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SPIN-MOLDING METHOD

A spinning forming method is a method of form-

ing a formation target region of a plate into a tapered
shape by using a processing tool while rotating the plate.
The processing tool is moved from an inside edge of the

em

formation target region to an outside edge of the forma-
tion target region while being pressed against the plate.
The plate is rotated in a state where a position of the
processing tool is fixed at the outside edge.
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Description
Technical Field

[0001] The present invention relates to a spinning
forming method of processing a plate.

Background Art

[0002] Conventionally known is a spinning forming
method of forming a formation target region of a plate
into a tapered shape by using a processing tool while
rotating the plate (see PTL 1, for example).

Citation List
Patent Literature

[0003] PTL 1:Japanese Laid-Open Patent Application
Publication No. 2011-218427

Summary of Invention
Technical Problem

[0004] Accordingto a typical spinning forming method,
while the processing tool is being pressed against the
plate at a constant axial sending speed (a movement
speed of the processing tool in a direction along a rotation
axis of the plate), the processing tool is moved at a con-
stant radial traveling speed (a movement speed of the
processing tool in a direction vertically away from the
rotation axis of the plate) from an inside edge of the for-
mation target region of the plate toward an outside edge
of the formation target region. Immediately after the
processing tool reaches the outside edge of the formation
target region, the processing tool is separated from the
plate.

[0005] However, according to this method, a depres-
sion (a press mark by the processing tool) corresponding
to the shape of the processing tool is formed at a position
the plate from which position the processing tool is sep-
arated.

[0006] An object of the present invention is to provide
a spinning forming method capable preventing the for-
mation of the press mark by the processing tool.

Solution to Problem

[0007] To solve the above problems, a spinning form-
ing method according to one aspect of the present inven-
tion is a spinning forming method of forming a formation
target region of a plate into a tapered shape by using a
processing tool while rotating the plate, the spinning
forming method including: moving the processing tool
from an inside edge of the formation target region to an
outside edge of the formation target region while pressing
the processing tool against the plate; and rotating the
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plate in a state where a position of the processing tool is
fixed at the outside edge.

[0008] According to the above configuration, the
processingtool stands by at the outside edge (i.e., a form-
ing finish point) of the formation target region. Therefore,
the formation of the press mark by the processing tool
can be prevented.

[0009] A spinning forming method according to anoth-
er aspect of the present invention is a spinning forming
method of forming a formation target region of a plate
into a tapered shape by using a processing tool while
rotating the plate, the spinning forming method including:
moving the processing tool from an inside edge of the
formation target region to an outside edge of the forma-
tion target region while pressing the processing tool
against the plate; and reducing an axial sending speed
and radial traveling speed of the processing tool when
the processing tool is located in a vicinity of the outside
edge.

[0010] According to the above configuration, the plate
is slowly processed in the vicinity of the outside edge
(i.e., the forming finish point) of the formation target re-
gion. Therefore, the formation of the press mark by the
processing tool can be prevented.

[0011] The pressing of the processing tool against the
plate may be performed while locally heating a portion
of the plate, the portion being located on a same circum-
ference as a portion of the plate against which portion
the processing tool is pressed. According to this config-
uration, the portion of the plate against which portion the
processing tool is pressed can be processed more inten-
sively than a case where the plate is not heated and a
case where the plate is entirely heated. Therefore, the
operation of the processing tool for obtaining a desired
shape is facilitated.

[0012] The processingtool may be a formingroller hav-
ing atrapezoidal cross section that decreases in diameter
in a direction away from a rotation axis of the plate, and
the pressing of the forming roller against the plate may
be performed in a state where a large-diameter portion
of the forming roller is in point contact with the plate, and
the forming roller is kept in such a posture that an angle
between a side surface of the forming roller and a plane
orthogonal to the rotation axis of the plate is not less than
1° and not more than 30°. According to this configuration,
warp-up of a portion of the plate which portion is located
outside the portion against which the processing tool is
pressed can be restricted by the side surface of the form-
ing roller.

[0013] The pressing of the processing tool against the
plate may be performed in a state where a portion of the
plate against which portion the processing tool is pressed
is floating. According to this configuration, it is unneces-
sary to use a shaping die (mandrel) which has been often
used in conventional spinning forming methods, so that
the manufacturing cost can be reduced.
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Advantageous Effects of Invention

[0014] The presentinvention can preventthe formation
of the press mark by the processing tool.

Brief Description of Drawings
[0015]

Fig. 1is an explanatory diagram of a spinning forming
method according to one embodiment of the present
invention.

Fig. 2A is a cross-sectional view of a plate immedi-
ately before spinning forming starts. Fig. 2B is a
cross-sectional view of the plate when the spinning
forming finishes.

Fig. 3 is a diagram showing a state where the
processing tool is pressed against the plate imme-
diately before the spinning forming finishes.

Fig. 4 is a diagram showing the plate after the spin-
ning forming in a case where the processing tool is
separated from the plate immediately after the
processing tool reaches the outside edge of the for-
mation target region.

Fig. 5 is a diagram showing the plate after the spin-
ning forming in a case where the processing tool
stands by when the processing tool reaches the out-
side edge of the formation target region and or a
case where the axial sending speed and radial
traveling speed of the processing tool are reduced
from slightly before the processing tool reaches the
outside edge of the formation target region.

Description of Embodiments

[0016] Fig. 1 is an explanatory diagram of a spinning
forming method according to one embodiment of the
present invention. This spinning forming method is a
method of forming a formation target region R (see Fig.
2A) of a plate 1 into a tapered shape by using a process-
ing tool 3 while rotating the plate 1.

[0017] The plate 1 is, for example, a flat circular plate.
However, the shape of the plate 1 may be a polygonal
shape or an oval shape. Further, the plate 1 does not
necessarily have to be entirely flat. For example, the
thickness of a center portion of the plate 1 may be smaller
or larger than the thickness of a peripheral portion of the
plate 1, and the plate 1 may be entirely or partially proc-
essed into a tapered shape in advance. A material of the
plate 1 is not especially limited and is, for example, a
titanium alloy.

[0018] The plate 1 is fixed to a rotating shaft 2. To be
specific, a center line of the rotating shaft 2 corresponds
to a rotation axis 10 of the plate 1. The rotation axis 10
of the plate 1 may be parallel to a vertical direction, may
be parallel to a horizontal direction, or may extend in an
oblique direction. The rotating shaft 2 is rotated by a ro-
tating mechanism (not shown).
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[0019] According to the present embodiment, a shap-
ing die (mandrel) is not disposed at the rotating shaft 2.
Only the center portion of the plate 1 is supported by the
rotating shaft 2 not only before the start of the spinning
forming but also during the spinning forming. To be spe-
cific, below-described pressing of the processing tool 3
againstthe plate 1is performed in a state where a portion
of the plate 1 against which portion the processing tool
3 is pressed is floating. According to this configuration,
itis unnecessary to use the shaping die (mandrel) which
has been commonly used in conventional spinning form-
ing methods, so that the manufacturing cost can be re-
duced. However, the shaping die (mandrel) may be dis-
posed at the rotating shaft 2, and the portion of the plate
1 against which portion the processing tool 3 is pressed
may be supported by the shaping die during the spinning
forming.

[0020] As shown in Figs. 2A and 2B, the processing
tool 3 is moved from an inside edge (i.e., a forming start
point) Rs of the formation target region R toward an out-
side edge (i.e., a forming finish point) Re of the formation
target region R while being pressed against the plate 1.
The processing tool 3 is moved in a direction along the
rotation axis 10 of the plate 1 at a specific axial sending
speed corresponding to each position on the plate 1 to
be pressed against the plate 1. Further, the processing
tool 3 is moved in a direction vertically away from the
rotation axis 10 of the plate 1 at a specific radial traveling
speed corresponding to each position on the plate 1. In
the present embodiment, used as the processing tool 3
is a forming roller 30 that follows the rotation of the plate
1 to rotate. However, the processing tool 3 is not limited
to the forming roller 30 and may be, for example, a spat-
ula.

[0021] More specifically, the forming roller 30 has a
trapezoidal cross section that decreases in diameter in
a direction away from the rotation axis 10 of the plate 1.
To be specific, the forming roller 30 includes: a large-
diameter bottom surface located closer to the rotation
axis 10; a small-diameter top surface located at an op-
posite side of the rotation axis 10; and a tapered side
surface 31 connecting the bottom surface with the top
surface. To be specific, an annular corner portion be-
tween the side surface 31 and the bottom surface is a
large-diameter portion, and an annular corner portion be-
tween the side surface 31 and the top surface is a small-
diameter portion. It should be noted that a forming roller
having a different cross section (such as a diamond cross
section or a long round cross section) may be used as
the processing tool 3.

[0022] Inthe present embodimentin which the forming
roller 30 having the trapezoidal cross section is used as
the processing tool 3, the pressing of the forming roller
30 against the plate 1 is performed in a state where: the
large-diameter portion of the forming roller 30 is in point
contact with the plate 1; and the forming roller 30 is kept
in such a posture that an angle 0 (see Fig. 2A) between
the side surface 31 of the forming roller 30 and a plane
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(i.e., a plane parallel to the plate 1) orthogonal to the
rotation axis 10 of the plate 1 is not less than 1° and not
more than 30°.

[0023] Further, in the present embodiment, the press-
ing of the processing tool 3 against the plate 1 is per-
formed while a portion of the plate 1 is locally heated by
a heater 4, the portion being located on the same circum-
ference as the portion against which the processing tool
3 is pressed. This expression "on the same circumfer-
ence" denotes that the portion against which the process-
ing tool 3 is pressed and the portion heated by the heater
4 are located within a ring-shaped range defined around
the rotation axis 10 of the plate 1 and having a certain
width. For example, the portion heated by the heater 4
may be located within a range centering the portion
against which the processing tool 3 is pressed, the range
corresponding to =10% of a distance from the rotation
axis 10 of the plate 1 to the portion against which the
processing tool 3 is pressed.

[0024] In the present embodiment, the heater 4 is dis-
posed at an opposite side of the processing tool 3 across
the plate 1 so as to heat the plate 1 from a rear side.
However, the heater 4 may be disposed at the same side
as the processing tool 3 relative to the plate 1 so as to
heat the plate 1 from a front side.

[0025] The heater 4 is desirably a high-frequency in-
duction heater including a coil portion to which an alter-
nating voltage having a high frequency of 5 k to 400 kHz
is applied. In such a high-frequency induction heater, the
coil portion desirably extends in a rotational direction of
the plate 1 and has a doubled circular-arc shape facing
the plate 1 so as to be able to perform local heating of
the plate 1 continuously in the rotational direction of the
plate 1. It should be noted that a gas burner may be used
as the heater 4.

[0026] In the spinning forming method of the present
embodiment, when the processing tool 3 reaches the out-
side edge Re of the formation target region R, the plate
1isrotated in a state where the position of the processing
tool 3 is fixed. Fig. 3 shows a state where the processing
tool 3 is pressed against the plate 1 immediately before
the spinning forming finishes. As with conventional arts,
when the processing tool 3 is separated from the plate 1
immediately after the processing tool 3 reaches the out-
side edge Re of the formation target region R, as shown
inFig. 4, adepression (a press mark 11 by the processing
tool 3) corresponding to the shape of the processing tool
3is formed at a position of the plate 1 from which position
the processing tool 3 is separated. However, according
to the present embodiment, the processing tool 3 stands
by at the outside edge Re of the formation target region
R. Therefore, as shown in Fig. 5, the formation of the
press mark 11 (see Fig. 4) by the processing tool 3 can
be prevented.

[0027] A portion of the plate 1 which portion is located
outside the portion against which the processing tool 3
is pressed may warp up toward the processing tool 3. In
this case, the forming roller 30 having the trapezoidal
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cross sectionis used, and the posture of the forming roller
30 is kept as in the present embodiment. With this, the
warp-up of the outside portion of the plate 1 can be re-
stricted by the side surface 31 of the forming roller 30.

Modified Example

[0028] The presentinvention is not limited to the above
embodiment, and various modifications may be made
within the scope of the present invention.

[0029] For example, in the above embodiment, the
processing tool 3 stands by when the processing tool 3
reaches the outside edge Re of the formation target re-
gion R. However, the axial pressing speed and radial
traveling speed of the processing tool 3 may be reduced
in the vicinity of the outside edge Re. This expression
"the vicinity of the outside edge Re" denotes a range
which spreads from the outside edge Re inward to a por-
tion corresponding to one fifth of the formation target re-
gion R as an upper limit and may be set arbitrarily. For
example, when the processing tool 3 reaches a finish
close point adjacent to the outside edge Re of the forma-
tion target region R, the axial sending speed and radial
traveling speed of the processing tool 3 may be reduced
to not more than half the axial sending speed and radial
traveling speed of the processing tool 3 before the
processing tool 3 reaches the finish close point.

[0030] According to the above configuration, the plate
1 is slowly processed in the vicinity of the outside edge
Re of the formation target region R. Therefore, as shown
in Fig. 5, the formation of the press mark 11 (see Fig. 4)
by the processing tool 3 can be prevented.

[0031] Further, the pressing of the processing tool 3
against the plate 1 may be performed in a state where
the plate 1 is entirely heated or a state where the plate
1 is not heated instead of a state where the plate 1 is
locally heated. However, in a case where the plate 1 is
locally heated as in the above embodiment, the portion
of the plate 1 against which portion the processing tool
3 is pressed can be processed more intensively than the
case where the plate 1 is not heated or the case where
the plate 1 is entirely heated. Therefore, the operation of
the processing tool 3 for obtaining a desired shape is
facilitated.

Reference Signs List
[0032]

1 plate

10  rotation axis
processing tool

30  forming roller

31  side surface
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Claims

A spinning forming method of forming a formation
target region of a plate into a tapered shape by using
a processing tool while rotating the plate, the spin-
ning forming method comprising:

moving the processing tool from an inside edge
of the formation target region to an outside edge
of the formation target region while pressing the
processing tool against the plate; and

rotating the plate in a state where a position of
the processing tool is fixed at the outside edge.

The spinning forming method according to claim 1,
wherein the pressing of the processing tool against
the plate is performed while locally heating a portion
of the plate, the portion being located on a same
circumference as a portion of the plate against which
portion the processing tool is pressed.

The spinning forming method according to claim 1
or 2, wherein:

the processing tool is a forming roller having a
trapezoidal cross section that decreases in di-
ameter in a direction away from a rotation axis
of the plate; and

the pressing of the forming roller against the
plate is performed in a state where a large-di-
ameter portion of the forming roller is in point
contact with the plate, and the forming roller is
kept in such a posture that an angle between a
side surface of the forming roller and a plane
orthogonal to the rotation axis of the plate is not
less than 1° and not more than 30°.

The spinning forming method according to any one
of claims 1 to 3, wherein the pressing of the process-
ing tool against the plate is performed in a state
where a portion of the plate against which portion
the processing tool is pressed is floating.

A spinning forming method of forming a formation
target region of a plate into a tapered shape by using
a processing tool while rotating the plate, the spin-
ning forming method comprising:

moving the processing tool from an inside edge
of the formation target region to an outside edge
of the formation target region while pressing the
processing tool against the plate; and

reducing an axial sending speed and radial
traveling speed of the processing tool when the
processing tool is located in a vicinity of the out-
side edge.

6. The spinning forming method according to claim 5,
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wherein the pressing of the processing tool against
the plate is performed while locally heating a portion
of the plate, the portion being located on a same
circumference as a portion of the plate against which
portion the processing tool is pressed.

The spinning forming method according to claim 5
or 6, wherein:

the processing tool is a forming roller having a
trapezoidal cross section that decreases in di-
ameter in a direction away from a rotation axis
of the plate; and

the pressing of the forming roller against the
plate is performed in a state where a large-di-
ameter portion of the forming roller is in point
contact with the plate, and the forming roller is
kept in such a posture that an angle between a
side surface of the forming roller and a plane
orthogonal to the rotation axis of the plate is not
less than 1° and not more than 30°.

The spinning forming method according to any one
of claims 5 to 7, wherein the pressing of the process-
ing tool against the plate is performed in a state
where a portion of the plate against which portion
the processing tool is pressed is floating.
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