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(57)  Theinvention relates a bending angle detection

apparatus in which labor required for a work of bending Fig.2
a plate can be reduced. According to the invention, a

bending angle detection apparatus (50) has a sensorring

L (64), a holder (62), bearings (70), the motor body of a 60
servomotor (60), and a rotation angle sensor (102). The
sensor ring L (64) produces a signal corresponding to
whether the apparatus is contacted with a blade member
plate or not. The holder (62) and the bearings (70) rotat-
ably connect the sensorring L (64) to a bending machine.
The motor body of the servomotor (60) drives the sensor
ring L (64) so that it is rotated. The rotation angle sensor
(102) detects the rotation angle of the sensor ring L (64).
In addition, the holder (62) and the bearings (70) connect
the sensor ring L (64) to the bending machine so that the
rotation axis of the blade member plate in the case where
the bending machine bends the blade member plate co-
incides with that of the sensor ring L (64).
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Description
Technical Field

[0001] The present invention relates to a method of
bending aplate and a bending angle detection apparatus,
and more particularly to a method of bending a plate and
bending angle detection apparatus in which labor re-
quired for a work of bending a plate can be reduced.

Background Art

[0002] Patent Literature 1 discloses an apparatus for
bending a strip material. The apparatus comprises a sta-
tionary die having a slit, and a movable die which is ro-
tatably fitted onto a shaft body of the stationary die.
[0003] According to the invention disclosed in Patent
Literature 1, the parallelism of a pair of opposing pressing
die portions of the movable die is not impaired during a
bending process, and only the shaft body can be easily
replaced without disassembling gears of a rotation trans-
mission mechanism, and the movable die.

[0004] Patent Literature 2 discloses a method of bend-
ing a plate. Inthe method, a plate is fed out from an outlet,
and, during when the feeding of the plate is stopped, the
plate is pressed against an end portion of the outlet side,
thereby bending the plate.

[0005] According to the invention disclosed in Patent
Literature 2, even an unskilled person can bend easily
and rapidly a plate into a desired shape in a similar man-
ner as a skilled person.

[0006] Patent Literature 3 discloses a method of bend-
ing a plate. In the method, the below-described two steps
are repeated. In the first step, a feed bearing is contacted
with a plate. In the second step, while the plate is inter-
mittently fed out through a slit formed in a stationary die,
each time when the feeding of the plate is stopped by a
stop of operation of a servomotor, the plate is pressed
by a pressing member against an outlet corner portion
of the slit, thereby being a plate.

[0007] According to the invention disclosed in Patent
Literature 3, when a plurality of places of a plate such as
a blade member are automatically bent in a sequential
manner, the plurality of bent places can be accurately
determined.

[0008] Patent Literature 4 discloses an apparatus for
processing a plate. The apparatus comprises a bending
process shape inputting unit, a characteristic data input-
ting unit, and a calculating unit. The bending process
shape inputting unit receives an input of a geometric
bending process shape of a long plate. The characteristic
data inputting unit receives characteristic data related to
a process of bending the plate. The calculating unit cal-
culates bending data of the plate based on the geometric
bending process shape which is received by the bending
process shape inputting unit, and the characteristic data
which are received by the characteristic data inputting
unit.
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[0009] According to the invention disclosed in Patent
Literature 4, characteristics related to the process of
bending the plate are considered, whereby the plate can
be accurately processed.

Patent Literature 1: Pamphlet of International Publi-
cation No. 95/00266

Patent Literature 2: Japanese Patent Application
Laid-Open No. 2001-353528

Patent Literature 3: Japanese Patent Application
Laid-Open No. 8-215761

Patent Literature 4: Japanese Patent Application
Laid-Open No. 6-304685

Disclosure of the Invention
Problem to be Solved by the Invention

[0010] Intheinventions disclosed in Patent Literatures
1 to 3, however, there is a problem in that it is difficult to
bent a plate to an angle desired by the user, because,
when aforce is applied in order to bend a plate and there-
after the force is cancelled, springback occurs and the
angle of the bent portion is varied. The term "springback"
means a phenomenon that, when a force is applied to a
plate at a degree by which plastic deformation occurs
and thereafter the force is removed from the plate, de-
formation due to elastic deformation is eliminated from
deformation of the plate. It is difficult to estimate the de-
gree by which the angle of the bent plate is varied by
springback.

[0011] In the invention disclosed in Patent Literature
4, a long plate can be accurately processed, but there is
a problem in that it is difficult to obtain characteristic data
required in the process. Usually, characteristic data are
produced from data of the degree by which a plate is bent
in a bending process, and a result of a measurement of
the angle of a portion which is bent by the bending proc-
ess. When the characteristic data are produced in this
way, itis necessary to process the data after the bending
process and the measurement of a sample produced by
the process are repeated. The work requires a prolonged
time period and much labor. The work increases the labor
and required time period of the whole bending process.
[0012] The invention has been conducted in order to
solve the above-discussed problems. It is an object of
the invention to provide a method of bending a plate and
bending angle detection apparatus in which labor re-
quired for a work of bending a plate can be reduced.

Means for Solving the Problem

[0013] In order to attain the object, according to a cer-
tain aspect of the invention, the method of bending a
plate is a method of bending a plate by a bending ma-
chine. Inthe method of bending a plate, a work of bending
the plate is repeated a plurality of times until it is detected
that an angle of a bent portion of the plate reaches a
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predetermined angle, in a state where the plate is at-
tached to the bending machine and springback is com-
pleted network of bending the plate is repeated a plurality
of times until it is detected that the angle of the bent por-
tion of the plate reaches the predetermined angle, in a
state where the plate is attached to the bending machine
and springback is completed. Therefore, it is not neces-
sary to remove the plate and measure the angle of the
bent portion. It is not necessary also to consider spring-
back. As a result, labor required for the work of bending
the plate can be reduced.

[0014] Furthermore, preferably, the above-described
method of bending a plate is a method in which the plate
is further bent until a bending angle detection apparatus
connected to the bending machine detects it.

[0015] Furthermore, preferably, the above-described
bending angle detection apparatus is contacted with the
plate to measure a direction of the plate before the bend-
ing machine bends the plate, and a direction of the plate
after the bending machine bends the plate.

[0016] According to another aspect of the invention,
the bending angle detection apparatus detects an angle.
The bending angle detection apparatus is an apparatus
which is connected to a bending machine. The angle is
an angle of a bent portion of a plate which is bent by the
bending machine. The bending angle detection appara-
tus comprises a signal production device, a connecting
portion, a drive device, and a rotation angle detection
device. The signal production device produces a signal
corresponding to whether the apparatus is contacted with
the plate or not.

[0017] The connecting portion rotatably connects the
signal production device to the bending machine. The
drive device drives the signal production device so that
the signal production device is rotated. The rotation angle
detection device detects a rotation angle of the signal
production device. The connecting portion has a holder
which is fixed to the bending machine, and bearings
which are connected to the holder. The bearing rotatably
positions the signal production device so that, when the
bending machine bends the plate, the rotation axis of the
plate coincides with that of the signal production device.
[0018] By the connecting portion, the signal production
device is rotatably connected to the bending machine so
that a rotation axis of the plate in the case where the
bending machine bends the plate coincides with that of
a rotation member. Furthermore, the signal production
device is driven by the drive device so that the signal
production device is rotated. The rotation angle of the
signal production device is detected by the rotation angle
detection device. Therefore, the rotation angle of the sig-
nal production device coincides with that of the plate
which is bent by the bending machine. The signal pro-
duction device produces the signal corresponding to
whether the apparatus is contacted with the plate or not.
[0019] When the rotation angle detection device de-
tects the rotation angle of the signal production device
at the time when the signal is produced, therefore, it is
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possible to detect the rotation angle of the plate which is
bent by the bending machine, without detaching the plate
from the bending machine. When the rotation angle of
the plate is measured in a state where springback is com-
pleted, itis not required to consider an error due to spring-
back. As a result, labor required for the work of bending
the plate can be reduced.

Effects of the Invention

[0020] In the method of bending a plate and bending
angle detection apparatus of the invention, labor required
for a work of bending a plate can be reduced.

Brief Description of the Drawings
[0021]

[Fig. 1] Fig. 1 is an external view of a bending angle
detection apparatus of an embodiment of the inven-
tion.

[Fig. 2] Fig. 2 is a stereoscopic exploded view of the
bending angle detection apparatus of the embodi-
ment of the invention.

[Fig. 3] Fig. 3 is an external view of a servomotor in
the embodiment of the invention.

[Fig. 4] Fig. 4 is a sectional view of a part of the
servomotor in the embodiment of the invention.
[Fig. 5] Fig. 5 is an external view of a spring joint in
the embodiment of the invention

[Fig. 6] Fig. 6 is a stereoscopic exploded view of the
spring joint in the embodiment of the invention.
[Fig. 7] Fig. 7 is a sectional view of the spring joint
in the embodiment of the invention.

[Fig. 8] Fig. 8 is a first view showing the operation of
the spring joint in the embodiment of the invention,
in the case where a torque is applied.

[Fig. 9] Fig. 9is a second view showing the operation
of the spring joint in the embodiment of the invention,
in the case where a torque is applied.

[Fig. 10] Fig. 10 is an external view of a holder in the
embodiment of the invention.

[Fig. 11] Fig. 11 is an external view and sectional
view of a sensor ring L in the embodiment of the
invention.

[Fig. 12] Fig. 12 is a perspective view of the sensor
ring L in the embodiment of the invention.

[Fig. 13] Fig. 13 is an external view and sectional
view of a sensor ring R in the embodiment of the
invention.

[Fig. 14] Fig. 14 is a perspective view of the sensor
ring R in the embodiment of the invention.

[Fig. 15] Fig. 15 is an arrow viewing view of the bend-
ing angle detection apparatus of the embodiment of
the invention.

[Fig. 16] Fig. 16 is an arrow viewing view of the bend-
ing angle detection apparatus of the embodiment of
the invention in a situation where the sensor ring L
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is removed.

[Fig. 17]1Fig. 17 is afirst sectional view of the bending
angle detection apparatus of the embodiment of the
invention in a state where the servomotor is re-
moved.

[Fig. 18] Fig. 18 is a second sectional view of the
bending angle detection apparatus of the embodi-
ment of the invention in a state where the servomotor
is removed.

[Fig. 19] Fig. 19 is a perspective view of a bending
machine.

[Fig. 20] Fig. 20 is a perspective view showing a sit-
uation where the bending angle detection apparatus
of the embodiment of the invention is attached to the
bending machine.

[Fig. 21] Fig. 21 is a control block diagram of the
bending machine.

[Fig. 22] Fig. 22 is a conceptual diagram showing a
situation where a blade member plate is passed
through a slit of a bending shaft.

[Fig. 23] Fig. 23 is a conceptual diagram showing a
situation where a claw of a rotary cylinder is contact-
ed with the blade member plate.

[Fig. 24] Fig. 24 is a conceptual diagram showing a
situation where a microswitch R in the embodiment
of the invention is contacted with the blade member
plate for preparation.

[Fig. 25] Fig. 25 is a conceptual diagram showing a
situation at a timing when the blade member plate
is bent by the claw of the rotary cylinder.

[Fig. 26] Fig. 26 is a conceptual diagram showing a
situation where the microswitch Rin the embodiment
of the invention is contacted with the blade member
plate in order to measure an angle.

[Fig. 27] Fig. 27 is a conceptual diagram showing a
situation where the microswitch Rin the embodiment
of the invention is reversely rotated.

[Fig. 28] Fig. 28 is a flowchart showing a control pro-
cedure of a process of bending the blade member
plate in the embodiment of the invention.

Description of Reference Numerals

[0022]

50 bending angle detection apparatus
60 servomotor

62 holder

64 sensor ring L

66 sensor ring R

68 spacer

70 bearing
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72

80

90

91

92

93

94, 95

96, 97

98

100

102

104

106

108

110

112

114

116

118

130, 132, 134

140, 142, 144

150,

152

154, 164

156

158, 168

162

166

170, 172

bolt

bending machine
rotary cylinder

touch panel

bending shaft
cylinder rotation motor
top plate

gear case

controlling portion
motor body

rotation angle sensor
spring joint

first gear

second gear

upper rotary cylinder
first spring

middle rotary cylinder
second spring

lower rotary cylinder
projection

hole

160 body
microswitch L

gear

sector plate

groove

microswitch R
protrusion

rotation axis
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180 cylinder rotation motor 1/0
182 first external I/O

184 second external I/O

186 third external 1/0

188 touch panel I/O

190 flash memory reading device
300 blade member plate

350 flash memory

Mode for Carrying Out the Invention

[0023] Hereinafter, an embodiment of the invention will
be described with reference to the drawings. The fore-
going summary of the invention and the following detailed
description of the preferred embodiment of the invention
are better understood when read in conjunction with the
accompanying drawings. For the purpose of illustrating
the invention, the drawings depict the present preferred
embodiment. In the following description, the identical
components are denoted by the same reference numer-
als, and also their names and functions are identical.
Therefore, they will not be described repeatedly in detail.
[0024] Fig. 1 is an external view of a bending angle
detection apparatus 50 of the embodiment. Fig. 2 is a
stereoscopic exploded view of the bending angle detec-
tion apparatus 50 of the embodiment. Fig. 3 is an external
view of a servomotor 60. Fig. 4 is a sectional view of a
part of the servomotor 60. Fig. 5 is an external view of a
spring joint 104. Fig. 6 is a stereoscopic exploded view
of the spring joint 104. Fig. 7 is a sectional view of the
spring joint 104. Figs. 8 and 9 are views showing the
operation of the spring joint 104 in the case where a
torque is applied. Fig. 10 is an external view of a holder
62. Fig. 11 is an external view and sectional view of a
sensor ring L 64. Fig. 12 is a perspective view of the
sensorring L 64. Fig. 13 is an external view and sectional
view of a sensor ring R 66. Fig. 14 is a perspective view
of the sensor ring R 66. Fig. 15 is a view looking in the
direction of the arrow A in Fig. 1. Fig. 16 is a view showing
a situation where the sensor ring L 64 is removed in Fig.
15. Fig. 17 is a sectional view of the bending angle de-
tection apparatus 50 in a state where the servomotor 60
is removed. Fig. 18 is a sectional view of the bending
angle detection apparatus 50 as viewing in a direction
perpendicular to Fig. 17. Fig. 19 is a perspective view of
a bending machine 80 to which the bending angle detec-
tion apparatus 50 of the embodiment is to be attached.
Fig. 20 is a perspective view showing a situation where
the bending angle detection apparatus 50 is attached to
the bending machine 80. Fig. 21 is a control block dia-
gram of the bending machine 80. Fig. 22 is a conceptual
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diagram showing a situation where a blade member plate
300 is passed through a slit (not shown) of a bending
shaft 92 in order to be bent by a claw of a rotary cylinder
90. Fig. 23 is a conceptual diagram showing a situation
where the claw of the rotary cylinder 90 is contacted with
the blade member plate 300 in order to start the bending
of the blade member plate 300. Fig. 24 is a conceptual
diagram showing a situation where a microswitch R 162
is contacted with the blade member plate 300 for prep-
aration of measurement of the angle of the bent blade
member plate 300. Fig. 25 is a conceptual diagram show-
ing a situation at a timing when the blade member plate
300 is bent by the claw of the rotary cylinder 90. Fig. 26
is a conceptual diagram showing a situation where, after
the blade member plate 300 is bent, the microswitch R
162 is contacted with the blade member plate in order to
measure the angle. Fig. 27 is a conceptual diagram show-
ing a situation where, after the angle of the blade member
plate 300 is measured, the microswitch R 162 is reversely
rotated. Fig. 28 is a flowchart showing a control procedure
of a process of accurately bending the blade member
plate 300 without previously measuring springback.
[0025] The bending angle detection apparatus 50 of
the embodiment is attached to the bending machine 80.
The bending angle detection apparatus 50 is connected
to the bending machine 80, and measures the angle of
a plate which is bent by the bending machine 80. The
bending machine 80 will be described later.

[0026] The bending angle detection apparatus 50 of
the embodiment comprises the servomotor 60, the holder
62, the sensor ring L 64, the sensor ring R 66, spacers
68, and bearings 70.

[0027] The servomotor 60 is controlled by a controlling
portion 98 of the bending machine 80 which will be de-
scribed later. The servomotor 60 drives the sensor ring
L 64 and the sensor ring R 66. The servomotor 60, the
sensor ring L 64, and the sensor ring R 66 are attached
to the holder 62. The tip end of the bending shaft 92 of
the bending machine 80 is fitted into the holder 62. The
bending shaft 92 is passed through the rotary cylinder
90 which s similarly a component of the bending machine
80, and then fitted into the holder 62. The sensor ring L
64 measures the angle of the bent portion of the blade
member plate 300, from one side face of the blade mem-
ber plate 300. The sensor ring R 66 measures the angle
of the bent portion of the blade member plate 300, from
the side face opposite to the sensorring L 64. The spac-
ers 68 are members for maintaining the bearings 70 to
adequate positions. The bearings 70 are members for
rotatably positioning the sensor ring L 64 and the sensor
ring R 66 so that, when the blade member plate 300 is
bent by the bending machine 80, the rotation axis of the
blade member plate 300 coincides with the rotation axes
of the sensor ring L 64 and the sensor ring R 66. The
spacers 68 and the bearings 70 are connected to the
holder 62 by bolts 72.

[0028] The servomotor 60 will be described with refer-
ence to Figs. 3 and 4. The servomotor 60 comprises the
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motor body 100, a rotation angle sensor 102, a spring
joint 104, a first gear 106, and a second gear 108. The
motor body 100 produces a torque for rotating the first
gear 106 and the second gear 108. The sensor ring L 64
and the sensor ring R 66 are driven by the torque. The
rotation angle sensor 102 detects the rotation angle of
the rotor of the motor body 100. The spring joint 104 is
attached to the rotor of the motor body 100, and the ro-
tation shafts of the first gear 106 and the second gear
108, to transmit the torque produced by the motor body
100 to the first gear 106 and the second gear 108. The
first gear 106 meshes with a gear 154 of the sensor ring
L 64 to transmit the torque to the sensor ring L 64. The
second gear 108 meshes with a gear 164 of the sensor
ring R 66 to transmit the torque to the sensor ring R 66.
[0029] The structure of the spring joint 104 will be de-
scribed with reference to Figs. 5 to 7. The spring joint
104 comprises an upper rotary cylinder 110, a first spring
112, a middle rotary cylinder 114, a second spring 116,
and a lower rotary cylinder 118.

[0030] The rotor of the motor body 100 is fitted into the
upper rotary cylinder 110. The upper rotary cylinder 110
transmits the torque produced by the motor body 100 to
the middle rotary cylinder 114. A projection 130 is dis-
posed on the lower end of the upper rotary cylinder 110.
The first spring 112 is fitted to the upper rotary cylinder
110 and the middle rotary cylinder 114, and, when the
upper rotary cylinder 110 cannot directly transmit the
torque to the middle rotary cylinder 114, transmits the
torque produced by the motor body 100 to the middle
rotary cylinder 114. The middle rotary cylinder 114 is fitted
into the upper rotary cylinder 110 and the lower rotary
cylinder 118 while being passed through the first spring
112 and the second spring 116. The middle rotary cylin-
der 114 transmits the torque which is transmitted by the
upper rotary cylinder 110 or the first spring 112, to the
second spring 116. A projection 132 is disposed on a
middle portion of the middle rotary cylinder 114. The sec-
ond spring 116 is fitted to the middle rotary cylinder 114
and the lower rotary cylinder 118, and, when the middle
rotary cylinder 114 cannot directly transmit the torque to
the lower rotary cylinder 118, transmits the torque pro-
duced by the motor body 100 to the lower rotary cylinder
118. The rotation shafts of the first gear 106 and the sec-
ond gear 108 are fitted into the lower rotary cylinder 118.
The lower rotary cylinder 118 transmits the torque pro-
duced by the motor body 100 to the rotation shafts of the
first gear 106 and the second gear 108. A projection 134
is disposed on the upper end of the lower rotary cylinder
118.

[0031] The operation of the spring joint 104 will be de-
scribed with reference to Figs. 8 and 9. It is assumed that
a torque which is clockwise as viewed from the motor
body 100 is transmitted to the spring joint 104. At this
time, the upper rotary cylinder 110 is rotated in the same
direction as the rotor of the motor body 100. When the
upper rotary cylinder 110 is rotated, the projection 130
of the upper rotary cylinder 110 pushes the projection
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132 of the middle rotary cylinder 114. When the projection
132 is pushed, also the middle rotary cylinder 114 is ro-
tated in the same direction as the rotor of the motor body
100. When the middle rotary cylinder 114 is rotated, the
torque produced by the motor body 100 is transmitted
through the second spring 116 to the lower rotary cylinder
118. In this case, however, the second spring 116 is de-
formed, and hence the torque transmitted to the lower
rotary cylinder 118 is not so large. When a resistance is
applied to the lower rotary cylinder 118 for any reason,
the lower rotary cylinder 118 is not rotated.

[0032] By contrast, it is assumed that a torque which
is counterclockwise as viewed from the motor body 100
is transmitted to the spring joint 104. At this time, the
upper rotary cylinder 110 is rotated in the same direction
as the rotor of the motor body 100. However, the projec-
tion 130 of the upper rotary cylinder 110 does not push
the projection 132 of the middle rotary cylinder 114. The
torque produced by the motor body 100 is transmitted to
the middle rotary cylinder 114 by the first spring 112.
[0033] In this case, however, the first spring 112 is de-
formed, and hence the torque transmitted to the middle
rotary cylinder 114 is not so large. When a resistance is
applied to the lower rotary cylinder 118 for any reason,
the resistance is applied also to the middle rotary cylinder
114 through the projection 132 and the projection 134,
and hence the middle rotary cylinder 114 is not rotated.
[0034] The structure of the holder 62 will be described
with reference to Fig. 10. The holder 62 comprises a hole
140, a hole 142, and a hole 144. The rotation shafts of
the first gear 106 and the second gear 108 are passed
through the hole 140. The tip end of the bending shaft
92 of the bending machine 80 is fitted into the hole 142.
A bolt for fixing the holder 62 to the bending machine 80
is passed through the hole 144. The sensorring L 64 and
the sensor ring R 66 are connected to the holder 62 in a
state where the rings are rotatable, by the bearings 70.
[0035] The configuration of the sensor ring L 64 will be
described with reference to Figs. 11 and 12. In the sensor
ring L 64, the body 150 comprises a microswitch L 152
and a gear 154. The body 150 has a shape similar to an
article in which the sidewall is cylindrical and a circular
hole is opened in the bottom, and which is turned upside
down. A sector plate 156 is attached to the upper end of
the sidewall, i.e., the portion which is formed as the bot-
tom of the body 150 in Fig. 11, and the microswitch L 152
is fixed to the sector plate 156 and the upper end of the
sidewall. The microswitch L 152 comprises a switch box
which incorporates a push button type switch, and a con-
tact plate which is attached to the switch box via a hinge.
When the contact plate is contacted with the blade mem-
ber plate 300 which is to be bent by the bending machine
80, the contact plate pushes the switch in the switch box.
This causes the sensor ring L 64 to function as a device
which produces a signal corresponding to whether the
apparatus is contacted with the blade member plate 300
or not. The gear 154 is disposed on the edge of the hole
in the portion which is formed as the top plate of the body
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150 in Fig. 11. However, the gear 154 is not disposed
over the whole circumference of the edge. In the edge,
there is a portion where the gear 154 is not disposed. A
groove 158 into which flanges of the bearings 70 are to
be fitted is disposed slightly below the gear 154.

[0036] The configuration of the sensor ring R 66 will
be described with reference to Figs. 13 and 14. In the
sensor ring R 66, the body 160 comprises a microswitch
R 162 and a gear 164. The body 160 has a cylindrical
shape.

[0037] A protrusion 166 is disposed on the lower end
of the sidewall of the body 160. The microswitch R 162
is attached to the protrusion. The microswitch R 162 is
structured in a similar manner as the microswitch L 152.
Similarly with the sensor ring L 64, therefore, the sensor
ring R 66 produces a signal corresponding to whether
the apparatus is contacted with the blade member plate
300 or not. The gear 164 is disposed on the edge of the
upper end of the body 160 in Fig. 13. However, the gear
164 is not disposed over the whole circumference of the
edge. In the edge, there is a portion where the gear 164
is not disposed. A groove 168 into which flanges of the
bearings 70 are to be fitted is disposed slightly below the
gear 164.

[0038] The placementof the sensorring L 64 and other
components will be described with reference to Figs. 15
to 18. As described above, the sensor ring L 64 and the
sensor ring R 66 are connected to the holder 62. The
sensor ring L 64 and the sensor ring R 66 are not directly
connected to the holder 62. Members which are directly
connected to the holder are the spacers 68. The bearings
70 are connected to the holder 62 through the spacers
68. The flanges of the bearings 70 are fitted into the
groove 158 of the sensor ring L 64 and the groove 168
of the sensor ring R 66, whereby the sensor ring L 64
and the sensor ring R 66 are indirectly connected to the
holder 62.

[0039] At this time, the gear 154 of the sensor ring L
64 meshes with the first gear 106, and the gear 164 of
the sensor ring R 66 meshes with the second gear 108.
According to the configuration, the torque produced by
the motor body 100 of the servomotor 60 is transmitted
to the sensor ring L 64 and the sensor ring R 66.
[0040] The position where the sensor ring L 64 is fixed
is different from that where the sensor ring R 66 is fixed.
Since they are different from each other, the rotation axis
170 of the sensor ring L 64 is different from the rotation
axis 172 of the sensor ring R 66. The rotation axis 170
and the rotation axis 172 are located in the vicinity of an
edge of the blade member plate 300 which is bent by the
rotary cylinder 90. More specifically, the rotation axis 170
is placed so as to coincide with the rotation axis when
the blade member plate 300 is bent toward one side by
the rotary cylinder 90, and the rotation axis 172 is placed
so as to coincide with the rotation axis when the blade
member plate 300 is bent toward the other side. Since
the rotation axis 170 and the rotation axis 172 coincide
with the rotation axis when the blade member plate 300
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is bent, the rotation angle of the sensor ring L 64 or the
sensor ring R 66 coincides with the bending angle of the
plate. In many cases, the rotation axis when the blade
member plate 300 is bent is located at a distance which
is equal to one half of the thickness of the blade member
plate 300, from the tip end of the claw of the rotary cylinder
90, and at a distance which is equal to one half of the
thickness of the blade member plate 300, from the side
face thereof.

[0041] The manner of the attachment of the bending
angle detection apparatus 50 will be described with ref-
erence to Figs. 19 and 20. The bending machine 80 com-
prises a top plate 94 and a gear case 96. The bending
shaft 92 is fitted into a hole of the top plate 94. The gear
case 96 houses gears which are not shown. The gears
transmit a torque to a feed bearing which is used for feed-
ing the blade member plate 300, and which is not shown.
In order to attach the bending angle detection apparatus
50, the top plate 94 and the gear case 96 are replaced
with another top plate 95 and another gear case 97. No
hole into which the bending shaft 92 is to be fitted is
formed in the top plate 95, and a screw hole into which
the bolt that is passed through the holder 62 is to be
screwed is disposed in the gear case 97. Namely, the
bending angle detection apparatus 50 is connected to
the bending machine 80 by screwing the holder 62 to the
gear case 97.

[0042] The bending machine 80 further comprises a
touch panel 91 and a cylinder rotation motor 93. The
touch panel 91 is a device which displays information,
and through which the user inputs information. The cyl-
inder rotation motor 93 drives the rotary cylinder 90.
[0043] The controlling portion 98 of the bending ma-
chine 80 will be described with reference to Fig. 21. The
bending machine 80 further comprises the controlling
portion 98 in addition to the touch panel 91 and the cyl-
inder rotation motor 93. When the bending angle detec-
tion apparatus 50 is not connected, the controlling portion
98 controls the bending process on the blade member
plate 300. When the bending angle detection apparatus
50 is connected, the controlling portion 98 controls also
the angle measurement by the bending angle detection
apparatus 50, in addition to the bending process on the
blade member plate 300. The controlling portion 98 com-
prises a cylinder rotation motor 1/O (input/output) 180, a
first external 1/0 182, a second external 1/0 184, a third
external /0 186, a touch panel /0O 188, a flash memory
reading device 190, a ROM (Read Only Memory) 192, a
RAM (Random Access Memory) 194, and a CPU (Cen-
tral Processing Unit) 196.

[0044] The cylinder rotation motor 1/0O 180 outputs a
control signal to the cylinder rotation motor 93. The first
external I/O 182 is connected to the servomotor 60, re-
ceives an input of information indicative of the rotation
angle from the rotation angle sensor 102, and outputs a
control signal to the motor body 100. The second external
I/O 184 receives a signal input by the microswitch L 152.
The third external 1/0 186 receives a signal input by the
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microswitch R 162. The touch panel I/O 188 outputs an
image signal to the touch panel 91, and receives an input
of information by the user through the touch panel 91.
The flash memory reading device 190 reads control pro-
grams which are to be executed by the CPU 196, from
a flash memory 350. The control programs are used for
performing not only the process of bending the blade
member plate 300 but also the control on the bending
angle detection apparatus 50. The ROM 192 stores pro-
grams for reading the control programs from the flash
memory 350, and executing them. The RAM 194 tempo-
rarily stores the control programs read from the flash
memory 350. Furthermore, the RAM 194 temporarily
stores data for enabling the CPU 196 to process infor-
mation. The CPU 196 sequentially executes the control
programs stored in the RAM 194, thereby controlling the
process of bending the blade member plate 300 and the
angle measurement by the bending angle detection ap-
paratus 50.

[0045] The procedure of measuring the angle of the
blade member plate 300 in the bending angle detection
apparatus 50 of the embodiment will be described with
reference to Figs. 22 to 27.

[0046] It is assumed that the sector plate 156 and the
protrusion 166 are placed in a state where they contact
with each other, at a position which is opposite to the
servomotor 60 with respect to the bending shaft 92. In
the embodiment, the positions of the sensor ring L 64
and the sensor ring R 66 at this time are referred to as
"reference position". In this state, feed rollers (not shown)
of the bending machine 80 feed the blade member plate
300 through the slit of the bending shaft 92. Fig. 22 shows
this situation.

[0047] When the blade member plate 300 is fed, the
controlling portion 98 outputs the control signal to the
cylinder rotation motor 93 through the cylinder rotation
motor I/O 180, thereby driving the cylinder rotation motor
93. Therefore, the rotary cylinder 90 is rotated, and the
tip end of the claw reaches the bending start position.
Fig. 23 shows this situation.

[0048] When the tip end of the claw of the rotary cyl-
inder 90 reaches the bending start position, the servo-
motor 60 produces a torque in accordance with the con-
trol of the controlling portion 98. The torque is transmitted
to the sensor ring L 64 and the sensor ring R 66 through
the first gear 106 and the second gear 108. Therefore,
the sensor ring R 66 is rotated. The sensor ring L 64 is
rotated at first, but the rotation is stopped in mid-course
because, as shown in Fig. 11, the gear 154 is not dis-
posed over the whole circumference of the edge of the
body 150, and, as a result, the first gear 106 does not
mesh with the gear 154. On the basis of the rotation angle
data which are input by the rotation angle sensor 102,
the controlling portion 98 knows the rotation angle of the
second gear 108. As a result, the controlling portion 98
indirectly knows also the rotation angle of the microswitch
R 162. When contacted with the blade member plate 300,
the microswitch R 162 inputs a signal into the third ex-
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ternal 1/0 186. The CPU 196 detects the rotation angle
of the microswitch R 162 based on the rotation angle of
the second gear 108 at the timing when the microswitch
R 162 inputs the signal. Fig. 24 shows this situation.
[0049] When the rotation angle of the microswitch R
162 is detected, the controlling portion 98 causes the
cylinder rotation motor 93 to drive. Therefore, the rotary
cylinder 90 is rotated, and the tip end of the claw of the
rotary cylinder 90 bends the blade member plate 300.
Fig. 25 shows this situation.

[0050] When the blade member plate 300 is bent, the
servomotor 60 produces a torque in accordance with the
control of the controlling portion 98. The torque is trans-
mitted to the sensor ring R 66 through the second gear
108. Therefore, the microswitch R 162 is again rotated.
When again contacted with the blade member plate 300,
the microswitch R 162 again inputs the signal into the
third external 1/0 186. Fig. 26 shows this situation.
[0051] The CPU 196 detects the rotation angle of the
microswitch R 162 based on the rotation angle of the
second gear 108 at the timing when the microswitch R
162 again inputs the signal. When the rotation angle of
the microswitch R 162 is detected, the CPU 196 calcu-
lates the angle difference between the rotation angle and
that of the microswitch R 162 which is initially detected.
As described above, the rotation axis of the microswitch
R 162 or i.e., the sensor ring R 66 exists on the rotation
axis when the blade member plate 300 is bent. Therefore,
the calculated angle difference is equal to the rotation
angle of the bent portion of the blade member plate 300.
The angle difference is enabled to be calculated by pre-
viously storing the tooth number of the second gear 108
and that of the gear 164 in the RAM 194. The tooth num-
bers can be stored in the RAM 194 by reading them from
the flash memory 350 as a part of the control programs,
or a data file which is independent from the control pro-
grams.

[0052] When the angle difference is calculated, the
servomotor 60 produces a torque in accordance with the
control of the controlling portion 98. The torque is trans-
mitted to the sensor ring R 66 through the second gear
108. Therefore, the microswitch R 162 is again rotated.
As a result of the rotation, the microswitch R 162 is re-
turned to the reference position. When returned to the
reference position, the protrusion 166 pushes the sector
plate 156. Therefore, the gear 154 again meshes with
the first gear 106. Fig. 27 shows this situation.

[0053] The control procedure for accurately bending
the blade member plate 300 without previously measur-
ing springback will be described with reference to Fig.
28. The control procedure performed when the blade
member plate 300 is rightward bent is not particularly
described, butis similar to that performed when the blade
member plate 300 is leftward bent, except that the direc-
tion of the blade member plate 300 is measured by the
microswitch L 152.

[0054] In step S250, the CPU 196 of the bending ma-
chine 80 causes the feed rollers which are not shown, to
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drive to feed the blade member plate 300 by a predeter-
mined length.

[0055] In step S252, the CPU 196 outputs a control
signal for producing a torque, to the servomotor 60. The
servomotor 60 produces a torque in accordance with the
control signal. When the torque produced by the servo-
motor 60 is transmitted, the sensor ring R 66 is rotated.
In this case, one of the sensor ring L 64 is rotated at first,
and then does not mesh with the first gear 106, so that
the sensor ring is not rotated finally.

[0056] Instep S254, the CPU 196 determines whether
the sensor ring R 66 detects the blade member plate 300
or not, based on the signal which is input to the third
external I/O 186 by the microswitch R 162. If it is deter-
mined that the blade member plate 300 is detected (YES
in step S254), the process is transferred to step S256. If
not (NO in step 5254), the process is transferred to step
S252.

[0057] In step S256, the CPU 196 outputs a control
signal for stopping the production of a torque, to the ser-
vomotor 60. Therefore, the rotations of the first gear 106
and the second gear 108 are stopped.

[0058] In step S258, the CPU 196 calculates the rota-
tion angle of the sensor ring R 66 based on the rotation
angle data which are input by the rotation angle sensor
102. When the rotation angle of the sensor ring R 66 is
calculated, the CPU 196 stores the rotation angle in the
RAM 194. The rotation angle indicates the starting point
of the process of bending the blade member plate 300.

[0059] Instep S260,the CPU 196 the CPU 196 outputs
a control signal for producing a torque, to the servomotor
60. When the control signal is input, the rotor of the motor
body 100 rotates. In the embodiment, the rotation angle
at this time is an angle satisfying the following require-
ment. The requirementis that the angle of the bent portion
of the blade member plate 300 equal to an angle which
is designated by the user through the touch panel 91. In
accordance with the rotation of the rotor, the sensor ring
R 66 tries to rotate. However, the sensor ring is blocked
by the blade member plate 300, and hence the sensor
ring R 66 does not rotate. Therefore, the upper rotary
cylinder 110 of the spring joint 104 is relatively rotated
with respect to the lower rotary cylinder 118.

[0060] In step S262, the CPU 196 causes the cylinder
rotation motor 93 to drive. Therefore, the rotary cylinder
90 is rotated, and the blade member plate 300 is bent in
the direction in which it is separated from the microswitch
R 162. Atthis time, the first spring 112 and second spring
116 of the spring joint 104 are returned from the state
where the springs are elastically deformed, to that where
the springs are not elastically deformed. Therefore, the
microswitch R 162 tracks the blade member plate 300.

[0061] Instep S264, based on the signal which is input
by the microswitch R 162, the CPU 196 determines
whether the microswitch R 162 becomes not to detect
the blade member plate 300 or not. If itis determined that
the microswitch becomes not to detect the blade member
plate 300 (YES in step S264), the process is transferred
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step to S266. If not (NO in step S264), the process is
transferred to step S262.

[0062] In step S266, the CPU 196 again causes the
cylinder rotation motor 93 to drive. This causes the rotary
cylinder 90 to be further rotated, and the blade member
plate 300 s further bent. Namely, the blade member plate
300 is further pressed. The rotation angle of the rotary
cylinder 90 is an angle at which the elastic deformation
of the blade member plate 300 slightly advances.
[0063] Thereafter, the CPU 196 causes the cylinder
rotation motor 93 to reversely rotate. Because of the re-
verse rotation of the cylinder rotation motor 93, the rota-
tion angle of the rotary cylinder 90 is returned to the angle
at the timing when the microswitch R 162 becomes not
to detect the blade member plate 300 as a result of the
rotation of the rotary cylinder 90 in step S262. At this
time, the direction of the blade member plate 300 is slight-
ly returned by springback, but is not returned in the di-
rection before the further pressing because of advance-
ment of the elastic deformation. As a result, the angle of
the blade member plate 300 when the claw of the rotary
cylinder 90 is separated approaches the angle which is
designated by the user.

[0064] Instep S268, based on the signal which is input
by the microswitch R 162, the CPU 196 determines
whether the microswitch R 162 becomes not to detect
the blade member plate 300 or not. If it is determined that
the microswitch becomes not to detect the blade member
plate 300 (YES in step S268), the process is transferred
to step S270. If not (NO in step S288), the process is
transferred to step S266.

[0065] In step S270, the CPU 196 causes the servo-
motor 60 todrive so thatthe microswitch R 162 is returned
to the reference position.

[0066] Instep S272, the controlling portion 98 updates
information in order to perform the next bending process.
[0067] As described above, the bending machine 80
in the embodiment accurately bends the blade member
plate 300 based on the direction of the blade member
plate 300 which is detected by the bending angle detec-
tion apparatus 50 as a result of the angle measurement.
Springback is not measured. Therefore, the user of the
bending machine 80 is not required to manually measure
springback each time. To begin with, it becomes unnec-
essary to know in detail what extent of rotating of the
rotary cylinder 90 corresponds to accurate bending of
the blade member plate 300. Therefore, labor required
for the work of bending the blade member plate 300 can
be correspondingly reduced.

[0068] All points of the disclosed embodiment are ex-
emplifications. The scope of the invention is not limited
based on the above-described embodiment. Itis a matter
of course that various design changes may be made with-
out departing the spirit of the invention.

[0069] For example, the spring joint 104 is not limited
to the above-described configuration. In place of the
above-described spring joint 104, a plate spring or a rub-
ber-made cylinder may be used which transmits the
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torque supplied by the motor body 100 of the servomotor
60 to the signal production device, and which is elastically
deformed by the torque. In place of the spring joint 104,
another buffer member may be used. In the case where
a buffer member is used, the buffer member is requested
to transmit the torque supplied by the motor body 100 to
the sensor ring L 64 or the sensor ring R 66, and to be
elastically deformed by the torque supplied by the motor
body 100. The spring joint 104 may be omitted.

[0070] Inplace ofthe configurationinwhich therotation
angles of the sensor ring L 64 and the sensor ring R 66
are indirectly measured by the rotation angle sensor 102,
the rotation angles may be directly measured. A specific
measure for directly measuring the rotation angles, a
method may be employed in which a spur gear meshes
with the gear 154 of the sensor ring L 64 and the gear
164 of the sensor ring R 66, and an angle sensor is con-
nected to its shaft.

[0071] In place of the servomotor 60, another drive de-
vice may drive the sensor ring L 64 and the sensor ring
R 66. The mechanism for the driving is particularly limited.
[0072] In place of the sensor ring L 64 and the sensor
ring R 66, a signal production device which produces a
signal corresponding to whether the apparatus is con-
tacted with the blade member plate 300 or not, in a mech-
anism that is different from the rings may be disposed in
the bending angle detection apparatus 50. As an exam-
ple of such a signal production device, there is a device
in which a microswitch is caused to linearly run, and its
rotation angle is calculated based on the positional rela-
tionship between the position where the microswitch is
contacted with the blade member plate 300, and the po-
sition of the rotation axis of the blade member plate 300
that is bent.

[0073] The bending angle detection apparatus 50 may
comprise a controlling portion. In this case, the controlling
portion may be configured in a similar manner as the
controlling portion 98. According to the configuration, the
bending angle detection apparatus 50 can measure the
angle of the bent portion of the blade member plate 300
without depending on the controlling portion 98 of the
bending machine 80. In the case where springback is to
be measured, the controlling portion of the bending angle
detection apparatus 50 may cooperate with the control-
ling portion 98 of the bending machine 80.

[0074] The program recording medium from which the
controlling portion 98 reads control programs is not lim-
ited to the flash memory 350. For example, the medium
may be a USB memory. Alternatively, control programs
may be received via the Internet.

Claims

1. A method of bending a plate in which a plate is bent
by a bending machine (80), wherein
a work of bending the plate is repeated a plurality of
times until itis detected that an angle of a bent portion
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10

ofthe plate reaches a predetermined angle, in a state
where the plate is attached to said bending machine
and springback is completed.

A method of bending a plate according to claim 1,
wherein the plate is further bent (S286) until it is de-
tected (S284) by a bending angle detection appara-
tus (50) connected to said bending machine detects,
that the angle of the bent portion of the plate reaches
the predetermined angle.

A method of bending a plate according to claim 2,
wherein said bending angle detection apparatus is
contacted with the plate to measure a direction of
the plate before said bending machine bends the
plate, and a direction of the plate after said bending
machine bends the plate.

A bending angle detection apparatus which is a
bending angle detection apparatus (50) for detecting
an angle, wherein

said bending angle detection apparatus is connected
to a bending machine (80),

the angle is an angle of abent portion of a plate which
is bent by said bending machine,

said apparatus comprises:

a signal production device (64, 66) which pro-
duces a signal corresponding to whether the ap-
paratus is contacted with the plate or not;

a connecting portion (62, 70) which rotatably
connects said signal production device to said
bending machine;

adrive device (100) which drives said signal pro-
duction device so that said signal production de-
vice is rotated; and

a rotation angle detection device (102) which
detects arotation angle of said signal production
device,

said connecting portion has:

a holder (62) which is fixed to said bending
machine;

and

bearings (70) which are connected to said
the holder,

and

said bearings rotatably position said signal
production device so that, when said bend-
ing machine bends the plate, a rotation axis
of the plate coincides with a rotation axis of
said signal production device.
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