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Description
Technical Field

[0001] The present invention relates to a shaft diame-
ter enlarging method and a shaft diameter enlarging ap-
paratus, such as disclosed in document
JP2007-167882A.

Background Art

[0002] A shaft with a large-diameter portion at an in-
termediate portion of the shaft may be provided by cutting
a thick shaft, by a combination of plastic working such
as forging and finishing by a cutting or the like, or by
joining an additional member on the shaft by welding.
However, cutting takes a lot of efforts, and is uneconom-
ical due to a lot of waste of material. Further, it is difficult
to form a large-diameter portion at an intermediate por-
tion when a workpiece is long-sized. With the method of
joining the additional member on the workpiece by weld-
ing, there is effect of welding heat.

[0003] A shaft diameter enlarging method is a solution
to the above problems. With the shaft diameter enlarging
method, an intermediate portion of a shaft is enlarged by
applying a rotation, compression force, and bending to
the shaft. In this way, a large-diameter portion is easily
formed at the intermediate portion of the shaft, and there
is no need for cutting or welding.

[0004] The shaft diameter enlargement will be de-
scribed in detail. A linear shaft is held by a pair of holders
arranged with a gap provided between the holders. Then,
with a rotation being applied about the axis of the shaft,
atleastone ofthe holders is movedin the direction toward
the other holder, and one of the holders is biased grad-
ually in a direction intersecting an axial line. Accordingly,
the compression force and the bending force is applied
to the shaftundera conditionin which compression stress
continuously acts at an outer side of the bending, where-
by the shaft between the holders is plastically deformed
in a radial direction. Subsequently, the bias of the holder
is recovered gradually while maintaining the condition in
which the compression stress continuously acts at the
outer side the bending. In this way, the intermediate por-
tion of the shaft is enlarged.

[0005] When applying the bending and the rotation on
the shaft, the rotation is performed while applying the
compression force, and the bending is performed so as
to obtain a desired shape. Thereafter, a bend restoration
is performed, and the compression and the rotation are
stopped. Thus, when the material of the shaft is a high
strength steel or a large axial steel material, high com-
pression force is required, and it is inevitable that an ap-
paratus for performing the shaft diameter enlarging meth-
od on the shaft become large-sized. If the compression
force is low, the number of rotations for shaft diameter
enlargement for obtaining a desired shape increases, so
that it takes much time. Further, the enlargement rate
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(the outer diameter of the enlarged intermediate portion
of the shaft divided by the diameter of the original shaft)
is limited to be about two times at the maximum, and
therefore, applicable components are limited.

[0006] According to a first related art shaft diameter
enlarging method, deformation resistance of a shaft is
reduced by heating the shaft before or during the shaft
diameter enlargement (see, e.g., JP2005-088066A).
With this related art, the intermediate portion of the shaft
can be enlarged by smaller compression force, and the
size of apparatus is prevented from becoming large. Fur-
ther, since the plastic deformability of the shaft is im-
proved, and the enlargement rate can be increased.
[0007] Inasecond related art shaft diameter enlarging
method, a shaft is heated to a temperature above the
blue brittleness range, in view of the fact that, if the shaft
is heated to be in the blue brittleness range, the shaft is
hardened due to the blue brittleness effect so that the
deformation resistance becomes high, in which case a
desired enlarged portion may not be obtained, and there
may be a defect such as a crack in the shaft (see, e.g.,
JP2007-167882A). As an example, in a case where the
shaft is made of structural carbon steel JIS-S45C, when
the temperature of the shaftis about400°C or below, due
to the effect of the blue brittleness, the enlargement rate
is not affected by the heating of the shaft. When the shaft
is heated to 580°C or above, more than double enlarge-
ment rate can be obtained, and a cracking damage can
be suppressed.

Summary

[0008] Similarly to the shaft diameter enlargement,
forging involves a plastic deformation of a workpiece. The
workpiece is typically heated to 700°C to 850°C in so-
called warm forging, and the workpiece is typically heated
to 950°C or above in hot forging (including sub hot forg-
ing). Thus, like the forging, it may be conceivable also
with regard to the shaft diameter enlargement in which
the shaft is heated to 580°C or above, to heat the shaft
to a warm temperature range (700°C to 850°C) or a hot
temperature range (950°C or above). However, in the
shaft diameter enlargement, the shaft is subject to the
rotation, the compression force, and the bending, and so
that load also acts on the holders holding the shaft. Fur-
ther, the holders are typically made of tool steel such as
die steel and high speed tool steel. The tempering tem-
perature range of such tool steels is about 500°C to
580°C. Furthermore, the time during which the shaft con-
tacts with the holders is relatively longer than the time
during which the workpiece contacts with a die in forging.
Thus, in a case where the shaft is heated to the warm
temperature range or the hot temperature range, the
hardness of the holders may become lower due to tem-
pering. When the hardness of the holders is lowered, the
durability of the holders against repeated use is lowered
so that the lifetime of the holders may be shortened.

[0009] The presentinvention provides a shaftdiameter
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enlarging method according to claim 1 and a shaft diam-
eter enlarging apparatus according to claim 5 which can
increase an enlargement rate, prevent a crack caused
by enlargement, and reduce running cost.

[0010] According to the present invention, a shaft di-
ameter enlarging method for enlarging an intermediate
portion of a shaft is provided. The shaft diameter enlarg-
ing method includes holding the shaft by a pair of holders
with a gap between the pair of holders in an axial direction
of the shaft, applying compression force in the axial di-
rection to the intermediate portion arranged between the
pair of holders, and applying alternating load in adirection
intersecting the axial direction to the intermediate portion
to enlarge the intermediate portion. The method further
comprises heating at least a portion of the shaft including
the intermediate portion before the enlarging of the inter-
mediate portion, and/or heating the intermediate portion
during the enlarging of the intermediate portion. When
enlarging the intermediate portion, a temperature of the
intermediate portion is set to be above a blue brittleness
temperature range of the shaft, and a temperature of the
holders is set to be below a tempering temperature range
of the holders.

[0011] According to the present invention, a shaft di-
ameter enlarging apparatus includes a pair of holders
configured to hold a shaft with a gap between the pair of
holders in an axial direction of the shaft, a presser con-
figured to apply compression force in the axial direction
to the intermediate portion arranged between the pair of
holders, an alternating load generator configured to apply
alternating load in a direction intersecting the axial direc-
tion to the intermediate portion to enlarge the intermedi-
ate portion, and a heating device configured to heat at
least a portion of the shaft including the intermediate por-
tion before the enlarging of the intermediate portion,
and/or heat the intermediate portion during the enlarging
of the intermediate portion. The heating device is config-
ured to heat at least a portion of the shaft such that, during
a period in which the compression force and the alter-
nating load are applied to the intermediate portion of the
shaft, a temperature of the intermediate portion is above
a blue brittleness temperature range of the shaft, and a
temperature of the pair of holders holding the shaft is
below a tempering temperature range of the holders.

Brief Description of Drawings
[0012]

[fig.1]Fig. 1 is a schematic view illustrating an exam-
ple of a shaft diameter enlarging apparatus accord-
ing to an embodiment of the present invention.
[fig.2]Fig. 2 is a graph showing a relation between a
temperature and a tensile strength in various steel
materials having different carbon content.
[fig.3A]Fig. 3Ais a schematic view illustrating an ex-
ample of a shaft diameter enlarging method using
the shaft diameter enlarging apparatus of Fig. 1.
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[fig.3B]Fig. 3B is another schematic view illustrating
the example of the shaft diameter enlarging method.
[fig-3C]Fig. 3C is another schematic view illustrating
the example of the shaft diameter enlarging method.
[fig.3D]Fig. 3D is another schematic view illustrating
the example of the shaft diameter enlarging method.
[fig.3E]Fig. 3E is another schematic view illustrating
the example of the shaft diameter enlarging method.
[fig.4]Fig. 4 is a schematic view illustrating a shaft
diameter enlarging method according to anotherem-
bodiment of the present invention.

[fig.5]Fig. 5 is a schematic view illustrating a shaft
diameter enlarging method according to anotherem-
bodiment of the present invention.

[fig.6]Fig. 6 is a schematic view illustrating a shaft
diameter enlarging method according to anotherem-
bodiment of the present invention.

[fig.7]Fig. 7 is a schematic view illustrating a shaft
diameter enlarging method according to anotherem-
bodiment of the present invention.

[fig.8]Fig. 8 is a graph showing a counted number of
rotations required to reach a predetermined enlarge-
ment rate and a result of checking of a presence of
a crack for each test example.

[fig.9]Fig. 9 is a graph showing a result of an evalu-
ation of an elliptic amount for each test example.
[fig.10]Fig. 10 is a schematic view illustrating an ex-
ample of a heating device of the shaft diameter en-
larging apparatus.

[fig.11]Fig. 11 is a schematic view illustrating another
example of the heating device of the shaft diameter
enlarging apparatus.

[fig.12]Fig. 12 is a schematic view illustrating another
example of the heating device of the shaft diameter
enlarging apparatus.

[fig.13]Fig. 13 is a schematic view illustrating another
example of the heating device of the shaft diameter
enlarging apparatus.

Embodiments of Invention

[0013] Fig. 1illustrates an example of a shaft diameter
enlarging apparatus according to an embodiment of the
present invention.

[0014] A shaftdiameterenlarging apparatus 1 illustrat-
ed in Fig. 1is configured such that, when a pair of holders
2, 3 holding a shaft W with a gap in an axial direction of
the shaft W are moved toward to each other in the axial
direction of the shaft W, compression force in the axial
direction is applied to the intermediate portion of the shaft
W arranged between the pair of holders 2, 3, and an
alternating load in a direction intersecting with the axial
direction is applied to the intermediate portion of the shaft
W arranged between the pair of holders 2, 3, so that the
intermediate portion of the shaft W is enlarged while be-
ing compressed in the axial direction.

[0015] The holder 2 is supported by a support base 4
to be movable along a reference line A in which the shaft
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W is arranged, and is moved by a translational drive unit
5 (an example of a presser). When the holder 2 is moved
toward the holder 3 along the reference line A, the com-
pression force in the axial direction is loaded to the inter-
mediate portion of the shaft W held by the holders 2, 3,
so as to compress the intermediate portion of the shaft W.
[0016] In the shaft diameter enlarging apparatus 1,
when the shaft W is rotated by bending the intermediate
portion of the shaft W by the bending angle, the alternat-
ing load in the direction intersecting with the axial direc-
tion acts on the intermediate portion of the shaft W. The
holder 3 is tilted with respect to the reference line A by a
tilt drive unit 6 (an example of an alternating load gener-
ator), so as to bend the intermediate portion of the shaft
W by the bending angle. Further, in a state in which the
intermediate portion of the shaft W is bent by the bending
angle, the holder 3 is rotated by a rotary drive unit 7 (an
example of the alternating load generator). The shaft W
held by the holder 3 is rotated according to the rotation
of the holder 3, and the holder 2 holding the shaft W is
also rotated in response to the holder 3 and the shaft W.
[0017] Acontroller 8 controls the translational drive unit
5, the tilt drive unit 6, and the rotary drive unit 7 based
on set conditions.

[0018] The intermediate portion of the shaft W is heat-
ed before the shaft diameter enlargement and/or during
the shaft diameter enlargement. Only the intermediate
portion may be heated, or the entire shaft W including
the intermediate portion may be heated.

[0019] The shaft W can be heated by using a furnace
such as a combustion furnace and an electric furnace.
Alternatively, resistance heating or induction heating
may be used to heat the shaft W. The resistance heating
is performed by attaching an electrode to a workpiece in
a contacting manner to directly pass electric current
through the workpiece, so that the workpiece is heated
by Joule heat. The induction heating is performed by ar-
ranging a heating coil connected to an AC power supply
close to a workpiece, so that alternating flux generated
by the heating coil is cross-linked with the workpiece to
generate eddy current on the surface of the workpiece
and to heat the surface of the workpiece by Joule heat.
[0020] In the resistance heating, the electrode is
brought into contact with the intermediate portion of the
shaft W held by the pair of holders 2, 3, so as to partially
heat the intermediate portion. In the induction heating,
the heating coil is arranged to be close to the intermediate
portion of the shaft W held by the pair of holders 2, 3, so
as to partially heat the intermediate portion. Both heating
methods can be suitably used for heating during the shaft
diameter enlargement. Particularly, it is preferable to use
the induction heating by which the shaft W can be heating
in a non-contacting manner.

[0021] When enlarging the intermediate portion of the
shaft W, the temperature of the intermediate portion of
the shaft W is set to be above the blue brittleness range
of the shaft W and below the tempering temperature
range of the holders 2, 3.
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[0022] Fig. 2 shows a relation between a temperature
and a tensile strength (stress) of various steel materials
in which the carbon content is different.

[0023] A graph shown in Fig. 2 is from "the Japan In-
stitute of Metals and Materials, the Iron and Steel Institute
of Japan, 'Handbook of Steel Materials’, first edition,
Maruzen Inc., June 1967, p. 552". Basically, the tensile
strength of the steel material reduces in accordance with
an increase of the temperature of the steel material. This
indicates that in the shaft diameter enlargement, the de-
formation resistance at the time of enlarging the interme-
diate portion of the shaft W can be reduced by increasing
the temperature of the shaft W. However, in the blue brit-
tleness range (in the illustrated example, the temperature
range of about 200°C to 400°C), the tensile strength in-
creases in accordance with the increase of the temper-
ature. Inthe temperature range above the blue brittleness
range, the tensile strength reduces again in accordance
with the increase of the temperature.

[0024] Accordingly, the temperature of the intermedi-
ate portion of the shaft W is set to be above the blue
brittleness range of the shaft W. This makes it possible
to reduce the deformation resistance at the time of en-
larging the intermediate portion of the shaft W and to
increase the enlargement rate. In addition, it is possible
to prevent a crack resulting from the enlargement.
[0025] A solid round rod or a hollow round rod which
is made of a steel material such as carbon steel for me-
chanical structure (e.g., JIS-S45C) or alloy steel for me-
chanical structure (e.g., JIS-SCr420H) and has a cross-
sectional circular shapeis used as the shaft W. The upper
limit temperature of the blue brittleness range of JIS-
S45C is lessthan 400°C, and the upper limit temperature
of the blue brittleness range of JIS-SCr420H is also less
than 400°C. Therefore, the temperature of the interme-
diate portion of the shaft W is preferably 400°C or more.
[0026] In the temperature range above the blue brittle-
ness range, the tensile strength monotonously reduces
in accordance with an increase of the temperature of the
intermediate portion of the shaft W. Therefore, from a
viewpoint of increasing the enlargement rate and pre-
venting a crack resulting from the enlargement, there is
no upper limit for the temperature of the intermediate
portion of the shaft W. However, the hardness of the hold-
ers 2, 3 is lowered by tempering when the temperature
of the holders 2, 3 is increased by the thermal conduction
from the shaft W to the holders 2, 3 such that the tem-
perature of the holders 2, 3 reaches the tempering tem-
perature range. In view of this, the temperature of the
holders 2, 3 is set to be below the tempering temperature
range of the holders 2, 3. Accordingly, it is possible to
prevent the hardness of the holders 2, 3 from being low-
ered by tempering and to extend the lifetime of the hold-
ers 2, 3.

[0027] Generally, the holders 2,3 are made oftool steel
such as the die steel (e.g., JIS-SKD61) or the high speed
tool steel (e.g., JIS-SKH51). The tempering temperature
range of JIS-SKD61 is 500°C to 560°C, and the temper-
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ing temperature range of JIS-SKH51 is 560°C to 580°C.
Therefore, the temperature of the holders 2, 3 is prefer-
ably below 580°C, more preferably below 500°C.
[0028] Considering the temperature increase of the
holders 2, 3 due to the thermal conduction from the shaft
W and also the thermal conduction loss, the upper limit
temperature of the intermediate portion of the shaft W
can be setto be slightly above the tempering temperature
range of the holders 2, 3. For example, the upper limit
temperature of the intermediate portion of the shaft W
may be set to 700°C with respect a typical tempering
temperature range (500°C to 580°C) of the holders 2, 3.
Preferably, the upper limit temperature of the intermedi-
ate portion of the shaft W is below the tempering tem-
perature range of the holders 2, 3, so that it is possible
to ensure that the temperature of the holders 2, 3 does
not reach the tempering temperature range.

[0029] An example of a shaft diameter enlarging meth-
od using the shaft diameter enlarging apparatus 1 will be
described with reference to Figs. 3A to 3E.

[0030] In this example, as illustrated in Fig. 3A, the
intermediate portion Wa of the shaft W is heated by a
heating device 9 before the shaft diameter enlargement.
The entire shaft W may be heated. Only the intermediate
portion Wa of the shaft W or the entire shaft W is heated
such that the temperature of the intermediate portion Wa
exceeds the blue brittleness range of the shaft W at least
at the time of starting the shaft diameter enlargement, in
consideration of heat dissipation after the heating. pref-
erably such that the temperature of the intermediate por-
tion Wa is maintained above the blue brittleness range
ofthe shaft W until the entire process of the shaft diameter
enlargement is completed, and also in consideration of
thermal conduction from the shaft W to the holders 2, 3
such that the holders 2, 3 holding the shaft W are main-
tained below the tempering temperature range.

[0031] Next, asillustrated in Fig. 3B, the shaft W is held
by the holders 2, 3. An axial length L of the intermediate
portion Wa of the unprocessed shaft W is appropriately
setaccording to the axial length L and the outer diameter
D of the enlarged intermediate portion Wa in the relation
with Dy in which the outer diameter of the intermediate
portion Wa is set as Dy,.

[0032] Next, asillustrated in Fig. 3C, in a state in which
the shaft W is held by the holders 2, 3, the holder 2 is
moved in a translational manner by the translational drive
unit 5 (see Fig. 1) along the reference line A, and the
compression force in the axial direction is applied to the
intermediate portion Wa of the shaft W. In addition, the
holder 3 is inclined by the tilt drive unit 6 (see Fig. 1) with
respect to the reference line A, andis rotated by the rotary
drive unit 7 (see Fig. 1).

[0033] The shaft W held by the holders 2, 3 is bent
about a bending center O of the intermediate portion Wa
on the reference line A, and is rotated about a central
axis. The alternating load is applied to the bent interme-
diate portion Wa in the directionintersecting with the axial
direction of the shaft W according to the bending and the
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rotation of the shaft W. A bending angle 6 of the interme-
diate portion Wa, thatis, the inclination angle with respect
to the reference line A of the holder 3 is set to an angle
in which the bending of the shaft W is within the defor-
mation of the elastic limit. The bending angle is varied
according to the elastic limit of the material of the shaft
W, but typically is about 2° to 4°.

[0034] Next, as illustrated in Fig. 3D, in the intermedi-
ate portion Wa of the shaft W, the inside of the bent por-
tion is swelled by the plastic flow. Further, in accordance
with the compression and the rotation of the shaft W, the
swelling caused by the plastic flow grows over the entire
circumference, and the intermediate portion Wa is en-
larged gradually. Further, the compression of the shaft
W by the translational movement of the holder 2 is
stopped when the gap of the holders 2, 3 becomes a
predetermined gap. Here, a process of enlarging the in-
termediate portion Wa of the shaft W is ended.

[0035] Next, asillustrated in Fig. 3E, with the compres-
sion force being continuously applied to the shaft W by
the translational drive unit 5 and through the holders 2,
3, the holder 3 which is inclined with respect to the ref-
erence line A is arranged back along the reference line
A, and the bending of the shaft W is restored. By the bend
restoration of the shaft W, the thickness of the enlarged
intermediate portion Wa (hereinafter, the enlarged por-
tion) is made uniform over the entire circumference. The
shaft diameter enlarging with respect to the shaft W is
completed through the above steps, and the rotation of
the shaft W is stopped. Thereafter, the cutting or the like
is performed on the enlarged portion Wa as necessary,
and the enlarged portion Wais molded in a desired shape
(e.g., a columnar shape).

[0036] Since the temperature of the intermediate por-
tion Wa of the shaft W is set to be above the blue brittle-
ness range of the shaft W, the deformation resistance of
the shaft W is reduced, so that it is possible to increase
the enlargementrate. For example, itis possible to obtain
two times or more of the enlargement rate. Further, it is
possible to prevent a crack resulting from the enlarge-
ment. In addition, since the holders 2, 3 are maintained
to be below the tempering temperature range, it is pos-
sible to prevent the hardness of the holders 2, 3 from
being lowered by tempering, thereby extending the life-
time of the holders 2, 3 and saving the running cost. Fur-
ther, for the purpose of maintaining the holders 2, 3 to
be below the tempering temperature range, the upper
limit temperature of the intermediate portion Wa of the
shaft W is set to be slightly above the tempering temper-
ature range of the holders 2, 3 but below the warm tem-
perature range. Thus, it is possible to suppress decar-
burization of the intermediate portion Wa, and to save
the material by reducing the amount of cutting required
for removing a scale generated on the surface of the in-
termediate portion Wa due to the decarburization or for
removing the decarburization layer in which the strength
is reduced due to the decarburization. It is also advanta-
geous inthatthe running costis further reduced by saving
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the energy required to heat the shaft W.

[0037] In the example illustrated in Figs. 3A to 3E, the
intermediate portion Wa of the shaft W is heated only
before the shaft diameter enlargement. However, the in-
termediate portion Wa may be heated during the shaft
diameter enlargement or may be heated before the shaft
diameter enlargement and during the shaft diameter en-
largement. By heating the intermediate portion Wa during
of the shaft diameter enlargement, the temperature drop
due to heat dissipation is prevented, so that it is possible
to ensure that the temperature of the intermediate portion
Wa is maintained above the blue brittleness range. Ac-
cordingly, it is possible to further increase the enlarge-
ment rate and to further prevent a crack from being gen-
erated by the enlargement.

[0038] In the example described above, the holder 3
is tilted with respect to the reference line A to bend the
shaft W, and the shaft W is rotated about the central axis
so that the alternating load is applied to the intermediate
portion Wa of the shaft W. However, the method for ap-
plying alternating load to the intermediate portion Wa is
not limited thereto.

[0039] In the example illustrated in Fig. 4, it is similar
to the shaft diameter enlarging method illustrated in Figs.
3A to 3E in that alternating load is applied to the inter-
mediate portion Wa by the bending and the rotation of
the shaft W, but the shaft W is bent by sliding the holder
3 in a direction intersecting the reference line A rather
than by tilting the holder 3.

[0040] Inthe example illustrated in Fig. 5, the holder 2
holds the shaft W in a non-rotatable and restrained man-
ner, whereas the holder 3 holds the shaft W in a rotatable
and unrestrained manner. In this state, the holder 3 is
turned about the reference line A, whereby the interme-
diate portion Wa of the shaft W is bent, and the alternating
load is applied to the bent intermediate portion Wa of the
shaft W.

[0041] In the example illustrated in Fig. 6, the end por-
tion of the shaft W is held by the holders 2, 3 in a non-
rotatable and restrained manner, and the holder 3 is ro-
tated about the reference line A in a reciprocating man-
ner, so that the alternating load is applied to the interme-
diate portion Wa of the shaft W.

[0042] In the example illustrated in Fig. 7, bending or
torsional vibration is applied to the shaft W by a vibration
generator OSC, so that the alternating load is applied to
the intermediate portion Wa of the shaft W.

[0043] Hereinafter, the description will be given about
test examples.
[0044] In afirst test example, in the shaft made of JIS-

SCr420H, the entire shaftis heated in the electric furnace
before the shaft diameter enlargement, and the shaft di-
ameter enlargement is performed under the condition of
the compression force of 2,000 kN and the bending angle
of 4.0° by using the above-described shaft diameter en-
larging apparatus 1. The upper limit temperature of the
blue brittleness range of JIS-SCr420H is less than 400°C.
While the temperature (the temperature at the time of
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starting the shaft diameter enlargement) of the shaft is
changed diversely, the number of the rotations required
until the enlargement rate becomes 3.0 is measured, and
the presence/absence of the crack in the obtained en-
larged portion is checked. The presence/absence of the
crack is checked by the color check using a color dye
contrast penetrant. A result is shown in Fig. 8. In Fig. 8,
a sample in which the crack is observed is indicated by
"X", and a sample in which the crack is not observed is
indicated by "O".

[0045] As shown in Fig. 8, it is found that when the
temperature of the shaft is higher, the number of the ro-
tations required until the enlargement rate becomes 3.0
tends to be smaller, and the deformation resistance is
small. Further, in the samples in which the temperature
of the shaft is 400°C or less, the crack is checked in the
enlarged portion in all the samples. On the other hand,
in the samples in which the temperature of the shaft is
400°C or more, the crack is not checked in the enlarged
portion in all the samples. From the above, itis found that
when the shaft diameter enlargement is performed in a
state in which the intermediate portion of the shaft is
made have the temperature above the blue brittleness
range, itis possible to increase the enlargement rate and
to prevent the occurrence of the crack caused by the
enlargement.

[0046] Next, in a second test example, with respect to
the shaft which is made of JIS-SCr420H and in which the
solidification pattern observed in the sectional surface of
a rolled steel bar is elliptic and the shaft which is made
of JIS-SCr420H and in which the solidification pattern
observed in the sectional surface of the rolled steel bar
is rectangular, under the same processing conditions as
that of the first test example, while the temperature (the
temperature at the time of starting the shaft diameter en-
largement) of the shaft is changed diversely, the shaft
diameter enlargement is performed until the enlargement
rate becomes 3.0, and the elliptic amount is evaluated
which is a difference between the long diameter and the
short diameter of the obtained enlarged portion. The so-
lidification pattern of the shaft is a cross sectional shape
of the shaft during forging of a continuous forging and
rolling for producing the shaft. The solidification pattern
generally relates to isotropy and anisotropy of a plastic
deformation of the shaft. A result is shown in Fig. 9.
[0047] As shown in Fig. 9, in a case where the solidi-
fication pattern is elliptic and in a case where the solidi-
fication pattern is rectangular, the elliptic amount tends
to be smaller when the temperature of the shaftis higher.
Thatis, it is found that the enlargement progresses in an
isotropic manner, and thus the deformation resistance is
smaller when the temperature of the shaft is higher, and
the deformation in a circumferential direction progresses
uniformly such that the effect of the solidification pattern
is hardly received. For example, in a case where the en-
larged portion is processed in a columnar shape by the
cutting after the shaft diameter enlargement, when the
elliptic amount is smaller, the cutting allowance can be
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made smaller, and the waste of the material can be re-
duced further, which is economical.

[0048] Next, some examples of the heating device 9
will be described.

[0049] Inthe example illustrated in Fig. 10, the heating
device 9 is configured to heat the intermediate portion of
the shaft W or the entire shaft W including the interme-
diate portion before the shaft diameter enlargement. The
shaft W is heated by, for example, furnace heating, re-
sistance heating, or induction heating. The heating de-
vice 9 is provided next to the pair of holders 2, 3. The
shaft W heated by the heating device 9 is transferred
from the heating device 9 to the pair of holders 2, 3 by a
robot 10. The shaft W is then held by the pair of holders
2, 3 and is subjected to the shaft diameter enlargement.
[0050] Inthe example illustrated in Fig. 11, the heating
device 9 is configured to heat the intermediate portion of
the shaft W held by one of the holders 2, 3 before the
shaft diameter enlargement by induction heating. The
heating device 9 has a heating coil 11 of a spiral shape.
The heating coil 11 is moved along the reference line A
such that the shaft W held by the holder 2 is inserted into
the heating coil 11. High frequency alternating current is
applied to the heating coil 11 to heat the intermediate
portion of the shaft W inside the heating coil 11 by induc-
tion heating. If the intermediate portion of the shaft W is
longer than the entire length of the heating coil 11, the
heating coil 11 may be moved along the reference line
A. After the heating of the intermediate portion of the
shaft W, the heating coil 11 is moved along the reference
line A to remove the shaft W out of the heating coil 11.
The heating coil 11 is then moved away from the refer-
ence line A. The shaft W is subsequently held by the pair
of holders 2, 3 and is subjected to the shaft diameter
enlargement.

[0051] Inthe example illustrated in Fig. 12, the heating
device 9 is configured to heat the intermediate portion of
the shaft W held by the pair of holders 2, 3, before the
shaft diameter enlargement and/or during the shaft di-
ameter enlargement, by induction heating. The heating
device 9 has a heating coil 12 of an arc shape. The heat-
ing coil 12 is placed close to the intermediate portion of
the shaft W held by the pair of holders 2, 3, such that an
inner peripheral surface of the heating coil 12 and an
outer peripheral surface of the intermediate portion of the
shaft W face each other. High frequency alternating cur-
rent is applied to the heating coil 12 so that the interme-
diate portion of the shaft W facing the inner peripheral
surface of the heating coil 12 heated by induction heating.
The intermediate portion of the shaft W can be heated
over its entire circumference by rotating the shaft W by
the rotary drive unit 7 (see Fig. 1). If the intermediate
portion of the shaft W is longer than the entire length of
the heating coil 12, the heating coil 12 may be moved
along the reference line A. When heating the intermedi-
ate portion of the shaft W during the shaft diameter en-
largement, the heating coil 12 is moved radially outward
in accordance with the enlargement of the intermediate
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portion of the shaft W. The shaft diameter enlargement
may be performed on the shaft W being heated in this
way.

[0052] Inthe exampleillustratedin Fig. 13, the heating
device 9 is configured to heat the intermediate portion of
the shaft W held by the pair of holders 2, 3, before the
shaft diameter enlargement and/or during the shaft di-
ameter enlargement, by resistance heating. The heating
device 9 has a pair of electrodes 13, 14 connectable to
the holders 2, 3. Direct current or alternating current is
applied between the pair of electrodes 13, 14 through
the holders 2, 3 and the intermediate portion of the shaft
W held by the holders 2, 3, whereby the intermediate
portion of the shaft W is heated by resistance heating.
The shaft diameter enlargement may be performed also
on the shaft W being heated in this way.

Claims

1. A shaft diameter enlarging method for enlarging an
intermediate portion of a shaft (W), the shaft diam-
eter enlarging method comprising:

holding the shaft (W) by a pair of holders (2, 3)
with a gap between the pair of holders (2, 3) in
an axial direction of the shaft (W);

applying compression force in the axial direction
to the intermediate portion arranged between
the pair of holders (2, 3); and

applying alternating load in a direction intersect-
ing the axial direction to the intermediate portion
to enlarge the intermediate portion,

wherein the method further comprises:

heating at least a portion of the shaft (W)
including the intermediate portion before
the enlarging of the intermediate portion;
and/or

heating the intermediate portion during the
enlarging of the intermediate portion, and

wherein, when enlarging the intermediate por-
tion, a temperature of the intermediate portion
is set to be above a blue brittleness temperature
range of the shaft (W), and a temperature of the
holders (2, 3) is set to be below a tempering
temperature range of the holders (2, 3).

2. The shaft diameter enlarging method according to
claim 1, wherein, when enlarging the intermediate
portion, the temperature of the intermediate portion
is set to be equal to or above 400°C, and the tem-
perature of the holder (2, 3) is set to be below 580°C.

3. The shaft diameter enlarging method according to
claim 1 or 2, wherein, when enlarging the interme-
diate portion, the temperature of the intermediate
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portion is set to be in a range of 400°C to 700°C.

The shaft diameter enlarging method according to
claim 1 or 2, wherein, when enlarging the interme-
diate portion, the temperature of the intermediate
portion is set to be above the blue brittleness tem-
perature range of the shaft (W) and below the tem-
pering temperature range of the holders (2, 3).

5. Ashaftdiameterenlarging apparatus (1) comprising:

a pair of holders (2, 3) configured to hold a shaft
(W) with a gap between the pair of holders (2,
3) in an axial direction of the shaft (W);

a presser (5) configured to apply compression
force in the axial direction to the intermediate
portion arranged between the pair of holders (2,
3);

an alternating load generator (6, 7) configured
to apply alternating load in a direction intersect-
ing the axial direction to the intermediate portion
to enlarge the intermediate portion; and

a heating device (9) configured to:

heat at least a portion of the shaft (W) in-
cluding the intermediate portion before the
enlarging of the intermediate portion; and/or
heat the intermediate portion during the en-
larging of the intermediate portion,

wherein the heating device (9) is configured to
heat at least a portion of the shaft (W) such that,
during a period in which the compression force
and the alternating load are applied to the inter-
mediate portion of the shaft (W), a temperature
of the intermediate portion is above a blue brit-
tleness temperature range of the shaft (W), and
atemperature of the pair of holders (2, 3) holding
the shaft (W) is below a tempering temperature
range of the holders (2, 3).

Patentanspriiche

SchaftdurchmesservergréfRerungsverfahren, um ei-
nen Zwischenabschnitt eines Schafts (W) zu vergro-
Rern, wobei das Schaftdurchmesservergréfierungs-
verfahren umfasst:

den Schaft (W) mittels eines Paars von Haltern
(2, 3) mit einem Zwischenraum zwischen dem
Paar von Haltern (2, 3) in einer axialen Richtung
des Schafts (W) zu halten;

eine Druckkraft in der axialen Richtung auf den
zwischen dem Paar von Haltern (2, 3) angeord-
neten Zwischenabschnitt anzulegen; und

eine Wechsellast in einer die axiale Richtung
schneidenden Richtung an den Zwischenab-
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schnitt anzulegen, um den Zwischenabschnitt
zu vergroéfiern,
wobei das Verfahren darliber hinaus umfasst:

zumindest einen Teil des Schafts (W), der
den Zwischenabschnitt aufweist, vor dem
Vergrofiern des Zwischenabschnitts zu er-
warmen; und/oder

den Zwischenabschnitt wahrend des Ver-
groRerns des Zwischenabschnitts zu er-
warmen, und

wobei, wenn der Zwischenabschnitt vergrof3ert
wird, eine Temperatur des Zwischenabschnitts
oberhalb eines Temperaturbereichs fir Blau-
sprodigkeit des Schafts (W) eingestellt wird, und
eine Temperatur der Halter (2, 3) so eingestellt
wird, dass sie unterhalb eines Anlasstempera-
turbereichs der Halter (2, 3) liegt.

SchaftdurchmesservergréfRerungsverfahren nach
Anspruch 1, wobei, wenn der Zwischenabschnitt
vergroRert wird, die Temperatur des Zwischenab-
schnitts auf gleich oder iber 400°C eingestellt wird,
und die Temperatur der Halter (2, 3) auf unter 580°C
eingestellt wird.

SchaftdurchmesservergréRerungsverfahren nach
Anspruch 1 oder 2, wobei, wenn der Zwischenab-
schnitt vergréRert wird, die Temperatur des Zwi-
schenabschnitts so eingestellt wird, dass sie in ei-
nem Bereich von 400°C bis 700°C liegt.

SchaftdurchmesservergréRerungsverfahren nach
Anspruch 1 oder 2, wobei, wenn der Zwischenab-
schnitt vergréRert wird, die Temperatur des Zwi-
schenabschnitts so eingestellt wird, dass sie ober-
halb eines Temperaturbereichs fiir Blausprddigkeit
des Schafts (W) und unterhalb des Anlasstempera-
turbereichs der Halter (2, 3) liegt.

SchaftdurchmesservergréRerungsvorrichtung (1),
umfassend:

ein Paar von Haltern (2, 3), die dazu ausgelegt
sind, einen Schaft (W) mit einem Zwischenraum
zwischen dem Paar von Haltern (2, 3) in einer
axialen Richtung des Schafts (W) zu halten;
eine Pressvorrichtung (5), die dazu ausgelegt
ist, eine Druckkraft in der axialen Richtung auf
den zwischen dem Paar von Haltern (2, 3) an-
geordneten Zwischenabschnitt anzulegen;
einen Wechsellastgenerator (6, 7), der dazu
ausgelegt ist, eine Wechsellast in einer die axi-
ale Richtung schneidenden Richtung an den
Zwischenabschnitt anzulegen, um den Zwi-
schenabschnitt zu vergréRern; und

eine Erwarmungseinrichtung (9), die dazu aus-
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gelegt ist:

zumindest einen Teil des Schafts (W), der
den Zwischenabschnitt aufweist, vor dem
Vergrofiern des Zwischenabschnitts zu er-
warmen; und/oder

den Zwischenabschnitt wahrend des Ver-
groRerns des Zwischenabschnitts zu er-
warmen,

wobei die Erwdarmungseinrichtung (9) dazu aus-
gelegt ist, zumindest einen Teil des Schafts (W)
derart zu erwadrmen, dass wahrend eines Zeit-
raums, in dem die Druckkraft und die Wechsel-
last an den Zwischenabschnitt des Schafts (W)
angelegt werden, eine Temperatur des Zwi-
schenabschnitts oberhalb eines Temperaturbe-
reichs flr Blausprodigkeit des Schafts (W) liegt,
und eine Temperatur des Paars von Haltern (2,
3), die den Schaft (W) halten, unterhalb eines
Anlasstemperaturbereichs der Halter (2, 3) liegt.

Revendications

Procédé d’agrandissement de diamétre d’arbre des-
tiné a agrandir une partie intermédiaire d’'un arbre
(W), le procédé d’agrandissement de diametre d’ar-
bre comprenant :

le maintien de I'arbre (W) par une paire de dis-
positifs de maintien (2, 3) avec un espacement
entre la paire de dispositifs de maintien (2, 3)
dans une direction axiale de I'arbre (W) ;
'application d’'une force de compression dans
la direction axiale a la partie intermédiaire agen-
cée entre la paire de dispositifs de maintien (2,
3); et

I'application d’'une charge alternante dans une
direction croisant la direction axiale a la partie
intermédiaire pour agrandir la partie intermédiai-
re,

sachant que le procédé comprend en outre :

le chauffage d’au moins une partie de I'arbre
(W) incluant la partie intermédiaire avant
'agrandissement de la partie
intermédiaire ; et/ou

le chauffage de la partie intermédiaire pen-
dant 'agrandissement de la partie intermé-
diaire, et

sachant que, lors de 'agrandissement de la par-
tie intermédiaire, une température de la partie
intermédiaire est réglée pour étre supérieure a
une plage de température de fragilité au bleu de
I'arbre (W), et une température des dispositifs
de maintien (2, 3) est réglée pour étre inférieure
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a une plage de température de revenu des dis-
positifs de maintien (2, 3).

Le procédé d’agrandissement de diametre d’arbre
selon la revendication 1, sachant que, lors de
I'agrandissement de la partie intermédiaire, la tem-
pérature de la partie intermédiaire est réglée pour
étre égale ou supérieure a 400 °C, et la température
des dispositifs de maintien (2, 3) est réglée pour étre
inférieure a 580 °C.

Le procédé d’agrandissement de diameétre d’arbre
selon la revendication 1 ou 2, sachant que, lors de
I'agrandissement de la partie intermédiaire, la tem-
pérature de la partie intermédiaire est réglée pour
étre comprise dans une plage de 400 °C a 700 °C.

Le procédé d’agrandissement de diametre d’arbre
selon la revendication 1 ou 2, sachant que, lors de
I'agrandissement de la partie intermédiaire, la tem-
pérature de la partie intermédiaire est réglée pour
étre supérieure a la plage de température de fragi-
bilité au bleu de I'arbre (W) et inférieure a la plage
de température de revenu des dispositifs de maintien
(2, 3).

Appareil d’agrandissement de diameétre d’arbre (1)
comprenant :

une paire de dispositifs de maintien (2, 3) con-
figurés pour maintenir un arbre (W) avec un es-
pacement entre la paire de dispositifs de main-
tien (2, 3) dans une direction axiale de I'arbre
(W);

un presseur (5) configuré pour appliquer une for-
ce de compression dans la direction axiale a la
partie intermédiaire agencée entre la paire de
dispositifs de maintien (2, 3) ;

un générateur de charge alternante (6, 7) con-
figuré pour appliquer une charge alternante
dans une direction croisant la direction axiale a
la partie intermédiaire pour agrandir la partie
intermédiaire ; et

un dispositif de chauffage (9) configuré pour :

chauffer au moins une partie de I'arbre (W)
incluant la partie intermédiaire avant
I'agrandissement de la partie
intermédiaire ; et/ou

chauffer la partie intermédiaire pendant
'agrandissement de la partie intermédiaire,

sachant que le dispositif de chauffage (9) est
configuré pour chauffer au moins une partie de
I'arbre (W) de telle sorte que, pendant une pé-
riode ou la force de compression et la charge
alternante sont appliquées a la partie intermé-
diaire de I'arbre (W), une température de la par-
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tie intermédiaire soit supérieure a une plage de
température de fragilité au bleu de I'arbre (W),
et une température de la paire de dispositifs de
maintien (2, 3) maintenant I'arbre (W) soit infé-
rieure a une plage de température de revenu
des dispositifs de maintien (2, 3).
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