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(54) BENDING METHOD

(57) Provided is a series of processes of repeating
bending of a workpiece (W) by applying pressure to the
workpiece (W) with an upper tool (8) attached to an upper
table (7) and a lower tool (6) attached to a lower table (5)
of a press brake (1) from a first process to an N-th process
while feeding the workpiece (W) at a predetermined pitch
so as to bend the workpiece (W) at N processing posi-
tions, thereby bending the workpiece (W) at a desired
bending angle. The series of processes includes: a mea-
suring process of measuring a bending angle of the
workpiece (W) at completion of an M-th process; and a
calculation process of correcting a table output for apply-
ing pressure to the workpiece (W) based on a measure-
ment value of the bending angle of the workpiece (W)
measured in the measuring process and a target value of
the bending angle of the workpiece (W) at completion of
the M-th process. In a case where the table output is
corrected, the bending is restarted from a previous pro-
cess which is the M-th process or a process before the M-
th process based on the corrected table output.
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Description

[TECHNICAL FIELD]

[0001] The present disclosure relates to a bending method.

[BACKGROUND ART]

[0002] A press brake for bending a workpiece by applying pressure to the workpiece using a tool is known. As one
bending method using the press brake, "FR bending" is known as a processing method in which a workpiece is bent at a
desired bending angle by intermittently repeating minute bending while feeding the workpiece.
[0003] Patent Literature 1 discloses a method of correcting processing data while bending a workpiece. In the method of
Patent Literature 1, correction data is calculated based on an error between an actual bending angle obtained up to a
predetermined process and a target bending angle. When the correction data is calculated, bending is started from the
next process, and bending after the next process is performed according to the correction data.
[0004] Patent Literature 2 discloses a press brake having an upper table for holding a punch and a lower table for holding
a die, and a workpiece is clamped and bent by the punch and the die. When performing a certain process, the press brake
measures a shape of the workpiece based on displacement data received by a two-dimensional laser displacement
sensor. A stroke for lowering the punch toward the die is corrected so that the difference between a measured shape of the
workpiece and a predetermined target shape of the workpiece becomes small. When the stroke is corrected, bending is
started from the next process, and bending after the next process is performed with a corrected stroke.

[Citation List]

[Patent Literature]

[0005]

[Patent Literature 1] JP H06‑39439 A
[Patent Literature 2] JP 2018‑126784 A

[SUMMARY OF INVENTION]

[0006] However, according to the methods disclosed in Patent Literature 1 and 2, the correction does not have an effect
on the processing positions in which the bending is performed before the correction, resulting in a bending state with the
error remaining. From the viewpoint of product quality, it is desirable that there are less variations in the bending state at
respective processing positions.
[0007] An aspect of some embodiments includes a series of processes of repeating bending of a workpiece by applying
pressure to the workpiece with an upper tool attached to an upper table and a lower tool attached to a lower table of a press
brake from a first process to an N-th process (where N is a natural number) while feeding the workpiece at a predetermined
pitch so as to bend the workpiece at N processing positions, thereby bending the workpiece at a desired bending angle, the
series of processes including: a measuring process of measuring a bending angle of the workpiece at completion of an M-
th process (where M is a natural number less than N); and a calculation process of correcting a table output for applying
pressure to the workpiece based on a measurement value of the bending angle of the workpiece measured in the
measuring process and a target value of the bending angle of the workpiece at completion of the M-th process, wherein, in
a case where the table output is corrected, the bending is restarted from a previous process which is the M-th process or a
process before the M-th process based on the corrected table output.
[0008] According to the aspect of some embodiments, since bending is restarted from the previous process, pressure is
again applied to the workpiece based on the corrected table output even at the processing position in which bending has
already been performed. Through again applying pressure to the workpiece, deviation from the target value generated in
the bending performed before correction is corrected and a desired bending state can be obtained even at the processing
position related to the previous process. Further, pressure is applied to the workpiece based on the corrected table output
in the processes subsequent to the M-th process, a desired bending state can be obtained even at processing positions
related to the subsequent processes.
[0009] According to the aspect of some embodiments, variations in the bending state at each processing position can be
suppressed. Thus, the product quality can be improved.
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[BRIEF DESCRIPTION OF DRAWINGS]

[0010]

[FIG. 1] FIG. 1 is a flowchart illustrating a procedure of a bending method according to an embodiment.
[FIG. 2] FIG. 2 is a perspective view illustrating a press brake which performs bending.
[FIG. 3] FIG. 3 is an explanatory diagram illustrating a bending angle and processing positions of a workpiece.
[FIG. 4] FIG. 4 is an explanatory diagram illustrating a first process of bending.
[FIG. 5] FIG. 5 is a diagram illustrating a bending angle when a third process is completed.
[FIG. 6] FIG. 6 is a diagram illustrating an operation screen displayed on an operation panel in accordance with a
correction calculation.
[FIG. 7] FIG. 7 is a view illustrating a screen indicating a correction result.

[DESCRIPTION OF EMBODIMENTS]

[0011] A bending method according to an embodiment will be described below with reference to the drawings.
[0012] FIG. 1 is a flowchart illustrating a procedure of a bending method according to the present embodiment. FIG. 2 is a
perspective view illustrating a press brake which performs bending. In the following description, a left-right direction X, a
front-rear direction Y, and an up-down direction Z are used to define the press brake 1. The left-right direction X and the
front-rear direction Y correspond to two directions orthogonal to each other in a horizontal direction, and the up-down
direction Z corresponds to a vertical direction. However, these directions are only used for convenience in explaining the
press brake 1 in the present embodiment.
[0013] A bending method according to the present embodiment includes a series of processes of repeating bending of a
workpiece W by applying pressure to the workpiece W with an upper tool 8 attached to an upper table 7 and a lower tool 6
attached to a lower table 5 of the press brake 1 from a first process to an N-th process (where N is a natural number) while
feeding the workpiece W at a predetermined pitch, so as to bend the workpiece W at N processing positions, thereby
bending the workpiece Wat a desired bending angle. The series of processes includes: a measuring process of measuring
a bending angle of the workpiece W at completion of an M-th (where M is a natural number less than N) process; and a
calculation process of correcting a table output for applying pressure to the workpiece W based on a measurement value of
the bending angle of the workpiece W measured in the measuring process and a target value of the bending angle of the
workpiece W at completion of the M-th process. In a case where the table output is corrected, the bending is restarted from
a previous process which is the M-th process or a process before the M-th process based on the corrected table output.
[0014] Hereinafter, configuration of the press brake 1 will be described. The press brake1 is a processing machine which
bends the workpiece W by applying pressure to the workpiece W using the upper tool 8 which is a tool such as a punch and
the lower tool 6 which is a tool such as a die.
[0015] The press brake 1 includes the lower table 5, the upper table 7, left and right lifting mechanisms 9L, 9R, left and
right crowning mechanisms 19L, 19R, a control device 30, and an operation panel 35.
[0016] The press brake 1 includes left and right side frames 3L, 3R arranged at a distance in the left-right direction X. The
upper table 7 extends in the left-right direction X and is supported by front upper portions of the side frames 3L, 3R. The
upper table 7 is configured to be movable in the up-down direction Z. The lower table 5 extends in the left-right direction X
and is supported by front lower portions of the side frames 3L and 3R.
[0017] An upper tool holder for detachably holding the upper tool 8 is provided on a lower side of the upper table 7. A
holder groove for inserting a base of the upper tool 8 is formed in the upper tool holder in the left-right direction X. The upper
tool holder has a clamp mechanism for fixing the upper tool 8 to the upper table 7.
[0018] A lower tool holder for detachably holding the lower tool 6 is provided on an upper side of the lower table 5. A
holder groove for inserting a base of the lower tool 6 is formed in the lower tool holder in the left-right direction X. The lower
tool holder has a clamp mechanism for fixing the lower tool 6 to the lower table 5.
[0019] The left and right lifting mechanisms 9L and 9R are provided on left and right upper portions of the side frames 3L,
3R, respectively. The left and right lifting mechanisms 9L, 9R are mechanisms for moving the upper table 7 in the up-down
direction Z, and are, for example, hydraulic cylinders. However, a combination of an electric motor and a reduction gear
may be used for the left and right lifting mechanisms 9L, 9R. The left and right lifting mechanisms 9L, 9R can be
independently controlled. The left and right stroke positions of the upper table 7 can be independently controlled by the left
and right lifting mechanisms 9L, 9R. The stroke position is a relative position (a depth value, D value) from an upper end of
the lower table 5 to a lower end of the upper table 7, and is one of parameters corresponding to the table output for applying
pressure to the workpiece W.
[0020] A front plate 11 and a rear plate 13 are provided on a front side and a rear side of the lower table 5, respectively.
The front plate 11 and the rear plate 13 are integrally attached to the lower table 5 through left and right pivot shafts 15 L,
15R penetrating in the front-rear direction Y.
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[0021] The left and right crowning mechanisms 19L, 19R are provided at left and right positions of the lower table 5 with
respect to a center position in the left-right direction X.
[0022] The respective left and right crowning mechanisms 19L, 19R are fixed to the front plate 11 and the rear plate 13.
By operating the left and right crowning mechanisms 19L and 19R, a part of the lower table 5 can be bent upward or
downward.
[0023] The left and right crowning mechanisms 19L, 19R can be independently controlled. The left and right crowning
mechanisms 19L, 19R can adjust crowning output. The crowning output indicates how much the lower table 5 is to be
curved and which position of the lower table 5 is to be curved, and is one of the parameters corresponding to the table
output for applying pressure to the workpiece W.
[0024] The control device 30 includes, for example, a computer such as a numerical control (NC) device. The computer
mainly includes a hardware processor such as a central processing unit (CPU), a memory, and various interfaces. The
memory and various interfaces are connected to the hardware processor via a bus. A predetermined computer program is
installed in the computer. When the hardware processor executes the computer program, the computer executes the
functions provided in the control device 30.
[0025] The control device 30 controls the operation of the press brake 1. Specifically, the control device 30 controls the
left and right lifting mechanisms 9L and 9R, and the left and right crowning mechanisms 19L and 19R. The control device
30 controls the left and right lifting mechanisms 9L and 9R based on left and right D values to lower the upper table 7 and
apply pressure to the workpiece W. The control device 30 controls the left and right crowning mechanisms 19L and 19R
based on the crowning output, so that pressure can be applied to the workpiece W with the lower table 5 partially curved.
[0026] The operation panel 35 has, for example, a display unit such as a liquid crystal display and an input unit such as a
touch panel. The operation panel 35, controlled by the control device 30, displays various setting screens and operation
screens, and outputs information input from an operator to the control device 30.
[0027] In bending using the press brake 1 configured in such a manner, the operator places the workpiece W in a shape
of a plate on the lower tool 6 attached to the lower table 5. At this point, the operator positions the workpiece W by abutting
the workpiece W against a back gauge (not illustrated) positioned at a predetermined position behind the lower table 5.
Then, the control device 30 lowers the upper table 7 toward the lower table 5 in response to an instruction from the operator.
As a result, pressure is applied to the workpiece W between the upper tool 8 and the lower tool 6, and the workpiece W is
bent in a desired bending state.
[0028] Hereinafter, a bending method which is one of features of the present embodiment will be described. The bending
method in the present embodiment is suitable for FR bending using the press brake 1. FR bending is a bending method in
which the workpiece W is bent at a desired bending angle by repeating bending from a first process to an N-th process while
feeding the workpiece W at a predetermined pitch so as to bend the workpiece W at N processing positions.
[0029] FIG. 3 is an explanatory diagram illustrating a bending angle and processing positions of the workpiece W. A
bending angle αt of the workpiece W is an internal angle of the workpiece W curved due to a bending effect at each
processing position. FIG. 3 illustrates an example in which the bending angle αt of the workpiece W is 90 degrees. For
example, when "N" is 20, the bending is repeated from the first process to the twentieth process, and the workpiece W is
bent at 20 processing positions from P1 to P20. When the bending angle αt of the workpiece W is 90 degrees, the bending
state of the workpiece W obtained in each process (each processing position) is ideally 4.5 degrees.
[0030] Referring to FIG. 1, in step S10, the bending is performed from the first process to the M-th process. FIG. 4 is an
explanatory diagram illustrating the first process of the bending. In the drawing, a left side corresponds to a rear side in the
front-rear direction Yof the press brake 1, and a right side corresponds to a front side in the front-rear direction Yof the press
brake 1. Directions of the workpiece W placed on the lower tool 6 can be defined with reference to the press brake 1. A back
gauge side of the press brake 1 is a rear side of the workpiece W, and an operator side is a front side of the workpiece W. In
the first process, pressure is applied at a first processing position P1 by the upper tool 8 and the lower tool 6, and bending is
performed to the first processing position P1.
[0031] FIG. 5 is a diagram illustrating a bending angle when a third process is completed. When the first process is
completed, the operator feeds the workpiece W at a predetermined pitch and positions the workpiece W so that a second
processing position P2 is positioned between the upper tool 8 and the lower tool 6. Then, in a second process, bending is
performed at the second processing position P2. Such processes are performed up to the M-th process. "M" is a natural
number less than N, and the M-th process is the third process in the present embodiment.
[0032] When the third process is completed, the operator temporarily stops operation of the press brake 1. Then, in step
S11, a bending angle α3 of the workpiece W is measured when the third process is completed (a measuring process). The
bending angle α3 can be measured manually by the operator using an angle sensor. Alternatively, the control device 30
may operate the angle sensor mounted on the press brake 1 to automatically measure the bending angleα3 in response to
a predetermined operation on the operation panel 35 performed by the operator. When the operator manually measures a
bending angle, the operator inputs a measurement value of the bending angle α3 to the operation panel 35, and the control
device 30 can acquire information of the value. When the control device 30 automatically measures the bending angle α3,
the control device 30 can directly acquire a measurement value of the bending angle α3 from the angle sensor.
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[0033] However, the bending angle of the workpiece W is not only measured when the third process is completed, but
may be measured when the second process is completed, or when a fourth process or a processe after the fourth process
is completed. Note that the bending angle of the workpiece W is preferably measured in a range of 165 degrees or more
and 175 degrees or less. For this reason, among the first to twentieth processes, a process in which the bending angle at
completion of the process is 165 degrees or more and 175 degrees or less is set as the M-th process.
[0034] The bending angle may be measured intentionally by the operator when the M-th process is completed, but is not
limited thereto. For example, the operator operates the operation panel 35 and sets, in the control device 30, the M-th
process for which a bending angle is measured. The control device 30 may use the completion of the M-th process as a
trigger to urge the operator to measure a bending angle or to automatically measure a bending angle. Alternatively, the
control device 30 stores a target value of a bending angle of the workpiece W at completion of each process, whereby the
control device 30 determines whether or not the target value of the bending angle falls within a range of 165 degrees or
more and 175 degrees or less when each process is completed. Then, the control device 30 may urge the operator to
measure the bending angle or automatically measure the bending angle, using, as a trigger, completion of a process in
which the target value of the bending angle is 165 degrees or more and 175 degrees or less.
[0035] In step S12, the operator determines whether correction is necessary. When bending of 90 degrees is performed
through all 20 processes, the target value of the bending angle α3 of the workpiece W at completion of the third process is
166.5 degrees. If the difference between the measurement value of the bending angle α3 and the target value (166.5
degrees) of the bending angle α3 of the workpiece W at completion of the third process is equal to or greater than a
predetermined threshold value, the operator determines that correction is necessary. On the other hand, if the difference
between the measurement value of the bending angle α3 and the target value (166.5 degrees) of the bending angle α3 of
the workpiece W at completion of the third process is smaller than a predetermined threshold value, the operator
determines that correction is unnecessary. Whether or not correction is necessary may be determined by the operator or
the control device 30.
[0036] If correction is necessary, proceed to a step S13. On the other hand, if correction is not necessary, bending is
performed from the fourth process to the twentieth process in step S14.
[0037] In step S13, the control device 30 performs a correction calculation based on the bending angle α3 (calculation
process). FIG. 6 is a diagram illustrating an operation screen displayed on an operation panel in accordance with the
correction calculation. The operation panel 35 displays items of a first display item 350, second and third display items 351
and 352, fourth to seventh display items 353, 354, 355, 356, and first to third operation items 357, 358, 359.
[0038] The first display item 350 indicates a target value of the bending angle α3 of the workpiece W at completion of the
third process. The second display item 351 indicates the current number of processes, that is, the number of times of
bending up to the current process (for example, "3 times"), and the third display item 352 indicates the total number of
processes, that is, the total number of times of bending (for example, "20 times").
[0039] The fourth to seventh display items 353, 354, 355 and 356 indicate measurement values of the bending angle α3.
When the bending angle α3 is measured at one representative point such as a center of the workpiece W in the left-right
direction, and a measurement value of this representative point is treated as the bending angle α3 of the workpiece W as a
whole, the measurement value of the bending angleα3 is indicated as the fourth display item 353. On the other hand, when
the bending angleα3 is measured at a plurality of positions, for example, at three positions of a left side, a center, and a right
side of the workpiece W, measurement values of the bending angle α3 at the left side, the center, and the right side are
indicated as the fifth to seventh display items 354, 355, and 356, respectively.
[0040] The first and second operation items 357, 358 are operation items for selecting a correction mode of the table
output between overall correction and longitudinal correction. The overall correction is a method of uniformly correcting the
table output between the left and right ends of the workpiece W based on the measurement value of the bending angle α3
measured at the representative point. The longitudinal correction is a method of correcting the table output based on the
measurement values of the bending angle α3 at the left side, the center, and the right side of the workpiece W so that the
bending angle between the left and right ends of the workpiece W becomes uniform. The overall correction can be selected
by operating the first operation item 357 and the longitudinal correction can be selected by operating the second operation
item 358. The third operation item 359 is an operation item for executing the correction calculation.
[0041] After confirming the display items 350 to 356, the operator selects the overall correction or the longitudinal
correction through the first and second operation items 357 and 358, and then operates the third operation item 359. Thus,
the control device 30 executes correction calculation corresponding to the selected correction mode.
[0042] First, a description will be given of a case where the first operation item 357 corresponding to the overall
correction is selected. The control device 30 calculates an accumulated error in a case where the bending is continued
from a first process to a twentieth process, based on an error between the measurement value of the bending angle α3 of
the workpiece W at completion of the third process and the target value of the bending angle α3 of the workpiece W at
completion of the third process. The control device 30 then calculates a bending correction amount β that cancels out the
accumulated error. The bending correction amount β is calculated by, for example, Formula 1.
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[0043] In Formula 1, "α3t" is the target value of the bending angle α3 of the workpiece W at completion of the third
process and "α3m" is the measurement value of the bending angle α3 of the workpiece W at completion of the third
process. "RNW" is the total number of processes and "RNM" is the current number of processes.
[0044] For example, when the measurement value of the bending angle α3 of the workpiece W is 170 degrees and the
target value of the bending angle α3 of the workpiece W is 166.5 degrees, the bending correction amount β is ‑23.33
degrees ((166.5 degrees - 170 degrees) × (20/3)).
[0045] When the bending correction amount β is specified, the control device 30 calculates a corrected table output
based on the bending correction amount β. When the overall correction is selected, the control device 30 corrects the D
value as the table output. However, the control device 30 may correct the crowning output or may correct the D value and
the crowning output.
[0046] Assuming that the bending angle α3 is uniform between the left and right ends of the workpiece W, the control
device 30 calculates corrected left and right D values based on the bending correction amountβ. As illustrated in FIG. 7, the
control device 30 indicates the left and right D values as the eighth and ninth display items 360 and 361. According to this
calculation method, the corrected left and right D values can be automatically calculated from the measurement value of
the bending angle α3 without the operator calculating left and right bending correction amounts β and β’ and then inputting
the left and right bending correction amounts β and β’ to the 10 and 11 display items 362 and 363, respectively.
[0047] However, the operator may calculate the left and right bending correction amounts β and β’ and input the left and
right bending correction amounts β and β’ as the tenth and eleventh display items 362 and 363, respectively, using the
operation panel 35. In this case, the control device 30 calculates the corrected left and right D values based on the input left
and right bending correction amounts β and β’.
[0048] On the other hand, when the longitudinal correction is selected, the control device 30 calculates the bending
correction amountβ for each of left end, center, and right end measurement points. Then, the control device 30 calculates a
corrected table output based on the bending correction amount β at each of the measurement points so that the bending
angle between the left and right ends of the workpiece W becomes uniform.
[0049] When the longitudinal correction is selected, the control device 30 corrects both D value and the crowning output
as the table output. However, the control device 30 may correct only one of the D values or the crowning output.
[0050] As illustrated in FIG. 1, when the correction calculation is completed, the operator restarts operation of the press
brake 1 by operating the operation panel 35 to restart the bending from the first process (step 10). However, using
completion of the correction calculation as a trigger, the control device 30 may restart the operation of the press brake 1 and
control the press brake 1 so that the bending is automatically restarted from the first process.
[0051] In the first process after restarting bending, pressure is applied at the first processing position P1 by the upper tool
8 and the lower tool 6, and bending is performed at the processing position P1. This bending is performed with a corrected
table output under control of the control device 30. Similarly, in the second and third processes, bending is performed with a
corrected table output for the processing positions P2 and P3.
[0052] Then, in step S11, the bending angle α3 is measured and it is determined whether correction is necessary. If
correction is necessary, correction calculation is performed again in step S13. On the other hand, if correction is not
necessary, bending is performed from the fourth process to the twentieth process in step S14.
[0053] Through the series of processes described above, the workpiece W is bent at an obtuse angle at 20 processing
positions P1 to P20, whereby the workpiece W is bent at a desired bending angle.
[0054] According to the bending method in the present embodiment, since the bending is restarted from the previous
process, pressure is again applied to the workpiece W based on the corrected table output even at the processing positions
in which the bending has already been performed. By applying pressure again to the workpiece W, deviation from the
target value that is generated in the bending performed before correction is corrected, and a desired bending state can be
obtained even at the processing positions related to the previous processes. Further, pressure is applied to the workpiece
W based on the corrected table output in the processes subsequent to the M-th process, so that a desired bending state
can be obtained even at the processing positions related to the subsequent processes. Therefore, variations in the
bending state at each processing position can be suppressed. Thus, the product quality can be improved.
[0055] In the present embodiment, the table output preferably includes a D value (depth value) which is a relative stroke
position from an upper end of the lower table 5 to a lower end of the upper table 7.
[0056] According to this bending method, the depth value can be corrected in a calculation process. Thus, an amount of
pressure applied to the workpiece W by the upper tool 8 and the lower tool 6 can be adjusted, so that a desired bending
state can be obtained at each processing position.
[0057] In the present embodiment, the table output preferably further includes a crowning output for bending one of the
upper table 7 and the lower table 5 relative to the other table.
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[0058] According to this bending method, the crowning output can be corrected in the calculation process. Thus, an
amount of pressure applied to the workpiece W by the upper tool 8 and the lower tool 6 can be adjusted, so that a desired
bending state can be obtained at each processing position.
[0059] In the present embodiment, the M-th process is a process among the first to N-th processes, in which the target
value of the bending angle of the workpiece W is within the predetermined angle range.
[0060] According to this bending method, the bending angle while performing the measuring process can be limited.
Thus, it is possible toconsider measurement accuracy of the bending angle of the workpiece Wand processing accuracy in
case of restarting the bending from a previous process.
[0061] In the present embodiment, the angle range is 165 degrees or more and 175 degrees or less.
[0062] When the bending angle of the workpiece W is larger than 175 degrees, the workpiece W is in a state close to
planar. In consideration of measurement accuracy by an angle sensor, it is preferable to perform the measurement
process in a range in which the bending angle of the workpiece W is 175 degrees or less. On the other hand, when the
bending angle of the workpiece W becomes less than 165 degrees, the bending processes have moved ahead and a rear
end side of the workpiece W is separated from the back gauge. Therefore, the workpiece W cannot abut against the back
gauge. Further, the curved workpiece W rises to protrude toward the operator side, so that it becomes difficult for the
operator to hold the workpiece W. In addition, when the bending angle of the workpiece W is less than 165 degrees, a large
curvature of the workpiece W makes it difficult to bend the workpiece Wat the same processing positions when the bending
is restarted from a previous process. Therefore, the angle range is preferably 165 degrees or more and 175 degrees or
less.
[0063] In the present embodiment, the calculation process includes: calculating the accumulated error in a case where
the bending is continued up to the N-th process, based on the error between the measurement value of the bending angle
of the workpiece W and the target value of the bending angle of the workpiece W at completion of the M-th process; and
correcting the table output so as to cancel out the accumulated error.
[0064] According to this bending method, when the bending angle of the workpiece W is measured, the corrected table
output can be automatically calculated. Thus, the table output can be corrected more easily.
[0065] In the present embodiment, in a case where the bending angle of the workpiece W is measured at one point
between the left and right ends of the workpiece W in the measurement process, the calculation process includes
regarding the measurement value of the bending angle at the one point as the bending state of the workpiece Was a whole,
and uniformly correcting the table output between the left and right ends of the workpiece W based on the measurement
value of the bending angle of the workpiece W. On the other hand, in a case where the bending angle of the workpiece W is
measured at a plurality of points between left and right ends of the workpiece W in the measurement process, the
calculation process includes correcting the table output based on the measurement value of the bending angle of the
workpiece Wat the plurality of points so that the bending angle between the left and right ends of the workpiece W becomes
uniform.
[0066] According to this bending method, in a case where the bending angle of the workpiece W is measured at one
point, the table output can be uniformly corrected by assuming that the workpiece W as a whole has the bending angle.
Further, in a case where the bending angle of the workpiece W is measured at a plurality of points, the correction can be
performed according to each bending angle and bending accuracy is thereby improved. Thus, the correction method can
be switched according to the number of points at which the bending angle is measured, so that a correction method can be
selected according to the needs of the operator.
[0067] In the embodiment described above, the bending angle is measured and the correction value is calculated at a
completion of the third process. However, after the processing is restarted and the fourth to sixth processes are completed,
the bending angle may be measured and the correction value may be calculated. The processing may be restarted from
the fourth process based on the result of the calculation of the correction value.
[0068] Although the processing is restarted from the first process in the embodiment described above, the first process
may be intentionally omitted, and the processing may be restarted from the second process. However, when the
processing is restarted from the first process, the bending state becomes uniform at all processing positions and the
variations in the bending state are most suppressed.
[0069] Although embodiments of the present invention have been described above, the description and drawings
forming part of this disclosure should not be understood as limiting the invention. Various alternative embodiments,
examples and operating techniques will become apparent to those skilled in the art from this disclosure.
[0070] The present disclosure of the present application is related to the subject matter of Japanese Patent Application
No. 2022‑102595 filed with the Japanese Patent Office on June 27, 2022, the entire disclosure of which is incorporated
herein by reference.
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Claims

1. A bending method comprising a series of processes of repeating bending of a workpiece by applying pressure to the
workpiece with an upper tool attached to an upper table and a lower tool attached to a lower table of a press brake from
a first process to an N-th process (where N is a natural number) while feeding the workpiece at a predetermined pitch
so as to bend the workpiece at N processing positions, thereby bending the workpiece at a desired bending angle,
the series of processes comprising:

a measuring process of measuring a bending angle of the workpiece at completion of an M-th process (where M is
a natural number less than N); and
a calculation process of correcting a table output for applying pressure to the workpiece based on a measurement
value of the bending angle of the workpiece measured in the measuring process and a target value of the bending
angle of the workpiece at completion of the M-th process,
wherein, in a case where the table output is corrected, the bending is restarted from a previous process which is
the M-th process or a process before the M-th process based on the corrected table output.

2. The bending method according to claim 1, wherein the M-th process is a process among the first to the N-th processes
in which the bending angle of the workpiece is within a predetermined angle range at completion of the process.

3. The bending method according to claim 2, wherein the angle range is 165 degrees or more and 175 degrees or less.

4. The bending method according to any one of claims 1 to 3, wherein the calculation process comprises:

calculating an accumulated error for the bending continued up to the N-th process based on an error between the
measurement value of the bending angle of the workpiece and the target value of the bending angle of the
workpiece at completion of the M-th process; and
correcting the table output so as to cancel out the accumulated error.

5. The bending method according to any one of claims 1 to 3, wherein,

in a case where the bending angle of the workpiece is measured at one point between left and right ends of the
workpiece in the measuring process, the calculating process comprises regarding the measurement value of the
bending angle of the workpiece at the one point as the bending angle of the workpiece as a whole and uniformly
correcting the table output between the left and right ends of the workpiece; and
in a case where the bending angle of the workpiece is measured at a plurality of points between the left and right
ends of the workpiece in the measuring process, the calculation process comprises correcting the table output
based on the measurement value of the bending angle of the workpiece at the plurality of points so that the
bending angle between the left and right ends of the workpiece becomes uniform.
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