DESCRIPTION
Title of Invention: SPINNING FORMING APPARATUS AND FORMING METHOD
Technical Field
[0001] The present invention relates to a spinning forming apparatus and a spinning forming

method, in each of which shapes a plate while rotating the plate around a rotational axis.

Background Art

[0002] Conventionally known is a spinning forming method of processing and shaping a
plate, made of an iron material, an aluminum alloy, or pure titanium, by causing a processing
tool to contact the plate while rotating the plate around a predetermined rotational axis.

[0003] Even in the case of materials, such as a titanium alloy, which are considered to be
difficult to process, the application of the spinning forming method of processing the plate is
desired instead of cut processing of forged products in order to reduce a material cost and a
processing cost.  For example, the titanium alloy, such as Ti-6Al-4V, is high in yield strength
and is low in ductility at normal temperature. Therefore, if a conventionally general cold
(normal-temperature) spinning forming method is directly applied to the titanium alloy, the
material cracks and cannot be shaped successfully. On this account, a hot spinning forming
needs to be performed by heating the plate.

[0004] The hot spinning forming is disclosed in, for example, PTL 1. According to the
configuration in PTL 1, a surface of the plate is heated by a burner, and the plate is then
processed.

[0005] According to the hot spinning forming using the burner as in PTL 1, the plate is
heated extensively. Therefore, even non-shaped portions, such as not-yet-shaped portions,
already-shaped portions, and never-shaped portions, of the plate are heated. On this account,
there are problems that depending on the material and shape (especially, thickness) of the plate,
by stress generated at the time of processing, the not-yet-shaped portion of the plate deforms, so
that highly accurate processing cannot be performed, and the already-shaped portion of the plate
cracks.

[0006] Here, a configuration of PTL 2 is proposed as a spinning forming apparatus that
locally heats a position close to a shaping target portion. According to the configuration of PTL
2, a high frequency induction heating coil that is the heater is arranged from between a spatula
that is the processing tool and a not-yet-shaped side portion of the plate toward a position where

the processing tool and the plate contact each other.
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Summary of Invention

Technical Problem

[0008] However, in the configuration of PTL 2, since a tip end portion of the high frequency
induction heating coil that is the heater is positioned between the spatula that is the processing
tool and the not-yet-shaped side portion of the plate, the following problems occur. To be
specific, since the arrangement position of the heater is restricted by the operations of the
processing tool, the heater cannot be arranged at a position most appropriate for local heating, so
that the shaping target portion cannot be appropriately heated. In addition, the configuration of
PTL 2 presupposes that the plate is shaped along the shape of a mandrel that is a shaping die.
Therefore, there may be a problem that since the shaping target portion of the plate contacts the
mandrel, the heat for heating the plate is transferred to the mandrel to be deprived, so that the
temperature of the plate does not adequately increase (heating loss is large), and the plate cracks.
[0009] The present invention was made to solve the above problems, and an object of the
present invention is to provide a spinning forming apparatus and a spinning forming method,
cach of which is capable of shaping the plate without causing deformations or cracks of the plate

by appropriately heating the shaping target portion of the plate.

Solution to Problem

[0010] To solve the above problems, the inventors of the present invention have diligently
studied, and as a result, found that when locally heating a specific plate, such as a titanium alloy
plate or a thick stainless steel plate, the stiffness of the plate is secured by a non-heated portion
of the plate, so that the plate can be shaped to have a desired shape without using a shaping die.
The present invention was made from this point of view.

[0011] A spinning forming apparatus according to one aspect of the present invention is a
spinning forming apparatus configured to shape a target plate while rotating the plate around a
rotational axis, the spinning forming apparatus including: a holding member including a
receiving jig to which the plate is attached and a rotational shaft configured to rotate the plate
around the rotational axis together with the receiving jig; a processing tool configured to contact

a first main surface of the plate to process and shape the plate; and a heater configured to heat the



plate, wherein: the heater is arranged at the opposite side of the processing tool across the plate;
and the heater locally heats a position of a second main surface of the plate opposite to the first
main surface, the position being located on a circumference around the rotational axis, the
circumference being defined by a position, with which the processing tool contacts, of the plate.
[0012] According to the above configuration, since the receiving jig is used instead of the
shaping die, a space can be secured on the opposite side of the processing tool across the shaping
target portion of the plate, and the heater can be arranged in this space. As a result, the heater
locally heats the second main surface of the plate which is the opposite side of the first main
surface with which the processing tool contacts, so that the shaping target portion of the plate can
be appropriately heated regardless of the positional relationship between the processing tool and
the plate. In addition, since the plate is attached to the receiving jig that is not the shaping die,
the shaping target portion does not contact the receiving jig. Therefore, the heat by the heating
is not directly transferred to the receiving jig, so that the heating can be performed more
efficiently than a case where the shaping die is used. On this account, the shaping can be
performed without causing deformations or cracks of the plate.

[0013] The spinning forming apparatus may be configured such that the receiving jig has a
size smaller than a circle defined by a shaping start position of the plate. ~With this, the heating
can be appropriately performed from the shaping start position.

[0014] The spinning forming apparatus may be configured such that the heater performs
heating by high frequency induction heating. With this, the local heating can be performed
easily and efficiently.

[0015] The spinning forming apparatus may include a preheater configured to preliminarily
heat a position of the plate, the position being located at a radially outer side of the position with
which the processing tool contacts.  With this, the shaping speed can be increased, or even in a
case where the plate is thick, the heating up to the temperature required for the shaping can be
efficiently performed without decreasing the shaping speed.

[0016] The spinning forming apparatus may be configured such that the heater includes a
coil formed to have a circular-arc shape that is doubled in a direction perpendicular to the
rotational axis. With this, the heater can further efficiently heat the position on the
circumference defined by the shaping target portion.

[0017] The spinning forming apparatus may be configured such that the heater includes: a
magnetic core covering the coil from the opposite side of the plate; and a non-magnetic convex
portion projecting toward the plate beyond the coil and the core. With this, by causing the core

covered with the coil to prevent the magnetic flux, generated by the coil, from leaking to the



outside, the magnetic flux is concentrated. Thus, the heat can be generated more locally and
efficiently. Further, the non-magnetic convex portion can prevent the coil and the core from
contacting the plate. As a result, the electric short circuit of the coil can be prevented, and a
portion, facing the core, of the second main surface of the plate can obtain a high skin effect.
[0018] The spinning forming apparatus may include an auxiliary tool configured to support
a position of the plate, the position being located at a radially outer side of the position with
which the processing tool contacts.  With this, the plate can be stabilized and can be efficiently
heated and shaped.

[0019] The spinning forming apparatus may include a control device programmed to move
the heater relative to the plate such that a distance between the heater and a shaping target
portion of the plate becomes a predetermined distance. With this, even in a case where the plate
is displaced in a direction along the rotational axis of the holding member at the time of the
shaping, the distance between the heater and the shaping target portion (heating target portion) of
the plate can be maintained constant. Therefore, the heating with respect to the shaping target
portion of the plate at the time of the shaping can be made constant regardless of a shaping state.
[0020] The spinning forming apparatus may include a control device programmed to move
the heater in synchronization with a shaping operation by the processing tool. With this, since
the heater moves in accordance with the shaping operation by the processing tool, the shaping
can be stably performed. In addition, since the shaping by the processing tool can be performed
after the heater surely heats the shaping target portion, an excellent shaped product can be
obtained.

[0021] The spinning forming apparatus may include: a radiation thermometer configured to
measure a surface temperature of a position of the plate, the position being located on the
circumference around the rotational axis, the circumference being defined by the position with
which the processing tool contacts; and an output adjuster configured to adjust an output of the
heater, wherein the output adjuster adjusts the output of the heater such that the surface
temperature falls within a predetermined temperature range. With this, the output of the heater
is adjusted based on the actual temperature of the shaping target portion of the plate, so that the
temperature of the shaping target portion of the plate can be adjusted more appropriately.

[0022] The spinning forming apparatus may include: a load measuring unit configured to
measure a load applied to the plate when the processing tool contacts the plate; and a control
device programmed to move the processing tool relative to the plate at a feed speed
corresponding to the load. In a case where the feed speed of the processing tool with respect to

the plate when rotating the plate is high, the shaping speed becomes high, but the load becomes



large, and this increases risks of deformations and cracks. In contrast, in a case where the feed
speed is low, the load becomes small, but the shaping speed becomes low. Therefore, by
controlling the feed speed of the processing tool such that the load falls within a predetermined
range, the shaping can be appropriately performed without decreasing the shaping speed as much
as possible.

[0023] The spinning forming apparatus may be configured such that the plate is made of a
titanium alloy, for example.

[0024] A spinning forming method according to another aspect of the present invention is a
spinning forming method of shaping a plate while rotating the plate around a rotational axis, the
method including: when a processing tool is caused to contact a first main surface of the plate to
process and shape the plate in a state where the plate is attached to a receiving jig of a holding
member, and the plate is rotated around the rotational axis, arranging a heater at the opposite side
of the processing tool across the plate; and locally heating a position of a second main surface of
the plate opposite to the first main surface, the position being located on a circumference around
the rotational axis, the circumference being defined by a position, with which the processing tool
contacts, of the plate.

[0025] According to the above method, since the receiving jig is used instead of the shaping
die, a space can be secured on the opposite side of the processing tool across the shaping target
portion of the plate, and the heater can be arranged in this space. As a result, the heater locally
heats the second main surface of the plate which is the opposite side of the first main surface
with which the processing tool contacts, so that the shaping target portion of the plate can be
appropriately heated regardless of the positional relationship between the processing tool and the
plate. In addition, since the plate is attached to the receiving jig that is not the shaping die, the
shaping target portion does not contact the receiving jig. Therefore, the heat by the heating is
not directly transferred to the receiving jig, so that the heating can be performed more efficiently
than a case where the shaping die is used. On this account, the shaping can be performed

without causing deformations or cracks of the plate.

Advantageous Effects of Invention
[0026] The present invention is configured as explained above and has an effect of being
able to shape the plate without causing deformations or cracks of the plate by appropriately

heating the shaping target portion of the plate.

Brief Description of Drawings



[0027] Fig. 1 is a schematic configuration diagram showing a spinning forming apparatus
according to Embodiment 1 of the present invention.

Fig. 2A is a bottom view showing a relationship among a rotational axis, a
processing tool, and a heater in the spinning forming apparatus of Fig. 1. Fig. 2B isa
cross-sectional view of the heater.

Fig. 3 is a flow chart showing one example of a control mode of the spinning
forming apparatus of Fig. 1.

Fig. 4 is a schematic configuration diagram showing the spinning forming apparatus
according to Embodiment 2 of the present invention.

Fig. 5 is a graph showing a relationship between the thickness of a plate and a
surface temperature difference between a rear side and front side of the plate.

Fig. 6 is a schematic configuration diagram showing the spinning forming apparatus

according to Embodiment 3 of the present invention.

Description of Embodiments
[0028] Hereinafter, embodiments of the present invention will be explained in reference to
the drawings. In the following explanations and drawings, the same reference signs are used
for the same or corresponding components, and a repetition of the same explanation is avoided.
[0029] Embodiment 1

Fig. 1 is a schematic configuration diagram showing a spinning forming apparatus
according to Embodiment 1 of the present invention. As shown in Fig. 1, a spinning forming
apparatus 101 of the present embodiment includes a holding member 1 configured to rotate a
plate W around a rotational axis S. In the present embodiment, the rotational axis S extends in
a vertical direction. However, the direction in which the rotational axis S extends may be a
horizontal direction or an oblique direction.
[0030] The plate W that is a shaping target material is attached to the holding member 1
without via a shaping die. More specifically, the holding member 1 includes: a receiving jig 2
having a receiving surface P substantially perpendicular to the rotational axis S; and a rotational
shaft 10 to which the receiving jig 2 is attached so as not to be relatively rotatable and which
rotates the plate W together with the receiving jig 2. The above-described rotational axis S is a
central axis of the rotational shaft 10. The plate W is attached onto the receiving surface P of
the receiving jig 2. To be specific, the plate W is arranged so as to intersect with the rotational
axis S substantially perpendicularly. The plate W is fixed to the receiving surface P by a fixing

jig 3 provided above the plate W so as to face the receiving surface P of the receiving jig 2.



With this, when the rotational shaft 10 of the holding member 1 rotates around the rotational axis
S, the plate W rotates around the rotational axis S.

[0031] It should be noted that the plate W in the present specification is not limited to a flat
plate. For example, the plate W may be: a plate, at least a part of which has a curved surface; or
a plate that is bent in advance (i.e., a material in the middle of shaping or a material after
shaping). In addition, the plate W may be a plate, a part of which is different in thickness from
the other part, such as a plate to which another plate is partially attached or a plate integrated
with another plate by casting.

[0032] The material of the plate W is not especially limited. A metal material that is
difficult to be subjected to cold processing is preferable. Examples of such metal material
include a titanium alloy, a nickel-based alloy, a cobalt-based alloy, high-strength steel,
high-strength stainless steel, and a magnesium alloy. Especially in the case of a material, such
as the titanium alloy, whose difference between the yield strength at a normal temperature and
the yield strength at a high temperature (shaping temperature) is large, cracks and deformations
easily occur by conventional methods. Therefore, when shaping such material, the application
of the present embodiment is effective. It should be noted that the present embodiment is also
applicable to metal materials, such as an aluminum alloy and pure titanium, which can be
subjected to the cold processing. When the plate made of the metal material which can be
subjected to the cold processing is thick, the application of the present embodiment is effective.
{0033] Examples of the titanium alloy include anticorrosion alloys (such as Ti-0.15Pd), o
alloys (such as Ti-5Al-2.55n), o+f alloys (such as Ti-6Al-4V), and B alloys
(Ti-15V-3Cr-3Sn-3Al).

[0034] The spinning forming apparatus 101 further includes: a processing tool 4 configured
to contact a first main surface of the plate W, attached to the receiving jig 2, to process and shape
the plate; and a heater 5 configured to heat the plate W. In the present embodiment, the first
main surface with which the processing tool 4 contacts is an upper surface, and a second main
surface opposite to the first main surface is a lower surface. However, the first main surface
and the second main surface may be respectively the lower surface and the upper surface. The
heater 5 is arranged at the opposite side of the processing tool 4 across the plate W. The heater
5 locally heats a position of the second main surface of the plate W, the position being located on
a circumference around the rotational axis S, the circumference being defined by a position, with
which the processing tool 4 contacts, of the plate W. It should be noted that when, for example,
a distance between the rotational axis S and the position, with which the processing tool 4

contacts, of the plate W is denoted by r, the term “circumference” means a region where a



distance between the rotational axis S and the position heated by the heater 5 is denoted by
r+10%.

[0035] In the present embodiment, the receiving jig 2 is a flat, disc-shaped plate. However,
the receiving jig 2 is not necessarily flat. For example, in a case where the plate W has a bowl
shape, a middle of the receiving surface P may be bulged or depressed depending on the
orientation of the plate W.  Or, for example, the receiving jig 2 may have a parallel-cross shape
formed by assembling a plurality of bars crossways. Further, the following configuration may
be employed, in which: the plate W is provided with one or a plurality of through holes in a
region overlapping with the receiving jig 2; and a positioning pin(s) that fits in the through
hole(s) is formed on the receiving surface P of the receiving jig 2.

[0036] The receiving jig 2 may be the same in size as a circle defined by a shaping start
position of the plate W. However, it is desirable that the receiving jig 2 be smaller in size than
the circle. To be specific, it is desirable that a peripheral portion of the receiving jig 2 be
spaced apart from the shaping start position of the plate W in a radially inward direction such
that the heater 5 can be provided immediately under the shaping start position of the plate W.
[0037] In the present embodiment, as shown in Fig. 1, one processing tool 4 is included.
However, the configuration is not limited to this, and a plurality of processing tools 4 may be
included. In this case, the processing tools are arranged so as to contact the first main surface
of the plate W.  Further, for example, the processing tools may be arranged on the same
circumference around the rotational axis S so as to be separated from each other by 180° around
the rotational axis S. In a case where a side where the processing tool 4 is located is regarded
as a front surface side of the plate W, the heater 5 is provided at a rear surface side of the plate
W.

[0038] Fig. 2A is a diagram showing a relationship among the rotational axis, the processing
tool, and the heater in the spinning forming apparatus of Fig. 1. It should be noted that Fig. 2A
is a bottom view when viewed from the rear surface side (side where the heater is located) of the
plate, and the components other than the rotational shaft 10, the processing tool 4, the heater 5,
and the plate W shown in Fig. 1 are not shown in Fig. 2A. In the present embodiment, the
processing tool 4 includes a processing roller configured to rotate around a rotational axis Q that
forms a predetermined angle (about 90° in the example of Fig. 1) relative to the rotational axis S.
The processing tool 4 is located at the front surface side of the plate W, and when the processing
roller configured to rotate around the rotational axis Q contacts the first main surface of the plate

W, the plate W is subjected to ironing or drawing. The heater 5 is located at the rear surface



side of the plate W. Both the processing tool 4 and the heater 5 are independently movable
three-dimensionally (at least in an axial direction and radial direction of the rotational axis S)
relative to the holding member 1, and the positions of the processing tool 4 and the heater 5 are
controlled such that each of a distance from the rotational axis S to the processing tool 4 and a
distance from the rotational axis S to the heater 5 becomes the distance r (r is variable). It
should be noted that the processing tool 4 is not limited to the tool including the processing roller
and may be a processing tool including a spatula, for example.

[0039] The heater 5 includes a coil 61 configured to heat the second main surface of the
plate W by high frequency induction heating. The high frequency induction heating denotes
induction heating whose frequency is, for example, 5 kHz to 400 kHz. A current is supplied
from an induction heating power supply 11 to the coil 61. In the present embodiment, the
heater 5 is located at a position symmetrical to the processing tool 4 across the rotational axis S
(holding member 1) in plan view (i.e., at a position separated from the processing tool 4 in a
circumferential direction around the rotational axis S by an angle 0 that is 180° around the
rotational axis S). It should be noted that the position of the heater 5 is not limited to this as
long as the heater 5 can locally heat a position of the second main surface of the plate W, the
second main surface being located at one side of the plate W, the side being opposite to the other
side with which the processing tool 4 contacts, the position being located on a circumference
around the rotational axis S, the circumference being defined by the position, with which the
processing tool 4 contacts, of the plate W.  For example, the heater 5 may be provided such that
in plan view, a center angle 0 between the heater 5 and the processing tool 4 (i.e., an angle
between a line connecting the heater 5 and a central axis S and a line connecting the processing
tool 4 and the central axis S in the circumferential direction) becomes a predetermined angle (0°
<0 <360°.

[0040] The coil 61 of the heater 5 is formed to have a circular-arc shape that is doubled in a
direction perpendicular to the rotational axis S.  Specifically, the coil 61 includes an inner
circular-arc portion and an outer circular-arc portion parallel to each other.  As shown in Fig,
2B, the heater 5 includes: cores 62 individually covering the inner circular-arc portion and outer
circular-arc portion of the coil 61 from the opposite side of the plate W; a base plate 64
supporting the cores 62; and convex portions 63 provided at the base plate 64 so as to be located
at a radially outer side of the cores 62. The cores 62 are magnetic bodies and collect magnetic
flux generated around the circular-arc portions of the coil 61. The convex portions 63 are

non-magnetic bodies and project toward the plate W beyond the coil 61 and the cores 62. Since
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the convex portions 63 are provided as above, the convex portions 63 can prevent the coil 61 and
the cores 62 from contacting the plate W.  As a result, electric short circuit of the coil 61 can be
prevented, and portions, facing the cores 62, of the second main surface of the plate W can
obtain a high skin effect. In order to prevent the electric short circuit of the coil 61, electric
insulating paint may be applied to the surface of the coil 61.

[0041] The coil 61 of the heater 5 is formed in a crescent shape such that an angle formed
by both circular-arc end portions of the coil 61 and the rotational axis S in the circumferential
direction becomes substantially 90°.  With this, the heater 5 can efficiently heat the portion on
the circumference around the rotational axis S, the circumference being defined by the shaping
target portion A. It should be noted that the shape of the coil 61 is not limited to this. The
angle formed by both circular-arc end portions and the rotational axis S in the circumferential
direction may be an angle other than 90°. A part of the circular-arc shape may include a linear
portion. The coil 61 may be formed so as to include the combination of linear lines (may be
formed in the shape of a polygonal line). Instead of the coil 61 having the circular-arc shape,
coils (cylindrical multiple-winding coils) each obtained by winding a wire multiple times in a
circular shape may be arranged in a circular-arc shape, or a single cylindrical multiple-winding
coil may be used as the coil of the heater 5.

[0042] According to the spinning forming apparatus 101 configured as above, since the
receiving jig 2 is used instead of the shaping die, a space can be secured on the opposite side of
the processing tool 4 across the shaping target portion A of the plate W, and the heater 5 can be
arranged in this space. As a result, the heater 5 locally heats the second main surface of the
plate W which is the opposite side of the first main surface with which the processing tool 4
contacts, so that the shaping target portion A of the plate W can be efficiently heated regardless
of the positional relationship between the processing tool 4 and the plate W. In addition, since
the plate W is attached to the receiving jig 2 that is not the shaping die, the shaping target portion
A does not contact the receiving jig 2.

[0043] In the conventional configuration, the shaping die is generally provided at a side of
the plate W, the side being opposite to a side where the processing tool 4 is provided. Because
of the shaping die, it is difficult to arrange a heating coil of the heater 5 at the side opposite to the
side where the processing tool 4 is provided. Reasons for this are as below. To be specific,
the heating coil is an induction heating coil formed by a copper pipe having a size of about
several millimeters, and a core for concentrating magnetic flux and having a thickness of about
several millimeters to 30 millimeters may be attached to a part of the coil. To arrange the

heating coil as above, a certain amount of space is required. However, in a case where the
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heating coil is arranged immediately under the shaping target portion A while using the shaping
die, the shaping die and the heater contact each other, which is not preferable. In the present
embodiment, the shaping die is not used, and the heater 5 is provided at a side of the plate W, the
side being opposite to a side where the processing tool 4 is provided, and is located immediately
under the shaping target portion A of the plate W shaped by the processing tool 4.  If the heater
5 is provided at the side, where the processing tool 4 is provided, of the plate W, the shape of the
heating coil of the heater 5 is limited by the shaping design of the plate W. However, since the
heating coil of the heater 5 is provided at a side (in the conventional configuration, the side
where the shaping die is provided) of the plate W, the side being opposite to a side where the
processing tool 4 is provided, the shape of the heating coil of the heater 5 is not limited by the
shaping design of the plate W. Therefore, according to the configuration of the present
embodiment, the heater 5 is arranged at the side, where both the shaping die and the processing
tool 4 are not provided, of the plate W, so that the heater 5 can easily, locally heat the shaping
target portion A.  Further, by using the receiving jig 2 that is much smaller than the shaping die,
the heat by the heating of the heater 5 is not directly transferred to the receiving jig 2, so that the
heater 5 can perform the heating more efficiently than a case where the shaping die is used.
Further, in the present embodiment, the heating by the high frequency induction heating is
performed. With this, the local heating can be performed easily and efficiently. Since the
shaping die is not used, the manufacturing cost of the shaping die can be cut, so that the shaping
cost can be reduced.

[0044] As described above, the receiving jig 2 may have the same size as the circle defined
by the shaping start position of the plate W. However, in this case, especially regarding the
vicinity of the shaping start position, due to the interference between the heater 5 and the
receiving jig 2, the position heated by the heater 9 cannot be located on the circumference
defined by the position with which the processing tool contacts. In a case where the receiving
jig 2 has a size smaller than the circle defined by the shaping start position of the plate W, the
heating can be appropriately performed from the shaping start position.

[0045] As shown in Fig. 1, the spinning forming apparatus 101 of the present embodiment
further includes: a shaping machine controller 12 configured to control the rotation of the
rotational shaft 10 and the positions of the processing tool 4 and the heater 5; a load measuring
unit 13 configured to measure a load applied to the plate W when the processing tool 4 contacts
the plate W; and a displacement sensor 14 configured to detect the position of the shaping target
portion A of the plate W.  Further, the spinning forming apparatus 101 includes: a radiation

thermometer 15 configured to measure a surface temperature of a position (shaping target
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portion A) of the plate W, the position being located on a circumference around the rotational
axis S, the circumference being defined by the position with which the processing tool 4
contacts; and an output adjuster 16 configured to adjust an output of the heater 5. The output
adjuster 16 adjusts the output of the heater 5 by changing the value of the current output from the
induction heating power supply 11.

[0046] The spinning forming apparatus 101 includes a control device 17 configured to
transmit control commands to respective components depending on shaping conditions and
driving states of the components. For example, the control device 17 controls the rotation of
the rotational shaft 10, the positions of the processing tool 4 and the heater 5, and the positions of
the displacement sensor 14 and the radiation thermometer 15 based on operation states (control
states of the holding member 1, the processing tool 4, and the heater 5) from the shaping
machine controller 12, information from the load measuring unit 13 regarding the load applied
from the processing tool 4 to the plate W, and information from the displacement sensor 14
regarding the position of the shaping target portion A of the plate W. In addition, the control
device 17 controls the output of the heater 5 based on information from the radiation
thermometer 15 regarding the surface temperature of the shaping target portion A of the plate W.
[0047] Hereinafter, one example of a control mode of the spinning forming apparatus 101
according to the present embodiment will be explained. Fig. 3 is a flow chart showing one
example of the control mode of the spinning forming apparatus of Fig. 1. Here, the holding
member 1 holds the predetermined plate W in advance. As shown in Fig. 3, depending on the
type, shaping design, size, thickness, and the like of the plate W, the control device 17 first
acquires setting information, such as a rotating speed of the holding member 1, a feed speed of
the processing roller of the processing tool 4 (a movement speed in a direction along the
rotational axis S), a radial direction movement speed of the processing roller of the processing
tool 4 (a movement speed of the processing roller in the radial direction around the rotational
axis S), a shaping angle of the processing roller of the processing tool 4 (an inclination of the
rotational axis Q of the processing roller relative to the plate W), and a heating temperature (Step
S1). The control device 17 may acquire these pieces of information from external devices or
may read out and acquire these pieces of information stored in a storage portion included in the
spinning forming apparatus 101.

[0048] After the pieces of information regarding the settings are acquired, the control device
17 positions the processing tool 4, the heater 5, the displacement sensor 14, and the radiation
thermometer 15 (Step S2).  Specifically, the control device 17 positions the processing tool 4

such that the processing roller of the processing tool 4 contacts the predetermined shaping target
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portion A of the plate W, positions the heater 5 such that the heater 5 heats the shaping target
portion A (a region on the circumference around the rotational axis S), positions the displacement
sensor 14 such that the displacement sensor 14 can measure the displacement of the shaping
target portion A, and positions the radiation thermometer 15 such that the radiation thermometer
15 can measure the surface temperature of the shaping target portion A.

[0049] Then, the control device 17 rotates the rotational shaft 10 around the rotational axis
S to rotate the plate W and causes the heater 5 to start heating the shaping target portion A of the
plate W (Step S3). The control device 17 acquires the surface temperature of the shaping target
portion A detected by the radiation thermometer 15 and determines whether or not the surface
temperature of the shaping target portion A is a temperature within a range in which the shaping
can be performed (Step S4). For example, in the case of using the plate W made of the titanium
alloy (Ti-6Al-4V), the range in which the shaping can be performed can be set to a range of 500
to 1,000°C.

[0050] The output adjuster 16 adjusts the output of the heater 5 such that the surface
temperature of the plate W measured by the radiation thermometer 15 falls within a
predetermined temperature range. With this, the output of the heater 5 is adjusted based on the
actual temperature of the shaping target portion A of the plate W, so that the temperature of the
shaping target portion A of the plate W can be adjusted more appropriately. In the present
embodiment, the radiation thermometer 15 measures the surface temperature of the first main
surface, with which the processing tool 4 contacts, of the plate W, that is, the surface temperature
of a side (front surface side) of the plate W, the side being opposite to a side (rear surface side)
where the heater 5 is located. Therefore, the radiation thermometer 15 can perform highly
precise temperature measurement without being interfered by the heater 5. It should be noted
that a plurality of radiation thermometers 15 may be provided so as to measure the temperatures
of both the first main surface and second main surface of the shaping target portion A of the plate
W.

[0051] When the surface temperature of the shaping target portion A is a temperature in the
range in which the shaping can be performed (Yes in Step S4), the shaping of the shaping target
portion A by processing is started by using the processing tool 4 (Step S5). In contrast, when
the surface temperature of the shaping target portion A is not a temperature in the range in which
the shaping can be performed (No in Step S4), the output of the heater 5 is adjusted until the
surface temperature of the shaping target portion A becomes a temperature in the range in which
the shaping can be performed.

[0052] The control device 17 causes the heater 5 to move in synchronization with the
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shaping operation by the processing tool 4. It should be noted that the “synchronization”
includes: a case where the heater 5 is moved to follow the movement of the processing tool 4;
and a case where after the heating by the heater 5 is completed (after the surface temperature of
the shaping target portion A falls within the range in which the shaping can be performed), the
shaping by the processing tool 4 is started (the processing roller is caused to contact the shaping
target portion A of the plate W).  With this, since the heater 5 moves in accordance with the
shaping operation by the processing tool 4, the shaping can be stably performed. In addition,
since the shaping by the processing tool 4 can be performed after the heater 5 surely heats the
shaping target portion A, an excellent shaped product can be obtained.

[0053] The control device 17 causes the processing tool 4 to move relative to the plate W at
the feed speed corresponding to the load detected by the load measuring unit 13.  Specifically,
the control device 17 determines whether or not the load detected by the load measuring unit 13
falls within a preset range in which the shaping can be performed (Step S6). When it is
determined that the load falls within the range in which the shaping can be performed (Yes in
Step S6), the processing continues. When it is determined that the load does not fall within the
range in which the shaping can be performed (No in Step S6), the feed speed of the processing
roller is changed (Step S7). The feed speed of the processing roller is repeatedly changed until
the load falls within the range in which the shaping can be performed.

[0054] In a case where the feed speed of the processing tool 4 with respect to the plate W
when rotating the plate W is high, the shaping speed becomes high, but the load becomes large,
and this increases risks of cracks and deformations. In contrast, in a case where the feed speed
is low, the load becomes small, but the shaping speed becomes low. Therefore, by controlling
the feed speed of the processing tool 4 such that the load falls within a predetermined range, the
shaping can be appropriately performed without decreasing the shaping speed as much as
possible.

[0055] Based on the information regarding the position of the shaping target portion A of
the plate W detected by the displacement sensor 14 and the information regarding the control of
the position of the heater 5 obtained from the shaping machine controller 12, the control device
17 determines whether or not a distance h between the heater 5 and the shaping target portion A
of the plate W falls within a predetermined range (for example, 1 to 10 mm) (Step S8). Ina
case where the distance h between the heater 5 and the shaping target portion A falls within the
predetermined range (Yes in Step S8), the processing continues. In a case where the distance h
does not fall within the predetermined range (No in Step S8), the heater 5 is caused to move

relative to the plate W such that the distance h becomes a predetermined distance (Step S9).
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[0056] With this, even in a case where the plate W is displaced in a direction along the
rotational axis S of the holding member 1 at the time of the shaping by the processing tool, the
distance between the heater 5 and the shaping target portion (heating target portion) A of the
plate W can be maintained constant. Especially in the case of the heater 5 using the coil 61 for
high frequency induction heating as in the present embodiment, in a case where the distance h
from the coil 61 to the shaping target portion A of the plate W changes, the amount of heat
applied from the coil 61 to the plate W changes relatively significantly. Therefore, by
maintaining the distance h between the heater 5 and the shaping target portion A of the plate W
constant, the heating with respect to the shaping target portion A of the plate W can be made
constant at the time of the processing regardless of processing states.
[0057] While performing these control operations, the shaping is performed. Then, the
control device 17 determines for every predetermined shaping timing whether or not the shaping
is completed (Step S10). When the shaping is not completed yet (No in Step S10), the control
device 17 continues a shaping step (Steps S3 to S9).  When the shaping is completed (Yes in
Step S10), the control device 17 terminates the process.
[0058] In the present embodiment, the shaping die is not used. Instead, the position of the
shaping target portion A of the plate W can be recognized by the positional information from the
displacement sensor 14. Therefore, based on this, the processing tool 4 and the heater 5 can be
appropriately controlled, and the plate W can be shaped into a desired shape with a high degree
of accuracy. The magnitude of the load applied to the shaping target portion A of the plate W
can be recognized by the load information from the load measuring unit 13.  Therefore, based
on this, the accuracy of the shaping of the plate W can be increased without using the shaping
die.
[0059] The present embodiment has explained the heater 5 using the coil 61 for high
frequency induction heating. However, the heater 5 is not limited to this as long as the heater
can locally heat a position on the second main surface of the plate W opposite to the first main
surface with which the processing tool 4 contacts, the position being located on the
circumference around the rotational axis S, the circumference being defined by the position, with
which the processing tool 4 contacts, of the plate W.  For example, a frictional heater may be
adopted as the heater 5.
[0060] Embodiment 2

Hereinafter, the spinning forming apparatus according to Embodiment 2 of the
present invention will be explained. Fig. 4 is a schematic configuration diagram showing the

spinning forming apparatus according to Embodiment 2 of the present invention. In the present
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embodiment, the same reference signs are used for the same components as in Embodiment 1,
and a repetition of the same explanation is avoided. ~As shown in Fig. 4, a spinning forming
apparatus 102 of the present embodiment is different from Embodiment 1 in that the spinning
forming apparatus 102 further includes a preheater 7 configured to preliminarily heat a position
of the plate W, the position being located at a radially outer side of the position (shaping target
portion A) with which the processing tool 4 contacts (i.e., the position being a position
(preliminarily heated portion B) located at the not-yet-shaped portion side of the plate W in a
shaping proceeding direction). In Fig. 4, the components, such as the control device 17 and the
load measuring unit 13, which are related to the control operations are not shown.

[0061] Here, the shaping proceeding direction is defined as a direction in which the shaping
of the plate W by the processing tool 4 proceeds. In the example of Fig. 4, the shaping
proceeding direction is a direction from a radially inner side of the rotational axis S to a radially
outer side thereof. In this case, the preheater 7 is provided at a rotational axis S radially outer
side of the heater 5.

[0062] In the present embodiment, the preheater 7 is configured to heat the position
(preliminarily heated portion B) on the side of the plate W opposite to the side heated by the
heater 5, the position being located on a circumference around the rotational axis S, the
circumference being defined by a position located at the rotational axis S radially outer side of
the position (shaping target portion A), heated by the heater 5, of the plate W.  To be specific,
the preheater 7 preliminarily heats the not-yet-shaped portion of the plate W.  As with the heater
5, the preheater 7 adopts the heating by high frequency induction heating. However, the
preheater 7 may adopts the heating by a burner or the like. For example, as with the heater 5,
the preheater 7 includes a coil formed to have a circular-arc shape that is doubled in a direction
perpendicular to the rotational axis S. Since the distance from the rotational axis S to the
preheater 7 is longer than the distance from the rotational axis S to the heater 5, it is desirable
that the curvature radius of the coil of the preheater 7 be larger than the curvature radius of the
coil 61 of the heater 5.

[0063] The output of the preheater 7 is adjusted such that the temperature of the
preliminarily heated portion B becomes a temperature at which the preliminarily heated portion
B does not deform by influences of pressing force applied from the processing tool 4 to the
shaping target portion A.  For example, it is preferable that the preheater 7 perform the heating
weaker than the heating performed by the heater 5. In order that the heating performance of the
preheater 7 is made lower than the heating performance of the heater 5, the output of the

preheater 7 may be made lower than the output of the heater 5, and in addition to this or instead
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of this, the distance between the preheater 7 whose output is set to be the same as the output of
the heater 5 and the plate W may be set to be longer than the distance between the heater 5 and
the plate W. In addition, it is preferable that the preliminarily heated portion B be adjacent to
the shaping target portion A.

[0064] Since the preliminarily heated portion B that is the not-yet-shaped portion is
preliminarily heated by the preheater 7, the temperature increases quickly at the time of the local
heating by the heater 5.  With this, the processing speed can be increased, or even in a case
where the plate W is thick, the heating up to the temperature required for the shaping can be
efficiently performed without decreasing the processing speed.

[0065] The preliminary heating is suitably performed depending on the type and thickness
of the plate W, the heating temperature, and the properties of the processing tool 4 (such as
pushing force of the processing roller). Whether or not the preliminary heating is necessary can
be considered especially depending on the thickness of the plate W, the surface temperature
difference between the front and rear sides of the plate W, and the properties of the processing
tool 4. Fig. 5 is a graph showing a relationship between the thickness of the plate and the
surface temperature difference between the rear and front surfaces of the plate. Fig. 5 shows
the temperature difference (rear surface temperature — front surface temperature) between the
second main surface and the first main surface when the temperature of the second main surface,
heated by the heater 5, of the plate W made of Ti-6Al-4V that is the titanium alloy is 900°C.
[0066] A region X shown by diagonal lines in Fig. 5 denotes a region where the use of the
preliminary heating is effective (region where the thickness is not smaller than a thickness
threshold Dth, and the surface temperature difference is not smaller than a surface temperature
difference threshold Tth). The region X changes depending on the pushing force of the
processing roller that is one of the properties of the processing tool 4. To be specific, when the
pushing force of the processing roller increases, the thickness threshold Dth and the surface
temperature difference threshold Tth become larger. When the pushing force of the processing
roller decreases, the thickness threshold Dth and the surface temperature difference threshold Tth
become smaller. That is, when the pushing force of the processing roller decreases, performing
the preliminary heating is preferable even in the case of the smaller thickness or surface
temperature difference.

[0067] It should be noted that even in a case where the shaping proceeding direction is a
direction from the rotational axis S radially outer side toward the rotational axis S radially inner
side, the same effects as above can be obtained in such a manner that the preheater 7 heats a

position on a circumference around the rotational axis S, the circumference being defined by a
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position located at the rotational axis S radially inner side of the position, heated by the heater 5,
of the plate W.  The preheater 7 may be arranged in any manner as long as the preheater 7 can
heat the position on the circumference around the rotational axis S, the circumference being
defined by the position located at the rotational axis S radially outer side of the position, heated
by the heater 5, of the plate W. For example, the preheater 7 may be arranged so as to heat a
side of the plate W, the side being also heated by the heater 5. In the present embodiment,
regarding the circumferential direction around the rotational axis S, the preheater 7 is arranged at
the substantially same position as the heater 5. However, the preheater 7 and the heater 5 may
be arranged at different positions in the circumferential direction.
[0068] Embodiment 3

Hereinafter, the spinning forming apparatus according to Embodiment 3 of the
present invention will be explained. Fig. 6 is a schematic configuration diagram showing the
spinning forming apparatus according to Embodiment 3 of the present invention. As shown in
Fig. 6, a spinning forming apparatus 103 of the present embodiment is different from
Embodiment 1 in that the spinning forming apparatus 103 further includes an auxiliary tool 8
which contacts the not-yet-shaped portion of the plate W and supports a position of the plate W,
the position being located at the radially outer side of the position with which the processing tool
4 contacts. In Fig. 6, the components, such as the control device 17 and the load measuring unit
13, which are related to the control operations are not shown.
[0069] In the present embodiment, the auxiliary tool 8 is constituted by an auxiliary roller
which is caused to contact the not-yet-shaped portion of the plate W to be rotated. However,
the auxiliary tool 8 is not limited to the roller as long as the auxiliary tool 8 does not damage the
plate W when contacting the plate W (the frictional force generated by the contact of the
auxiliary tool 8 is small).
[0070] By using the auxiliary tool 8, the plate W can be stabilized and can be efficiently
heated and processed. To be specific, since the not-yet-shaped portion of the plate W is held by
the auxiliary tool 8, deflections of an outer peripheral edge of the plate W in the direction along
the rotational axis S generated when performing the processing by the processing tool 4 can be
suppressed. With this, the heating by the heater 5 can become constant regardless of the
shaping target portion of the plate W.  Further, the pressing force applied from the processing
tool 4 to the plate W can become constant regardless of the shaping target portion of the plate W.
Therefore, the accuracy of the shaping of the plate W can be increased.
[0071] The auxiliary tool 8 may be arranged in any manner as long as the auxiliary tool 8

contacts the not-yet-shaped portion of the plate W. For example, as shown in Fig. 6, the
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auxiliary tool 8 may be provided at the side, with which the processing tool 4 contacts, of the
plate W or may be provided at the opposite side. The number of auxiliary tools 8 may be one
or plural.

[0072] The above embodiments are just examples, and the present invention is not limited
to the embodiments. The present invention is shown by the scope of the claims, not the scope
of the above explanations, and all the modifications within the meaning and scope equivalent to
the scope of the claims may be made. For example, respective components in the above

embodiments may be combined arbitrarily.

Industrial Applicability
[0073] The spinning forming apparatus and spinning forming method of the present
invention are useful for shaping the plate without causing deformations or cracks of the plate by

appropriately heating the shaping target portion of the plate.

Reference Signs List

[0074] 1 holding member
2 recelving jig
3 fixing jig
4  processing tool
5 heater
61  coil
62  core

63  convex portion

7  preheater

8  auxiliary tool

10 rotational shaft

11 induction heating power supply
12 shaping machine controller
13 load measuring unit

14 displacement sensor

15  radiation thermometer

16  output adjuster

17  control device

101 to 103 spinning forming apparatus
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P receiving surface
Q  rotational axis of processing tool
S rotational axis of holding member

W plate
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CLAIMS
1. A spinning forming apparatus for shaping a target plate while rotating the plate
around a rotational axis,
the spinning forming apparatus comprising:
a holding member including
a receiving jig to which the plate is attached and
a rotational shaft configured to rotate the plate around the rotational axis
together with the receiving jig;
a processing tool configured to contact a first main surface of the plate to process
and shape the plate; and
a heater configured to heat the plate, wherein:
the heater is arranged at the opposite side of the processing tool across the plate; and
the heater locally heats a position of a second main surface of the plate opposite to
the first main surface, the position being located on a circumference around the rotational axis,
the circumference being defined by a position, with which the processing tool contacts, of the

plate.

2. The spinning forming apparatus according to claim 1, wherein the receiving jig has a

size smaller than a circle defined by a shaping start position of the plate.

3. The spinning forming apparatus according to claim 1 or 2, wherein the heater

performs heating by high frequency induction heating.

4. The spinning forming apparatus according to any one of claims 1 to 3, comprising a
preheater configured to preliminarily heat a position of the plate, the position being located at a

radially outer side of the position with which the processing tool contacts.

5. The spinning forming apparatus according to any one of claims 1 to 4, wherein the
heater includes a coil formed to have a circular-arc shape that is doubled in a direction

perpendicular to the rotational axis.

6. The spinning forming apparatus according to claim 5, wherein the heater includes:
a magnetic core covering the coil from the opposite side of the plate; and

a non-magnetic convex portion projecting toward the plate beyond the coil and the
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core.

7. The spinning forming apparatus according to any one of claims 1 to 6, comprising an
auxiliary tool configured to support a position of the plate, the position being located at a radially

outer side of the position with which the processing tool contacts.

8. The spinning forming apparatus according to any one of claims 1 to 7, comprising a
control device programmed to move the heater relative to the plate such that a distance between

the heater and a shaping target portion of the plate becomes a predetermined distance.

9. The spinning forming apparatus according to any one of claims 1 to 8, comprising a
control device programmed to move the heater in synchronization with a shaping operation by

the processing tool.

10. The spinning forming apparatus according to any one of claims 1 to 9, comprising:

a radiation thermometer configured to measure a surface temperature of a position of
the plate, the position being located on the circumference around the rotational axis, the
circumference being defined by the position with which the processing tool contacts; and

an output adjuster configured to adjust an output of the heater, wherein

the output adjuster adjusts the output of the heater such that the surface temperature

falls within a predetermined temperature range.

11. The spinning forming apparatus according to any one of claims 1 to 10, comprising:
a load measuring unit configured to measure a load applied to the plate when the
processing tool contacts the plate; and
a control device programmed to move the processing tool relative to the plate at a

feed speed corresponding to the load.

12. The spinning forming apparatus according to any one of claims 1 to 11, wherein the

plate is made of a titanium alloy.

13. A spinning forming method of shaping a plate while rotating the plate around a
rotational axis,

the method comprising:



23

when a processing tool is caused to contact a first main surface of the plate to
process and shape the plate in a state where the plate is attached to a receiving jig of a holding
member, and the plate is rotated around the rotational axis,

arranging a heater at the opposite side of the processing tool across the plate; and

locally heating a position of a second main surface of the plate opposite to the first
main surface, the position being located on a circumference around the rotational axis, the

circumference being defined by a position, with which the processing tool contacts, of the plate.

14. The spinning forming method according to claim 13, comprising preliminarily
heating a position of the plate, the position being located at a radially outer side of the position

with which the processing tool contacts.

15. The spinning forming method according to claim 13 or 14, comprising moving the
heater relative to the plate such that a distance between the heater performing the local heating
and a shaping target portion of the plate becomes a predetermined distance.

i6. The spinning forming method according to any one of claims 13 to 15, comprising
moving the heater, performing the local heating, in synchronization with the shaping operation

by the processing tool.

17. The spinning forming method according to any one of claims 13 to 16, comprising:
measuring a surface temperature of a position of the plate, the position being located
on the circumference around the rotational axis, the circumference being defined by the position
with which the processing tool contacts; and
adjusting an output of the heater, performing the local heating, such that the surface

temperature falls within a predetermined temperature range.

18. The spinning forming method according to any one of claims 13 to 17, comprising:
measuring a load applied to the plate when the processing tool contacts the plate; and
moving the processing tool relative to the plate at a feed speed corresponding to the

load.



