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(57) An NC device (40) obtains, when a plurality of
bending lines set for a part are sequentially bent using a
predetermined tool, an interference region in which the
part interferes with the tool when a tool length of the tool
used for each bending line is virtually extended. The NC
device (40) detects whether or not the interference region
interferes with an additional tool additionally attached to
a tool holder, and determines that the additional tool is
an improperly installed tool when it is detected that the
interference region interferes with the additional tool.
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Description

Technical Field

[0001] The present disclosure relates to a tool improp-
er installation detection device and a tool improper in-
stallation detection method of a press brake.

Background Art

[0002] In a press brake, a punch is installed in a punch
holder provided on an upper table, and a die is installed
in a die holder provided on a lower table. In the press
brake, the upper table is lowered toward the lower table
to bend a sheet metal between the punch and the die.
Instead of installation of the tool (punch or die) in the tool
holder (punch holder or die holder) by an operator, an
automatic tool changer referred to as the ATC may install,
in the tool holder, the tool that is necessary to bend the
sheet metal (see Patent Literature 1 or 2).

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Patent Application
Laid-Open Publication No. 2013-173172
Patent Literature 2: Japanese Patent Application
Laid-Open Publication No. 2014-24118

Summary

[0004] In a state in which a tool is installed in a tool
holder by the ATC to produce a predetermined part, an
operator may additionally attach, to the tool holder, an-
other tool to be used for bending the same part or another
tool to be used for bending another part. At this time, if
the operator attaches the additional tool at a position of
the tool holder at which the additional tool should not be
installed and then executes bending of the part, the part
or the additional tool may be damaged.
[0005] The purpose of one or more embodiments is to
provide a tool improper installation detection device and
a tool improper installation detection method of a press
brake capable of detecting improper installation of an ad-
ditional tool that is attached to a tool holder by an oper-
ator.
[0006] According to a first aspect of the one or more
embodiments, a tool improper installation detection de-
vice of a press brake is provided, which includes an in-
terference region calculation unit configured to obtain,
when a plurality of bending lines set for a part are se-
quentially bent using a predetermined tool, an interfer-
ence region in which the part interferes with the tool when
a tool length of the tool used for each bending line is
virtually extended, and an overlap detection unit config-

ured to detect whether or not the interference region in-
terferes with an additional tool additionally attached to a
tool holder, and determine that the additional tool is an
improperly installed tool when it is detected that the in-
terference region interferes with the additional tool.
[0007] According to a second aspect of the one or more
embodiments, a tool improper installation detection
method of a press brake is provided, which includes ob-
taining, by a control device for controlling the press brake,
when a plurality of bending lines set for a part are se-
quentially bent using a predetermined tool, an interfer-
ence region in which the part interferes with the tool when
a tool length of the tool used for each bending line is
virtually extended, and detecting, by the control device
for controlling the press brake, whether or not the inter-
ference region interferes with an additional tool addition-
ally attached to a tool holder, and determining that the
additional tool is an improperly installed tool when it is
detected that the interference region interferes with the
additional tool.
[0008] According to the tool improper installation de-
tection device and the tool improper installation detection
method of a press brake of the one or more embodiments,
improper installation of an additional tool that is attached
to a tool holder by an operator can be detected.

Brief Description of Drawings

[0009]

[Figure 1]
Figure 1 is a diagram showing a configuration exam-
ple of a press brake 100 provided with a tool improper
installation detection device of one or more embod-
iments.
[Figure 2]
Figure 2 is a block diagram showing a configuration
example of a data management server 20 shown in
Figure 1.
[Figure 3]
Figure 3 is a flowchart showing processing of creat-
ing a processing program to be executed by a
processing program creation device 30 shown in Fig-
ure 1.
[Figure 4]
Figure 4 is a plan view showing a part P1 that is an
example of a part to be bent by the press brake 100.
[Figure 5]
Figure 5 is a plan view showing two tool stations
used in bending steps of two bending lines BL1 and
BL2 of the part P1 shown in Figure 4.
[Figure 6]
Figure 6 is a plan view showing bending positions of
the part P1 in the two bending steps.
[Figure 7]
Figure 7 is a flowchart showing processing of bend-
ing of a part to be executed by an NC device 40
shown in Figure 1, including a tool improper instal-
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lation detection method of the one or more embod-
iments.
[Figure 8]
Figure 8 is a perspective view showing a basic model
of calculation processing of an interference region.
[Figure 9]
Figure 9 is a plan view showing a calculation result
of the interference region when the part P1 is bent
along the bending line BL1.
[Figure 10]
Figure 10 is a flowchart showing detailed processing
of step S16 shown in Figure 7.
[Figure 11]
Figure 11 is a diagram showing a state in which the
interference region obtained in Figure 9 is reflected
on an axis in a longitudinal direction of a tool holder,
in correspondence to an attachment position of a
tool with respect to the tool holder when the part P1
is bent along the bending line BL1.
[Figure 12]
Figure 12 is a block diagram showing an internal
configuration example of the NC device 40 that re-
alizes the tool improper installation detection device
of the one or more embodiments.

Description of Embodiments

[0010] Hereinafter, a tool improper installation detec-
tion device and a tool improper installation detection
method of a press brake of one or more embodiments
will be described with reference to the attached drawings.
In Figure 1, a press brake 100 is provided with an upper
table 11 that can move up and down and a lower table
13 whose position is fixed. A punch holder 12 to which a
punch Tp is attached is provided at the lower end of the
upper table 11. A die holder 14 to which a die Td is at-
tached is provided at the upper end of the lower table 13.
The punch Tp and the die Td may be each referred to as
a tool, and the punch holder 12 and the die holder 14
may be each referred to as a tool holder.
[0011] A sheet metal W to be bent to produce a pre-
determined product is placed on the die Td. An unillus-
trated operator may grab the sheet metal W and place
the sheet metal W on the die Td, or an unillustrated robot
may grab the sheet metal W and place the sheet metal
W on the die Td. The press brake 100 is provided with a
back gauge 15 for positioning the sheet metal W. The
back gauge 15 includes a pair of abutments 150. The
abutments 150 are configured to move according to a
position of the sheet metal W in a vertical direction and
a position at which the sheet metal W is bent. The end
portion on the inner part of the sheet metal W is abutted
against the abutment 150 so that the sheet metal W is
positioned.
[0012] The press brake 100 is provided with an oper-
ation panel 16. The operation panel 16 includes a display
unit 161 for displaying various information and an oper-
ation unit 162 including a plurality of operation buttons.

The operation unit 162 includes a processing start button
1620 that is pressed when bending is started.
[0013] An NC device 40 controls the overall operation
of the press brake 100. Specifically, the NC device 40
controls raising and lowering of the upper table 11, and
controls the back gauge 15. The NC device 40 is an ex-
ample of a control device for controlling the press brake
100.
[0014] The press brake 100 is provided with a tool in-
stallation position detection unit 50. The NC device 40
and the tool installation position detection unit 50 are pro-
vided as configurations of the press brake 100. The tool
installation position detection unit 50 may be provided
outside the NC device 40, or may be provided inside the
NC device 40. The configuration provided outside the NC
device 40 and the NC device 40 may constitute the tool
installation position detection unit 50. As an example, the
configuration described in Patent Literature 2 can be
adopted as the tool installation position detection unit 50.
[0015] The NC device 40 is connected to a data man-
agement server 20. A processing program creation de-
vice 30 is also connected to the data management server
20. The NC device 40 and the processing program cre-
ation device 30 may be connected to the data manage-
ment server 20 via a network. The processing program
creation device 30 is composed of a computer device
that functions as computer aided manufacturing (CAM).
[0016] As shown in Figure 2, the data management
server 20 is provided with a part data management da-
tabase 201 and a processing program management da-
tabase 202. A plurality pieces of part data are stored in
the part data management database 201. A plurality of
processing programs created by the processing program
creation device 30 are stored in the processing program
management database 202.
[0017] Processing in which the processing program
creation device 30 creates the processing program will
be described with reference to a flowchart shown in Fig-
ure 3. In step S1 of Figure 3, the processing program
creation device 30 reads out and acquires the part data
of a part to be processed from the part data management
database 201. As an example, it is assumed that the
processing program creation device 30 has acquired the
part data of a part P1 shown in Figure 4. A cutout 10c is
formed in the part PI, and a portion surrounded by the
cutout 10c is a cut and raised piece 10.
[0018] In step S2, the processing program creation de-
vice 30 sets a bending step to each bending line of the
part. In the part P1 shown in Figure 4, the processing
program creation device 30 sets a bending line BL1,
which is set at the base of the cut and raised piece 10,
as an initially performed first bending step, and sets a
bending line BL2 as a secondly performed second bend-
ing step. The bending lines of the part are set in the part
data.
[0019] In step S3, the processing program creation de-
vice 30 selects the punch Tp and the die Td to be used
in each bending step, and determines a tool length. The
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processing program creation device 30 selects the punch
Tp and the die Td to be used in each bending step from
tools managed by an unillustrated tool management da-
tabase.
[0020] In Figure 4, the length of the bending line BL1
is L1, and the length of the bending line BL2 is L2. The
bending line BL1 can be bent even if the tool has a length
that is shorter by an allowable length La at each of both
ends of the bending line BL1 that is L1. Therefore, the
shortest tool length that allows the bending line BL1 to
be bent is a length L1a. In bending the bending line BL1,
the tool can be lengthened up to the cutout 10c. There-
fore, the longest tool length that allows the bending line
BL1 to be bent is L1max.
[0021] In the same manner, the bending line BL2.can
be bent even if the tool has a length that is shorter by an
allowable length La at each of both ends of the bending
line BL2 that is L2. Therefore, the shortest tool length
that allows the bending line BL2 to be bent is a length
L2a. The allowable length La for the bending line BL1
and the allowable length La for the bending line BL2 are
not the same. In bending the bending line BL2, the tool
length can be extended to the left and right without limi-
tation. The processing program creation device 30 se-
lects the punch Tp and the die Td that are tools managed
by the tool management database, each of which has a
length equal to or longer than the shortest tool length and
equal to or shorter than the longest tool length when the
longest tool length is set.
[0022] Returning to Figure 3, in step S4, the processing
program creation device 30 sets a position of each tool
station. The position of the tool station is a position on
the axis in the left-right direction on which the punch Tp
is attached to the punch holder 12 and the die Td is at-
tached to the die holder 14. The axis in the left-right di-
rection, which is the longitudinal direction of the punch
holder 12 and the die holder 14, is defined as the x-axis.
As an example, as shown in Figure 5, the processing
program creation device 30 sets a punch Tp1 and a die
Td1 to be used in the first bending step to a tool station
St1, and sets a punch Tp2 and a die Td2 to be used in
the second bending step to a tool station St2.
[0023] At this time, the tool station St2 needs to be set
at a position at which the punch Tp2 and the die Td2 do
not interfere with the part P1 when the part P1 is bent in
the first bending step. When the length from the end por-
tion of the cutout 10c to the end portion of the part P1
shown in Figure 4 is defined as L12, the tool station St1
and the tool station St2 need to be separated by at least
the length L12. The processing program creation device
30 can obtain the length L12 by calculation processing
of an interference region that will be described later.
[0024] In step S5, the processing program creation de-
vice 30 sets a bending position in each bending step.
Specifically, as shown in Figure 6, the processing pro-
gram creation device 30 sets the positions at which the
bending line BL1 and the line BL2 are bent with respect
to the lengths of the die Td1 and the die Td2 in the left-

right direction, respectively. Typically, the bending posi-
tions are set such that the center of each length of the
bending line BL1 and the line BL2 coincides with the cent-
er of each length of the die Td1 and the die Td2.
[0025] In step S6, the processing program creation de-
vice 30 sets a position of the pair of abutments 150 when
the part is bent in each bending step.
[0026] In step S7, the processing program creation de-
vice 30 creates a bending program for bending the part
based on each information set in steps S2 to S6, stores
the bending program in the processing program man-
agement database 202, and ends the processing.
[0027] Next, processing in which the NC device 40
bends the part will be described with reference to a flow-
chart shown in Figure 7. In step S11 of Figure 7, the NC
device 40 acquires the part data of the part to be proc-
essed from the part data management database 201,
and the bending program for the part to be processed
from the processing program management database
202. It is assumed that the NC device 40 has acquired
the part data of the part P1 shown in Figure 4 and the
bending program for the part P1.
[0028] In step S12, the NC device 40 displays a setting
state of the bending on the display unit 161 of the oper-
ation panel 16. Specifically, the NC device 40 displays,
as the setting state, an image showing the positions of
the tool stations St1 and St2 with respect to the punch
holder 12 and the die holder 14 and the bending position
of the part P1 in each bending step in the same manner
as Figure 6.
[0029] In step S13, the operator presses the process-
ing start button 1620. When the processing start button
1620 is pressed, the upper table 11 is brought into a state
in which the upper table 11 can be lowered by an oper-
ation of an unillustrated foot button. However, in the one
or more embodiments, the presence or absence of im-
proper installation of the tool is detected by the process-
ing of step S14 and thereafter, and if the improper instal-
lation of the tool is not detected, the operator can operate
the foot button to lower the upper table 11. If the improper
installation of the tool is detected, the state in which the
upper table 11 can be lowered is released.
[0030] When the operator presses the processing start
button 1620, the NC device 40 executes the calculation
processing of the interference region in step S14.
[0031] With reference to Figure 8, a basic model of the
calculation processing of the interference region will be
described. A case is considered in which a part Px of the
basic model shown in Figure 8 is bent along a bending
line BLx of a bending region Ax1. It is assumed that the
part Px is virtually bent at the position of the bending line
BLx using a punch Tpx and a die Tdx that are tool models
each having an infinite length. At this time, since regions
Ax2 and Ax3 interfere with the punch Tpx and the die
Tdx, the regions Ax2 and Ax3 are interference regions
Ax2 and Ax3. Between the bending region Ax1 and the
interference region Ax2 is a non-interference region Ax12
and between the bending region Ax1 and the interference
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region Ax3 is a non-interference region Ax13. The tool
models each having an infinite length are used here, but
in the calculation processing of the interference region,
it is sufficient to consider bending the part using a tool
having a length exceeding the size of the part.
[0032] As shown in Figure 9, when the calculation
processing of the interference region at the time of bend-
ing the part P1 along the bending line BL1 is executed,
the range of the bending line BL1 is the bending region
Ax1, the region on the left side of the cutout 10c is the
interference region Ax2, and the region on the right side
of 10c is the interference region Ax3. The width portions
of the cutout 10c on the left and right sides of the cut and
raised piece 10 are the non-interference regions Ax12
and Ax13. The width of the interference region Ax3 cor-
responds to the distance L12.
[0033] In step S15, the NC device 40 acquires an at-
tachment position of the tool detected by the tool instal-
lation position detection unit 50. The NC device 40 ac-
quires an attachment position of the additional tool man-
ually added by the operator other than the tool installed
by the ATC in the punch holder 12 or the die holder 14.
In step S16, the NC device 40 detects an overlap between
the interference region and the attachment position of
the additional tool.
[0034] Figure 10 shows the detailed processing of step
S16. In step S161, the NC device 40 calculates a coor-
dinate range (a first coordinate range) of the interference
region on the x-axis of the punch holder 12 and the die
holder 14 in each bending step.
[0035] Figure 11 shows a state in which the interfer-
ence region obtained in Figure 9 is reflected on the x-
axis in correspondence to the attachment position of the
die Td1 with respect to the die holder 14 when the part
P1 is bent along the bending line BL1. Specifically, the
NC device 40 arranges the bending region Ax1 such that
the center of the bending region Ax1 coincides with the
center of the length of the die Td1, and arranges the non-
interference regions Ax12 and Ax13 on the left and right
side of the bending region Ax1. The NC device 40 sets
the interference region Ax2 on the left side of the left end
of the non-interference region Ax12, and sets the inter-
ference region Ax3 for the right end of the non-interfer-
ence region Ax13. In Figure 11, for the sake of simplicity,
the punch holder 12 and the punches Tp1 and Tp2 are
not illustrated.
[0036] For example, the left end portions of the punch
holder 12 and the die holder 14 have a coordinate value
of 0. The range from a coordinate value at the left end
portion to a coordinate value at the right end portion of
the interference region Ax2 and the range from a coor-
dinate value at the left end portion to a coordinate value
at the right end portion of the interference region Ax3 are
the coordinate range of the interference region on the x-
axis.
[0037] In step S162, the NC device 40 acquires a co-
ordinate range (a second coordinate range) on the x-axis
of the additional tool detected by the tool installation po-

sition detection unit 50. The range from a coordinate val-
ue at the left end portion to a coordinate value at the right
end portion of the additional tool is the coordinate range
of the additional tool.
[0038] In step S163, the NC device 40 detects an over-
lap between the coordinate range of the interference re-
gion and the coordinate range of the additional tool. For
example, if a die Td+, which is an additional tool, is at-
tached at a position shown by the broken line in Figure
11, the coordinate range of the interference region over-
laps with the coordinate range of the additional tool. If
the coordinate range of the interference region overlaps
with the coordinate range of the additional tool, the NC
device 40 determines that the additional tool is an im-
properly installed tool.
[0039] Returning to Figure 7, in step S17, the NC de-
vice 40 determines whether or not the coordinate range
of the interference region overlaps with the range of the
coordinate values of the additional tool. If there is no over-
lap (NO), the NC device 40 executes bending of the parts
in step S18, and ends the processing. If there is an over-
lap (YES), the NC device 40 displays, in step S19, that
an error has occurred on the display unit 161 of the op-
eration panel 16, stops bending of the part, and ends the
processing.
[0040] The NC device 40 may stop bending of the part
and end the processing without displaying on the display
unit 161 that an error has occurred. It is preferable that
the NC device 40 displays on the display unit 161 that
an error has occurred. The NC device 40 may generate
a sound to notify the operator that an error has occurred.
[0041] Figure 12 shows a configuration example of the
NC device 40 that realizes the processing shown in Fig-
ure 7. In Figure 12, an interference region calculation unit
401 executes calculation processing for obtaining, when
the plurality of bending lines set for the part are sequen-
tially bent using the predetermined tool based on the part
data and the processing program, the interference region
in which the part interferes with the tool when the tool
length of the tool to be used for each bending line is vir-
tually extended. A coordinate range calculation unit 402
calculates, based on the interference region, the first co-
ordinate range on the x-axis in which the tool is not al-
lowed to be attached to the tool holder.
[0042] The tool installation position detection unit 50
detects the second coordinate range on the x-axis in
which the additional tool is attached to the tool holder.
An overlap detection unit 403 acquires the second coor-
dinate range. The overlap detection unit 403 detects
whether or not the interference region interferes with the
additional tool attached to the tool holder, and determines
that the additional tool is an improperly installed tool when
it is detected that the interference region interferes with
the additional tool. Specifically, the overlap detection unit
403 detects whether or not the first coordinate range
overlaps with the second coordinate range, and deter-
mines that the additional tool is an improperly installed
tool when it is detected that the first coordinate range
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overlaps with the second coordinate range.
[0043] It is preferable that the NC device 40 is provided
with a display control unit 404 for controlling the display
unit 161 to display that an error has occurred when the
overlap detection unit 403 determines that the additional
tool is an improperly installed tool. It is preferable that
the overlap detection unit 403 controls a bending execu-
tion unit 405 to stop bending of the part when the overlap
detection unit 403 determines that the additional tool is
an improperly installed tool after start of processing of
the part is instructed. The bending execution unit 405
controls each part of the press brake 100 such that bend-
ing of the part is executed based on the processing pro-
gram unless the overlap detection unit 403 determines
that the additional tool is an improperly installed tool.
[0044] The present invention is not limited to the one
or more embodiments described above, and various
modifications can be made without departing from the
summary of the present invention.
[0045] The present application claims priority based
on Japanese Patent Application No. 2019-166132 filed
with the Japan Patent Office on September 12, 2019,
and all the disclosures thereof are incorporated herein
by reference.

Claims

1. A tool improper installation detection device of a
press brake, comprising:

an interference region calculation unit config-
ured to obtain, when a plurality of bending lines
set for a part are sequentially bent using a pre-
determined tool, an interference region in which
the part interferes with the tool when a tool length
of the tool used for each bending line is virtually
extended; and
an overlap detection unit configured to detect
whether or not the interference region interferes
with an additional tool additionally attached to a
tool holder, and determine that the additional
tool is an improperly installed tool when it is de-
tected that the interference region interferes with
the additional tool.

2. The tool improper installation detection device of a
press brake according to Claim 1, further comprising:

a coordinate range calculation unit configured
to calculate, based on the interference region,
a first coordinate range in which a tool is not
allowed to be attached to the tool holder; and
a tool installation position detection unit config-
ured to detect a second coordinate range in
which the additional tool is attached to the tool
holder, wherein
the overlap detection unit detects whether or not

the first coordinate range overlaps with the sec-
ond coordinate range, and determines that the
additional tool is an improperly installed tool
when it is detected that the first coordinate range
overlaps with the second coordinate range.

3. The tool improper installation detection device of a
press brake according to Claim 1 or 2, further com-
prising a display control unit configured to control a
display unit to display that an error has occurred
when the overlap detection unit determines that the
additional tool is an improperly installed tool.

4. The tool improper installation detection device of a
press brake according to any one of Claims 1 to 3,
wherein the overlap detection unit controls a bending
execution unit to stop bending of the part when the
additional tool is determined to be an improperly in-
stalled tool.

5. A tool improper installation detection method of a
press brake, comprising:

obtaining, by a control device for controlling the
press brake, when a plurality of bending lines
set for a part are sequentially bent using a pre-
determined tool, an interference region in which
the part interferes with the tool when a tool length
of the tool used for each bending line is virtually
extended; and
detecting, by the control device for controlling
the press brake, whether or not the interference
region interferes with an additional tool addition-
ally attached to a tool holder, and determining
that the additional tool is an improperly installed
tool when it is detected that the interference re-
gion interferes with the additional tool.

6. The tool improper installation detection method of
the press brake according to Claim 5, further com-
prising:

calculating, by the control device, based on the
interference region, a first coordinate range in
which a tool is not allowed to be attached to the
tool holder;
detecting, by the control device, a second coor-
dinate range in which the additional tool is at-
tached to the tool holder, or acquiring the second
coordinate range detected by the tool installa-
tion position detection unit; and
detecting, by the control device, whether or not
the first coordinate range overlaps with the sec-
ond coordinate range, and determining that the
additional tool is an improperly installed tool
when it is detected that the first coordinate range
overlaps with the second coordinate range.
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7.  The tool improper installation detection method of
the press brake according to Claim 5 or 6, further
comprising displaying, on a display unit, that an error
has occurred when the control device determines
that the additional tool is an improperly installed tool.

8. The tool improper installation detection method of
the press brake according to any one of Claims 5 to
7, further comprising stopping bending of the part
when the control device determines that the addi-
tional tool is an improperly installed tool.
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