlang einer Lange des langlichen
rohrformigen Korpers variiert.

Revendications

1. Procédédeformaged’unarbre (10)d’essieu moteur,
comprenant les opérations consistant a:

insérer une piéce d’ébauche (40) tubulaire dans
une premiére filiére (42) comprenant une extré-
mité de sortie (44) comportant un orifice (54) de
filiére ;

extruder la piece d’ébauche tubulaire a travers
I'orifice de filiére pour former un corps tubulaire
(12) allongé ayant un axe longitudinal ;
chauffer sélectivement une premiére partie ter-
minale longitudinale (18) du corps tubulaire ;
introduire le corps tubulaire dans l'alésage (80)
d’un appareil de support (82) de telle sorte que
la premiére partie terminale longitudinale du
corps tubulaire dépasse de l'alésage et que le
corps est pratiquement soutenu par l'appareil
de support, 'appareil de support délimitant une
deuxiéme filiere (84) a une extrémité (86) en-
tourant l'alésage ;

faire appel a une troisi€éme matrice (90) compre-
nant une aiguille de filage (92) configurée pour
étre regue a l'intérieur du corps tubulaire ; et
former une bride (14) de roue comprenant un
support (32) de roue configuré pour recevoir et
soutenir une roue de véhicule, en déplagant au
moins un élément parmi appareil de support et
troisieme matrice vers I'autre élément parmi ap-
pareil de support et troisieme matrice pour pren-
dre en sandwich la premiére partie terminale
longitudinale du corps tubulaire entre les
deuxiéme et troisiéme matrices,

dans lequel le chauffage sélectif de la premiére
partie terminale longitudinale du corps tubulaire
intervient avant le formage de la bride de roue
pour permettre ledit formage.

2. Procédé selon la revendication 1, comprenant en
outre les opérations consistant a:
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faire appel a une quatrieme matrice (100) com-
prenant une aiguille de filage (104) configurée
pour étre regue a l'intérieur du corps tubulaire ;
et

déplacer, avant I'étape de formage, au moins
un élément parmi appareil de support et quatrie-
me matrice vers I'autre élément parmi appareil
de support et quatrieme matrice pour dilater ra-
dialement la premiére partie terminale longitu-
dinale du corps tubulaire vers I'extérieur entre
les deuxiéme et quatrieme matrices.

Procédé selon la revendication 2, dans lequel une
partie de I'aiguille de filage de la quatrieme matrice
comprend un diamétre extérieur qui augmente dans
la direction axiale vers la base (102) de la quatrieme
matrice.

Procédé selon la revendication 2 ou 3, dans lequel
la longueur de 'aiguille de filage de la quatrieme ma-
trice mesurée a partir de la base de la quatrieme
matrice est supérieure a la longueur de 'aiguille de
filage de la troisieme matrice mesurée a partir de la
base (94) de la troisieme matrice.

Procédé selon 'une quelconque des revendications
2a4,dans lequel lestroisiéeme et quatrieme matrices
sont montées sur une navette (96), la navette étant
configurée pour déplacer les troisieme et quatriéme
matrices dans une direction radiale et une direction
axiale.

Procédé selon la revendication 5, dans lequel le for-
mage de la bride de roue comprend en outre 'opé-
ration consistant a éloigner la premiere partie termi-
nale longitudinale du corps tubulaire, dans la direc-
tion axiale, de la deuxi€me matrice pendant que la
navette met en place la troisieme et/ou la quatrieme
matrice.

Procédé selon la revendication 6, dans lequel le dé-
placement de la premiére partie terminale longitudi-
nale du corps tubulaire comprend 'application d’'une
force a la seconde partie terminale longitudinale du
corps tubulaire dans une direction axiale.

Procédé selon 'une quelconque des revendications
précédentes, comprenant I'étape consistant a éjec-
ter le corps tubulaire de I'appareil de support.

Procédé selon la revendication 8, dans lequel I'éjec-
tion du corps tubulaire comprend I'application d’une
force ala seconde partie terminale longitudinale (20)
du corps tubulaire.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le chauffage de la premié-
re partie terminale longitudinale du corps tubulaire
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1.

12.

13.

14.

15.

comprend l'opération consistant a chauffer sélecti-
vementla premiére partie terminale longitudinale par
induction électromagnétique.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la troisieme matrice est
soutenue sur une base, et dans lequel l'aiguille de
filage associée a la troisieme matrice a un diamétre
extérieur qui varie dans certaines parties d’un bout
a l'autre de sa longueur.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre 'opération con-
sistant a déplacer temporairement le corps tubulaire
a lintérieur de I'appareil de support en appliquant
une force a la seconde partie terminale longitudinale
du corps tubulaire pour éloigner la premiére partie
terminale longitudinale de la deuxiéme matrice.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le corps tubulaire allongé
est creux sur toute la longueur du corps tubulaire.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la bride de roue est creuse
sur toute la longueur de la bride de roue.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'épaisseur de paroi du
corps tubulaire allongé varie le long de la longueur
du corps tubulaire allongé.
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