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Description

TECHNICAL FIELD

[0001] The present invention relates to a manufactur-
ing method of an armature, an armature and a rotary
electric machine.

BACKGROUND ARTS

[0002] A worm-equipped armature shaft, in which a
worm is formed on an armature shaft, is used in a motor
disclosed in JP11-146603-A, for example. On the arma-
ture shaft is fixed a core, on which a coil is wound thereon
from a middle portion to a base end portion side, and a
commutator side by side. Both end portions interposing
the core and the commutator therebetween serve as
bearing portions, which are in slide contact with a pair of
bearings disposed in the housing. Correspondingly, the
leading end portion of the armature shaft is smaller in
diameter than a portion to fix the core and the commutator
thereon. On the small diameter portion is formed a worm
to be engaged with a worm wheel for driving a motor
output shaft. In assembling the motor, it is necessary to
insert the armature shaft into the bearings from the lead-
ing end thereof. An outer diameter of the worm is config-
ured to be smaller than the bearing portions supported
by the bearings so that the worm does not come in contact
with the bearing in the insertion time.
[0003] Conventionally, these worm-equipped arma-
ture shaft is formed by working a cylindrical shaft material.
Firstly, a cutting process is performed to form the small
diameter portion by cutting the outer circumferential face
in the leading end portion on which the worm is to be
formed. Next, a grinding process is performed from the
small diameter portion to an entire of a base end side
portion than the small diameter portion to form the outer
circumferential face of the bearing portion in high accu-
racy. Then, by rotating rolled dies and moving them in a
radial direction against the small diameter portion proc-
essed by the cutting process, the worm is formed. The
worm-equipped armature shaft is manufactured in this
manner.
[0004] However, the surface of the worked portion be-
comes a coarse surface as conventionally known, and
the outer circumferential face of the small diameter por-
tion formed by the cutting process becomes a coarse
surface. Thus, when the worm is formed on the small
diameter portion, the outer circumferential face of the
small diameter portion, on which the worm is to be
formed, is the coarse surface, so that a state of the outer
circumferential face of the small diameter portion influ-
ences the accuracy of the worm, causing an issue to
decrease the accuracy of the worm. When the accuracy
of the worm is low, the engagement with the worm wheel
deteriorates, to cause such issues as a noise occurrence
from the engagement portion and low transmission effi-
ciency. Thus, it is considered to increase the accuracy

of the worm by grinding the outer circumferential face of
the small diameter portion after the cutting process to
form the outer circumferential face in an even surface..
However, this method increases manufacturing steps
and is not a smart way.
[0005] Further, an armature shaft is known, which can
receive a steel ball in a ball receiving groove (in an in-
stallation depressed portion) formed in an axial end of
the armature shaft in a depressed manner to bring the
steel ball in contact with a plate provided on an end face
of a yoke of a motor so that a thrust force acting on the
armature shaft is received at the steel ball and the plate
(refer to JP-07-033847-B2, for example). Conventionally,
the groove for installing the steel ball is formed by a cut-
ting process, specifically, by putting a cutting blade on
the axial end of the armature shaft and moving the cutting
blade in an axial direction of the shaft in rotating the shaft.
[0006] In a case that a manufacturing step to apply a
cold forging process to the shaft is included in manufac-
turing the armature shaft, the groove for installing the
steel ball therein is formed on the axial end of the arma-
ture shaft in the above-described cutting process after
the cold forging process.
[0007] Accordingly, the armature shaft is work hard-
ened by a form fluxion in the cold forging process, to
cause such an issue that the cutting blade becomes ex-
pensive and the life of the cutting blades is shortened, to
form the groove for installing the steel ball on the end
face of the hardened armature shaft.
[0008] In addition, the armature shaft and the steel ball
rotates relative to each other in the groove, thus they
rotate in contact with each other on the inner face of the
groove. However, the groove is formed by the cutting
process, so that the surface roughness of the inner face
of the groove is relatively large by the cutting lines due
to the cutting blades. This causes various malfunctions
such as unusual noise occurrence by bumping motions
of the armature shaft and the steel ball, uneven wears of
the inner face and the steel ball, and rotation transmission
loss.
[0009] A method for manufacturing a worm-equipped
armature shaft having the features of the preamble of
appended claim 1 is known from International Patent
Publication WO 02/05985 A1. This publication discloses
also a worm-equipped armature shaft having the features
of the preamble of appended claim 9.
[0010] The present invention is achieved to solve the
above-described issues.
[0011] An object is to provide a manufacturing method
of a worm-equipped armature shaft that can enhance an
accuracy of a worm without increasing manufacturing
steps.
[0012] It is also an object to provide a worm-equipped
armature shaft having a large accuracy of a worm without
increasing manufacturing steps; and a rotary electric ma-
chine provided with the worm-equipped armature shaft.
[0013] In this connection it would be adnvantageous
to provide a manufacturing method of an armature shaft
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having an installation depressed portion at its end face
to install a thrust-receiving ball therein, the method being
capable of easily forming the installation depressed por-
tion and improving a surface roughness of the installation
depressed portion, thereby reducing various malfunction
occurrences in the installation depressed portion; an ar-
mature shaft manufactured by use of the manufacturing
method; and a rotary electric machine provided with the
armature shaft.

DISCLOSURE OF THE INVENTION

[0014] In accordance with the present invention, the
above-defined object is achieved by a process having
the features of claim 1. Furthermore, said object is
achieved by a worm-equippe armature shaft having the
features of appended claim 9.
[0015] Thus, a manufacturing method of the armature
shaft according to the present invention is a manufactur-
ing method of a worm-equipped armature shaft to provide
a cylindrical shaft material with a small diameter portion
in a leading end side portion of a shaft body, which has
a fixing portion to fix a core or to fix a core and a com-
mutator thereon and has a bearing portion to be support-
ed by a bearing, and with a worm in the small diameter
portion, and comprises:

a forging process step, in which the small diameter
portion is formed in the shaft material by a cold forg-
ing process using a forging mold provided with a
small diameter portion forming mold portion for form-
ing the small diameter portion and a shaft body sup-
porting mold portion for supporting a portion corre-
sponding to the shaft body; and
a worm forming process step after the forging proc-
ess step, in which the worm is formed in the small
diameter portion by a rolling die.

[0016] According to the above-described manufactur-
ing method, the small diameter portion is formed by cold
forging process. Thus, it is possible to improve a surface
roughness of an outer circumferential face of the small
diameter portion relative to a case in which the small
diameter portion is formed by cutting process, and to
make the outer circumferential face in an even surface.
An accuracy of the worm is influenced by a state of the
outer circumferential face of the small diameter portion.
By forming the outer circumferential face in the even sur-
face, the accuracy of the worm increases. Especially,
when the accuracy of the worm is low, an engagement
of the worm with the worm wheel deteriorates, causing
such malfunctions as a continuous noise from an en-
gagement portion in an operation time, and low trans-
mission efficiency. Correspondingly, by the manufactur-
ing method according to the present invention, the worm
can be formed in high accuracy, so that the malfunctions
can be prevented from occurring.
[0017] The forging mold is provided with the small di-

ameter portion forming mold portion for forming the small
diameter portion in the shaft material and a shaft body
supporting mold portion for supporting the portion of the
shaft material corresponding to the shaft body. In the
forging mold, relatively large load acts on the small di-
ameter portion forming mold portion, so that wear in the
small diameter portion forming mold portion is larger than
that in the shaft body supporting mold portion. Thus, by
separating these mold portions, it becomes possible to
replace only the small diameter portion forming mold por-
tion, and to continuously use the shaft body supporting
mold portion, a replacement of which is not necessary at
the same time as the small diameter portion forming mold
portion. Thus, it is possible to decrease a cost for the
forging mold and a manufacturing cost of the armature
shaft.
[0018] In the above-described manufacturing method,
it is desirable that a split face is placed at a step portion
or at a proximity to the step portion, which is formed be-
tween a first mold portion constituting the small diameter
portion forming mold portion and a second mold portion
constituting the shaft body supporting mold portion.
[0019] In performing cold forging process, lubricating
oil is put on a work surface (support surface) of the small
diameter portion forming mold portion and the shaft body
supporting mold portion to protect the shaft material. In
this regard, a step is provided between the first mold por-
tion constituting the small diameter portion forming mold
portion and the second mold portion constituting the shaft
body supporting mold portion, and the lubricating oil
tends to accumulate at the step. As described above,
however, by placing the split face between the first mold
portion and the second mold portion at the step portion
or at the proximity to the step portion, it becomes possible
to discharge the lubricating oil accumulated at the step
with ease through a gap at the split face. Accordingly, it
is possible to prevent the accumulation of lubricating oil
at the step from deteriorating a process of the shaft ma-
terial.
[0020] In the above-described manufacturing method,
when a leading end bearing portion is formed in a leading
end portion of the small diameter portion, it is desirable
that the leading end bearing portion is formed simulta-
neously with the small diameter portion in the shaft ma-
terial in the forging process step. Accordingly, it is not
necessary in particular to prepare a manufacturing step
for forming the leading end bearing portion.
[0021] In the above-described manufacturing method,
when a depressed portion is formed on a base end face
of the shaft body, it is desirable that the depressed portion
is formed simultaneously with the small diameter portion
in the shaft material in the forging process step. Accord-
ingly, it is not necessary in particular to prepare a man-
ufacturing step for forming the depressed portion.
[0022] In the above-described manufacturing method,
it is desirable that the shaft body supporting mold portion
can be separated into a plurality of mold portions in an
axial direction of the armature shaft. Thus, in a case to
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manufacture various types of the worm-equipped arma-
ture shaft having varied lengths in the shaft body, it is
possible to adapt to them with ease by replacing only a
part of the mold portions of the shaft body supporting
mold portion in accordance with the length of the shaft
body.
[0023] In the above-described manufacturing method,
it is desirable to perform a grinding process step, in which
an entire of the circumferential face of the shaft body is
ground by bringing a grinding stone into a slide contact
with the outer circumferential face of the shaft body, be-
fore performing the worm forming process step.
[0024] When a working fiducial position in forming the
worm 13 in the small diameter portion is set to the outer
circumferential face of the shaft body 11, by grinding the
outer circumferential face of the shaft body 11, which is
to be the fiducial position, in a preceding manufacturing
step before forming the worm, the accuracy of the worm
13 is further increased.
[0025] In addition, by grinding the entire of the outer
circumferential face of the shaft body, it is possible to
remove the lubricating oil put on the outer circumferential
face of the shaft body simultaneously.
[0026] A worm-equipped armature shaft according to
the present invention is one formed by processing a cy-
lindrical shaft material and provided with: a shaft body,
which has: a fixing portion to fix a core or to fix a core
and a commutator thereon and a bearing portion to be
supported by a bearing; a small diameter portion, which
is continuously provided in the leading end side portion
of the shaft body; and a worm, which is formed in the
small diameter portion,
wherein the small diameter portion is formed by a cold
forging process, and the worm is formed in the small di-
ameter portion by a rolled die after the cold forging proc-
ess.
[0027] As described above, the worm-equipped arma-
ture shaft according to the present invention is one, in
which the worm is formed in the small diameter portion,
which is formed by the cold forging process, by the rolled
die. When the small diameter portion is formed by the
cold forging process, the surface roughness of an outer
circumferential face of the small diameter portion is im-
proved relative to a case in which the small diameter
portion is formed by cutting process, and the outer cir-
cumferential face becomes an even surface. An accuracy
of the worm is influenced by a state of the outer circum-
ferential face of the small diameter portion. By forming
the outer circumferential face in the even surface, the
accuracy of the worm increases. When the accuracy of
the worm is low, an engagement of the worm with the
worm wheel deteriorates, causing such malfunctions as
a continuous noise from an engagement portion in an
operation time, and low transmission efficiency. Corre-
spondingly, by the worm-equipped armature shaft ac-
cording to the present invention, the worm can be formed
in high accuracy, so that the malfunctions can be pre-
vented from occurring.

[0028] A rotary electric machine according to the
present invention is provided with an armature constitut-
ed by fixing a core or by fixing a core and a commutator
on the above-described worm-equipped armature shaft
and winding a coil on the core, the armature being con-
figured to be rotationally driven. Accordingly, it is possible
to constitute the rotary electric machine, in which an ac-
curacy of the worm is high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

FIG. 1 is a cross-sectional view showing a motor
provided with an armature shaft according to an em-
bodiment. FIG. 2 is a plan view of the armature shaft.
FIG. 3 is an explanatory diagram for explaining a
shaft material. FIG. 4 is an explanatory diagram for
explaining a forging process step in a manufacturing
procedure of the armature shaft. FIG. 5 is an explan-
atory diagram for explaining a grinding process step
in the manufacturing procedure of the armature
shaft. FIG. 7 is a graph showing an accuracy of the
worm formed on the armature shaft. FIG. 8 is a graph
showing a comparison of the surface roughness of
an installation depressed portion according to differ-
ence of process. FIG. 9 is a plan view showing an
armature shaft according to a modified embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] In the following is described an embodiment re-
ducing the present invention into practice in accordance
with drawings.
[0031] FIG. 1 depicts a motor 1 according to the
present embodiment. The motor 1 of the present embod-
iment is a motor used for a driving power source of a
vehicular wiper apparatus. The motor 1 is one having a
speed reduction mechanism in which a motor body 2 and
a speed reduction portion 3 for installing a speed reduc-
tion mechanism are integrally put together.
[0032] The motor body 2 is constituted by a DC motor,
and has a bottomed cylindrical yoke housing 4. A pair of
magnets 5 are fixed on an inner face of the yoke housing
4. An armature 6 is rotatably installed inside the magnets
5. The armature 6 is provided with an armature shaft 7,
a core 8, a coil 9 and a commutator 10.
[0033] In the armature shaft 7, as shown in FIG. 2, a
shaft body 11 extends between a base end portion and
a small diameter portion 12, which is smaller in diameter
than the shaft body 11. In the small diameter portion 12
is formed a worm 13.
[0034] An approximately middle portion of the shaft
body 11 is a core fixing portion 11 a to fix the core 8
thereon, and a specific portion at a leading end side than
the core fixing portion 11 a is a commutator fixing portion
11 b to fix the commutator 10 thereon. A base end portion
of the shaft body 11 is a base end bearing portion 11 c.
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As shown in FIG. 1, the base end bearing portion 11 c is
a portion that is supported in a radial direction by a sliding
bearing 14, which is fixed on a center of a bottom portion
of the yoke housing 4. Further, on an end face of the
shaft body 11 (the base end bearing portion 11 c) is
formed an installation depressed portion 11d with a cir-
cular cross-section to install a steel ball 15 that serves
as a thrust-receiving ball to receive a thrust force of the
armature shaft 7. As shown in FIG. 2, the installation
depressed portion 11 d is provided to align a central axis
L2 thereof with a central axis L1 of the armature shaft 7.
The installation depressed portion 11d is configured so
that an inner diameter D2 thereof is slightly larger than
a diameter D1 of the steel ball 15 and a longitudinal length
D3 thereof is smaller than the diameter D1 of the steel
ball 15 (yet larger than D1/2). That is, in a state that the
steel ball 15 is installed in the installation depressed por-
tion 11d to be in contact with a bottom face 11f of the
installation depressed portion 11 d, a slight gap is pro-
vided between an inner circumferential face 11 g of the
installation depressed portion 11 d and the steel ball 15,
and a part of the steel ball 15 protrudes from the instal-
lation depressed portion 11 d. In this regard, as described
below, a cold forging process is applied to the armature
shaft 7 at a step before the worm 13 is formed, and the
installation depressed portion 11 d is formed in the cold
forging process. Accordingly, an inner face of the instal-
lation depressed portion 11d, that is, the bottom face 11f
and the inner circumferential face 11g is a forged surface.
[0035] A leading end portion of the shaft body 11, that
is, the approximately middle portion of the armature shaft
7 is a middle bearing portion 11e. The middle bearing
portion 11e is a portion that is supported in the radial
direction by a sliding bearing 22, which is fixed on a gear
housing 21 of the speed reduction portion 3. Adjacent to
the middle bearing portion 11e is the small diameter por-
tion 12, which is smaller in diameter than the shaft body
11. In the small diameter portion 12 is formed a worm
13. An outer diameter of the worm 13 is formed to be
slightly smaller than a diameter of the middle bearing
portion 11e (the shaft body 11). A leading end portion of
the small diameter portion 12 is formed to be still smaller,
and serves as a leading end bearing portion 12a that is
inserted in an insertion hole 21c, which is formed on the
gear housing 21, to be supported in the radial direction
in the insertion hole 21c. In addition, in a cavity formed
at a leading end face side of the leading end bearing
portion 12a in the insertion hole 21c is filled and solidified
a resinous material 27. The solidified resinous material
27 and a leading end face of the armature shaft 7 (the
leading end face of the leading end bearing portion 12a)
provide a slight gap therebetween to receive a thrust of
the shaft 7.
[0036] Further, on the core fixing portion 11a of the
armature shaft 7 is fixed the core 8, on the commutator
fixing portion 11 is fixed the commutator 10, and on the
fixed core 8 and commutator 10 is wound the coil 9, to
constitute the armature 6. In the installation depressed

portion 11 at the base end portion of the armature shaft
7 is installed the steel ball 15 that receives the thrust force
of the shaft 7. The armature 6 is installed in the yoke
housing 4 on which the magnets 5 are fixed in such a
manner that the base end bearing portion 11c of the ar-
mature shaft 7 is inserted in the sliding bearing 14 at the
bottom portion of the yoke housing 4 and the steel ball
15 is in contact with a thrust-receiving plate 16 are aligned
with the central axis L1 of the shaft 7, to realize a con-
struction to receive the thrust force of the armature shaft
7 on one straight line.
[0037] The speed reduction portion 3 has a gear hous-
ing 21. The gear housing 21 has a specific shape pro-
vided with a shaft receiving portion 21 a to install the
leading end side portion of the armature shaft 7 extending
from the motor body 2 and a wheel receiving portion 21
b to install a worm wheel 23 therein.
[0038] On a base end portion of the shaft receiving
portion 21 a is fixed the sliding bearing 22 that supports
the middle bearing portion 11e of the armature shaft 7 in
the radial direction. In a leading end portion of the shaft
receiving portion 21 a is formed the insertion hole 21c,
into which the leading end bearing portion 12a of the
armature shaft 7 (the small diameter portion 12) is insert-
ed so that the portion 12a is supported in the radial di-
rection. In putting the motor body 2 on the gear housing
21, the leading end side portion (the worm 13 and the
leading end bearing portion 12a) of the armature shaft 7
is inserted in the sliding bearing 22 to be installed in the
shaft receiving portion 21 a. At this time, the outer diam-
eter of the worm 13 is formed to be slightly smaller than
the outer diameter of the middle bearing portion 11e, that
is, the inner diameter of the sliding bearing 22, so that
the worm 13 does not come in contact with an inner cir-
cumferential face of the sliding bearing 22.
[0039] In the wheel receiving portion 21 b is rotatably
installed a worm wheel 23, which is engaged with the
worm 13 of the armature shaft 7. The worm wheel 23 is
provided with an output shaft 24 to rotate integrally.
[0040] In the gear housing 21 is fixed a brush device
25 at a position to face with the motor body 2. On the
brush device 25 is held a feeding brush 26 that is in slide
contact with the commutator 10. The brush device 25
receives an electric power via a feeder wire (not shown)
from an external device, and supplies the electric power
via the feeding brush 26 and the commutator 10 to the
armature 6 (the coil 9). Thus, the armature 6 rotates and
the armature shaft 7 rotates, thereby the output shaft 24
are rotated via the worm 13 and the worm wheel 23, to
actuate the wiper apparatus in accordance with a rotation
of the output shaft 24.
[0041] In the following is described a manufacturing
procedure of the worm-equipped armature shaft 7 used
in the present embodiment.
[0042] The armature shaft 7 is manufactured by work-
ing such a cylindrical shaft material 30 as shown in FIG.
3. In the leading end side portion of the shaft material 30
is formed the small diameter portion 12 (including the
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leading end bearing portion 12a) by use of a forging mold
31 shown in FIG. 4, then a cold forging process is applied
to a base end face of the shaft material 30 to form the
installation depressed portion 11 d therein (forging proc-
ess step).
[0043] The forging mold 31 is provided with a pair of
body molds 31 a (one of the body molds 31 a is shown
in FIG. 4) that can be split into two and put together again
to dispose the shaft material 30 therebetween, and a slid-
ing mold 35 that is pushed into the body mold 31 a. The
body mold 31 a has a construction to be split into three
including a first to a third mold portions 32 to 34 in the
axial direction of the shaft material 30 (the pushing direc-
tion of the sliding mold 35), and has a shaft-forming de-
pressed portion 31 b that extends from the first to the
third mold portions 32 to 34 to form the armature shaft 7.
[0044] The first mold portion 32 is a small diameter
portion forming mold portion, and provided with a small
diameter portion forming depressed portion 32a for form-
ing the small diameter portion 12 (including the leading
end bearing portion 12a) by forging the leading end por-
tion of the shaft material 30. The second mold portion 33
and the third mold portion 34 serve as a shaft body sup-
porting mold portion, and respectively provided with shaft
body supporting depressed portions 33a, 34a for sup-
porting the shaft body 11 when the first mold portion 32
forms the small diameter portion 12 in the first mold por-
tion 32. These small diameter portion forming depressed
portion 32a and the shaft body supporting depressed por-
tions 33a, 34a constitute the shaft-forming depressed
portion 31 b.
[0045] By the body mold 31 a having such a construc-
tion as described above is formed the small diameter
portion 12 in the leading end portion of the shaft material
30. In this case, a surface of a processed portion by the
cold forging becomes an even surface as commonly
known, and the outer circumferential face of the small
diameter portion 12 formed by the cold forging process
becomes an even surface. That is, the small diameter
portion 12 processed by the cold forging process is im-
proved in a surface roughness in the outer circumferential
face than processed by a cutting process.
[0046] Correspondingly, the sliding mold 35 is slidably
provided in the body mold 31 a, that is, in the shaft body
supporting depressed portion 34a. In the sliding mold 35
are formed a cylindrical body portion 35a that is approx-
imately as large in diameter as (slightly smaller in diam-
eter than) the inner diameter of the shaft body supporting
depressed portion, and a forming projected portion 35b
at a leading end center portion of the body portion 35a
that corresponds with the installation depressed portion
11 d. An outer diameter of the forming projected portion
35b corresponds with the inner diameter D2 of the instal-
lation depressed portion 11d, and a longitudinal length
thereof corresponds with the longitudinal length D3 of
the installation depressed portion 11 d. That is, the outer
diameter (D2) of the forming projected portion 35b is
slightly larger than the diameter D1 of the steel ball 15,

and the longitudinal length (D3) of the forming projected
portion 35b is smaller than the diameter D1 of the steel
ball 15 (yet larger than D1/2). In addition, to form the
installation depressed portion 11 d in such a manner to
align the central axis L2 of the installation depressed por-
tion 11d with the central axis L1 of the armature shaft 7,
the sliding mold 35 (the forming projected portion 35b)
is provided to align a central axis L4 with the central axis
L3 of an inner space of the body mold 31 a (such as the
shaft body supporting depressed portion 34a), and
pushed into the shaft body supporting depressed portion
34a along the axis L3. While the small diameter portion
12 (including the leading end bearing portion 12a) is
formed in the leading end portion of the shaft material 30
in the body mold 31 a, on the base end face of the shaft
material 30 is formed the installation depressed portion
11 d. in the sliding mold 35.
[0047] In performing the cold forging process, on the
small diameter portion forming depressed portion 32a of
the body mold 31 a and the shaft body supporting de-
pressed portions 33a, 34a are painted lubricating oil for
protecting the shaft material 30. In this regard, a step A
is formed between the first mold portion 32 having the
small diameter portion forming depressed portion 32a
and the second mold portion 33 having the shaft body
supporting depressed portion 33a. That is, lubricating oil
tends to accumulate at the step A. The body mold 31 a
according to the present embodiment has such a con-
struction that a mold split face P between the first mold
portion 32 and the second mold portion 33 is positioned
at the step A portion, so that the lubricating oil accumu-
lated at the step A is easily discharged outward through
a gap at the mold split face P. Accordingly, an accumu-
lation of lubricating oil at the step A does not deteriorate
the process of the shaft material 30.
[0048] Subsequently, as shown in FIG. 5, to form the
base end bearing portion 11c of the shaft body 11 and
the outer circumferential face of the middle bearing por-
tion 11e, grinding stone 36 is brought in slight contact
with an outer circumferential face of the shaft body 11,
to apply a grinding process to the entire outer circumfer-
ential face of the shaft body 11. That is, by the grinding
process, the surface roughness and circle perfection in
the base end bearing portion 11c and the outer circum-
ferential face of the middle bearing portion11e are im-
proved.
[0049] Subsequently, as shown in FIG. 6, the small
diameter portion 12, to which the cold forging process is
applied, is bound between the rolled dies 37, and by roll-
ing or shifting the rolled dies 37, the worm 13 is formed
(worm forming process step). In this case, the small di-
ameter portion 12 is formed by the cold forging process,
the outer circumferential face of the small diameter por-
tion 12 becomes an even surface relative to a conven-
tional in which the small diameter portion 12 is formed
by a cutting process. Accordingly, as shown in FIG. 7, a
variation range X1 of the outer diameter of the worm 13
according to the present embodiment in which the small
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diameter portion 12 is worked by the cold forging process
is sufficiently small relative to a variation range X2 of an
outer diameter of a worm in a conventional case in which
the small diameter portion is worked by a cutting process.
That is, an accuracy in the worm 13 is increased in the
present embodiment.
[0050] Further, in the present embodiment, a working
fiducial position in forming (rolling) the worm 13 is the
outer circumferential face of the shaft body 11. Thus, by
applying the grinding process to the outer circumferential
face of the shaft body 11, which is to be the working
fiducial position, the accuracy of the worm 13 is further
increased. The worm-equipped armature shaft 7 is man-
ufactured as described above in the present embodi-
ment.
[0051] In the armature shaft 7 that is manufactured as
described above, also the inner circumferential face 11g
and the bottom face 11f of the installation depressed por-
tion 11d is formed by the cold forging process in an anal-
ogous fashion to the outer circumferential face of the
small diameter portion 12. Thus, in the cold forging proc-
ess is left no cutting line as generated by a cutting blade
in cutting process, the faces become an even surface
with a quite small surface roughness, and the surface
roughness is greatly improved and stabilized relative to
a case worked by a cutting process. In this regard, FIG.
8 shows a comparison of the surface roughness of the
inner circumferential face 11 g and the bottom face 11f
of the installation depressed portion 11d, in which ten
samples are taken in each of the samples provided with
the installation depressed portion 11d formed by the cold
forging process and the samples provided with the in-
stallation depressed portion 11d by the cutting process.
As shown in FIG. 8, the ones provided with the installation
depressed portions 11d by the cold forging process is
quite small in the surface roughness in the inner circum-
ferential face 11g and the bottom face 11f relative to the
others provided with the installation depressed portions
11d by the cutting process. Further, the ones provided
with the installation depressed portion 11d by the cold
forging process is quite small also in variation range Y1
relative to the variation range Y2 of the others provided
with the installation depressed portions 11d by the cutting
process.
[0052] As described above, not only the surface rough-
ness of the inner circumferential face 11g and the bottom
face 11f of the installation depressed portion 11d is quite
small, but also the variation of the surface roughness
thereof is small and stabilized. Thus, in such a case that
armature shaft 7 rotates under large thrust force, it is
possible to prevent various malfunctions from occurring
such as unusual noise occurrence by the bumping mo-
tions of the shaft 7 and the steel ball 15, uneven wears
of the installation depressed portion 11d and the steel
ball 15, and rotation loss.
[0053] Further, the inner circumferential face 11g and
the bottom face 11f of the installation depressed portion
11 d, which are formed by the cold forging process, are

hardened by the work hardening, so that the wearing life
against the rotation of the steel ball 15 is extended. Fur-
thermore, by forming the installation depressed portion
11d by the cold forging process in the same manufactur-
ing step as the small diameter portion 12, it is possible
to leave out a cutting process step for forming the instal-
lation depressed portion 11d, so that the installation de-
pressed portion 11d can be easily formed. In addition, it
is possible to leave out a cutting process machine and
the like used in the manufacturing step, so that the man-
ufacturing cost of the armature shaft 7 can be decreased.
Further, by forming the installation depressed portion 11d
by the cold forging process, discarded material such as
swarfs produced in the cutting process is not produced
in the cold forging process, so that there is no possibility
to leave the swarfs in the installation depressed portion
11d. No swarf generation also prevents the malfunction
from occurring such as the above-described unusual
noise occurrence, uneven wears, and rotation loss.
[0054] As described above, the present embodiment
serves the following effects.

(1) In the forging process step, the cold forging proc-
ess using the forging mold 31 forms the small diam-
eter portion 12 on the cylindrical shaft material 30.
Then, in the worm forming process step after the
forging process step, the worm 13 is formed by the
rolled die 37 in the small diameter portion 12, to man-
ufacture the worm-equipped armature shaft 7. That
is, when the small diameter portion 12 is formed by
the cold forging process, the surface roughness of
the outer circumferential face of the small diameter
portion 12 is improved than a case when the small
diameter portion is formed by the cutting process,
and the outer circumferential face becomes an even
surface. The accuracy of the worm 13 is subjected
to a state of the outer circumferential face of the small
diameter portion 12, thus the accuracy of the worm
13 is improved by forming the outer circumferential
face thereof in an even surface. Accordingly, it is
possible to provide the motor 1 with the armature
shaft 7 with a worm 13 with high accuracy and the
shaft 7.

[0055] Specifically, a low accuracy of the worm 13 may
cause a malfunction to deteriorate the engagement with
the worm wheel 23 to make a noise at the engaging por-
tion continuously in an operation time and transmission
efficiency. Accordingly, in forming the worm 13, it is nec-
essary to form that in quite high accuracy. The present
embodiment is especially effective for this necessity.

(2) In the forging process step, while the small diam-
eter portion 12 is formed in the shaft material 30, the
leading eng bearing portion 12a is formed in the shaft
material 30 at the leading end portion of the leading
small diameter portion 12 thereof. Accordingly, it is
not necessary to prepare a manufacturing step to
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form the leading end bearing portion 12a, to prevent
manufacturing steps from increasing.
(3) In the forging process step, while the small diam-
eter portion 12 is formed in the shaft material 30, the
depressed portion 11 d is formed on the base end
face of the shaft material 30. Accordingly, it is not
necessary to prepare a manufacturing step to form
the depressed portion 11d, to prevent manufacturing
steps from increasing.
(4) The forging mold 31 is provided with: the first
mold portion 32 for forming the small diameter por-
tion 12 in the shaft material 30; and the second mold
portion 33 and the third mold portion 34 for support-
ing a portion of the shaft material 30 corresponding
to the shaft body 11. That is, relatively large load
acts on the first mold portion 32 in the forging mold
31, and the wear in the first mold portion 32 is larger
than those in the second mold portion 33 and the
third mold portion 34. Thus, by separating these mold
portions 32 to 34 from each other, it becomes pos-
sible to replace only the first mold portion 32. As a
result, the second mold portion 33 and the third mold
portion 34, which are not necessary to be replaced
together with the first mold portion 32, can be con-
tinuously used, so that it is possible to decrease a
cost required for the forging mold 31 and a manu-
facturing cost.

[0056] In addition, in the cold forging process, lubricat-
ing oil is put on the working depressed portion 32a and
the supporting depressed portions 33a, 34a of the first
to the third mold portions 32 to 34 of the forging mold 31.
In this regard, a step A is provided between the first mold
portion 32 and the second mold portion 33, and the lu-
bricating oil is tend to accumulate at the step A. However,
in the forging mold 31, the split face P between the first
mold portion 32 and the second mold portion 33 is placed
at the step A portion, so that the lubricating oil accumu-
lated at the step A can be easily discharged through the
gap at the split face P. Accordingly, it is possible to pre-
vent the lubricating oil accumulated at the step A from
causing a malfunction in processing the shaft material 30.

(5) The second mold portion 33 and the third mold
portion 34 are configured so that they can be split
into two in the axial direction of the shaft 7. Thus, in
a case to manufacture various types of the worm-
equipped armature shaft 7 having varied lengths in
the shaft body 11, it is possible to adapt to them with
ease by replacing only the third mold portion 34 for
example, in accordance with the length of the shaft
body 11.
(6) The installation depressed portion 11 d is formed
on the end face of the shaft material 30, by pushing
the sliding mold 35, which has forming projected por-
tion 35b shaped in accordance with the installation
depressed portion 11 d for receiving the steel ball
15, into the forming depressed portion 31 b in a di-

rection of the axis L3 of the shaft-forming depressed
portion 31 b. Thus, the armature shaft 7 is manufac-
tured to have the installation depressed portion 11d
on the end face thereof. That is, the inner face (inner
circumferential face 11g and the bottom face 11f) of
the installation depressed portion 11d, which is
formed by the cold forging process, is a forged sur-
face. No cutting line is left in the cold forging process
as generated by cutting blades in cutting process.
Accordingly, the inner face becomes an even surface
with quite small surface roughness, and the surface
roughness is greatly improved and stabilized relative
to a case when the cutting process is performed.
Thus, it is possible to prevent various malfunctions
from occurring such as: an unusual noise occurrence
caused by bumping movements of the shaft 7 and
the steel ball 15 in the in such a case that the arma-
ture shaft 7 rotates in receiving a large thrust force;
an uneven wear in the installation depressed portion
11 d and the steel ball 15; and a transmission loss.
Further, the inner face (the inner circumferential face
11g and the bottom face 11f) of the installation de-
pressed portion 11d, which is formed by the cold
forging process is hardened by the work hardening,
so that a wearing life against the rotation of the steel
ball 15 can be extended. Furthermore, by forming
the installation depressed portion 11d by the cold
forging process, a cutting process step for forming
the installation depressed portion 11d is not neces-
sary, so that the installation depressed portion 11d
can be easily formed. In addition, it is possible to
leave out a cutting process machine and the like used
in the manufacturing step, so that it is possible to
decrease the manufacturing cost of the armature
shaft 7. Further, by forming the installation de-
pressed portion 11d by the cold forging process, dis-
carded material such as swarfs produced in the cut-
ting process is not produced in the cold forging proc-
ess, so that there is no possibility to leave the swarfs
in the installation depressed portion 11d. No swarf
generation also prevents the malfunction from oc-
curring such as the above-described unusual noise
occurrence, uneven wears, and rotation loss.

[0057] Further, in a case that the armature shaft 7 is
applied to a motor, especially to the motor 1 according
to the present embodiment, which is provided with the
worm speed reduction mechanism, a reaction rotational
force from the worm wheel 23 in driving the worm wheel
23 engaged with the worm 13, acts as the thrust force of
the armature shaft 7. However, by using the armature
shaft 7 according to the present embodiment, shakes
and vibrations of the armature shaft 7 in the driving time
becomes quite small (the effect is large especially in the
long armature shaft 7 on which the worm 13 is integrally
carved thereon as in the present embodiment). Thus, it
is possible to construct the motor, which is quite silent.
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(7) The longitudinal length (D3) of the forming pro-
jected portion 35b of the sliding mold 35 is smaller
than a diameter D1 of the steel ball 15, so that the
longitudinal length (D3) of the installation depressed
portion 11d, which is formed in the forming projected
portion 35b is smaller than the diameter D1 of the
steel ball 15. That is, the installation depressed por-
tion 11d can be easily formed so that a part of the
steel ball 15 protrudes therefrom when the installa-
tion depressed portion 11d receives the steel ball 15
therein. Further, a part of the steel ball 15 protrudes
from the end portion of the armature shaft 7 when
the installation depressed portion 11d receives the
steel ball 15 therein, so that the thrust force of the
armature shaft 7 can be securely received by the
steel ball 15.
(8) The sliding mold 35 (forming projected portion
35b) is arranged to align its central axis L4 with the
central axis L3 of the shaft-forming depressed por-
tion 31 b, then pushed into the shaft-forming de-
pressed portion 31 b. That is, the installation de-
pressed portion 11 d can be easily formed to arrange
the steel ball 15 therein to place the contact point of
the steel ball 15 on the central axis L1 of the armature
shaft 7. Further, in installing the steel ball 15 in the
installation depressed portion 11d, the steel ball 15
is arranged to place the contact point of the steel ball
15 on the central axis of the central axis L1 (L2).
Thus, the thrust force of the armature shaft 7 can be
received approximately on one straight line, so that
the installation depressed portion 11d can be pre-
vented from being unevenly worn, and an unusual
noise by uneven wear can be prevented from occur-
ring.

[0058] This embodiment of the present invention can
be modified as follows.
[0059] The construction of the forging mold 31 in the
above-described embodiment is not to be limited to this
one, and can be modified as appropriate. For example,
splitting positions and numbers of the body mold 31a can
be modified as appropriate. Especially in the above-de-
scribed embodiment, the split face P is positioned at the
step A portion between the first mold portion 32 and the
second mold portion 33. However, the split face P may
be provided in the second mold portion 33 to be close to
the step A portion. Further, the first to the third mold por-
tions 32 to 34 may be integrally formed in a body mold
31a. Furthermore, the sliding mold 35 may have such a
construction that only the forming projected portion 35b
slides in the direction of the axis L3.
[0060] In the above-described embodiment, the lead-
ing end bearing portion 12a and the installation de-
pressed portion 11d are formed in the shaft material 30
while the small diameter portion 12 is formed in the shaft
material 30. Alternatively, the leading end bearing portion
12a and the installation depressed portion 11d may be
formed at different times.

[0061] The shape of the armature shaft 7 in the above-
described embodiment is not limited to this, and can be
modified as appropriate. For example, as shown in FIG.
9, the outer circumferential faces of the core fixing portion
11a and commutator fixing portion 11b may be respec-
tively worked by knurling process, to form a plurality of
the projected lines 11f, 11g in the circumferential direc-
tion. According to this process, the projected lines 11f,
11g are engaged with the core 8 and the commutator 10,
so that the core and the commutator 10 can be stiffly
fixed on the shaft 7.
[0062] The shape of the installation depressed portion
11d in the above-described embodiment is not intended
to be limited to this, and can be modified as appropriate.
[0063] In the above-described embodiment, the thrust-
receiving ball is realized by the steel ball 15. Alternatively,
the thrust-receiving ball may use material other than
steel.
[0064] The above-described embodiment is applied to
the armature shaft 7 in which the worm 13 is integrally
formed. The shape of the armature shaft 7 is mot limited
to this embodiment, and can be modified as appropriate.
[0065] The above-described embodiment is described
on the armature shaft 7 adopted in the DC motor (motor
body 2) having the commutator 10. Alternatively, the
present invention can be applied to an armature shaft of
a motor having no commutator 10.
[0066] In the above-described embodiment, the arma-
ture shaft 7 is applied to the motor 1 (the rotary electric
machine) used for the vehicular wiper apparatus, how-
ever, it may be applied to an armature shaft of a motor
(a rotary electric machine) used for other kind of appa-
ratus.

Claims

1. A manufacturing method of a worm-equipped arma-
ture shaft (7) with a shaft-body (11), which has a
fixing portion (11a, 11b) to fix a core (8) or to fix a
core (8) and a commutator (10) thereon, and a bear-
ing portion (11c, 11e) to be supported by a bearing ,
and with a leading end portion (12) provided with a
worm (13), said method comprising:

providing a cylindrical shaft material and forming
thereof into said shaft body (11) and said leading
end portion (12), wherein said forming compris-
es a worm-forming process step, in which the
worm (13) is formed in said leading end portion
(12) by a rolling die (37);
characterized by a forging process step, in
which a small diameter portion (12) is formed in
said shaft material by a cold forging process us-
ing a forging mold (31) provided with a small
diameter portion forming mold portion (32) for
forming the small diameter portion (12) and a
shaft body supporting mold portion (33, 34) for
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supporting a portion corresponding to the shaft
body (11);
wherein said worm-forming step is provided af-
ter the forging process step, in which the worm
(13) is formed in the small diameter portion (12).

2. The manufacturing method of a worm-equipped ar-
mature shaft according to claim 1,
wherein a split face (P) is placed at a step portion
(A) or at a proximity to the step portion (A), which is
formed between a first mold portion (32) constituting
the small diameter portion forming mold portion (32)
and a second mold portion (33,34) constituting the
shaft body supporting mold portion.

3. The manufacturing method of a worm-equipped ar-
mature shaft according to claim 2,
wherein the split face (P) is placed at the proximity
to the step portion (A) in the second mold portion
(33, 34) constituting the shaft body supporting por-
tion.

4. The manufacturing method of a worm-equipped ar-
mature shaft according to any one of claims 1 to 3,
wherein:

a leading end bearing portion (12a) is formed in
a leading end portion of the small diameter por-
tion (12); and
the leading end bearing portion (12a) is formed
simultaneously with the small diameter portion
in the shaft material in the forging process step.

5. The manufacturing method of a worm-equipped ar-
mature shaft according to any one of claims 1 to 4,
wherein:

a depressed bearing portion (11d) is formed on
a base end face of the shaft body (11); and
the depressed portion is formed simultaneously
with the small diameter portion (12) in the shaft
material (11) in the forging process step.

6. The manufacturing method of a worm-equipped ar-
mature shaft according to claim 1, wherein:

the shaft body supporting mold portion (33, 34)
can be separated into a plurality of mold portions
in an axial direction of the armature shaft (7).

7. The manufacturing method of a worm-equipped ar-
mature shaft according to claim 1, further compris-
ing: a grinding process step, in which an entire of the
circumferential face of the shaft body (11) is ground
by bringing a grinding stone (36) into a slide contact
with the outer circumferential face of the shaft body
(11). (Fig. 5)

8. The manufacturing method of a worm-equipped ar-
mature shaft according to claim 7,
wherein the lubricating oil put on the outer circum-
ference face of the shaft body (11) is removed simul-
taneously in the grinding process step.

9. A worm-equipped armature shaft (7) formed by
processing a cylindrical shaft material and provided
with a shaft body (11), which has a fixing portion
(11a, 11b) to fix a core (8) or to fix a core (8) and a
commutator (10) thereon, and a bearing portion (11c,
11e) to be supported by a bearing, and with a leading
end portion (12) provided with a worm (13), wherein
said worm is formed in said leadling end portion (12)
by rolling;
characterized in that said leading end portion (12)
has a small diameter portion which is formed by a
cold forging process, said small diameter portion (12)
having formed thereon the worm (13) which is
formed in the small diameter portion (12) by the roll-
ing die (37).

10. A rotary electric machine comprising a worm-
equipped armature shaft according to claim 9 to
which a core (8) and a commutator (10) are fixed,
wherein a coil is wound on the core to form the ar-
mature of the rotary electric machine, said armature
being configured to be rotationally driven.

Patentansprüche

1. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle (7) mit einem
Wellenkörper (11), der einen Befestigungsbereich
(11a, 11b) zum Befestigen eines Kerns (8) oder zum
Befestigen eines Kerns (8) und eines Kommutators
(10) daran, und einen Lagerbereich (11c, 11e) auf-
weist, der durch ein Lager gehalten werden soll, und
mit einem vorderen Endbereich (12), der mit einem
Schneckengewinde (13) ausgestattet ist, wobei das
Vorfahren beinhaltet:

Bereitstellen eines zylindrischen Wellenmateri-
als und Formen aus demselben den Wellenkör-
per (11) und den vorderen Endbereich (12), wo-
bei der Formvorgang einen Schneckengewin-
de-Formverfahrensschritt beinhaltet, in dem
das Schneckengewinde(13) in dem vorderen
Endbereich (12) durch ein Walzwerkzeug (37)
geformt wird,
gekennzeichnet durch einen Schmiedever-
fahrensschritt, in dem ein Kleindurchmesserbe-
reich (12) in dem Wellenmaterial durch ein Kalt-
schmiedeverfahren unter Verwendung einer
Schmiedeform (31) geformt wird, die mit einem
den Kleindurchmesserbereich ausbildenden
Formbereich (32) versehen ist, um den Klein-
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durclunesserbereich (12) zu formen, und mit ei-
nem den Wellenkörper haltenden Formbereich
(33, 34) versehen ist, um einen Bereich zu hal-
ten, der dem Wellenkörper (11) entspricht;
wobei der Schneckengewinde-Formschritt nach
dem Schmiedeverfahrensschritt ausgeführt
wird, in dem das Schneckengewinde(13) in dem
Kleindurchmesserbereich (12) geformt wird.

2. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach An-
spruch 1,
wobei eine geteilte Fläche (P) an einem Stufenbe-
reich (A) oder in Nähe zu dem Stufenbereich (A) an-
geordnet ist, der zwischen einem ersten Formbe-
reich (32), der den Kleindurchmesserbereich ausbil-
denden Formbereich (32) darstellt, und einem zwei-
ten Formbereich (33, 34), der den Formbereich dar-
stellt, der den Wellenkörper hält, ausgebildet ist.

3. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach An-
spruch 2,
wobei die geteilte Fläche (P) in der Nähe zu dem
Stufenbereich (A) in dem zweiten Formbereich (33,
34) angeordnet ist, der den Bereich darstellt, der den
Wellenkörper hält.

4. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach einem
der Ansprüche 1 bis 3, wobei:

ein am vorderen Ende befindlicher Lagerbereich
(12a) in einem vorderen Endbereich des Klein-
durchmesserbereichs (12) ausgebildet wird;
und
der an einem vorderen Ende befindliche Lager-
bereich (12a) zeitgleich mit dem Kleindurchz-
nesserbereich in dem Wellenmaterial in dem
Schmiedeverfahrensschritt ausgebildet wird.

5. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach einem
der Ansprüche 1 bis 4, wobei:

ein vertiefter Lagerbereich (11d) auf einer hin-
teren Endfläche des Wellenkörpers (11) ausge-
bildet wird: und
der vertiefte Bereich zeitgleich mit dem Klein-
durchmesserbereich (12) in dem Wellenmateri-
al (11) in dem Schmiedeverfahrensschritt aus-
gebildet wird.

6. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach An-
spruch 1, wobei:

der den Wellenkörper haltende Formbereich

(33, 34) in eine Mehrzahl von Formbereich in
einer axialen Richtung der Ankerwelle (7) auf-
geteilt werden kann.

7. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach An-
spruch 1, ferner aufweisend: einen Schleifverfah-
rensschritt, in dem eine gesamte Umfangsfläche des
Wellenkörpers (11) geschliffen wird, in dem ein
Schleifstein (36) mit der äußeren Umfangsfläche des
Wellenkörpers (11) in Gleitkontakt versetzt wird.
(Fig. 5)

8. Herstellungsverfahren für eine mit einem Schnek-
kengewinde ausgestattete Ankerwelle nach An-
spruch 7,
wobei das auf die äußere Umfangsfläche des Wel-
lenkörpers (11) aufgetragene Schmieröl zeitgleich
mit dem Schleifverfahrensschritt entfernt wird.

9. Mit einem Schneckengewinde ausgestattete Anker-
welle (7), die durch Bearbeiten eines zylindrischen
Wellenmaterials gebildet wird und mit einem Wel-
lenkörper (11), der einen Befestigungsbereich (11a,
11b) zum Befestigen eines Kerns (8) oder zum Be-
festigen eines Kern (8) und eines Kommutators dar-
an, und einen Lagerbereich (11c, 11e) aufweist, der
durch ein Lager gehalten werden soll, und mit einem
vorderen Endbereich (12) versehen ist, der mit ei-
nem Schneckengewinde ausgestattet ist, wobei das
Schneckengewinde in dem vorderen Endbereich
(12) durch Walzen ausgebildet wird;
dadurch gekennzeichnet, dass der vordere End-
bereich (12) einen Kleindurchmesserbereich auf-
weist, der durch einen Kaltschmiedevorgang gebil-
det wird, wobei auf dem Kleindurchmesserbreich
(12) das Schneckengewinde (13) ausgebildet ist,
das in dem Kleindurchmesserbreich (12) durch die
Walzform (37) ausgebildet wird.

10. Rotierende elektrische Maschine, die eine mit einem
Schneckengewinde ausgestattete Ankerwelle nach
Anspruch 9 aufweist, an der ein Kern (8) und ein
Kommutator (10) befestigt sind, wobei eine Spule
auf den Kern gewickelt ist, um den Anker der rotie-
renden elektrischen Maschine auszubilden, wobei
der Anker so konfiguriert ist, dass er drehbar ange-
trieben werden kann.

Revendications

1. Procédé de fabrication d’un arbre d’induit (7) équipé
d’une vis sans fin avec un corps d’arbre (11), qui a
une partie de fixation (11a, 11b) pour fixer un noyau
(8) ou pour fixer un noyau (8) et un collecteur (10)
dessus, et une partie de palier (11c, 11e) qui doit
être supportée par un palier, et avec une partie (12)
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d’extrémité avant munie d’une vis sans fin (13), ledit
procédé comprenant le fait :

de fournir un matériau d’arbre cylindrique et de
former celui-ci dans ledit corps d’arbre (11) et
ladite partie d’extrémité avant (12), où ladite for-
mation comprend une étape de processus de
formation de la vis sans fin, dans laquelle la vis
sans fin (13) est formée dans ladite partie d’ex-
trémité avant (12) par une matrice de roulage
(37) ;
caractérisé par une étape de processus de for-
geage, dans laquelle une partie à petit diamètre
(12) est formée dans ledit matériau d’arbre par
un processus de forgeage à froid en utilisant un
moule de forge (31) muni d’une partie de moule
(32) formant la partie à petit diamètre destinée
à former la partie à petit diamètre (12) et une
partie (33, 34) de moule supportant le corps d’ar-
bre destinée à supporter une partie qui corres-
pond au corps d’arbre (11) ;
où ladite étape de formation de la vis sans fin
est prévue après l’étape du processus de for-
geage, dans laquelle la vis sans fin (13) est for-
mée dans la partie (12) à petit diamètre.

2. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon la revendication 1,
dans lequel une face de division (P) est placée à une
partie étagée (A) ou à une proximité de la partie éta-
gée (A), qui est formée entre une première partie de
moule (32) constituant la partie de moule (32) for-
mant la partie à petit diamètre et une deuxième partie
de moule (33,34) constituant la partie de moule sup-
portant le corps arbre.

3. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon la revendication 2,
dans lequel la face de division (P) est placée à proxi-
mité de la partie étagée (A) dans la deuxième partie
de moule (33, 34) constituant la partie de moule sup-
portant le corps d’arbre.

4. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon l’une quelconque des reven-
dications 1 à 3, dans lequel :

une partie (12a) de palier d’extrémité avant est
formée dans une partie d’extrémité avant de la
partie à petit diamètre (12) ; et
la partie (12a) de palier d’extrémité avant est
formée en même temps que la partie à petit dia-
mètre dans le matériau d’arbre dans l’étape du
processus de forgeage.

5. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon l’une quelconque des reven-
dications 1 à 4, dans lequel :

une partie de palier enfoncée (11d) est formée
sur une face d’extrémité de base du corps d’ar-
bre (11) ; et
la partie enfoncée est formée en même temps
que la partie à petit diamètre (12) dans le maté-
riau d’arbre (11) dans l’étape du processus de
forgeage.

6. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon la revendication 1, dans
lequel :

la partie (33, 34) de moule supportant le corps
d’arbre peut être séparée en plusieurs parties
de moule dans la direction axiale de l’arbre d’in-
duit(7).

7. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon la revendication 1, compre-
nant en outre: une étape de processus de meulage,
dans laquelle toute la face circonférentielle du corps
d’arbre (11) est meulée en amenant une meule (36)
en contact glissant avec la face circonférentielle ex-
térieure du corps d’arbre (11). (Fig.5)

8. Procédé de fabrication d’un arbre d’induit équipé
d’une vis sans fin selon la revendication 7,
dans lequel l’huile de lubrification placée sur la face
de circonférence externe du corps d’arbre (11) est
retirée simultanément à l’étape du processus de
meulage.

9. Arbre d’induit équipée d’une vis sans fin) formé en
traitant un matériau d’arbre cylindrique et muni d’un
corps d’arbre (11), qui a une partie de fixation (11a,
11b) pour fixer un noyau (8) ou pour fixer un noyau
(8) et un collecteur (10) dessus, et une partie de pa-
lier (11c, 11e) qui doit être supportée par un palier,
et avec une partie d’extrémité avant (12) munie d’une
vis sans fin (13), ladite vis sans fin est formée dans
ladite partie d’extrémité avant(12) par roulage ;
caractérisé en ce que ladite partie d’extrémité
avant (12) possède une partie à petit diamètre qui
est formée par un processus de forgeage à froid,
ladite partie à petit diamètre (12) ayant formée sur
celle-ci la vis sans fin (13) qui est formée dans la
partie à petit diamètre (12) par la matrice de roulage
(37).

10. Machine électrique rotative comprenant un arbre
d’induit équipé d’une vis sans fin selon la revendica-
tion 9 dans laquelle un noyau (8) et un collecteur
(10) sont fixés, où une bobine est enroulée sur le
noyau pour former l’induit de la machine électrique
rotative, ledit induit étant configuré pour être entrainé
en rotation.
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