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(54) QUENCHING TREATMENT APPARATUS

(57) The present invention includes: a conveying
mechanism (110) that conveys a workpiece (200) in the
longitudinal direction; a supporting mechanism (120) that
is arranged on the downstream side in the conveyance
direction of the workpiece (200) from the conveying
mechanism (110); and a heating mechanism (130) that
is arranged on the downstream side in the conveyance

direction of the workpiece (200) from the supporting
mechanism (120) and heats the workpiece (200), in
which the supporting mechanism (120) is formed to in-
clude support rolls (121) that abut on an outer surface of
the workpiece (200) and each include a hollow structure
(122) allowing a cooling medium to pass therethrough
therein.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a quenching
processing apparatus that processes a workpiece.

BACKGROUND ART

[0002] Conventionally, for example, Patent Literature
1 has proposed a processing apparatus in which a first
support mechanism configured by including rolls feeds
a steel tube being a workpiece fed from a feed mecha-
nism to the downstream side in a feeding direction while
supporting it, a heating mechanism arranged on the
downstream side of the support mechanism heats the
fed steel tube, and a second support mechanism ar-
ranged on the downstream side of the heating mecha-
nism moves the fed steel tube in a predetermined direc-
tion while supporting it, thereby imparting a bending load
to a portion of the workpiece heated by the heating mech-
anism and bending the steel tube to a desired shape.

CITATION LIST

PATENT LITERATURE

[0003]

Patent Literature 1: Japanese Patent No. 5304893
Patent Literature 2: Japanese Patent No. 4825019

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] In the above-described processing apparatus
described in Patent Literature 1, the distance between a
support position of the first support mechanism where
the rolls support the steel tube being a workpiece and
the heating mechanism is preferred to be short from the
viewpoint of yield of a processed product because the
distance is an extra length portion from an end portion
of the processed product. However, when the rolls are
brought too close to the heating mechanism in order to
shorten the distance between the support position where
the rolls support the workpiece and the heating mecha-
nism, the rolls become high in temperature by heating of
the heating mechanism. As a result, the rolls are dam-
aged. The above-described processing apparatus de-
scribed in Patent Literature 1 does not consider this point
at all. Therefore, there has been a problem that it is dif-
ficult to achieve an improvement in yield of the processed
product by arranging the rolls closer to the heating mech-
anism without causing the damage of the rolls by the heat
from the heating mechanism.
[0005] The present invention has been made in con-
sideration of such a problem, and an object thereof is to

provide a quenching processing apparatus capable of
improving the yield of a processed product by arranging
rolls closer to a heating mechanism without causing dam-
age of the rolls by heat from the heating mechanism.

SOLUTION TO PROBLEM

[0006] The quenching processing apparatus of the
present invention is a quenching processing apparatus
that processes a workpiece and is configured by includ-
ing: a conveying mechanism that conveys the workpiece
in the longitudinal direction; a supporting mechanism that
is arranged on the downstream side in the conveyance
direction of the workpiece from the conveying mecha-
nism and supports the workpiece; and a heating mech-
anism that heats the workpiece. The supporting mecha-
nism is formed by including rolls that abut on an outer
surface of the workpiece and each include a hollow struc-
ture allowing a cooling medium to pass therethrough
therein. The roll is formed by including: an outer ring por-
tion that abuts on the outer surface of the workpiece; a
shaft that is arranged at an inner side of the outer ring
portion, supports the outer ring portion rotatably, and in-
cludes the hollow structure therein; and a sliding bearing
arranged between the outer ring portion and the shaft.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the present invention, since rolls
are not damaged by the heat from a heating mechanism,
the rolls can be arranged closer to the heating mecha-
nism, resulting in that it is possible to improve the yield
of a processed product.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

[Fig. 1] Fig. 1 is a view illustrating one example of a
schematic configuration of a quenching processing
apparatus according to an embodiment of the
present invention.
[Fig. 2] Fig. 2 is a view illustrating the embodiment
of the present invention and illustrating one example
of a schematic configuration of a support roll illus-
trated in Fig. 1.
[Fig. 3A] Fig. 3A is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of a sliding bearing illustrated in Fig.
2.
[Fig. 3B] Fig. 3B is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the sliding bearing illustrated in
Fig. 2.
[Fig. 3C] Fig. 3C is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the sliding bearing illustrated in
Fig. 2.
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[Fig. 4A] Fig. 4A is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the sliding bearing illustrated in
Fig. 2.
[Fig. 4B] Fig. 4B is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the sliding bearing illustrated in
Fig. 2.
[Fig. 4C] Fig. 4C is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the sliding bearing illustrated in
Fig. 2.
[Fig. 5A] Fig. 5A is a view illustrating the embodiment
of the present invention and illustrating one example
of a method of assembling the sliding bearing illus-
trated in Fig. 2.
[Fig. 5B] Fig. 5B is a view illustrating the embodiment
of the present invention and illustrating the sliding
bearing illustrated in Fig. 5A in an enlarged manner.
[Fig. 5C] Fig. 5C is a cross-sectional view in the meth-
od of assembling the sliding bearing illustrated in Fig.
5A, which illustrates the embodiment of the present
invention.
[Fig. 5D] Fig. 5D is a cross-sectional view in a method
of disassembling the sliding bearing illustrated in Fig.
5C, which illustrates the embodiment of the present
invention.
[Fig. 6A] Fig. 6A is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the shape of an outer ring portion
illustrated in Fig. 2.
[Fig. 6B] Fig. 6B is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the shape of the outer ring portion
illustrated in Fig. 2.
[Fig. 6C] Fig. 6C is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the shape of the outer ring portion
illustrated in Fig. 2.
[Fig. 7A] Fig. 7A is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the arrangement of the outer ring
portion illustrated in Fig. 2.
[Fig. 7B] Fiq. 7B is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the arrangement of the outer ring
portion illustrated in Fig. 2.
[Fig. 7C] Fig. 7C is a view illustrating the embodiment
of the present invention and illustrating a concrete
aspect example of the arrangement of the outer ring
portion illustrated in Fig. 2.
[Fig. 8A] Fig. 8A is a view illustrating a comparative
example and illustrating an example of the case
where rolling bearings are provided between an out-
er ring portion and a shaft.
[Fig. 8B] Fig. 8B is a view illustrating the comparative
example and illustrating a stress to occur in an inner
side of the outer ring portion illustrated in Fig. 8A.

[Fig. 8C] Fig. 8C is a view illustrating the embodiment
of the present invention and illustrating an example
of the case where the sliding bearing is provided be-
tween the outer ring portion and a shaft.
[Fig. 8D] Fig. 8D is a view illustrating the embodiment
of the present invention and illustrating a stress to
occur in an inner side of the outer ring portion illus-
trated in Fig. 8C.
[Fig. 9A] Fig. 9A is a view illustrating a support roll
according to a comparative example and illustrating
one example of the case where a rolling bearing is
provided between a shaft and a roll holder.
[Fig. 9B] Fig. 9B is a view illustrating the support roll
according to the embodiment of the present inven-
tion and illustrating one example of the case where
the sliding bearing is provided between the shaft and
the outer ring portion.
[Fig. 9C] Fig. 9C is a table illustrating one example
of respective factors in the case of the support roll
according to the comparative example illustrated in
Fig. 9A and the case of the support roll according to
the embodiment of the present invention illustrated
in Fig. 9B.
[Fig. 10A] Fig. 10A is a chart illustrating the embod-
iment of the present invention and illustrating one
example where the temperature of a support roll in
the case of using an austenitic stainless steel as a
material of the outer ring portion of the support roll
illustrated in Fig. 2 changes as the time elapses.
[Fig. 10B] Fig. 10B is a chart illustrating the embod-
iment of the present invention and illustrating one
example where the temperature of a support roll in
the case of using non-magnetic ceramic as a mate-
rial of the outer ring portion of the support roll illus-
trated in Fig. 2 changes as the time elapses.
[Fig. 10C] Fig. 10C is a table illustrating one example
of temperature characteristics according to a test
processing condition in the case of the support roll
according to the comparative example, the case of
the support roll according to the embodiment of the
present invention illustrated in Fig. 10A, and the case
of the support roll according to the embodiment of
the present invention illustrated in Fig. 10B.
[Fig. 11A] Fig 11A is a view illustrating the embodi-
ment of the present invention and illustrating one ex-
ample of the relationship between the outer ring por-
tion and the sliding bearing.
[Fig. 11B] Fig. 11B is a view illustrating a comparative
example and illustrating one example of the relation-
ship between the outer ring portion and the sliding
bearing.

DESCRIPTION OF EMBODIMENTS

[0009] There will be explained an embodiment of the
present invention with reference to the drawings below.
[0010] Fig. 1 is a view illustrating one example of a
schematic configuration of a quenching processing ap-
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paratus 100 according to the embodiment of the present
invention. The quenching processing apparatus 100 is
configured by including a conveying mechanism 110, a
supporting mechanism 120, a heating mechanism 130,
a cooling mechanism 140, a holding mechanism 150, a
cooling medium supply mechanism 160, a control device
170, an input device 180, and a display device 190.
[0011] There will be explained an example assuming
a 3 Dimensional Hot Bending and Quenching (3DQ)
processing apparatus that three-dimensionally bends a
workpiece 200 as the quenching processing apparatus
100 in this embodiment. However, the present invention
is not limited to this 3 dimensional hot bending and
quenching processing apparatus, and another quench-
ing processing apparatus other than the 3 dimensional
hot bending and quenching processing apparatus (for
example, a 2 dimensional bending and quenching
processing apparatus) is also applicable to the present
invention. Further, the present invention is not limited to
a bending apparatus that bends the workpiece 200, and
an apparatus that quenches the workpiece 200 is also
applicable.
[0012] Further, in this embodiment, there will be ex-
plained an example assuming a steel pipe having a cir-
cular transverse section as the workpiece 200. On this
occasion, as the steel pipe being the workpiece 200, it
is preferred to use one having an outside diameter of
about 10 [mm] to 200 [mm] and having a thickness of
about 1 [mm] to 8 [mm], for example. In this embodiment
as above, the example assuming a steel pipe as the work-
piece 200 is explained, but in the present invention, the
workpiece 200 is not limited to this steel pipe and other
workpieces are also applicable to the present invention
as long as they are made of a metal material. Further,
the shape of a transverse section of the workpiece 200
is not limited to the above-described circular shape, and
may be a polygon such as a rectangle or another shape
such as an oval, for example. Further, the workpiece 200
may be a solid bar-shaped member. Further, the material
of the workpiece 200 may be various metals such as
aluminum, aluminum alloy, and titanium, in addition to
steel and special steel, for example.

(Conveying mechanism 110)

[0013] The conveying mechanism 110 is provided on
the upstream side in the quenching processing apparatus
100 and is a mechanism to convey the workpiece 200 in
the longitudinal direction of this workpiece 200. Concrete-
ly, the conveying mechanism 110 performs conveyance
by holding an upstream-side end portion 201 of the work-
piece and additionally, continuously or intermittently
moving the workpiece 200 in the longitudinal direction
based on control from the control device 170, for exam-
ple. Fig. 1 is a view illustrating one example of a convey-
ance direction 111 relating to the longitudinal direction
of the workpiece 200 by this conveying mechanism 110.
In the example illustrated in Fig. 1, the conveyance di-

rection 111 of the workpiece 200 is set to the X-axis di-
rection. Further, Fig. 1 illustrates two directions perpen-
dicular to the X-axis direction relating to the conveyance
direction 111 of the workpiece 200 each other as the Y-
axis direction and the Z-axis direction respectively. On
this occasion, in Fig. 1, the Y-axis direction is a direction
corresponding to the width direction of the workpiece
200, for example. Further, the Z-axis direction is a direc-
tion corresponding to the vertical direction.

(Supporting mechanism 120)

[0014] The supporting mechanism 120 is arranged
parallel to the direction in which the conveying mecha-
nism 110 moves at the position on the downstream side
in the conveyance direction 111 of the workpiece 200
from the conveying mechanism 110 and is arranged at
the position on the upstream side of the conveyance di-
rection 111 from the heating mechanism 130 that heats
the workpiece 200, and is a mechanism that guides a
portion of the workpiece 200. This supporting mechanism
120 is configured by including support rolls 121 arranged
to cover the outer periphery of the workpiece 200 in a
place of the longitudinal direction (the conveyance direc-
tion 111) of the workpiece 200 and a support member
that supports these support rolls 121 to make them abut
on an outer surface of the workpiece 200, for example.
Incidentally, the arrangement of the supporting mecha-
nism 120 is not limited to this. That is, the supporting
mechanism 120 may be arranged on the downstream
side in the conveyance direction 111 from the heating
mechanism 130 that heats the workpiece 200.
[0015] Further, in the example illustrated in Fig. 1, a
plurality of the support rolls 121 are arranged at different
positions in the conveyance direction 111 of the work-
piece 200. Incidentally, in this embodiment, the outside
diameter of the support roll 121 is about 10 [mm] to 100
[mm], for example. In the following explanation, in the
case where the support rolls 121 are explained by paying
attention to the position of the conveyance direction 111
where the support roll 121 is arranged, for example, the
explanation is made by setting the support roll 121 closest
to the heating mechanism 130 to a "first support roll
121-1" and setting the support roll 121 second closest to
the heating mechanism 130 to a "second support roll
121-2" as necessary. Further, for example, in the case
where the respective support rolls 121-1 and 121-2 are
explained representatively without paying attention to the
position of the conveyance direction 111 where the sup-
port roll 121 is arranged in particular, they are explained
as the "support roll 121" simply.
[0016] Further, as illustrated in Fig. 1, the first support
roll 121-1 and the second support roll 121-2 are arranged
in pairs across the workpiece 200 at different positions
in the X-axis direction. Incidentally, in the above-de-
scribed embodiment, the case where the first support roll
121-1 and the second support roll 121-2 are arranged at
different positions in the conveyance direction 111 of the
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workpiece 200 has been explained. However, the
present invention is not limited to this, and an aspect in
which three or more support rolls 121 are provided at
different positions on the X axis is also included.
[0017] The supporting mechanism 120 can support a
portion of the workpiece 200 in the longitudinal direction
(the conveyance direction 111) in the radial direction of
the workpiece 200 mainly by the support rolls 121 ar-
ranged so as to cover the outer periphery of the work-
piece 200. In the quenching processing apparatus 100,
the holding mechanism 150 adds a bending load to a
high-temperature portion of the workpiece 200 heated
by the heating mechanism 130, and thereby bending is
performed. The bending load to be added to the work-
piece 200 has a component in the radial direction of the
workpiece 200 mainly. Therefore, in this bending, a bend-
ing reaction force, which is a machining reaction force in
the bending direction, acts on the support rolls 121 of the
supporting mechanism 120 by the bending load added
to the workpiece 200.
[0018] Further, in the supporting mechanism 120 in this
embodiment, a hollow structure 122 allowing a cooling
medium intended to cool the support roll 121 to pass
therethrough is provided inside each of the support rolls
121. The cooling medium passes through the hollow
structure 122 inside the support roll 121, thereby making
it possible to obtain a cooling effect resulting from heat
removal and suppress a temperature rise of the support
roll 121 caused by heating of the heating mechanism
130, and so on. Therefore, in this embodiment, it be-
comes possible to arrange the support rolls 121 closer
to the heating mechanism 130 while reducing the dam-
age of the support rolls 121 (the first support roll 121-1,
in particular) caused by high temperature, (which is, for
example, about 200°C), as compared to the case where
these hollow structures 122 are provided. This makes it
possible to shorten a distance L1 between a supporting
position S where the first support roll 121-1 supports the
workpiece 200 and the heating mechanism 130 as illus-
trated in Fig. 1. Shortening the distance L1 between the
supporting position S and the heating mechanism 130
makes it possible to shorten a portion that can be an extra
length from an end portion of a bent product obtained by
bending the workpiece 200. As a result, this embodiment
enables a yield of the bent product to improve. Inciden-
tally, the explanation has been made based on the case
where the support rolls 121 are arranged at the position
on the upstream side of the heating mechanism 130 and
bending is performed, but the present invention is not
limited to this. That is, the similar effect can be obtained
as long as the distance L1 between the supporting posi-
tion S where the first support roll 121-1 supports the work-
piece 200 and the heating mechanism 130 and the sup-
port rolls 121 is shortened. The similar effect can be ob-
tained even in the case where the support rolls 121 are
arranged at the position on the upstream side of the heat-
ing mechanism 130 and direct pipe quenching is per-
formed, for example. Further, the similar effect can be

obtained even in the case where the support rolls 121
are arranged at the position on the downstream side of
the heating mechanism 130 and bending or direct pipe
quenching is performed.
[0019] Further, the supporting mechanism 120 is
formed in which a plurality of the support rolls 121 (at
least the first support roll 121-1 and the second support
roll 121-2 in the example illustrated in Fig. 1) are arranged
side by side at different positions in the conveyance di-
rection 111 of the workpiece 200. This is more likely to
be achieved as a result that the distance L1 can be short-
ened by providing the hollow structure 122 allowing a
cooling medium to pass therethrough inside each of the
above-described support rolls 121. According to such a
configuration, during bending of the workpiece 200, at
least the first support roll 121-1 or the second support
roll 121-2 can support the workpiece 200. Therefore, in
this embodiment, at least the first support roll 121-1 or
the second support roll 121-2 can receive the above-
described bending reaction force.
[0020] Then, there will be explained one example of a
schematic configuration of the support roll 121.
[0021] Fig. 2 is a view illustrating the embodiment of
the present invention and illustrating one example of the
schematic configuration of the support roll 121 illustrated
in Fig. 1. Concretely, Fig. 2 illustrates a cross-sectional
view of the support roll 121 in the Z-axis direction.
[0022] As illustrated in Fig. 2, the support roll 121 is
formed by including an outer ring portion 1211, a sliding
bearing 1212, and a shaft 1213. Further, Fig. 2 illustrates
an example where as the sliding bearing 1212, two sliding
bearings 1212-1 and 1212-2 are provided in the Z-axis
direction. In the following explanation, when the sliding
bearings 1212-1 and 1212-2 are explained representa-
tively, they are explained as the "sliding bearing 1212"
simply. Further, Fig. 2 illustrates the example where the
two sliding bearings 1212-1 and 1212-2 are provided in
the Z-axis direction, but the present invention is not lim-
ited to this and an aspect in which three or more sliding
bearings 1212 are provided is also included.
[0023] The outer ring portion 1211 is a member to abut
on the outer surface of the workpiece 200. The sliding
bearing 1212 is a member provided between the outer
ring portion 1211 and the shaft 1213. The shaft 1213 is
arranged at the inner side of the outer ring portion 1211
and is a member that rotatably supports the outer ring
portion 1211 and includes the hollow structure 122 there-
in. On this occasion, cores of the outer ring portion 1211,
the sliding bearing 1212, and the shaft 1213 are posi-
tioned concentrically. An outer surface of the shaft 1213
comes in contact with an inner surface of the sliding bear-
ing 1212 to slide. Concretely, the outer ring portion 1211
that abuts on the workpiece 200 rotates, and the sliding
bearing 1212 also rotates in the same manner. The shaft
1213 that supports a load is incapable of rotating and is
fixed to roll holders (roll holders 902 in Fig. 9B to be de-
scribed later) of the supporting mechanism 120. At the
inner side of the outer ring portion 1211, a mechanism
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that rotatably supports the outer ring portion 1211 is in-
ternally provided.
[0024] Further, in this embodiment, as described
above, the sliding bearing 1212 is provided as a bearing
to be provided between the outer ring portion 1211 and
the shaft 1213, so that it becomes possible to increase
a structural strength and additionally, reduce the thick-
ness of the bearing as compared to the case where a
rolling bearing is provided as this sliding bearing, for ex-
ample. When it is possible to increase the structural
strength, it is possible to increase the bending load to be
imparted by the holding mechanism 150, for example,
which is more suitable as the quenching processing ap-
paratus 100. Further, when it is possible to reduce the
thickness of the bearing, the outside diameter of the sup-
port roll 121 can be made small. Therefore, it is possible
to set the supporting position S on the more downstream
side in the conveyance direction 111 even when the
shortest distance L2 between the outer surface of the
first support roll 121-1 and an end portion of the heating
mechanism 130, which is illustrated in Fig. 1, is the same
distance. That is, the distance L1 can be further short-
ened, so that this embodiment can further improve the
yield of the bent product.

(Heating mechanism 130)

[0025] Here, Fig. 1 is explained again.
[0026] The heating mechanism 130 is arranged on the
downstream side in the conveyance direction 111 of the
workpiece 200 from the supporting mechanism 120 and
is a mechanism to heat the workpiece 200. For example,
the heating mechanism 130 is configured by including a
heating coil arranged to cover the outer periphery of the
workpiece 200 in a portion in the longitudinal direction
(the conveyance direction 111) of the workpiece 200.
Concretely, for example, the heating mechanism 130 is
configured to heat the workpiece 200 by a high-frequency
current being applied to the heating coil by the control of
the control device 170. In this heating mechanism 130,
a communication part that carries the high-frequency cur-
rent from the upstream side to the downstream side in
the conveyance direction 111, for example, is provided,
and the workpiece 200 passes through this communica-
tion part. Concretely, for example, the heating coil of the
heating mechanism 130 is provided to wind around this
communication part, so that the space on the inner pe-
ripheral side of the heating mechanism 130, which cor-
responds to this communication part, is equivalent to a
region of an object to be heated by the heating mecha-
nism 130.

(Cooling mechanism 140)

[0027] The cooling mechanism 140 is arranged on the
downstream side in the conveyance direction 111 of the
workpiece 200 from the heating mechanism 130 (ar-
ranged between the heating mechanism 130 and the

holding mechanism 150 in the conveyance direction 111
of the workpiece 200) and is a mechanism to cool a high-
temperature portion of the workpiece 200 heated by the
heating mechanism 130. For example, the cooling mech-
anism 140 jets a cooling medium to a high-temperature
portion of the workpiece 200 heated by the heating mech-
anism 130 based on the control of the control device 170,
to thereby cool this high-temperature portion. Concretely,
in the cooling mechanism 140, a jetting port for jetting
the cooling medium is provided and the cooling medium
is jetted through this jetting port. Further, the cooling
mechanism 140 is configured so that the control device
170 controls a jetting amount of the cooling medium to
be jetted. Incidentally, as one example of the cooling me-
dium to be jetted from the cooling mechanism 140, water
is applicable.
[0028] For example, the cooling mechanism 140 is
configured by including a jetting member arranged so as
to cover the outer periphery of the workpiece 200 in a
portion in the longitudinal direction (the conveyance di-
rection 111) of the workpiece 200 and a supply mecha-
nism for supplying the cooling medium to this jetting
member. On this occasion, the supply mechanism is con-
figured by, for example, a flow path through which the
cooling medium circulates, a pump to circulate the cool-
ing medium, and so on. Concretely, in the jetting member,
a jetting port is provided, and the cooling mechanism 140
is configured so that the cooling medium supplied to the
jetting member by the supply mechanism is jetted
through this jetting port. Further, the control device 170
is configured to control a jetting amount of the cooling
medium to be jetted by the cooling mechanism 140 by
controlling the amount of the cooling medium to be sup-
plied to the jetting member from the supply mechanism.

(Holding mechanism 150)

[0029] The holding mechanism 150 is arranged on the
downstream side in the conveyance direction 111 of the
workpiece 200 from the heating mechanism 130 and is
a mechanism capable of holding the workpiece 200 and
additionally, adding a bending load to the workpiece 200.
Concretely, in the example illustrated in Fig. 1, the holding
mechanism 150 is capable of holding a downstream-side
end portion 202 of the workpiece located on the side op-
posite to the upstream-side end portion 201 of the work-
piece held by the conveying mechanism 110 and addi-
tionally, adding a bending load to the workpiece 200. Fur-
ther, the holding mechanism 150 is configured so that
the direction and the size of the bending load to be added
to the workpiece 200 are controlled by the control device
170.

(Cooling medium supply mechanism 160)

[0030] The cooling medium supply mechanism 160 is
a mechanism to supply a cooling medium for cooling the
support roll 121 (more specifically, the shaft 1213, the

9 10 
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sliding bearing 1212, and the outer ring portion 1211 il-
lustrated in Fig. 2) to the hollow structure 122 of the sup-
port roll 121 (more specifically, the hollow structure 122
included in the shaft 1213). Concretely, the cooling me-
dium supply mechanism 160 is configured so that the
control device 170 controls a supply amount of the cool-
ing medium to be supplied to the hollow structure 122.
Incidentally, as one example of the cooling medium to
be supplied from the cooling medium supply mechanism
160, liquid can be used, and similarly to the cooling mech-
anism 140, water is applicable. On this occasion, the
cooling medium supply mechanism 160 may supply a
cooling water being one example of the cooling medium
with circulation or without circulation.

(Control device 170)

[0031] The control device 170 is a device to bend the
workpiece 200 to a desired shape by controlling divings
of the conveying mechanism 110, the heating mecha-
nism 130, the cooling mechanism 140, the holding mech-
anism 150, and the cooling medium supply mechanism
160 in conjunction with one another based on input in-
formation from the input device 180, for example. Con-
cretely, the control device 170, in accordance with
processing condition information according to a product
shape input from the input device 180, for example,
makes the heating mechanism 130 partially heat the
workpiece 200, makes the holding mechanism 150 add
a bending load to a heated portion heated of the work-
piece 200, and immediately after it, makes the cooling
mechanism 140 cool this heated portion of the workpiece
200 while making the conveying mechanism 110 convey
the workpiece 200 in the longitudinal direction at a pre-
determined conveying speed. Thereby, bending of the
workpiece 200 in accordance with a desired product
shape is implemented. Further, the control device 170
performs a control to display, for example, input informa-
tion from the input device 180, operation information re-
lating to a bending process of the workpiece 200, and so
on on the display device 190 as necessary.

(Input device 180)

[0032] The input device 180 is a device to input various
pieces of information to the control device 170. Concrete-
ly, for example, the input device 180 inputs the above-
described processing condition information according to
a product shape to the control device 170.

(Display device 190)

[0033] The display device 190 is a device to display
various pieces of information based on the control of the
control device 170. Concretely, for example, the display
device 190 displays input information from the input de-
vice 180, operation information relating to a bending
process of the workpiece 200, and so on. Incidentally, it

is also possible for this display device 190 not to be con-
figured as one component in the quenching processing
apparatus 100 but to be configured separately from the
quenching processing apparatus 100, or this display de-
vice 190 can also be omitted as necessary.
[0034] As explained above, the quenching processing
apparatus 100 is formed to include the supporting mech-
anism 120 abutting on the outer surface of the workpiece
200 and the support rolls 121 each including the hollow
structure 122 allowing the cooling medium to pass there-
through therein. Such a configuration makes it possible
to suppress a temperature rise of the support roll 121
caused by heating of the heating mechanism 130, and
the like. Furthermore, providing the hollow structure 122
as in this embodiment makes it possible to reduce the
damage of the support roll 121 caused by heat and ar-
range the support roll 121 closer to the heating mecha-
nism 130 as compared to the case where this hollow
structure 122 is not provided. This makes it possible to
shorten the distance L1 illustrated in Fig. 1, so that it is
possible to shorten an extra length portion of the end
portion of the bent product obtained by bending the work-
piece 200. As a result, it is possible to improve the yield
of the bent product. Further, as a result that it is possible
to suppress a temperature rise of the support roll 121
caused by heating of the heating mechanism 130, the
damage of the support roll 121 can be reduced, so that
it is possible to maintain good operation of the bent prod-
uct.
[0035] Here, the improvement in yield means that the
length allowing bending is lengthened with respect to the
entire length of the workpiece 200. When the yield im-
proves, an extra length incapable of being utilized as the
material decreases in the workpiece 200, so that cutting
of the extra length often becomes no longer necessary.
That is, when the yield improves, the cutting work is not
performed any more, so that it is possible to omit a cutting
process when producing a product. Therefore, it is pos-
sible to enjoy a large production merit. Furthermore, it is
possible to drive down a material cost.
[0036] Here, good operation means that a high-quality
processed product can be produced accurately by using
a treatment appears including long-life consumable
parts. The long-life processing apparatus means a
processing apparatus including consumable parts each
having low exchange frequency. In the quenching
processing apparatus 100 in this embodiment, when the
exchange frequency of the support roll 121 decreases,
the operation life of the quenching processing apparatus
100 lengthens. When the operation life of the quenching
processing apparatus 100 lengthens, it is possible to im-
prove productivity, resulting in good operation.
[0037] The high-quality processed product means a
product processed to have a long range where bending
is allowed with respect to the entire length of the work-
piece 200 and have good shape accuracy. The length of
a range where bending is not allowed (to be referred to
as a bending limit, hereinafter) is substantially equivalent
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to the distance L1 between the supporting position S of
the support roll 121 and the heating mechanism 130. This
is because the bending moment imparted to the down-
stream side of the workpiece 200 when bending is trans-
mitted to the heated region of the workpiece 200 and
further, the bending moment transmitted to the upstream
side of the workpiece 200 is transmitted to the supporting
position S of the support roll 121. Such a configuration
makes it possible to stably impart the bending moment
to the high-temperature region of the workpiece 200 with
a decrease in deformation resistance in a range where
the distance from the upstream end portion in the work-
piece 200 is longer than the bending limit. As a result, it
is possible to accurately bend the workpiece 200. Fur-
ther, when the range where bending is allowed is length-
ened with respect to the entire length of the workpiece
200, it is possible to increase flexibility of a bent shape
with respect to a product shape, resulting in that the proc-
essed product is more preferred.
[0038] Further, the support roll 121 in the quenching
processing apparatus 100 includes the outer ring portion
1211 abutting on the outer surface of the workpiece 200
and the shaft 1213 including the hollow structure 122
therein. The shaft 1213 rotatably supports the outer ring
portion 1211 and is arranged at the inner side of the outer
ring portion 1211. Incidentally, the strength of the shaft
1213 only needs to be maintained, and the material of
the shaft 1213 may be metal, ceramic, or resin.
[0039] Further, in the quenching processing apparatus
100 according to this embodiment, even in the case
where the workpiece 200 has been conveyed to the most
downstream side in the conveyance direction 111 by the
conveying mechanism 110, a plurality of the support rolls
121 (in the example illustrated in Fig. 1, the first support
roll 121-1 and the second support roll 121-2) are arranged
at different positions in the conveyance direction 111 of
the workpiece 200 between the conveying mechanism
110 and the heating mechanism 130. According to such
a configuration, during bending of the workpiece 200, at
least the first support roll 121-1 or the second support
roll 121-2 can support the workpiece 200, so that at least
the first support roll 121-1 or the second support roll 121-2
can receive the bending reaction force to act by the bend-
ing load added to the workpiece 200. Thereby, this em-
bodiment can more stably support the workpiece 200 as
compared to the case where only a pair of the support
rolls 121 supports the workpiece 200. As a result, this
embodiment can stably add the bending load by the hold-
ing mechanism 150 to the high-temperature portion of
the workpiece 200 heated by the heating mechanism
130, and thus it also becomes possible to improve bend-
ing accuracy.

<<Concrete aspect examples of the supporting mecha-
nism 120>>

[0040] Next, there will be explained concrete aspect
examples of the supporting mechanism 120.

[0041] Fig. 3A to Fig. 3C are views each illustrating the
embodiment of the present invention and illustrating a
concrete aspect example of the sliding bearings 1212-1
and 1212-2 illustrated in Fig. 2. In Fig. 3A to Fig. 3C, the
same reference numerals are added to the same com-
ponents as those illustrated in Fig. 2. Concretely, Fig. 3A
illustrates an example where the axial-direction (Z-axis
direction) length of sliding bearings 1212-1 and 1212-2
is shorter than the axial-direction (Z-axis direction) length
of an outer ring portion 1211. Fig. 3B illustrates an ex-
ample where the Z-axis direction length of sliding bear-
ings 1212-1 and 1212-2 is substantially the same as the
Z-axis direction length of an outer ring portion 1211,
which is the same as the case illustrated in Fig. 2. Fig.
3C illustrates an example where the Z-axis direction
length of sliding bearings 1212-1 and 1212-2 is longer
than the Z-axis direction length of an outer ring portion
1211. Incidentally, Fig. 2 and Fig. 3A to Fig. 3C each
illustrate an example where the sliding bearing 1212 is
divided into two in the Z-axis direction, but the present
invention is not limited to this aspect.
[0042] Fig. 4A to Fig. 4C are views each illustrating the
embodiment of the present invention and illustrating a
concrete aspect example of the sliding bearing 1212 il-
lustrated in Fig. 2. In Fig. 4A to Fig. 4C, the same refer-
ence numerals are added to the same components as
those illustrated in Fig. 2 and Fig. 3A to Fig. 3C. Con-
cretely, Fig. 4A illustrates an example where a single
sliding bearing 1212 is formed in the Z-axis direction with-
out dividing the sliding bearing 1212 in the axial direction
(the Z-axis direction). Fig. 4B illustrates an example
where a sliding bearing 1212 is divided into two in the Z-
axis direction to form two sliding bearings 1212-1 and
1212-2 in the Z-axis direction, which is the same as the
case illustrated in Fig. 2. Fig. 4C illustrates an example
where a sliding bearing 1212 is divided into three in the
Z-axis direction to form three sliding bearings 1212-1 to
1212-3 in the Z-axis direction.
[0043] Further, the material of the sliding bearing 1212
is not limited to a metal material, and may be resin. The
hardness of the sliding bearing 1212 is preferred to be
smaller than the hardness of the shaft 1213. The sliding
bearing 1212 is characterized in that the sliding bearing
1212 has a shape in which the axis-direction (Z-axis di-
rection) entire surface receives a machining reaction
force with respect to the outer ring portion 1211.
[0044] Next, there will be explained one example of a
method of assembling the sliding bearing 1212 illustrated
in Fig. 2. Fig. 5A is a view illustrating the embodiment of
the present invention and illustrating one example of the
method of assembling the sliding bearing 1212 illustrated
in Fig. 2. Concretely, Fig. 5A illustrates that the outer ring
portion 1211 is placed on a lower jig 301, the sliding bear-
ing 1212 is placed on the outer ring portion 1211, and
additionally, an upper jig 302 is placed on the sliding bear-
ing 1212 to be moved downward, and thereby the sliding
bearing 1212 is assembled to the outer ring portion 1211.
[0045] Further, Fig. 5B is a view illustrating the embod-
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iment of the present invention and illustrating the sliding
bearing 1212 illustrated in Fig. 5A in an enlarged manner.
As illustrated in Fig. 5A and Fig. 5B, a slit 12121 is formed
in the sliding bearing 1212 in this embodiment. The slit
12121 can prevent the outer ring portion 1211 formed of
non-magnetic ceramic, for example, from being dam-
aged when the sliding bearing 1212 is assembled to the
outer ring portion 1211 explained in Fig. 5A, to thus have
an effect of facilitating this assembling. Since the slit
12121 is formed in the sliding bearing 1212, it is possible
to prevent the outer ring portion 1211 from being dam-
aged when the sliding bearing 1212 is assembled to the
outer ring portion 1211 explained in Fig. 5A. Therefore,
the sliding bearing 1212 is easily assembled to the outer
ring portion 1211.
[0046] Further, the slit 12121 can absorb thermal ex-
pansion caused by heating of the heating mechanism
130. As a result, it is possible to reduce a load of the
sliding bearing 1212 on the outer ring portion 1211 due
to the thermal expansion and reduce the outside diam-
eter of the outer ring portion 1211. In this embodiment,
the sliding bearing 1212 is provided between the outer
ring portion 1211 and the shaft 1213, and thus the slit
12121 can be formed. However, the rolling bearing is
covered with an outer frame and an inner frame in the
360° circumferential direction generally, and thus it is dif-
ficult to form the slit 12121 in the rolling bearing. There-
fore, the rolling bearing fails to exhibit the above-de-
scribed effect obtained by forming the slit 12121.
[0047] Fig. 5C is a cross-sectional view in the method
of assembling the sliding bearing 1212 illustrated in Fig.
5A, which illustrates the embodiment of the present in-
vention. Further, Fig. 5D is a cross-sectional view in a
method of disassembling the sliding bearing illustrated
in Fig. 5C, which illustrates the embodiment of the
present invention. In Fig. 5C and Fig. 5D, the same ref-
erence numerals are added to the same components as
those in Fig. 5A and Fig. 5B. Fig. 5D illustrates a state
where the sliding bearing 1212 has been disassembled
from the outer ring portion 1211 by assembling the outer
ring portion 1211 with the sliding bearing 1212 assem-
bled thereto to a lower jig 311, placing an upper jig 312
on the sliding bearing 1212, and moving it downward.
[0048] Concretely, by the method illustrated in Fig. 5C,
a projecting portion at a lower end of the upper jig 302
abuts on an upper end portion of the sliding bearing 1212
in the circumferential direction at substantially 360° , and
thus the circumferential load by abutting on the upper
end portion of the sliding bearing 1212 becomes uniform.
Then, the lower end of the upper jig 302 is inserted into
the inner side of the upper end portion of the sliding bear-
ing 1212 so that the both become concentric. Therefore,
the direction of a downward load in the axial direction,
which is necessary for the insertion, is stabilized. Then,
the circumferential load on the upper end portion of the
sliding bearing 1212 becomes uniform and the direction
of the downward load in the axial direction, which is nec-
essary for the insertion, is stabilized, thus making it pos-

sible to reduce occurrence of loads on the outer ring por-
tion 1211 other than the load in the axial direction. As
above, using the upper jig 302 and the lower jig 301 fa-
cilitates the concentric arrangement of the outer ring por-
tion 1211 and the sliding bearing 1212, and further makes
it possible to stabilize the direction of the load necessary
when the sliding bearing 1212 is inserted. Therefore, it
is possible to reduce a pressing force to the outer ring
portion 1211, which is caused by misalignment between
the sliding bearing 1212 and the outer ring portion 1211
that are provided internally, so that cracking or damage
of, for example, non-magnetic ceramic forming the outer
ring portion 1211 can be avoided. Further, the upper jig
302 is placed on the sliding bearing 1212 and the upper
jig 302 is moved downward, thereby making it possible
to easily assemble the sliding bearing 1212 to the outer
ring portion 1211.
[0049] Further, when the sliding bearing 1212 is dis-
assembled from the outer ring portion 1211 by the meth-
od illustrated in Fig. 5D, the upper jig 312 is placed on
the sliding bearing 1212 to press the sliding bearing 1212
downward in the axial direction. How the load is applied
downward by pressing is the same as that at the previ-
ously described insertion time. Then, as illustrated in Fig.
5D, the lower jig 311 has a column-shaped hollow that
guides the sliding bearing 1212, and thus the direction
in which the sliding bearing 1212 moves downward
agrees with the outer ring portion 1211, resulting in that
the sliding bearing 1212 and the outer ring portion 1211
become concentric. As a result, it is possible to reduce
occurrence of loads other than the load in the axial di-
rection on the outer ring portion 1211 caused by disas-
sembling of the sliding bearing 1212.
[0050] Further, as described above while using Fig.
5B, the slit 12121 is formed in the sliding bearing 1212
in this embodiment in the axial direction. Then, as ex-
plained while using Fig. 5A and Fig. 5C, even when a
pressing state is made between the shaft 1213 and the
outer ring portion 1211 by the insertion and disassem-
bling works on the occasion of assembling the sliding
bearing 1212 to the outer ring portion 1211, the gap of
the slit 12121 decreases, thereby making it possible to
avoid the pressing state. Performing such procedures
makes it possible to prevent cracking or damage of the
outer ring portion 1211 formed of non-magnetic ceramic,
for example. Accordingly, it is possible to easily assemble
the sliding bearing 1212 in this embodiment.
[0051] Further, in this embodiment, as illustrated in Fig.
2, the two sliding bearings 1212-1 and 1212-2 are pro-
vided in a divided manner in the axial direction of the
support roll 121. This is because when the outer ring
portion 1211 is long in the axial direction, a positional
displacement between cores of the sliding bearing 1212
and the outer ring portion 1211 is sometimes likely to
occur when the sliding bearing 1212 is inserted and dis-
assembled. As a result, there is sometimes a case that
the upper jig 302 and the slit 12121 are not enough to
avoid the pressing state, and thus in order to cope with
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the case, the sliding bearing 1212 is divided. When the
sliding bearing 1212 is divided, the axial-direction length
of the sliding bearing 1212 per one part becomes short.
This makes it possible to reduce a misalignment amount
of the sliding bearing 1212 per one part, and thus the
pressing state can be avoided. That is, it is possible to
easily assemble the sliding bearing in this embodiment.
[0052] Further, this embodiment can also be designed
to provide a slight gap between the inner surface of the
sliding bearing 1212 and the outer surface of the shaft
1213 as illustrated in Fig. 2. Providing a slight gap in this
manner makes it possible to absorb the thermal expan-
sion caused by heating of the heating mechanism 130
and facilitate the assembling explained using Fig. 5A.
[0053] Fig. 6A to Fig. 6C are views illustrating the em-
bodiment of the present invention and illustrating con-
crete aspect examples of the shape of the outer ring por-
tion 1211 illustrated in Fig. 2. In Fig. 6A to Fig. 6C, the
same reference numerals are added to the same com-
ponents as those illustrated in Fig. 1 and Fig. 2. Further,
Fig. 6A to Fig. 6C each illustrate a cross-sectional view
viewed from the X-axis direction illustrated in Fig. 1. Con-
cretely, Fig. 6A illustrates an example where the shape
of the outer ring portion 1211 is a cylindrical shape. Fig.
6B illustrates an example where the shape of the outer
ring portion 1211 is a bobbin shape. Fig. 6C illustrates
an example where the shape of the outer ring portion
1211 is a bowl shape.
[0054] Fig. 7A to Fig. 7C are views illustrating the em-
bodiment of the present invention and illustrating con-
crete aspect examples of the arrangement of the outer
ring portion 1211 illustrated in Fig. 2. In Fig. 7A to Fig.
7C, the same reference numerals are added to the same
components as those illustrated in Fig. 1 and Fig. 2. Fur-
ther, Fig. 7A to Fig. 7C each illustrate a view of a section
view viewed from the X-axis direction illustrated in Fig.
1. Concretely, Fig. 7A illustrates, in the case of guiding
a quadrangular-shaped workpiece 200, an example
where outer ring portions 1211 (namely, support rolls
121) are arranged right and left in the sheet (namely, the
support rolls 121 are arranged on the Y axis across the
workpiece 200). Fig. 7B illustrates, in the case of guiding
the quadrangular-shaped workpiece 200, an example
where outer ring portions 1211 (namely support rolls 121)
are arranged above and below in the paper (namely, the
support rolls 121 are arranged on the Z axis across the
workpiece 200). Fig. 7C illustrates, in the case of guiding
the quadrangular-shaped workpiece 200, an example
where outer ring portions 1211 (namely, support rolls
121) are arranged above and below and right and left in
the sheet (namely, the two support rolls 121 out of the
support rolls 121 are arranged on the Z axis across the
workpiece 200 and the other two support rolls 121 are
arranged on the Y axis across the workpiece 200).
[0055] Subsequently, there will be explained details of
the support roll 121 illustrated in Fig. 2, and so on. Even
if it is a mechanism to rotatably support the shaft 1213
at the substantially outer side of the outer ring portion

1211, the bending moment is generated in the bearing
by a load perpendicularly applied to the shaft 1213. The
bending moment generated in the bearing located at the
substantially outer side of the shaft 1213 is added to the
load perpendicularly applied to the shaft 1213, and thus
stress to be applied to the shaft 1213 increases. There-
fore, it is necessary to increase the diameter of the shaft
1213. However, in this embodiment, the sliding bearing
1212 is internally provided between the outer ring portion
1211 and the shaft 1213. Therefore, the shaft 1213 can
rotatably support the outer ring portion 1211 at the inner
side of the outer ring portion 1211. As a result, it is only
necessary to geometrically receive a compressed sur-
face pressure by the load perpendicularly applied to the
shaft 1213, and the bending moment is not nearly added
to the sliding bearing 1212. Then, it is possible to reduce
the stress to be added to the sliding bearing 1212 and
the shaft 1213. It is possible to reduce the outside diam-
eter of the shaft 1213 and reduce the outside diameter
of the outer ring portion 1211. In this embodiment, when
the outside diameter of the outer ring portion 122 is re-
duced, the effect by heating from the heating mechanism
130 on the outer ring portion 1211 decreases, so that it
is possible to arrange the support roll 121 close to the
heating mechanism 130.
[0056] Hereinafter, there will be explained the case
where the heating mechanism 130 inductively heats the
workpiece 200 and the temperature of the workpiece 200
reaches about 850°C to 1000°C. In such a case, due to
the effect of heat transfer and radiant heat, the temper-
ature of the supporting mechanism 120 rises. Particular-
ly, the support rolls 121 in the supporting mechanism 120
increase in temperature. Further, in the case of the ma-
terial of the outer ring portion 1211 being a magnetic ma-
terial, the outer ring portion 1211 is directly affected by
the induction heating by the heating mechanism 130, and
thus the temperature of the support rolls 121 becomes
likely to rise. When the distance between the heating
mechanism 130 and the support rolls 121 is short, the
temperature rise of the support rolls 121 becomes prom-
inent. When the temperatures of the shaft 1213 and the
outer ring portion 1211 in the support roll 121 exceed
permissible values (for example, 200°C), serious prob-
lems are caused in terms of a rotation function and a
structural strength. In order to solve the problems, the
embodiment of the present invention more preferably
employs an embodiment in which the outer ring portion
1211 is formed of a non-magnetic material. Incidentally,
Patent Literature 2 described above describes that the
support guide illustrated in paragraph 0051 and Fig. 3 is
manufactured of a non-magnetic material. In terms of this
point, the support guide illustrated in Fig. 3 of Patent Lit-
erature 2 is to achieve support by sliding (fixing) and is
not to achieve support by rotation like the outer ring por-
tion 1211 in the embodiment of the present invention, so
that the support guide is different from the art assumed
in the embodiment of the present invention.
[0057] Generally, a lubricating oil is used for the shaft
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1213 in order to prevent seizing of a sliding portion. When
the temperature of the shaft 1213 exceeds a heatproof
temperature of the lubricating oil, deterioration in the lu-
bricating oil is caused to fail to exhibit lubricating perform-
ance, resulting in that seizing is caused on a sliding sur-
face of the shaft 1213. Further, when the temperature of
the support roll 121 exceeds the permissible value, the
strength of the support roll 121 decreases, the surface
of the support roll 121 is thermally deformed, and crack-
ing is caused in the surface of the support roll 121 (name-
ly, the outer ring portion 1211) in some cases. When de-
formation or cracking of the support roll 121 is caused,
a mechanical backlash between the outer ring portion
1211 and the shaft 1213 occurs, and thus spacing in the
Y-axis direction between a pair of the support rolls 121
changes from a desired set value. Therefore, when the
supporting mechanism 120 can no longer support the
workpiece 200 stably, shapes of processing dimensions
vary and dimension errors increase, leading to a de-
crease in the quality of the processed product. Further-
more, a use environment where the support roll 121 is
likely to deteriorate is made, and thus the operating life
of the quenching processing apparatus 100 shortens. Ad-
ditionally, the frequency of exchanging the support roll
121 increases and the operating rate decreases, thus
adversely affecting the production.
[0058] However, in the support roll 121 in this embod-
iment, the hollow structure 122 allowing the cooling me-
dium for cooling this support roll 121 to pass therethrough
is provided, and thus even when the support roll 121 is
arranged near the heating mechanism 130, a tempera-
ture rise of the support roll 121 can be suppressed. There-
fore, deterioration in a sliding portion of the support roll
121, for example, is prevented, leading to a decrease in
the thermal deformation of the outer ring portion 1211.
As a result, the operating life of the quenching processing
apparatus 100 in this embodiment is extended.
[0059] Here, there will be explained a stress to occur
in the outer ring portion 1211 when the support roll 121
receives the machining reaction force by the workpiece.
Fig. 8A is a view illustrating a comparative example and
illustrating an example of the case where rolling bearings
801 are provided between an outer ring portion 1211 and
a shaft 1213. Fig. 8B is a view illustrating the comparative
example and illustrating the stress to occur in the inner
side of the outer ring portion 1211 on which the workpiece
200 illustrated in Fig. 8A abuts. Incidentally, in Fig. 8A,
waterproof rings 802 for providing the rolling bearings
801 are also illustrated.
[0060] As illustrated in Fig. 8A, when a plurality of the
rolling bearings 801 are arranged in the axial direction
between the outer ring portion 1211 and the shaft 1213,
a gap is made between the plural rolling bearings 801.
When a lubricating oil is used for the rolling bearings 801,
the waterproof rings need to be provided adjacently to
the rolling bearing 802 in order to prevent water penetra-
tion. Under such circumstances, when the rolling bear-
ings 801 are employed, it becomes difficult to flatten the

inner side of the outer ring portion 1211 when viewed in
section. Then, a gap occurs between a plurality of the
rolling bearings. As a result, a distribution of the stress
to occur in the inner side of the outer ring portion 1211
does not become uniform. In Fig. 8B, the horizontal axis
indicates a stress to occur in the inner side of the outer
ring portion 1211 and the vertical axis indicates an axial-
direction position of the roll. The outer ring has an uneven
inner side shape when viewed in section and further, a
contact surface between the rolling bearings and the out-
er ring is not continuous, and thus the stress generated
in the inner side of the outer ring portion does not become
uniform. Therefore, a portion with an increasing stress
concentration coefficient of the load by bending is gen-
erated and the outer ring portion 1211 is likely to be dam-
aged.
[0061] Fig. 8C is a view illustrating the embodiment of
the present invention and illustrating an example where
the sliding bearing 1212 is provided between the outer
ring portion 1211 and the shaft 1213. Further, Fig. 8D is
a view illustrating the embodiment of the present inven-
tion and illustrating the stress to occur in the inner side
of the outer ring portion 1211 illustrated in Fig. 8C.
[0062] In the example illustrated in Fig. 8C, the sliding
bearing 1212 is internally provided continuously with re-
spect to the axial direction of the outer ring portion 1211.
The sliding bearing 1212 is internally provided continu-
ously in this manner, and thus the sliding bearing 1212
can continuously receive the load from the workpiece
200 in the longitudinal direction via the outer ring portion
1211. Further, the shape of the inner side of the outer
ring portion 1211 is flat when viewed in section. As above,
the shape of the inner side of the outer ring portion 1211
is flat, thus making it possible to receive the load contin-
uously, and thus distribution of the stress to occur in the
inner side of the outer ring becomes uniform. That is, the
present invention has an effect capable of alleviating the
stress concentration to substantially uniformize the
stress.
[0063] This effect capable of alleviating the stress con-
centration to substantially uniformize the stress can be
obtained by internally providing the sliding bearing 1212
between the outer ring portion 1211 and the shaft 1213
and making the inner side of the outer ring portion 1211
flat when viewed in section as in this embodiment. The
sliding bearing 1212 is internally provided between the
outer ring portion 1211 and the shaft 1213 and the outer
ring portion 1211 has a flat inner side shape when viewed
in section as in this embodiment, thereby making it pos-
sible to substantially uniformize the stress. The following
effects can be obtained as compared to the case where
the rolling bearings 801 are provided between the outer
ring portion 1211 and the shaft 1213.
[0064] As the first effect, it becomes possible to in-
crease the structural strength of the shape of the support
roll 121, thus making it possible to increase a use range
of the bending load by the holding mechanism 150.
Therefore, in this embodiment, the sliding bearing 1212
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is internally provided as a bearing, thereby making it pos-
sible to increase the degree of freedom of the size of the
processing load in the quenching processing apparatus
100.
[0065] As the second effect, it becomes possible to
reduce the thickness of the bearing. Thereby, the outside
diameter of the support roll 121 can be made small, and
therefore, it is possible to set the supporting position S
on the more downstream side in the conveyance direc-
tion 111 even in the case where the distance L2 between
the first support roll 121-1 and the heating mechanism
130 illustrated in Fig. 1 is the same. That is, the distance
L1 can be further shortened. As a result, it becomes pos-
sible to improve the yield of the processed product.
[0066] Generally, ceramic is inferior in toughness to
metal materials and is weak against impact, and thus has
a problem in terms of strength. Then, in order to achieve
a small diameter of the outer ring portion 1211, the outer
ring portion 1211 often tends to have a thin shape. Fur-
ther, the outer ring portion 1211 often has an axial-direc-
tion length substantially equal to that of the sliding bearing
1212 due to space restriction. Therefore, the outer ring
portion 1211 receives a pressing force from the sliding
bearing 1212 to be likely to crack due to the toughness
of ceramic of the outer ring portion 1211 and geometrical
conditions of a thin cylindrical shape. However, this con-
figuration makes it possible to prevent damage and the
like of the outer ring portion 1211 when the sliding bearing
1212 is inserted into and disassembled from the outer
ring portion 1211 as explained using Fig. 5C and Fig. 5D
because the slit 12121 is provided in the sliding bearing
1212 as illustrated in Fig. 5B, for example.
[0067] Next, the supporting mechanism 120 will be ex-
plained from different viewpoints.
[0068] A rotation supporting mechanism is internally
provided in the outer ring portion 1211 like the supporting
mechanism 120 in this embodiment, thereby making it
possible to simplify a configuration of both ends to fix the
shaft 1213, and thus it is effective for space saving re-
garding a layout. As illustrated in a comparative example
in Fig. 9A, when a bearing is provided at both ends of
the shaft 1213, a space for providing each bearing is
required additionally. In Fig. 9B, which is this embodi-
ment, the rotation supporting mechanism is internally
provided in the outer ring portion 1211, and thus space
saving can be achieved geometrically. In Fig. 9B, the
shaft 1213 is fixed to the roll holders 902 configuring a
portion of the supporting mechanism 120 to be incapable
of rotation, and thus the rotation supporting mechanism
can be internally provided in the outer ring portion 1211.
Generally, on the periphery of the heating mechanism of
quenching, there are a busbar to supply electric power
to the heating mechanism 130 and a cooling pipe to cool
the heating mechanism of quenching. Therefore, it is im-
possible to say that bringing the supporting mechanism
120 close to the heating mechanism 130 as a result of
providing a rolling bearing 903 separately from an abut-
ting portion of the outer ring portion 1211 in the Z-axis

direction of the support roll 121 in order to reduce the
effect of heating by the heating mechanism 130 on a
bearing portion as illustrated in the comparative example
in Fig. 9A is a proper method also from the viewpoint of
space. On the other hand, in the supporting mechanism
120 in this embodiment, the space saving can be
achieved by the bearing configuration, and thus even
when the supporting mechanism 120 is arranged near
the heating mechanism 130, no interference with the
above-described peripheral devices is caused. That is,
in this embodiment, the supporting mechanism 120 can
be arranged near the heating mechanism 130 also from
the point of space.
[0069] Incidentally, the supporting mechanism 120 on-
ly needs to be one to support the workpiece, and the
above-described effects can be obtained even when the
supporting mechanism 120 is arranged in any direction.
That is, the supporting mechanism 120 may be arranged
so as to make the axial direction of the support roll 121
in the supporting mechanism 120 vertical to the XY plane
illustrated in Fig. 1 or make the axial direction of the sup-
port roll 121 in the supporting mechanism 120 vertical to
the YZ plane illustrated in Fig. 1.
[0070] Fig. 9A is a view illustrating a support roll ac-
cording to the comparative example and illustrating one
example of the case where the rolling bearing 903 is pro-
vided between the shaft 1213 and the roll holder 902.
Fig. 9A illustrates a rolling element 901 configuring the
rolling bearing. Fig. 9B is a view illustrating the support
roll 121 according to the embodiment of the present in-
vention and illustrating one example of the case where
the sliding bearing 1212 is provided between the shaft
1213 and the outer ring portion 1211. Fig. 9B illustrates
a sliding portion 904 in the case of the support roll 121
in this embodiment. Further, Fig. 9C is a table illustrating
one example of respective factors in the case of the sup-
port roll according to the comparative example illustrated
in Fig. 9A and the case of the support roll 121 according
to this embodiment illustrated in Fig. 9B. Here, Fig. 9C
illustrates the case where a machine structural steel
(SCM material) is used as the material of the shaft 1213
of the support roll according to the comparative example
illustrated in Fig. 9A and the material of the shaft 1213
of the support roll 121 according to this embodiment il-
lustrated in Fig. 9B.
[0071] As illustrated in Fig. 9B, in this embodiment, the
sliding bearing 1212 is present between the outer ring
portion 1211 and the shaft 1213, and thus, as illustrated
in Fig. 9C, the length of the shaft 1213 can be made short,
and thus the moment decreases, and the shaft diameter
can be made small, and thus the support roll 121 can be
arranged close to the heating mechanism 130. As illus-
trated in Fig. 9C, when the length of the shaft 1213 ac-
cording to this embodiment is set to 50 mm and the length
of the shaft 1213 in the comparative example is set to
100 mm, the outside diameter of the shaft 1213 according
to this embodiment can be made 80% (17.5 mm/22 mm
= 80%). The shaft 1213 is fixed to the roll holders 902
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configuring a portion of the supporting mechanism 120
to be incapable of rotation, thereby making it possible to
provide the sliding bearing 1212 between the outer ring
portion 1211 and the shaft 1213. The shaft 1213 is fixed
to the roll holders 902 configuring a portion of the sup-
porting mechanism 120 to be incapable of rotation, and
thus the outside diameter of the shaft 1213 can be made
as small as 80%. The support roll 121 according to this
embodiment has a function of abutting on the workpiece
200 and further has a function of supporting rotation
therein in an axial-direction range of the abutting portion.
[0072] The support roll 121 in the supporting mecha-
nism 120 in the case of direct pipe quenching only needs
to have a structural strength capable of enduring the
weight and the conveyance resistance of the workpiece
200. However, the load to be added to the support roll
121 to be used for bending increases excessively as com-
pared to the load to be added to the support roll 121 to
be used for the direct pipe quenching in many cases.
This is because the support roll 121 to be used for bend-
ing is required to have not only the structural strength
capable of enduring the weight and the conveyance re-
sistance of the workpiece 200 but also a structural
strength capable of enduring the bending load to be add-
ed to the workpiece 200. When the load on the shaft 1213
that supports the support roll 121 increases, it is neces-
sary to increase the shaft diameter in order to reduce the
stress. However, when the shaft diameter of the shaft
1213 is increased, the outside diameter of the outer ring
portion 1211 increases. As a result, as illustrated in Fig.
1, as long as the distance L1 between the position where
the support roll 121 supports the workpiece 200 (the po-
sition S of the portion abutting on the workpiece illustrated
in Fig. 1) and the position of the heating mechanism 130
is the same in the conveyance direction of the workpiece,
the shortest distance L2 between the outer ring portion
1211 and the heating mechanism 130 becomes short
when the outside diameter of the support roll 121 is larger.
[0073] Further, the outer ring portion 1211 in this em-
bodiment is formed of non-magnetic ceramic, for exam-
ple, and thus is not affected by electromagnetic induction
generated from the heating mechanism 130. As above,
this embodiment can reduce the effect of the temperature
rise by heating of the heating mechanism 130 because
the outer ring portion 1211 is formed of non-magnetic
ceramic as compared to the case where this outer ring
portion is formed of a magnetic material, for example. As
a result, it is possible to further shorten the distance L1
illustrated in Fig. 1. Incidentally, the outer ring portion
1211 only needs to be a non-magnetic material, for ex-
ample, and therefore, is not limited to the non-magnetic
ceramic in the present invention. An embodiment in
which, for example, a non-magnetic resin is used as the
non-magnetic material forming the outer ring portion
1211 is also applicable to the present invention. Here, in
the case of the outer ring portion 1211 being formed of
the non-magnetic ceramic, silicon nitride (Si3N4) ceramic
can be cited as one example of the concrete material.

Further, in the case of the outer ring portion 1211 being
formed of the non-magnetic resin, a polyetheretherke-
tone (PEEK) resin can be cited as one example of the
concrete material. Further, an embodiment in which, for
example, an austenitic stainless steel being non-mag-
netic stainless steel is used as the non-magnetic material
forming the outer ring portion 1211 is also applicable to
the present invention.
[0074] In this embodiment, the hardness of the sliding
bearing 1212 is set to be smaller than that of the shaft
1213. Therefore, the sliding bearing 1212 between the
outer ring portion 1211 and the shaft 1213 wears out. On
this occasion, the sliding bearing 1212 rotates, to thus
abrade uniformly in the circumferential direction. There-
fore, variations in thickness of the sliding bearing 1212
in the circumferential direction decrease. As a result, it
is possible to prevent local wear of the shaft 1213 in the
circumferential direction caused by the outer ring portion
1211 and reduce uneven abrasion, and thus the support-
ing position S where the support roll 121 abuts on the
workpiece 200 is stabilized. That is, employing the sliding
bearing in this embodiment makes it possible to fabricate
the supporting mechanism 120 that is capable of stably
keeping the supporting position S. Incidentally, when the
sliding bearing 1212 has worn out only by a predeter-
mined amount, the sliding bearing 1212 only needs to be
exchanged, and the exchange is simple as has been ex-
plained using Fig. 5C and Fig. 5D above, to thus be ad-
vantageous in terms of production.
[0075] Fig. 10A is a chart illustrating the embodiment
of the present invention and illustrating one example of,
in the case of using an austenitic stainless steel as the
material of the outer ring portion 1211 in the support roll
121 illustrated in Fig. 2, a temperature change of the sup-
port roll as the time elapses. Further, Fig. 10B is a chart
illustrating the embodiment of the present invention and
illustrating one example of, in the case of using non-mag-
netic ceramic as the material of the outer ring portion
1211 in the support roll 121 illustrated in Fig. 2, a tem-
perature change of the support roll as the time elapses.
Each graph in Fig. 10A and Fig. 10B indicates the tem-
perature change of the support roll 121 when the quench-
ing processing apparatus processes five materials to be
processed continuously, and the horizontal axis indicates
the elapsed time and the vertical axis indicates the tem-
perature of the support roll 121. The case of Fig. 10A
using the austenitic stainless steel as the material of the
outer ring portion 1211 is not suitable from the viewpoint
of implementing the present invention but is a level ap-
plicable to implementation of the present invention even
though the temperature rises as the processing advanc-
es to then reach about 200°C or so. Further, it is possible
to say that the case of Fig. 10B using the non-magnetic
ceramic as the material of the outer ring portion 1211 is
a more suitable material of the outer ring portion 1211
from the viewpoint of implementing the present invention
as compared to the case of Fig. 10A using the austenitic
stainless steel as the material of the outer ring portion
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1211 because the maximum temperature is fixed sub-
stantially at about 100°C. The reason why both the
graphs in Fig. 10A and Fig. 10B rise and fall repeatedly
in waves as the time elapses is because there are time
zones for carrying-out and carrying-in of the workpiece
during processing and heating is not performed during
these time zones, and thus the temperature of the support
roll 121 falls temporarily. The point that the case of using
the non-magnetic ceramic as the material of the outer
ring portion 1211 is more excellent than the case of using
the austenitic stainless steel is that the maximum tem-
perature is fixed substantially in a relatively low-temper-
ature zone (at about 100°C in the example illustrated in
Fig. 10B) and the temperature rise is suppressed.
[0076] Fig. 10C is a table illustrating one example of
temperature characteristics according to the test
processing condition in the case of the support roll ac-
cording to the comparative example, the case of the sup-
port roll 121 according to the embodiment of the present
invention illustrated in Fig. 10A, and the case of the sup-
port roll 121 according to the embodiment of the present
invention illustrated in Fig. 10B. Here, in Fig. 10C, as the
support roll according to the comparative example, a sup-
port roll with the outer ring portion 1211 whose material
is a machine structural steel (SCM material) is illustrated,
and as the support roll 121 according to the embodiment
of the present invention, the support roll 121 with the
outer ring portion 1211 whose material is an austenitic
stainless steel (SUS304), which is illustrated in Fig. 10A,
and the support roll 121 with the outer ring portion 1211
whose material is non-magnetic ceramic, which is illus-
trated in Fig. 10B, are illustrated. When the temperature
change within a processing time period per unit product
is seen in Fig. 10C, the temperature change is about
20°C in the support roll according to the comparative ex-
ample with the outer ring portion 1211 whose material is
a machine structural steel, while the temperature change
is about 10°C in the support roll 121 according to the
embodiment of the present invention with the outer ring
portion 1211 whose material is an austenitic stainless
steel. The results of the temperature change within the
processing time period per unit product reveal that the
support roll 121 according to the embodiment of the
present invention with the outer ring portion 1211 whose
material is an austenitic stainless steel is more excellent
than the support roll according to the comparative exam-
ple with the outer ring portion 1211 whose material is a
machine structural steel in the viewpoint of suppressing
the temperature rise. Further, when the temperature
change within a predetermined processing time period
of a plurality of products is seen in Fig. 10C, in the support
roll according to the comparative example with the outer
ring portion 1211 whose material is a machine structural
steel, the temperature change is about 300°C with a sig-
nificant temperature rise, while in the support roll 121
according to the embodiment of the present invention
with the outer ring portion 1211 whose material is an
austenitic stainless steel, the temperature change re-

mains at about 200°C with a temperature rise and further,
in the support roll 121 according to the embodiment of
the present invention with the outer ring portion 1211
whose material is non-magnetic ceramic, the tempera-
ture change is substantially fixed at about 100°C due to
temperature saturation. The results of the temperature
change within the predetermined processing time period
of a plurality of products reveal that the support roll 121
according to the embodiment of the present invention
with the outer ring portion 1211 whose material is an
austenitic stainless steel or non-magnetic ceramic is
more excellent than the support roll according to the com-
parative example with the outer ring portion 1211 whose
material is a machine structural steel in the viewpoint of
suppressing the temperature rise. Further, the compari-
son between the materials of the outer ring portion 1211
according to the embodiment of the present invention
reveals that as described above in Fig. 10A and Fig. 10B,
the support roll 121 according to the embodiment of the
present invention with the outer ring portion 1211 whose
material is non-magnetic ceramic is more excellent than
the support roll 121 according to the embodiment of the
present invention with the outer ring portion 1211 whose
material is an austenitic stainless steel in the viewpoint
of suppressing the temperature rise.
[0077] Next, the structure of the support roll 121 will
be mentioned again.
[0078] In the support roll according to the comparative
example in Fig. 8A, the rolling bearings 801 are provided
between the outer ring portion 1211 and the shaft 1213,
and thus a gap for absorbing thermal expansion of the
rolling bearings 801 is required between an inner surface
of the outer ring portion 1211 and an outer surface of the
rolling bearings 801. With this gap, a contact area be-
tween the outer ring portion 1211 and the rolling bearings
801 becomes small. Generally, the contact area is de-
termined from factors such as the inside diameter of the
outer ring portion 1211, the outside diameter of the rolling
bearing 801, a load, and an elastic modulus by a Hertz
stress equation. When the contact area is found by the
Hertz stress equation, the contact area becomes small
due to the gap being present at the inner side of the outer
ring portion 1211, and thus the stress in the inner side of
the outer ring portion 1211, which is generated by con-
tact, increases. When this stress increases, a required
thickness of the outer ring portion 1211 thickens, leading
to an increase in the outside diameter, and the distance
L1 illustrated in Fig. 1 increases, resulting in that the yield
becomes worse.
[0079] Fig. 11A is a view illustrating this embodiment
of the present invention and illustrating one example of
the relationship between the outer ring portion 1211 and
the sliding bearing 1212. In Fig. 11A, the shaft 1213 is
omitted. As illustrated in Fig. 11A, in this embodiment,
the sliding bearing 1212 is inserted into the outer ring
portion 1211 by interference fit 1101, and thus the sliding
bearing 1212 and the outer ring portion 1211 are brought
into a contact state, and thus it is possible to increase a
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contact area of the abutting portion with the workpiece.
When the contact area increases, it is possible to reduce
the stress generated by abutting on the workpiece. That
is, the sliding bearing 1212 in this embodiment can re-
duce the stress generated in the inner side of the outer
ring portion 1211, thereby making it possible to reduce
the thickness of the outer ring portion. On the other hand,
a comparative example is illustrated in Fig. 11B. Fig. 11B
is a view illustrating the comparative example and illus-
trating one example of the relationship between the outer
ring portion 1211 and the sliding bearing 1212. The shaft
1213 is omitted also in Fig. 11B. As illustrated in Fig. 11B,
a void 1102 is present between the outer ring portion
1211 and the sliding bearing 1212 in order to absorb ther-
mal expansion of the sliding bearing 1212. As a result,
the contact area between the outer ring portion 1211 and
the sliding bearing 1212 at the abutting portion with the
workpiece 200 becomes small in the circumferential di-
rection of the sliding bearing 1212, and thus the stress
generated in the inner side of the outer ring portion 1211
increases. As a result of a comparison between Fig. 11A
in this embodiment and Fig. 11B in the comparative ex-
ample, the contact area between the outer ring portion
1211 and the sliding bearing 1212 in this embodiment
becomes larger than the contact area between the outer
ring portion 1211 and the sliding bearing 1212 in the com-
parative example, and thus, the stress generated in the
inner side of the outer ring portion 1211 in this embodi-
ment becomes smaller than the stress generated in the
inner side of the outer ring portion 1211 in the compara-
tive example. Therefore, as long as this embodiment and
the comparative example are the same in the load to be
applied to the abutting portion, this embodiment can
make the stress generated in the inner side of the outer
ring portion 1211 smaller as compared to the compara-
tive example, and thus it is possible to reduce the thick-
ness of the outer ring portion 1211 in this embodiment.
As a result, this embodiment can make the outside di-
ameter of the outer ring portion 1211 small. Further, as
illustrated in Fig. 11A, the reason why the insertion is
enabled by the interference fit 1101 is due to the effect
of having the slit 12121 in the axial direction of the sliding
bearing 1212.
[0080] Since the slit 12121 is formed in the sliding bear-
ing 1212 in this embodiment, the thermal expansion by
heating of the heating mechanism 130 can be absorbed
by the gap of the slit 12121. That is, this embodiment can
reduce a tensile load on the outer ring portion 1211
caused by the thermal expansion. From such reasons,
applying the sliding bearing 1212 makes it possible to
fabricate the support roll 121 with high durability even
when the outer ring portion 1211 formed of the non-mag-
netic ceramic, for example, is used.
[0081] In the support roll according to the comparative
example in Fig. 8A, the rolling bearings 801 are provided
between the outer ring portion 1211 and the shaft 1213,
and in the example illustrated in Fig. 8A, it is assumed
that the rolling bearing 801 has a 360° cylindrical shape.

The rolling bearing 801 needs to be covered with an outer
frame and an inner frame in the 360° circumferential di-
rection because rolling elements inserted in the rolling
bearing 801 rotate smoothly. Therefore, it is difficult to
form the slit 12121 in the rolling bearing 801 as in this
embodiment. That is, it is impossible to form a slit for
thermal expansion in the rolling bearing 801, and thus it
is difficult to use ceramic as the material of the outer ring.
On the other hand, in this embodiment, the sliding bearing
1212 is provided between the outer ring portion 1211 and
the shaft 1213 as described above, thus making it pos-
sible to form the slit 12121. As a result, this embodiment
can alleviate concentration of stress to be applied to the
sliding bearing 1212, and thus using the non-magnetic
ceramic as the material of the outer ring portion 1211 can
be achieved.
[0082] Further, in this embodiment, what is called an
oilless bearing may be used as the sliding bearing 1212.
When the oilless bearing is used as the sliding bearing
1212 as above, the lubricating oil is no longer required,
and thus the oilless bearing is advantageous as com-
pared to the rolling bearing that requires the lubricating
oil generally also from the viewpoint of maintenance.

(Other embodiments)

[0083] The above-described embodiment of the
present invention is an embodiment in which the convey-
ing mechanism 110 holds the upstream-side end portion
201 of the workpiece when holding the workpiece 200
and the holding mechanism 150 holds the downstream-
side end portion 202 of the workpiece when holding the
workpiece 200. However, the present invention is not lim-
ited to this embodiment, and for example, an embodiment
in which the conveying mechanism 110 holds not the
upstream-side end portion 201 of the workpiece but a
middle portion of the workpiece 200 and an embodiment
in which the holding mechanism 150 holds not the down-
stream-side end portion 202 but a middle portion of the
workpiece 200 are also applicable to the present inven-
tion.
[0084] It should be noted that the above embodiments
of the present invention merely illustrate concrete exam-
ples of implementing the present invention, and the tech-
nical scope of the present invention is not to be construed
in a restrictive manner by these embodiments. That is,
the present invention may be implemented in various
forms without departing from the technical spirit or main
features thereof.

Claims

1. A quenching processing apparatus that processes
a workpiece, the quenching processing apparatus
comprising:

a conveying mechanism that conveys the work-
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piece in the longitudinal direction;
a supporting mechanism that is arranged on the
downstream side in the conveyance direction of
the workpiece from the conveying mechanism
and supports the workpiece; and
a heating mechanism that heats the workpiece,
wherein
the supporting mechanism includes rolls that
abut on an outer surface of the workpiece and
each include a hollow structure allowing a cool-
ing medium to pass therethrough therein, and
the roll is formed by including an outer ring por-
tion that abuts on the outer surface of the work-
piece;
a shaft that is arranged at an inner side of the
outer ring portion, supports the outer ring portion
rotatably, and includes the hollow structure
therein; and
a sliding bearing arranged between the outer
ring portion and the shaft.

2. The quenching processing apparatus according to
claim 1, further comprising:
a holding mechanism that is arranged on the down-
stream side in the conveyance direction of the work-
piece from the heating mechanism and is capable
of holding the workpiece and additionally, adding a
bending load to the workpiece.

3. The quenching processing apparatus according to
claim 1 or 2, wherein
the outer ring portion is formed of a non-magnetic
material.

4. The quenching processing apparatus according to
claim 3, wherein
the non-magnetic material is ceramic or resin.

5. The quenching processing apparatus according to
any one of claims 1 to 4, wherein
the shaft is fixed to roll holders to be incapable of
rotation.

6. The quenching processing apparatus according to
any one of claims 1 to 5, wherein
the inner side of the outer ring portion is a cylindrical
shape and is flat in section view.

7. The quenching processing apparatus according to
any one of claims 1 to 6, wherein
a slit is formed in the sliding bearing over an entire
region in the axial direction of the sliding bearing.

8. The quenching processing apparatus according to
any one of claims 1 to 7, wherein
a plurality of the sliding bearings are provided con-
tinuously in the axial direction of the roll.

9. The quenching processing apparatus according to
any one of claims 1 to 8, wherein
a hardness of the sliding bearing is smaller than a
hardness of the shaft.

10. The quenching processing apparatus according to
any one of claims 1 to 9, wherein
the sliding bearing is inserted into the outer ring por-
tion by interference fit.

11. The quenching processing apparatus according to
any one of claims 1 to 10, wherein
the supporting mechanism is formed in which a plu-
rality of the rolls are arranged side by side at different
positions in the conveyance direction of the work-
piece.

12. The quenching processing apparatus according to
any one of claims 1 to 11, further comprising:
a cooling mechanism that is arranged on the down-
stream side in the conveyance direction of the work-
piece from the heating mechanism and cools a heat-
ed portion of the workpiece heated by the heating
mechanism.
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