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DESCRIPTION

Title of Invention

PROCESSING APPARATUS AND PROCESS OF PRODUCING A
WORKPIECE

Technical Field

[0001] The present disclosure relates to a processing apparatus and a
method of producing a workpiece.

Background Art

[0002] Patent Literature 1 discloses a spot welding device provided
with a workpiece fixing table that holds a body panel of a car or the like,
as a workpiece, and a robot that applies spot welding to the workpiece.
Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Patent Publication
No. 2008-279496

Summary of Invention

Technical Problem

[0004] In the machining apparatuses using robots, an apparatus that can
apply machining to a workpiece in a wide range with an individual
robot has been desired in terms of easiness of facility construction or
reduction of the number of the robots, and the like. Therefore, an
objective of the present disclosure is to provide a machining apparatus
and a production method that can apply machining to a workpiece in a
wide range with an individual robot.

Solution to Problem
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[0005] A machining apparatus according to the present disclosure
includes: a first robot including: a rotating portion, a first arm portion, a
second arm portion, a wrist portion, and a tip portion mutually
connected in series; a first actuator configured to rotate the rotating
portion around a first axis; a second actuator configured to swing the
first arm portion around a second axis; a third actuator configured to
swing the second arm portion around a third axis; a plurality of posture
adjustment actuators configured to adjust a posture of the tip portion; a
distance adjustment actuator configured to adjust a distance between the
second axis and the third axis; and an end effector provided to the tip
portion and configured to apply machining to a workpiece, and the first
robot is positioned such that a tip portion of the first arm portion or a
base end portion of the second arm portion interferes with the
workpiece when the first arm portion is rotated around the second axis,
where the distance is made longest, in a state where the first robot
exactly faces the workpiece.

[0006] A method of producing a workpiece according to the present

 disclosure includes, using the machining apparatus, controlling the first

robot to move the end effector to a plurality of portions to be machined
of the workpiece, and controlling the first robot to apply machining to
the portion to be machined with the end effector in a state where the end
effector is arranged to the portion to be machined, controlling the first
robot to move the end effector to a plurality of portions to be machined
of the workpiece including moving of the end effector between a
position higher than a base end of the first arm portion and a position

lower than the base end of the first arm portion while changing a
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distance between the second axis and the third axis with the distance
adjustment actuator.
Advantageous Effects of Invention
[0007] According to the present disclosure, machining can be applied to
a workpiece in a wide range with an individual robot.
Brief Description of Drawings
[0008] FIG. 1 is a schematic view illustrating a schematic configuration
of a machining apparatus according to a first embodiment.

FIGS. 2A and 2B are schematic views illustrating an
arrangement condition of a first robot.

FIG. 3 is a plan view illustrating a state in which the first robot
exactly faces a workpiece.

FIG. 4 is a schematic view illustrating an arrangement condition
of the first robots.

FIG. 5 is a schematic view illustrating another arrangement
condition of the first robots.

FIG. 6 is a schematic view illustrating still another arrangement
condition of the first robots.

FIG. 7 is a schematic view illustrating still another arrangement
condition of the first robots.

FIG. 8 is a schematic view illustrating still another arrangement
of the first robots.

FIG. 9 is a hardware configuration diagram of a controller.

FIG. 10 is a flowchart illustrating a machining procedure, using
the first robot.

FIG. 11 is a flowchart illustrating a generation procedure of an

3
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operation pattern.

FIGS. 12A to 12F are schematic views illustrating postures of
the first robot during execution of machine.

FIG. 13 is a diagram exemplarily illustrating an action of a
distance adjustment actuator.

FIG 14 is a perspective view illustrating another arrangement
example of the first robots.

FIG. 15 is a perspective view illustrating still another
arrangement example of the first robot.

FIG 16 is a schematic view illustrating a schematic
configuration of a machining apparatus according to a second
embodiment. |

FIG. 17 is a plan view illustrating movable ranges of robots.

FIG. 18 is a perspective view illustrating another arrangement
example of the robots.

FIG. 19 is a perspective view illustrating still another example of
the robots.

FIG. 20isa perspe‘ctive view illustrating still another example of
the robots. |
Description of Embodiments
[0009] Hereinafter, embodiments will be described in detail with
reference to the drawings. In the description, the same elements or
elements having the same function are denoted with the same reference
sign, and overlapping description is omitted.

[0010] 1. First Embodiment
[Machining Apparatus]
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As illustrated in FIG 1, a machining apparatus 1 (processing
apparatus) includes two robots 10 (first robots), a controller 100, and a
programming pendant 120.

[0011] (Rebot)

The robots 10 perform machining of a workpiece W of a body of
an automobile. As an example, the robot 10 includes a base 11, a
rotating portion 12, a first arm portion 13, a second arm portion 14, a
wrist portion 15, a tip portion 16, an end effector 17, a first actuator 21,
a second actuator 22, a third actuator 23, a fourth actuator 24, a fifth
actuator 25, a sixth actuator 26, and a seventh actuator 27.

[0012] The base 11 is fixed to a floor surface (installation surface), and
supports the entire robot 10. That is, all of the plurality of robots 10
are fixed to the installation surface. |

[0013] The rotating portion 12, the first arm portion 13, the second arm
portion 14, the wrist portion 15, and the tip portion 16 are mutually
connected in series. The rotating portion 12 is provided to the base 11,
and is rotatable around a vertical first axis Ax1 (along a z axis in the
drawing). In the description below, a “tip” means an end of a side of
the tip portion 16, and a “tip portion” means a tip and a portion in the
vicinity of the tip. A “base end” means an end of a side of the base 11,

and a “base end portion” means a base end and a portion in the vicinity

- of the base end.

[0014] The first arm portion 13 is swingable around a horizontal second
axis Ax2 that passes through a connecting portion of the rotating portion
12 and the first arm portion 13.

[0015] The second arm portion 14 is swingable around a horizontal
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third axis Ax3 that passes through a connecting portion of the first arm
portion 13 and the second arm portion 14. The third axis Ax3 is
parallel to the second axis Ax2, The second arm portion 14 is rotatable
around a fifth axis Ax5 along a central axis.

[0016] The wrist portion 15 is swingable around a fourth axis Ax4 that
passes through a connecting portion of the second arm portion 14 and
the wrist portion 15.

[0017] The tip portion 16 is rotatable around a sixth axis Ax6 along a
central axis of the wrist portion 15.

[0018] The end effector 17 is a spot welding device, for example, and is
provided to the tip portion 16. As an example, the end effector 17 is
detachably attached to the tip portion 16, and is exchangeable with
another end effector. The end effector 17 may be integrated with the
tip portion 16. The end effector 17 may be any tool as long as the tool
is a tool for machining, and is not limited to the spot welding device.
For example, the end effector 17 may be an arc welding device or a
cutter, a screwing device, or the like for workpiece other than welding,.
[0019] Here, the first arm portion 13 is configured from links 13A and
13B that are mutually connected in series, The link 13A is connected
to the fotating portion 12, and the link 13B is connected to the second
arm portion 14. The first arm portion 13 is bendable around a seventh
axis Ax7 that passes through a connecting portion of the links 13A and
13B. In other words, the link 13B is swingable around the seventh
axis Ax7 that passes through the connecting portion of the links 13A and
13B. The seventh axis Ax7 is parallel to the second axis Ax2 and the
third axis Ax3.
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[0020] The first actuator 21 is provided to the base 11, for example, and
rotates the rotating portion 12 around the first axis Ax1.

[0021] The second actuator 22 is provided to the rotating portion 12, for
example, and swings the first arm portion 13 around the second axis
Ax2,

[0022] The third actuator 23 is provided to a tip portion of the first arm
portion 13, for example, and swings the second arm portion 14 around
the third axis Ax3.

[0023] The fifth actuator 25 is provided to a base end portion of the
second arm portion 14, for example, and rotates the second arm portion
14 around the fifth axis Ax5. Since the wrist portion 15 is connected
to the second arm portion 14, rotating of the second arm portion 14
corresponds to rotating of the wrist portion 15. That is, the fifth
actuator 25 rotates the wrist portion 15 around the fifth axis Ax5.

[0024] The fourth actuator 24 is provided to a tip portion of the second
arm portion 14, for example, and swings the wrist portion 15 around the
fourth axis Ax4.

[0025] The sixth actuator 26 is provided to the wrist portion 15, for
example, and rotates the tip portion 16 around the sixth axis Ax6. -
[0026] The fourth actuator 24, the fifth actuator 25, and the sixth
actuator 26 are an example of a plurality of posture adjustment actuators
that adjusts the posture of the tip portion 16.

[0027] The seventh actuator 27 (distance adjustment actuator) adjusts a
distance L1 between the second axis Ax2 and the third axis Ax3. As
iltustrated in FIGS. 2A and 2B, the seventh actuator 27 adjusts the
distance L1 between a longest distance L.11 and a shortest distance L12.
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[0028] As illﬁstrated in FIG. 1, the seventh actuator 27 is provided to a
tip portion of the link 13A, and bends the first arm portion 13 around
the seventh axis Ax7. In other words, the seventh actuator 27 swings
the link 13B around the seventh axis Ax7. In this configuration, the
longest distance L11 is the distance L1 in a state where the first arm
portion 13 is not bent (a state where the link 13B is not inclined with
respect to the link 13A). The shortest distance L12 is the distance L1
in a state where the first arm portion 13 is bent to the movable limit of
the seventh actuator 27.
[0029] The seventh actuator 27 is not necessarily the one that bend the
first arm portion 13, and any actuator may be employed as long as the
actuator can adjust the distance L1 between the second axis Ax2 and the
third axis Ax3. For example, the seventh actuator 27 may be a direct
acting actuator that expands/contracts the first arm portion 13.
[0030] As described above, the robot 10 is configured by adding
redundant dégree of freedom for adjusting the distance L1 between the
second axis Ax2 and the third axis Ax3 to a so-called 6-axis robot in
which position and posture of the tip portion 16 are freely changeable.
The actuators 21 to 26 are configured from electric servo motors, gear
heads, brakes, and the like. The servo motors, gear heads, brakes, and
the like are not necessarily arranged on the axes Ax1 to Ax7, and may
be arranged in positions separated from these axes.
[0031] (Conveyance Device) ‘

The machining apparatus 1 may further include a conveyance
device 30. The conveyance device 30 conveys the workpiece W to

change a relative position of the workpiece W and the robot 10. Asan
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example, the conveyance device 30 includes a pallet 31 (workpiece
arranging portion) and a conveyance actuator 32. The pallet 31
supports the workpiece W. The conveyance actuator 32 conveys the
pallet 31 along a horizontal straight line (along an x axis illustrated in
the drawing), using an electric motor or a hydraulic motor as a power
source.

[0032] (Arrangement of Robot)

As illustrated in FIG. 2A, the robot 10 is positioned to cause the
tip portion DP1 of the first arm portion 13 or the base end portion PP2
of the second arm portion 14 to interfere with the workpiece W when
the first arm portion 13 is rotated around the second axis Ax2, where the
distance L1 is the longest distance L.11, in a state where the robot 10
exactly faces the workpiece W (hereinafter, this condition is referred to
as “arrangement condition 17).

[0033] As illustrated in FIG. 2B, the robot 10 may be positioned to
cause the tip portion DP1 of the first arm portion 13 and the base end
portion PP2 of the second arm portion 14 not to interfere with the
workpiece W when the first arm portion 13 is rotated around the second
axis Ax2, where the distance L1 is the shortest distance 112, in a state
where the robot 10 exactly faces the workpiece W (hereinafter, this
condition is referred to as “arrangement condition 2”).

[0034] Note that the “exactly face” means a state in which the base end
PE1 {an intersection point of the central axis of the first arm portion 13
and the second axis Ax2) of the first arm portion 13 is positioned
between the first axis Ax1 and the workpiece W in plan view, and is

positioned on a perpendicular line PL from the first axis Ax1 to the
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workpiece W, as illustrated in FIG. 3.

[0035] A detailed condition for satisfying the arrangement condition 1,
2 will be exemplarily described with reference to FIG. 4.  As illustrated
in FIG. 4, the robot 10 may be positioned to cause a distance from the
workpiece W to the base end PE1 of the first arm portion 13 to become
less than a third length L13, in a state where the robot 10 exactly faces
the workpiece W (hereinafter, this condition is referred to as
“arrangement condition 1a”). The third length L13 is a distance from
the base end PEL of the first arm portion 13 to a distal portion on an
external peripheral surface of the second arm portion 14, in a state
where the second arm portion 14 is vertical to a straight line
perpendicular to the second axis Ax2 and the third axis Ax3, where the
distance L1 is the longest distance L1l. The “distal portion on the
external peripheral surface of the second arm portion 14” is a portion at
an opposite side to the second axis Ax2, of the external peripheral
surface of the second arm portion 14. When the arrangerﬁent of the
robot 10 satisfies the arrangement. condition la, the arrangement
condition 1 is also satisfied.

[0036] The robot 10 may be positioned to cause the distance from the
workpiece W to the base end PE1 of the first arm portion 13 to exceed a
fourth length L14, in a state where the robot 10 exactly faces the
workpiece W (hereinafter, this condition is referred to as “arrangement
condition 2a”), The fourth length L14 is a distance from the base end
PE1 of the first atm portion 13 to the distal portion of the external
peripheral surface of the second arm portion 14, in a state where the

second arm portion 14 is vertical to the straight line perpendicular to the

10
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second axis Ax2 and the third axis Ax3, where the distance L1 is the
shortest distance L12. 'When the arrangement of the robot 10 satisfies
the arrangement condition 2a, the arrangement condition 2 is also
satisfied.
[0037] As illustrated in FIG. 5, the robot 10 may be positioned such that
a distance from a highest portion to be machined P1 in the workpiece W
to the base end PE1 of the first arm portion 13, and a distance from a
lowest portion to be machined P1 in the workpiece to the base end PE1
of the first arm portion 13 become a length La obtained by a formula (1)
or less, in a state where the robot 10 exactly faces the workpiece W.

La=L11+L21+L31 .. (1)

L11: the longest distance from the second axis Ax2 to the third
axis Ax3

L.21: the distance from the third axis Ax3 to the fourth axis Ax4

L.31: the distance from the fourth axis Ax4 to the end effector 17

Note that the “distance to the end effector 17" means a distance
to a portion of the end effector 17, the portion acting on the portion to
be machined P1 (hereinafter, referred to as “acting portion”).
[0038] As illustrated in FIG. 6, the robot 10 may be positioned such that
a distance from the position of the fourth axis Ax4 to the base end PE1
of the first arm portion 13 when the end effector 17 is arranged to be
able to apply machining to the highest portion to be machined P1 in the
workpiece W, and the distance from the position of the fourth axis Ax4
to the base end PE1 of the first arm portion 13 when the end effector 17
is arranged to be able to apply machining to the lowest portion to be
machined P1 in the workpiece W become a length Lb obtained by a

11
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formula (2) or less, in a state where the robot 10 exactly faces the
workpiece W.
Lb=L11+L21 .. (2)

[0039] Arrangement of the end effector 17 to the portion to be
machined P1 means arrangement of the acting portion of the end
effector 17 to the portion to be machined P1. A posture of the end
effector 17 by which machining can be applied to the portion to be
machined P1 is determined in accordance with a state of the portion to
be machined P1. For example, when the end effector 17 is a spot
welding device, the posture of the end effector 17 is determined to be
able to sandwich an object to be welded with electrodes. As an
example, FIG. 6 exemplarily illustrates a case in which the posture of
the end effector 17 by which machining can be applied to the portion to
be machined P1 is vertical (a case in which the central axis of the wrist
portion 15 extends along a vertical axis). In consideration of such a
case, the robot 10 may be positioned such that the distance from the
position of the fourth axis Ax4 to the base end PE1 of the first arm
portion 13 when the wrist portion 15 is oriented downward in the
vertical direction and the end effector 17 is arranged to the highest
portion to be machined P1 in the workpiece W, and the distance from
the position of the fourth axis Ax4 to the base end PEI1 of the first arm
portion 13 when the wrist portion 15 is oriented upward in the vertical
direction and the end effector 17 is arranged to the lowest portion to be
machined P1 in the workpiece W, in a state where the robot 10 exactly
faces the workpiece W become a length Lb obtained by the formula (2)

or less.

12
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[0040] As illustrated in FIG 7, the robot 10 may be positioned to cause
the height of the base end PE1 of the first arm portion 13 to become a
height Ha obtained by a formula (3) or more.

Ha=HH-L21'cosB-L11 .. (3)

HH: the height of the foﬁrth axis when the wrist portion is
oriented downward in the vertical direction and the end effector is
positioned to the highest portion to be machined in the workpiece

0: the minimum value of an angle made by a straight line
perpendicular to the third axis Ax3 and the fourth axis Ax4, and the
central axis of the wrist portion 15

Note that the “minimum value of an angle” means a minimum
value in the movable range.

[0041] The robot 10 may be positioned to cause the height of the base
end PE1 of the first arm portion 13 to become a height Hb obtained by a
formula (4) or less.

Ho=HL+L2l-cos6+L11 .. (4)

HL: the height of the fourth axis when the wrist portion is
oriented upward in the vertical direction, and the end effector is
arranged to the lowest portion to be machined in the workpiece
[0042] Asillustrated in FIG. 8, the robot 10 may be positioned such that
a distance from a position to the base end PE1 of the first arm portion
13, the position being obtained such that the position of the fourth axis
Ax4 when the wrist portion 15 is oriented downward in the vertical
direction and the end effector 17 is positioned to the highest portion to
be machined P1 in the workpiece W is shifted to a front side by a
distance Lc obtained by a formula (5), and is shifted downward by a

13
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height He obtained by a formula (6), and a distance from a position to
the base end PE1 of the first arm portion 13, the position being obtained
such that the position of the fourth axis Ax4 when the wrist portion 15 is
oriented upward in the vertical direction and the end effector 17 is
arranged to the lowest portion to be machined P1 in the workpiece W is
shifted to the front side by the distance Lc obtained by the formula (5),
and is shifted by the height He obtained by the formula (6) become the

longest distance L11 or less, in a state where the robot 10 exactly faces

the workpiece W.
Le=L21sind .. (5)
He=L21:cos0 .. (6)

[0043] The two robots 10 are arranged to sandwich the workpiece W in
the direction (along the y axis in the drawing) perpendicular to a
conveying direction (along the x axis in the drawing) by the conveyance
device 30. Hereinafter, a positive direction of the y axis in the drawing
is a “left direction”, and a negative direction of the y axis in the drawing
is a “right direction”. The robot 10 on the left side performs
machining to the portion to be machined P1 on the left side of the
workpiece W and the robot 10 on the right side performs machining to a
portion to be machined P2 on the right side of the workpiece W.

[0044] The robot 10 on the left side is arranged to be able to apf)ly
machining to all of the portions to be machined P1 from the robot 10
side (the left side) without interfering with the workpiece W. As an
example, the robot 10 on the left side is arranged to cause the end
effector 17 to reach both of the uppermost portion to be machined P1

and the lowermost portion to be machined P1 without interfering with

14
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the workpiece W.
[0045] The robot 10 on the right side is arranged to be able to apply
machining to all of the portions to be machined P2 from the robot 10
side (the right side) without interfering with the workpiece W. As an
example, the robot 10 on the right side is arranged to cause the end
effector 17 to reach both of the uppermost portion to be machined P2
and the lowermost portion to be machined P2 without interfering with
the workpiece W.
[0046] (Controller and Programming Pendant)

The controller 100 is a device that controls the two robots 10
and the conveyance device 30. The programming pendant 120 is a
device that inputs/outputs data to/from the controller 100 by wired or
wireless means,
[0047] The controller 100 includes a target acquisition unit 111, a first
calculation unit 112, a determination unit 113, a second calculation unit
114, an output unit 115, and an accumulation unit 116, as functional
configurations, |
[0048] The accumulation unit 116 accumulates operation patterns of the
robots 10. The operation patterns are time series data of operation
target values of the actuators 21 to 27, for example.
[0049] The target acquisition umnit 111 acquires target values of
position/posture of the tip portion 16 from the programming pendant
120. The target values of the position/posture acquired by the target
acquisition unit 111 may be input to the programming pendant 120 by
the user or may be read from a recording medium through the

programming pendant 120.
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[0050] The first calculation unit 112 calculates the operation target
values of the actuators 21 to 26 corresponding to the target values of the
position/posture in a condition where the operation target value of the
seventh actuator 27 for distance adjustment is fixed to an initial value,
and stores the operation target values of the actuators 21 to 27 in the
accumulation unit 116.

[0051] The operation target value of the seventh actuator 27 is a target
value of an operation amount by which the distance L1 between the
second axis Ax2 and the third axis Ax3 is adjusted, and is a target value
of a bending angle of the first arm portion 13, for example. An initial
value of the bending angle of the first arm portion is, for example, 0°.
[0052] The operation target value of the first actuator 21 is a target
value of a rotating angle of the rotating portion 12, for example. The
operation target value of the second actuator 22 is a target value of a

swing angle of the first arm portion 13, for example. The operation

| target value of the third actuator 23 is a target value of a swing angle of

the second arm portion 14. The operation target value of the fifth

actuator 25 is a target value of a rotating angle of the wrist portion 15,

for example. The operation target value of the fourth actuator 24 is a

target value of a swing angle of the wrist portion 15, for example. The

operation target value of the sixth actuator 26 is a target value of a

rotating angle of the tip portion 16,

[0053] The operation target values of the actuators 21 to 26 are

calculated by inverse kinematics calculation, for example. The first

calculation unit 112 stores calculation results of the operation target

values of the actuators 21 to 27 in the accumulation unit 116,

16
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[0054] The determination unit 113 determines whether the operation
target values stored in the accumulation unit 116 are outputtable. For
example, the determination unit 113 determines that the operation target
values are not outpuftable in a case where interference is caused
between the robots 10 and the workpiece W when the actuators 21 to 27
are operated with the operation target values stored in the accumulation
unit 116. |

[0055] The determination unit 113 may also determine that the
operation target values are not outputtable in a case where the operation
target value of an actuator to be determined calculated by the first
calculation unit 112 falls outside an allowable range where at least one
of the actuators 21 to 26 is the actnator to be determined. The
determination unit 113 may have all of the actuators 21 to 26 as the
actuators to be determined, or may have only a part of the actuators 21
to 26 (for example, only the second actuator 22, the third actuator 23,
and the fourth actnator 24) as the actvators to be determined. The
determination unit 113 may have only the third actuator 23 and the
fourth actuator 24 as the actuators to be determined, or may have only at
least one of the third actuator 23 and the fourth actuator 24 as the
actuator to be determined. The allowable range is set such that the
operation amount of a portion driven by the actuator to be determined
falls within the movable rangé. For example, when the third actuator
23 is the actuator to be determined, the allowable range of the operation
target value of the third actuator 23 is set such that the swing angle of
the second arm portion 14 falls within the movable range.

[0056] The second calculation unit 114 modifies the operation target

17



10

15

20

25

values of the actuators 21 to 27 to become outputtable when the
operation target values are determined not to be outputtable by the
determination unit 113. For example, the second calculation unit 114
modifies the operation target values of the actuators 21 to 27 to make
the distance L1 between the second axis Ax2 and the third axis Ax3
small to avoid the interference between the robots 10 and the workpiece
W when generation of the interference between the robots 10 and the
workpiece W is determined by the determination unit 113. To be
specific, the second calculation unit 114 may set a constraint condition
to avoid the interference between the robots 10 and the workpiece W,
and modify the operation target values of the actuators 21 to 27 by
inverse kinematics calculation to which the constraint condition is
applied.

[0057] The second calculation unit 114 may modify thé operation target

values of the actuators 21 to 27 to cause the operation target values to

- fall within the allowable range when the operation target value of at

least one actuator to be determined falls outside the allowable range.
To be specific, the second calculation unit 114 may set the constraint
condition such that the operation target value of the actuator, which has
the operation target value falling outside the allowable range, falls
within the allowable range, and then modify the operation target ranges
of the actuators 21 to 27 by the inverse kinematics calculation to which
the constraint condition is applied.

[0058] The second calculation unit 114 may set the constraint condition
such that the first arm portion 13 is bent in a direction into which the

seventh axis Ax7 for distance adjustment is away from the workpiece

18
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W, and calculate the operation target values of the actuators 21 to 27. .
[0059] The second calculation unit 114 stores calculation results of the
operation target values of the actuators 21 to 27 in the accumulation unit
116 to overwrite immediately preceding calculation resuits.

[0060] The output unit 115 controls the actuators 21 to 27 in accordance
with the operation target values. To be specific, the output unit 115
controls the actuators 21 to 27 such that the operation amounts of
respective units by the actuators 21 to 27 are approximately matched
with the set operation target values. The output unit 115 also controls
the conveyance actuator 32, in addition to the actuators 21 to 27.

[0061] The controller 100 may just be configured to execute:
acquisition of the target values of the position/posture of the tip portion
16; calculation of the operation target values of the actuators 21 to 26
corresponding to the target values of the position/posture in the
condition in which the operation target value of the seventh actuator 27
for distance adjustment is fixed; determination of whether the calqulatéd
operation target values are outputtable; modification of the operation
target values of the actuators 21 to 27 to become outputtable when the
operation target values are determined not to be outputtable; and
controlling the actuators 21 to 27 in accordance with the operation target
values. Therefore, a hardware configuration of the controller 100 is
not necessarily separated into the target acquisition unit 111, the first
calculation unit 112, the determination unit 113, the second calculation
unit 114, the output unit 115, and the accumulation unit 116.

[0062] FIG. 9 is a diagram illustrating an example of the hardware
configuration of the controller 100. The controller 100 exemplarily

19
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iltustrated in FIG 9 includes a circuit 130. The circuit 130 includes a
processor 131, a memory 132, a storage 133, an input/output port 134,
and a plurality of motor drivers 136. The input/output port 134
inputs/outputs data to/from the programming pendant 120 and the
plurality of motor drivers 136. The plurality of motor drivers 136
respectively controls the actuators 21 to 27 and the conveyance
actuators 32 of the two robots 10. The processor 131 executes a
program in cooperation with at least one of the memory 132 and the
storage 133, and inputs/outputs data through the input/output port 134,
thereby to cause the controller 100 to function as the target acquisition
unit 111, the first calculation unit 112, the determination unit 113, the
second calculation unit 114, the output unit 115, and the accumulation
unit 116. '
[0063] The hardware configuration of the controller 100 is not
necessarily limited to one that forms the respective functions by
execution of the program. For example, at least a part of the target
acquisition unit 111, the first calculation unit 112, the determination unit
113, the second calculation unit 114, the output unit 115, and the
accumulation unit 116 may be configured from logic circuits
specializing in the functions, or may be configured from an application
specific integrated circuit (ASIC) in which the logic circuits are
integrated.
[0064] [Control Method]

Next, a procedure of controlling the robots 10 and the
conveyance device 30 by the controller 100 will be described as an

example of a control method according to the present disclosure.
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[0065] (Outline of Control Procedure)

As illustrated in FIG. 10, first, the controller 100 executes step
S01. In step SO1, at least one of the first calculation unit 112 and the
second calculation unit 114 stores the calculation results of the operation
target values of the actuators 21 to 27 in the accumulation unit 116, and
constructs the operation patterns of the two robots 10. The operation
patterns of the two robots 10 are constructed to apply machining to the
workpiece W.
[0066] Next, the controller 100 executes steps S02 to S04. In step
S02, the output unit 115 confrols the conveyance actuator 32 to start
conveyance of the workpiece W. In step S03, the output unit 115
controls the two robots 10 to execute machining of-the workpiece W.
That is, the output unit 115 controls the actuators 21 to 27 of the two
robots 10 in accordance with the operation target values stored in the
accumulation unit 116. In step S04, the output unit 115 controls the
conveyance actuator 32 to terminate the conveyance of the workpiece
W.
[0067] Next, the controller 100 executes step S05. In step SO5, the
output unit 115 determines whether a. command -of termination of
machining has been input. The command of termination of machining
is input through the programming pendant 120, for example. When
the command of termination of machining has not been input, the
controller 100 returns the processing to step S02. Accordingly, the
same machining procedure is repeated. When the command of
termination of machining has been input, the controller 100 terminates

the processing.
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[0068] (Procedure of Generating Operation Pattern)

Next, a procedure of generating the operation pattern in step S01
will be described in more detail. As illustrated in FIG. 11, first, the
controller 100 executes step S11. In step S1I, the targét acquisition
unit 111 acquires the target values of the position/posture of the tip
portion 16 from the programming pendant 120.

[0069] Next, the controller 100 executes steps S12 and S13. In step
S12, the first calculation unit 112 sets the operation target value of the
seventh actuator 27 for distance adjustment to the initial value. For
example, the first calculation unit 112 sets the bending angle of the first
arm portion 13 to 0°. In step S13, the first calculation unit 112
calculates the operation target values of the actuators 21 to 26

corresponding to the target values of the position/posture in the

-condition where the operation target value of the seventh actuator 27 is

fixed to the initial value, and stores the calculation results of the
actuators 21 to 27 in the accumulation unit 116.

[0070] Next, the controller 100 executes step S14. In step S14, the
determination unit 113 determines whether the operation target values
stored in the accumulation unit 116 are outputtable. For example, the
determination unit 113 determines that the operation target values are
not outputtable when the interference is caused between the robots 10
and the workpiece W when the actuators 21 to 27 are operated with the
operation target values stored in the accumulation unit 116.

[0071] The determination unit 113 may determine that the operation
target values are not outputtable also when the operation target value of

the actuator to be determined falls outside the allowable range where at
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least one of the actuators 21 to 26 is the actuator to be determined.
[0072] In step S14, when the operation target values are determined not
to be outputtable, the controller 100 executes steps S15 and S16.

[0073] In step S15, the second calculation unit 114 sets the operation
target value of the seventh actuator 27 to cause the operation target
values to become outputtable. For example, the second calculation
unit 114 sets the operation target value of the seventh actuator 27 to
make the distance L1 short to avoid the interference between the robots
10 and the workpiece W. The second calculation unit 114 may set the
operation target value of the seventh actuator 27 to cause other actuators
to share a part of the operation target values that fall outside the
allowable range.

[0074] In step S16, the second calculation unit 114 calculates the
operation target values of the actuators 21 to 26 corresponding to the
target values of the position/posture in a condition where the operation
target value of the seventh actuator 27 is fixed to the set value in step
S15. The second calculation unit 114 stores the calculation results of
the operation target values of the actuators 21 to 27 in the accumulation
unit 116, and overwrites the immediately preceding calculation results.
[0075] Subsequently, the controller 100 returns the processing to step
S14. Accordingly, steps S14 and S15 are repeated until when the
operation target values become outputtable.

[0076] In steps S15 and S16, the second calculation unit 114 may
calculate the operation target values of the actuators 21 to 27 such that
the first arm portion 13 is bent in the direction into which the seventh

axis Ax7 for distance adjustment is away from the workpiece W. That
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is, the controller 100 may control the actuators 21 to 27 to bend the first
arm portion 13 in the direction into which the seventh axis Ax7 is away
from the workpiece W.

[0077] The procedure of calculating the operation target values of the
actuators 21 to 27 by the second calculation unit 114 is not limited to the
above procedure. For example, in step S15, the operation target value
of the actuator itself, the operation target value falling outside the
allowable range, may be set to a value falling within the allowable
range, in place of setting the operation target value of the seventh
actuator 27. Corresponding to the above calculation, in step S16, the
operation target values of the actuators 21 to 26, from which the
operation target value set in step S15 is excluded, and the operation
target value of the seventh actuator 27, may be calculated.

[0078] In step S14, when the operation target values are determined to
be outputtable, the controller 100 executes step S17. In step S17,
whether the construction of the operation patterns has been completed is
determined by the controller 100. To be specific, for example, the
target acquisition unit 111 determines whether all of the target values of
the position/postures necessary for construction of the operation patterns
have been acquired. =~ Whether all of the target values of the
position/postures have been acquired is determined based on a
completion command input to the programming pendant 120 by the user
or a completion command read from a recording medium by the
programming pendant 120.

[0079] In step S17, when the construction of the operation pattern is

determined not to have been completed, the controller 100 returns the
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processing to step S11. Accordingly, steps S11 to S17 are repeated
until when the construction of the operation pattern is completed, and
the time series data of the operation target values of the actuators 21 to
27 is constructed.

[0080] In step S17, when the construction of the operation pattern is
determined to have been completed, the controller 100 terminates the
processing.

[0081] (Operation of Robots)

With the above configuration, the controller 100 controls the
robots 10 to be operated in the operation patterns generated in steps S11
to S17. For example, the controller 100 executes controlling the robots
10 to move the end effectors 17 to the plurality of portions to be
machined P1 of the workpiece W, and controlling the robots 10 to apply
machining to the portions to be machined P1 by the end effectors 17 in
the state where the end effectors 17 are arranged in the portions to be
machined P1.

[0082] The plurality of portions to be machined P1 may include the
portion to be machined P1 existing at a higher position than the base
end portion of the first arm portion 13 and the portion to be machined
P1 existing at a lower position than the base end portion of the first arm
portion 13. In this case, the controller 100 controls the robot 10 to
move the end effector 17 between the position higher than the base end
portion of the first arm portion 13 and the position lower than the base
end portion in a state where the tip portion of the second arm portion 14
is positioned closer to a side of the workpiece W than the base end

portion of the first arm portion 13, as illustrated in FIGS. 12A to 12F.
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[0083] In this process, the tip portion of the first arm portion 13 may be
moved between the position higher than the base end portion of the first
arm portion 13 and the position lower than the base end portion. That
is, controllihg the robot 10 to move the end effector 17 between the
position higher than the base end portion of the first arm portion 13 and
the position lower than the base end portion may include controlling the
robot 10 to move the tip portion of the first arm portion 13 between the
position higher than the base end portion of the first arm portion 13 and
the position lower than the base end portion.

[0084] As described above, the robot 10 is positioned to cause the tip
portion DP1 of the first arm portion 13 or the base end portion PP2 of
the second arm portion 14 to interfere with the workpiece W when the
first arm portion 13 is rotated around the second axis Ax2, where the
distance L1 is the longest distance L11, in a state where the robot 10
exactly faces the workpiece W. Therefore, when the end effector 17 is
moved between the position higher than the base end portion of the first
arm portion 13 and the position lower than the base end portion in the
state where the distance L1 is fixed to the longest distance L11, the
robot 10 may interfere with the workpiece W. When the tip portion of
the first arm portion 13 is moved between the position higher than the
base end portion of the first arm portion 13 and the position lower than
the base end portion in the state where the distance L1 is fixed to the
longest distance L11, the possibility that the robot 10 interferes with the
workpiece W is increased.

[0085] In contrast, according to steps S11 to S17, the operation patterns
of the actuators 21 to 27 are generated to make the distance L1 short to
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avoid the interference between the robot 10 and the workpiece W. In
this case, the controller 100 controls the robot 10 to change the distance
L1 between the second axis Ax2 and the third axis Ax3 by the seventh
actuator 27 in the process of moving the end effector 17 between the
position higher than the base end portion of the first arm portion 13 and
the position lower than the base end portion. That is, controlling the
robot 10 to move the end effector 17 between the position higher than
the base end portion of the first arm portion 13 and the position lower
than the base end portion may include controlling the robot 10 to change
the distance between the second axis Ax2 and the third axis Ax3 by the
seventh actuator 27.

[0086] [Effects by First Embodiment]

As described above, according to the machining apparatus 1,
when the first arm portion 13 is rotated around the second axis Ax2
where the distance L1 between the second axis Ax2 and the third axis
Ax3 is the longest distance L11 in a state where the robot 10 exactly
faces the workpiece W, the robot 10 approaches the workpiece W such
that the tip portion of the first arm portion 13 or the base end portion of
the second arm portion 14 interferes with the workpiece. Therefore,
the end effector 17 can easily reach a more distal portion to be
machined. Therefore, even if the robot 10 is closely arranged to the
workpiece W, the end effector 17 can be moved while avoiding the
interference between the robot 10 and the workpiece W by shortening
the distance L1 between the second axis Ax2 and the third axis Ax3 by
the seventh actuator 27. Therefore, achievement of both of an increase

in a reaching range by the close arrangement, and an increase in the
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movable range by the avoidance of interference is ensured, and
machining can be applied to the workpiece W in a wide range with the
individual robot 10. |

[0087] FIG. 13 is a diagram exemplarily illustrating an action of the
seventh actuator 27. The robot 10 illustrated by the two-dot chain line
in FIG. 13 illustrates a case in which the end effector 17 is arranged to
the portion to be machined without bending the first arm portion 13.
The robot 10 illustrated by the two-dot chain line interferes with the
workpiece W. In contrast, the robot 10 illustrated by the solid line
illustrates a case in which the seventh actuator 27 is moved to bend the
first arm portion 13 to make the distance between the second axis Ax2
and the third axis Ax3 short. In the robot 10 illustrated by the solid
line, the portion between the fourth axis Ax4 and the second axis Ax2 is
separated from the workpiece W in a state where the position/posture of
the tip portion 16 is maintained, and the interference of the robot 410 to
the workpiece Wis prevented.

[0088]. The robot 10 may be positioned to cause the tip portion of the
first arm portion 13 and the base end portion of the second arm portion
14 not to interfere with the workpiece W when the first arm portion 13
is rotated around the second axis Ax2, where the distance L1 is the
shortest distance L12, in a state where the robot 10 exactly faces the
workpiece W. In this case, the interference between the robot 10 and
the workpiece W can be more reliably avoided.  Therefore,
achievement of both of the increase in the reaching range by the close
arrangement and the increase in the movable range by the avoidance of

the interference can be more reliably ensured.
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[0089] A controller 100 may be further included, which controls the
robot 10 to move the end effector 17 between the position higher than
the base end portion of the first arm portion 13 and the position lower
than the base end poﬁion in the state where the tip portion of the second
arm portion 14 is positioned closer to the side of the workpiece W than
the base end portion of the first arm portion 13. In this case,
machining can be applied to the workpiece W in a wide range with the
individual robot 10 by effective use of the configuration that enables
achievement of both of the increase in the reaching range by the close
arrangement and the increase in the movable range by the avoidance of
the interference.

[0090] Controlling the robot 10 to move the end effector 17 between
the position higher than the base end portion of the first arm portion 13
and the position lower than the base end portion may include controlling
the robot 10 to move the tip portion of the first arm portion 13 between
the position higher than the base end portion of the first arm portion 13
and the position lower than the base end portion. In this case,
machining can be applied to the workpiece W in a wide range with the
individual robot 10 by more effective use of the configuration that
enables achievement of both of the increase in the reaching range by the
close arrangement and the increase in the movable range by the
avoidance of the interference.

[0091] Controlling the robot 10 to move the end effector 17 between

‘the position higher than the base end portion of the first arm portion 13

and the position lower than the base end portion may include controlling

the robot 10 to change the distance L1 between the second axis Ax2 and
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the third axis Ax3 by the seventh actuator 27. In this case, machining
can be applied to the workpiece in a wide range with an individual robot
by reliable use of the configuration that enables achievement of both of
the increase in the reaching range by the close arrangement and the
increase in the movable range by the avoidance of the interference.
[0092] The plurality of posture adjustment actuators includes the fourth
actuator 24 that swings the wrist portion 15 around the fourth axis Ax4,
and the robot 10 may be positioned such that both of the distance from
the highest portion to be machined in the Wof1<piece W to the base end
PE1 of the first arm portion 13, and the distance from the lowest portion
to be machined in the workpiece W to the base end PE1 of the first arm
portion 13 become the length La obtained by the formula (1) or less, in
a state where the robot 10 exactly faces the workpiece W. In this case,
the end effector 17 can be arranged to both of the highest portion to be
machined and the lowest portion to be machined in the workpiece W.
Therefore, machining can be applied to a wider range with the
individual robot 10.

[0093] The robot 10 may be positioned such that a distance from a
position to the base end PE! of the first arm portion 13, the position
being obtained such that the highest portion to be machined in the
workpiece W is shifted upward by a distance equal to the distance from
the fourth axis Ax4 to the end effector 17, and a distance from a position
to the base end PE1 of the first arm portion 13, the position being
obtained such that the lowest portion to be machined in the workpiece
W is shifted downward by a distance equal to the distance from the
fourth axis Ax4 to the end effector 17 become the length Lb obtained by
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the formula (2) or less in a state where the robot 10 exactly faces the
workpiece W. In this case, the end effector 17 can be arranged to both
of the highest portion to be machined and the lowest portion to be
machined in the workpiece W, in more various postures. - Therefore,
machining can be applied to a wider range with the individual robot 10.
[0094] The robot 10 may be positioned to cause the height of the base
end PE1 of the first arm portion 13 to become the height Ha obtained by
the formula (3) or more. In this case, the end effector 17 can be
arranged to the highest portion to be machined in the workpiece W in
more various postures. Therefore, machining can be applied to a wider
range with the individual robot 10.

[0095] The robot 10 may be positioned to cause the height of the base
end PE1 of the first arm portion 13 to become the height Hb obtained by
the formula (4) or less. In this case, the end effector 17 can be
arranged to both of the highest portion to be machined and the lowest
portion to be machined in the workpiece W in more various postures.
Therefore, machining can be applied to the workpiece W in a wider
range with the individual robot 10.

[0096] The conveyance device 30 that conveys at least one of the
workpiece W and the robot 10 may be further included so that a relative
position of the workpiece W and the robot 10 is changed when the robot
10 executes machining to the workpiece W. In this case, the tip
portion 16 can be appropriately arranged to the portions to be machined
in a wide range, by causing the conveyance device 30 and the robot 10
to be in cooperation with each other. Meanwhile, the relative

arrangement of the workpiece W and the robot 10 is changed.
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Therefore, easiness of generation of the interference of the robot 10 with
the workpiece W is changed. In contrast, the robot 10 further includes
the seventh actuator 27 for distance adjustment, in addition to the
actuators 21 to 26 that adjusts the position/posture of the tip portion 16.
Therefore, the posture of the robot 10 between the base 11 and the tip
portion 16 can be freely changeable in a state where the position/posture
of the tip portion 16 is maintained. Accordingly, the mutual
interference can be suppressed flexibly corresponding to the change of
the relative arrangement between the workpiece W and the robot 10.
The characteristic of easiness of avoidance of the workpiece W provides
many options of the arrangement of the robot 10. Therefore, easy
construction of a production facility becomes possible.

[0097] Further, flexible change of the posturé of the robot 10 suppresses
the interference of the robot 10 with surrounding devices. Therefore,
arrangement of the robots 10 in high density can shorten work time.
[0098] The robot 10 may be arranged to be able to apply machining to
all of the portions to be machined from the robot side without
interfering with the workpiece W. In this case, one robot 10 can apply
machining to all of the portions to be machined from the robot 10 side,
or a plurality of the robots 10 is arranged to the same one side, and all of
the portions to be machined can be shared by these robots 10.
Accordingly, flexible construction of the production facility in
accordance with the production amount becomes possible. Note that
arrangement of the robots ‘10 to enable machining to all of the portions
to be machined is not essential.

[0099] The conveyance device 30 may convey the workpiece W. In
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this case, the configuration of the conveyance device 30 can be more
easily simplified than a case where the robot 10 with a large number of
power sources is conveyed. Therefore, easier comstruction of the
production facility becomes possible. Note that the conveyance device
30 may just be one that changes the relative position between the
workpiece W and the robot 10. Therefore, the conveyance device 30
may be one that conveys the robot 10, or one that conveys both of the
workpiece W and the robot 10.

[0100] The machining apparatus 1 may include a plurality of the robots
10 arranged along the conveying direction of the conveyance device 30,
as illustrated in FIG. 14. Each of the robots 10 arranged along the
conveying direction can apply machining to the'portion to be machined
in a wide range. Therefore, the portions to be machined can be
allocated to the plurality of robots 10 arranged along the conveying

direction in various patterns, and a more efficient production facility can

. be constructed.

[0101] FIG. 14 illustrates two robots 10 arranged along the conveying
direction of the conveyance device 30. However, an embodiment is
not limited to the example, and the machining apparatus 1 may include
three or more robots 10 arranged along the conveying direction of the
conveyance device 30.

[0102] The machining apparatus 1 may include the plurality of robots
10 arranged to sandwich the workpiece W in a direction perpendicular
to the conveying direction of the conveyance device 30. In this case,
all of the portions to be machined are shared by the plurality of robots

10, so that the operation amount of each robot 10 can be suppressed.
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Accordingly, the interference of the robot 10 with the workpiece W is
further suppressed.  Further, the arrangement to sandwich the
workpiece W in the direction perpendicular to the conveying direction
of the conveyance device 30 suppresses the interference between the
robots 10. Therefore, easier construction of the production facility
becomes possible.

[0103] Arrangement of the plurality of robots 10 to sandwich the
workpiece W in the direction perpendicular to the conveying direction
of the conveyance device 30 is not essential. For example, as
illustrated in FIG. 15, the robots 10 may be arranged only on the left
side of the workpiece W. In this case, the robots 10 may be arranged
to be able to apply machining to all of the portions to be machined from
the side of the robots 10 without interfering with the workpiece W. For
example, in FIG. 15, the robots 10 may be arranged to be able to apply
machining to both of all of the portions to be machined P1 on the left
side and all of the portions to be machined P1 on the right side.

[0104] FIG. 15 illustrates two robots 10 arranged along the conveying
direction of the conveyance device 30. However, an embodiment is
not limited to the example, and the machining apparatus 1 may include
only one robot 10.

[0105] The controller 100 may include the target acquisition unit 111,
the first calculation unit 112, the determination unit 113, the second
calculation unit 114, and the output unit 115. The target acquisition
unit 111 acquires the target values of the position/posture of the tip
portion 16. The first calculation unit 112 calculates the operation

target values of the actuators 21 to 26 corresponding to the target values
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of the position/posture in the condition where the operation target value
of the seventh actuator 27 for distance adjustment is fixed. The
determination unit 113 determines whether the operation target value of
the actuator to bé determined falls within the allowable range, where at
least any of the actuators 21 to 26 is the actuator to be determined.
The second calculation unit 114 calculates the operation target values of
the actuators 21 to 26 and the seventh actuator 27 for distance
adjustment corresponding to the target values of the position/posture
such that the operation target value of at least one actuator to be
determined falls inside the allowable range when the operation target
value falls outside the allowable range. The output unit 115 controls
the actuators 21 to 27 in accordance with the operation target values.
[0106] As described above, according to the robot 10, while the
interference can be suppressed, the operation target values of the
actuators 21 to 27 corresponding to the target values of the
position/posture of the tip portion 16 are not determined to one set.
Therefore, it is necessary to appropriately set some sort of constraint
condition in an instruction of the operation of the robot 10.

[0107] In contrast, the controller 100 first calculates the operation target
values of the actuators 21 to 26 in the condition where the operation
target value of the seventh actuator 27 is fixed. Next, the controller
100 automatically re-calculates the operation target values of the
actuators 21 to 26 and the seventh actuator 27 for distance adjustment
when the operation target value of the actuator to be determined falls
outside the allowable range. When the operation amounts of the

actuators of the robot 10 are suppressed to fall within the allowable
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range, the operation amount of the entire robot 10 is also suppressed.
Therefore, the robot 10 tends to less easily cause the interference with
the workpiece W or surrounding devices.

[0108] For ekample, in the robot 10 illustrated by the two-dot chain line
in FIG. 13, the operation target value of the third actuator 23 falls
outside the allowable range. That is, the target value 83 of the swing
angle of the second arm portion 14 with respect to the first arm portion
13 is excessive. In contrast, in the robot 10 illustrated by the solid line
in FIG. 13, the operation target values of the actuators 21 to 26 and the
seventh actuator 27 for distance adjustment are re-calculated to reduce
the target value 63 of the swing angle of the second arm portion 14 with
respect to the first arm portion 13, With the reduction, the portion
between the fourth axis Ax4 and the second axis Ax2 is separated from
the workpiece W, and the interference of the robot 10 with the
workpiece W is prevented.

[0109] As described above, employment of the condition that the
operation target value of the actuator to be determined is suppressed to
fall within the allowable range can reduce a probability of occurrence of
the interference with the workpiece W or the surrounding devices.
Accordingly, most of the operation pattern with which the tip portion 16
is appropriately arranged near each portion to be machined can be
automatically constructed while avoiding the interference with the
workpiece W or the surrounding devices. Therefore, a burden of an
instruction of the operation to the robot 10 is reduced, and easier
construction of the production facility becomes possible.

[0110] The seventh actuator 27 for distance adjustment adjusts the
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distance L1 between the second axis Ax2 and the third axis Ax3 by
bending the first arm portion 13 around the seventh axis Ax7 for
distance adjustment. In this case, the operation amounts of the
actuators 21 to 26 tend to be easily suppressed than a case where the
first arm portion 13 is simply expanded/contracted and the distance L1
between the second axis Ax2 and the third axis Ax3 is adjusted.
Further, the posture of the robot 10 can be adjusted in more various
ways, and the workpiece W or the surrounding devices tend to be easily
avoided. Therefore, easier construction of the production facility
becomes possible. Note that the seventh actuator 27 may be any
actuator as long as the actuator can adjust the distance L1 between the
second axis Ax2 and the third axis Ax3. Therefore, for example, the
seventh actuator 27 may be a linear actuator that expands/contracts the
first arm portion 13.

[0111] The seventh axis’ Ax7 for distance adjustment is parallel to the
second axis Ax2. If a robot with the seventh axis Ax7 that is
perpendicular to the second axis Ax2 is used, it may be necessary to
largely incline portions corresponding to the first arm portion 13 and the
second arm portion 14 to a side (a side of a case where the workpiece W
side is the front) in order to arrange the tip portion 16 to desired
position/posture while avoiding the interference of the robot with the
workpiece W. Accordingly, interference with the surrounding devices
(for example, with adjacent another robot) may be caused. Therefore,
it is necessary to increase an arrangement interval between the robot and
the surrounding device. This becomes a case to hinder high-density

arrangement of a plurality of robots, for example. In contrast, the
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seventh axis Ax7 is parallel to the second axis Ax2 in the robot 10.
Therefore, it is less likely to cause a necessity to incline tﬁe first arm
portion 13 and the second arm portion 14 to a side due to at least the
rotation operation around the seventh axis Ax7, and the interference
with the adjacent surrounding device is less likely to occur. Therefore,
options of arrangements of the robot 10 are increased, and easier
construction of the production facility becomes possible. The plurality
of robots can be arranged in a higher density, and work time can be
shortened. Note that it is not essential that the seventh axis Ax7 is
paralle] to the second axis Ax2.

[0112] The seventh axis Ax7 for distance adjustment is also parallel to
the third axis. In this case, it is further less necessary to incline the
first arm portion 13 and the second arm portion 14 to a side when
arranging the tip portion 16 to desired position/posture. Therefore,
easier construction of the production facility further becomes possible.
The plurality of robots can be arranged in higher density, and the work
time can be further shortened. Note that it is not essential that the
seventh axis Ax7 is parallel to the third axis Ax3.

[0113] The second calculation unit 114 may calculate the operation
target values of the actuators 21 to 27 to bend the first arm portion 13 in
the direction into which the seventh axis Ax7 for distance adjustment is
away from the workpiece W. That is, the controller 100 may control
the actuators 21 to 27 to bend the first atm portion 13 in the direction
into which the seventh axis Ax7 is away from the workpiece W. In this
case, the interference of the robot 10 with the workpiece W and the

adjacent surrounding device is more reliably suppressed.
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[0114] The plurality of posture adjustment actuators that adjusts the
posture of the tip portion 16 includes the fifth actuator 25 that rotates the
wrist portion 15 around the fifth axis Ax5, the fourth actuator 24 that
swings the wrist portion 15 around the fourth axis Ax4, and the sixth
actuator 26 that rotates the tip portion 16 around the sixth axis Ax6. In
this case, the posture of the tip portion 16 can be freely adjusted by the
cooperation of the actuators 24 to 26. Note that the plurality of posture
adjustment actuators is not limited to the actuators 24 to 26, and any
actuators may be employed as long as the actuators can adjust the
posture of the tip portion 16. For example, any of the fourth actuator
24, the fifth actuator 25, and the sixth actuator 26 may be omitted in
accordance with the degree of adjustment of the necessary posture.

[0115] The determination unit 113 may use at Jeast one of the second
actuator 22, the third actuator 23, and the fourth actuator 24 as the
actuator to be determined. The operation amounts of these actuators
tend to easily correlate with the operation amount of the entire robot.
Therefore, these actuators are used as the actuators to be determined, -
and operation ranges thereof are suppressed to fall within an allowable
range, so that the operation amount of the entire robot 10 is more
reliably suppressed, and the interference can be further suppressed.

[0116] The determination unit 113 may use at least one of the third
actuator 23 and the fourth actuator 24 as the actuator to be determined.

"The operation amounts of these actuators tend to easily correlate with

the operation amount of the entire robot. Therefore, these actuators are
used as the actuators to be determined, and the operating ranges thereof

are suppressed to fall within the allowable range, so that the operation
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amount of the entire robot 10 can be more reliably suppressed, and the
interference can be further suppressed.

[0117] The robot 10 may further include a welding device provided to
the tip portion 16, as the end effector 17. In this case, welding can be
performed to the portions to be machined in a wide range while
suppressing the interference of the robot 10 with the workpiece W or the
surrounding devices. |

[0118] According to the machining apparatus 1, the method of
producing the workpiece W, the method including arrangement of the
workpiece W on the pallet 31 to enable the robot 10 to perform
machining to the workpiece - W, .conveyance of the pallet 31 by the
conveyance actuator 32 to change the relative position between the
workpiece W and the robot 10, and application of machining to the
workpiece W with the robot 10, can be executed.

[0119] Further, the method of producing the workpiece W, the method
including acquisition of the target values of the position/posture of the
tip portion 16, calculation of the operation target values of the actuators
21 to 26 corresponding to the target values of the position/posture in the
condition where the operation target value of the seventh actuator 27 is
fixed, determination of whether the operation target value of the
actuator to be determined fall within the allowable range where at least
one of the actuators 21 to 26 is the actuator to be determined,
calculation of the operation target values of the actuators 21 to 27
corresponding to the target values of the position/posture to cause the
operation target value to fall within the allowable range when the

operation target value of at least one actuator to be determined falls
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outside the allowable range, and controlling the actuators 21 to 27 in
accordance with the operation target values, can be executed.
[0120] The instruction method including an input of the target values of
the position/posture to the controller 100, and storage of the operation
target values of the actuators 21 to 27 calculated by the controller 100 to
correspond to the target values of the position/posture to the controller
can be executed.
[0121] 2. Second Embodiment

As illustrated in FIG. 16, a machining apparatus 1 according to
the second embodiment is an apparatus in which the conveyance device
30 of the machining apparatus 1 according to the first embodiment is
replaced with a holding table 50 (workpiece arranging portion). The
holding table 50 holds a workpiece W in a position where robots 10 can
perform machining. As illustrated in FIG. 17, two robots 10 are
arranged along a line EL1 that surrounds the workpiece W, and apply
machining to the same workpiece W in cooperation with each other.
Note that, although the “line that surrounds the workpiece W” does not
necessarily extend along a peripheral edge of the workpiece W, the “line
that surrounds the workpiece W” does not include a line perpendicular
to the peripheral edge of the workpiece W. The robot 10 is arranged
such that a movable range WR overlaps with that of another adjacent
robot 10. An arrangement condition for the individual robot 10 and
the workpiece W is similar to the first embodiment;
[0122] [Effects by Second Embodiment]

As described above, the machining apparatus 1 includes a

plurality of robots including the robots 10 and applying machining to
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the same workpiece in cooperation with each other. The robots 10 are
included in the plurality of robots that applies machining to the same
workpiece W, whereby interference of the robot with the workpiece W
and interference between the robots can be suppressed. Therefore,
easy construction of a production facility becomes possible.
Arrangement of the plurality of robots in high density can shorten work
time.

[0123] The machining apparatus 1 may just include the plurality of
robots that applies machining to the same workpiece W. Therefore, the
number of robots is not limited to two. For example, as illustrated in
FIG. 18, the machining apparatus 1 may include three or more robots.
The machining apparatus 1 of FIG 18 includes four robots 10, The
four robots 10 are arranged to surround the workpiece W along the line
surrounding the workpiece W.

[0124] In the machining apparatus 1 of FIGS. 16 and 18, all of the
plurality of robots are the robots 10. Therefore, a posture of the robot
between a base 11 and a tip portion 16 is freely changeable in a state
where the position/posture of the tip portion 16 is maintained in all of
the robots. Therefore, the interference of the robots with the
workpiece W and the interference between the robots can be more
reliably suppressed.

[0125] Note that it is not essential that all of the robots are the robots
10. For example, as illustrated in FIGS. 19 and 2Q, a plurality of
robots in the machining apparatus 1 may further include a robot 40
(second robot).  The robot 40 includes actuators 21 to 26, and does not
include a seventh actuator 27 for distance adjustment. The robot 40 is
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‘a robot in which the first arm portion 13 and the seventh actuator 27 are

replaced with a first arm portion 43. With such a conﬁguration, the
robot 10 is included in the plurality of robots, and thus can obtain the
effect to suppress the interference of the robot with the workpiece W
and the interference between the robots. The number of the robots is
not limited. Therefore, the machining apparatus 1 may include two
robots as illustrated in FIG 19, or may include three or more as
illustrated in FIG. 20.

[0126] The robot 10 and the robot 40 may be arranged to adjacent to
each other. In this case, the interference between the robots can be
more reliably suppressed. ‘

[0127] As illustrated .in FIG. 19, the machining apparatus 1 may be
configured such that the robot 10 applies machining to a more proximal
side of the workpiece W than the robot 40. When performing the
machining to the proximal side of the workpiece W, the robot takes a
posture in which the arm is folded. In such a posture, the operation
amount of some of the actuators tends to easily reach the allowable
limit. Further, the folded arm tends to easily interfere with the
workpiece W or another robot. Therefore, allocation of the machining
to the proximal side of the workpiece W to the robot 10, which can
suppress the interference, can more reliably suppress the interference of
the robot with the workpiece W and the interference between the robots.
[0128] As illustrated in FIG 20, the machining apparaﬁxs 1 may be
configured such that the robot 10 is positioned closer to the workpiece
W than the robot 40. That is, a distance D1 from the base 11 of the
robot 10 to the workpiece W may be smaller than a distance D2 from
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the robot 40 to the workpiece W. In this case, arranging the robot 10,
which can suppress the interference, closer to the workpiece W enables
the end effector 17 to reach the workpiece W in a wide range.
Accordingly, the portion that cannot be machined by the robot 40 is
covered by the robot 10, and the machining can be applied to the
workpiece W in a wide range. 4
[0129] All of the robots are fixed to the installation surface, and the
robot 10 may be arranged to have the movable range overlap with
adjacent another robot. In this case, an effect of suppression of
interference by the robot 10 becomes more remarkable.

[0130] The embodiments have been described. However, the present
invention is not necessarily limited to the above-described
embodiments, and various changes can be made without departing from
the gist of the invention. For example, the workpiece W of the
machining apparatus 1 is not limited to a body of an automobile. The
machining apparatus 1 is applicable to machining of a door panel of an
automobile, and the like, and is also applicable to machining/assembly
of various parts and products in technical fields other than automobiles.
Industrial Applicability

[0131] The present disclosure can be used for machining apparatuses.
Reference Signs List

[0132]

1 Machining apparatus

10 Robot (first robot)

12 Rotating portion

13 First arm portion
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14
15
16
17
21
22
23
24
25
26
27
30
40
100
Ax1
Ax2
Ax3
Ax4
AxS
Ax6
Ax7
L1

Second arm portion
Wrist portion
Tip portion
End effector (welding device)
First actuator
Second actuator
Third actuator
Fourth actuator (posture adjustment actuator)
Fifth actuator (posture adjusuﬁent actuator)
Sixth actuator (posture adjustment actuator)
Seventh actuator (distance adjustment actuator)
Conveyance device
Robot (second robot)

Controller |

First axis

Second axis

Third axis

Fourth axis

Fifth axis

Sixth axis

Seventh axis (distance adjustment axis)

Distance between second axis and third axis

Pl and P2 Portion to be machined

W
L11
L12

Workpiece
Longest distance

Shortest distance
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PEl1 Base end of first arm portion 13

DP1 Tip portion of first arm portion 13

PP2 Base end portion of second arm portion 14
WR Movable range

46



CLAIMS

1. A machining apparatus comprising:
a first robot comprising:

a rotating portion, a first arm portion, a second arm portion, a wrist portion,
and a tip portion mutually connected in series, the first arm portion including a first
link and a second link, the second link being swingable around a seventh axis with
respect to the first link;

a first actuator configured to rotate the rotating portion around a first axis;

a second actuator configured to swing the first arm portion around a second
axis passing through a first joint connecting the rotating portion and the first arm
portion, the second axis being non-parallel to the first axis and substantially parallel to
the seventh axis;

a third actuator configured to swing the second arm portion around a third axis
passing through a second joint connecting the first arm portion and the second arm
portion, the third axis being substantially parallel to the second axis and the seventh
axis; ’

a fourth actuator configured to swing the wrist portion around a fourth axis
passing through a third joint connecting the second arm portion and the wrist portion,
the fourth axis being non-parallel to a central axis of the second arm portion;

a fifth actuator configured to rotate the wrist portion around a fifth axis that is
non-parallel to the third axis and the fourth axis;

a sixth actuator configured to rotate the tip portion around a sixth axis that is
non-parallel to the fourth axis;

a distance adjustment actuator configured to adjust a distance between the
second axis and the third axis by rotating the second link around the seventh axis to
fold the first arm portion; and

an end effector provided to the tip portion and configured to apply machining
to a workpiece, wherein
the first robot is positioned such that a movable range of a tip portion of the first arm

portion or a base end portion of the second arm portion interferes with the workpiece when
the first arm portion is rotated around the second axis, where the distance is set to be

maximum, in a state where the first arm portion is oriented toward the workpiece.
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2. The machining apparatus according to claim 1, wherein the first robot is positioned
such that a movable range of the tip portion of the first arm portion and the base end portion
of the second arm portion do not interfere with the workpiece when the first arm portion is
rotated around the second axis, where the distance is made shortest, in a state where the first

robot exactly faces the workpiece.

3. The machining apparatus according to claim 1, further comprising:

a circuitry configured to control the first robot to move the end effector between a
position higher than a base end portion of the first arm portion and a position lower than the
base end portion of the first arm portion, in a state where a tip portion of the second arm
~ portion is positioned closer to a side of the workpiece than the base end portion of the first

arm portion.

4. The machining apparatus according to claim 3, wherein controlling the first robot to
move the end effector between the position higher than the base end portion of the first arm
portion and the position lower than the base end portion of the first arm portion includes
controlling the first robot to move the tip portion of the first arm portion between the position
higher than the base end portion of the first arm portion and the position lower than the base

end portion of the first arm portion.

5. The machining apparatus according to claim 3, wherein controlling the first robot to
move the end effector between the position higher than the base end portion of the first arm
portion and the position lower than the base end portion of the first arm portion includes
controlling the first robot to change a distance between the second axis and the third axis with

the distance adjustment actuator.

6. The machining apparatus according to claim 1, wherein the first robot is positioned
such that a distance from a highest portion to be machined in the workpiece to the base end of
the first arm portion, and a distance from a lowest portion to be machined in the workpiece to
the base end of the first arm portion become a length La obtained by a formula (1) or less, in

a state where the first robot exactly faces the workpiece, and wherein
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La=L11+[21+I31 (1)

L11 is a longest distance from the second axis to the third axis,
L21 is a distance from the third axis to the fourth axis, and
L31 is a distance from the fourth axis to the end effector.

7. The machining apparatus according to claim 6, wherein the first robot is positioned
such that a distance from a position of the fourth axis to the base end of the first arm portion
when the end effector is arranged to be able to apply machining to the highest portion to be
machined in the workpiece, and a distance from the position of the fourth axis to the base end
of the first arm portion when the end effector is arranged to be able to apply machining to the
lowest portion to be machined in the workpiece become a length Lb obtained by a formula

(2) or less, in a state where the first robot exactly faces the workpiece, and wherein
Lb=L11+121 ().

8. The machining apparatus according to claim 6, wherein the first robot is positioned
such that a distance from the position of the fourth axis to the base end of the first arm
portion when the wrist portion is oriented downward in a vertical direction and the end
effector is arranged to the highest portion to be machined in the workpiece, and a distance
from the position of the fourth axis to the base end of the first arm portion when the wrist
portion is oriented upward in the vertical direction and the end effector is arranged to the
lowest portion to be machined in the workpiece become the length Lb obtained by the

formula (2) or less, in a state where the first robot exactly faces the workpiece, and wherein
Lb=L11+121  (2).

9. The machining apparatus according to claim 8, wherein the first robot is positioned
such that a height of the base end of the first arm portion becomes a height Ha obtained by a

formula (3) or more, and wherein

Ha=HH-121-cos 0-L11  (3),
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HH is a height of the fourth axis when the wrist portion is oriented downward in the
vertical direction and the end effector is arranged to the highest portion to be machined in the
workpiece, and

0 is a minimum value of an angle made by a straight line perpendicular to the third

axis and the fourth axis, and a central axis of the wrist portion.

10.  The machining apparatus according to claim 9, wherein the first robot is positioned
such that the height of the base end of the first arm portion becomes a height Hb obtained by

a formula (4) or less, and wherein
Hb=HL+L21-cos 6+L11 4),

HL is the height of the fourth axis when the wrist portion is oriented upward in the
vertical direction and the end effector is arranged to the lowest portion to be machined in the

workpiece.

11. The machining apparatus according to claim 10, wherein the first robot is positioned
such that a distance from a position to the base end of the first arm portion, the position being
obtained such that the position of the fourth axis when the wrist portion is oriented downward
in the vertical direction and the end effector is arranged to the highest portion to be machined
in the workpiece is shifted to a front side by a distance Lc obtained by a formula (5), and is
shifted downward by a height Hc obtained by a formula (6), and a distance from a position to
the base end of the first arm portion, the position being obtained such that the position of the
fourth axis when the wrist portion is oriented upward in the vertical direction and the end
effector is arranged to the lowest portion to be machined in the workpiece is shifted to a front
side by the distance Lc obtained by the formula (5), and is shifted by the height Hc obtained
by the formula (6) become a longest distance from the second axis to the third axis or less, in

a state where the first robot exactly faces the workpiece, and wherein
Lc=L21sin 6 (5), and

Hce=L21-cos 6 (6).
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12. A method of producing a workpiece, using a machining apparatus including a first
robot,

the method comprising:

controlling the first robot to move an end effector to a plurality of portions to be
machined of a workpiece; and

controlling the first robot to apply machining to the portion to be machined with the
end effector in a state where the end effector is arranged to the portion to be machined,

wherein the first robot includes:

a rotating portion, a first arm portion, a second arm portion, a wrist portion, and a tip
portion mutually connected in series, the first arm portion including a first link and a second
link, the second link being swingable around a seventh axis with respect to the first link;

a first actuator configured to rotate the rotating portion around a first axis;

a second actuator configured to swing the first arm portion around a second axis
passing through a first joint connecting the rotating portion and the first arm portion, the
second axis being non-parallel to the first axis and substantially parallel to the seventh axis;

a third actuator configured to swing the second arm portion around a third axis
passing through a second joint connecting the first arm portion and the second arm portion,
the third axis being substantially parallel to the second axis and the seventh axis;

a fourth actuator configured to swing the wrist portion around a fourth axis passing
through a third joint connecting the second arm portion and the wrist portion, the fourth axis
being non-parallel to a central axis of the second arm portion;

a fifth actuator configured to rotate the wrist portion around a fifth axis that is non-
parallel to the third axis and the fourth axis;

a sixth actuator configured to rotate the tip portion around a sixth axis that is non-
parallel to the fourth axis;

a distance adjustment actuator configured to adjust a distance between the second axis
and the third axis by rotating the second link around the seventh axis to fold the first arm
portion; and

the end effector provided to the tip portion and configured to apply machining to the
workpiece,

wherein the workpiece is located at a position where a tip portion of the first arm

portion or a base end portion of the second arm portion interferes with the workpiece when
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the first arm portion is rotated around the second axis in a state where the distance between

the second axis and the third axis is set to be maximum and where the first arm portion is

oriented toward the workpiece, and

wherein the controlling the first robot to move the end effector to the plurality of

portions to be machined of the workpiece includes moving of the end effector between a

position higher than a base end of the first arm portion and a position lower than the base end

of the first arm portion while changing the distance between the second axis and the third axis

with the distance adjustment actuator.

13.

A machining apparatus comprising:
a first robot comprising:

a rotating portion, a first arm portion, a second arm portion, a wrist portion,
and a tip portion mutually connected in series, the first arm portion including a first
link and a second link, the second link being swingable around a seventh axis with
respect to the first link;

a first actuator conﬁgﬁred to rotate the rotating portion around a first axis;

a second actuator configured to swing the first arm portion around a second
axis passing through a first joint connecting the rotating portion and the first arm
portion, the second axis being non-parallel to the first axis and substantially parallel to
the seventh axis;

a third actuator configured to swing the second arm portion around a third axis
passing through a second joint connecting the first arm portion and the second arm
portion, the third axis being substantially parallel to the second axis and the seventh
axis;

a fourth actuator configured to swing the wrist portion around a fourth axis
passing through a third joint connecting the second arm portion and the wrist portion,
the fourth axis being non-parallel to a central axis of the second arm portion;

a fifth actuator configured to rotate the wrist portion around a fifth axis that is
non-parallel to the third axis and the fourth axis;

a sixth actuator configured to rotate the tip portion around a sixth axis that is
non-parallel to the fourth axis;

means for adjusting a distance between the second axis and the third axis; and
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an end effector provided to the tip portion and configured to apply machining
to a workpiece, wherein

the first robot is positioned such that a movable range of a tip portion of the
first arm portion or a base end portion of the second arm portion interferes with the
workpiece when the first arm portion is rotated around the second axis, where the
distance is set to be maximum, in a state where the first arm portion is oriented toward

the workpiece.

14.  The machining apparatus according to claim 13, further comprising:

a means for controlling the first robot to move the end effector between a position
higher than a base end portion of the first arm portion and a position lower than the base end
portion of the first arm portion, in a state where a tip portion of the second arm portion is

positioned closer to a side of the workpiece than the base end portion of the first arm portion.

15.  The machining apparatus according to claim 1, further comprising:
at least one additional robot configured to apply machining to a same workpiece in

cooperation with the first robot.

16.  The machining apparatus according to claim 15,
wherein the at least one additional robot includes a second robot arranged adjacent to
the first robot,
wherein the second robot includes:
an additional rotating portion, an additional first arm portion, an additional
second arm portion, an additional wrist portion, and an additional tip portion mutually
connected in series;
an additional first actuator configured to rotate the additional rotating portion
around an additional first axis;
an additional second actuator configured to swing the additional first arm
portion around an additional second axis passing through an additional first joint
connecting the additional rotating portion and the additional first arm portion, the
additional second axis being non-parallel to the additional first axis;
an additional third actuator configured to swing the additional second arm

portion around an additional third axis passing through an additional second joint
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connecting the additional first arm portion and the additional second arm portion, the
additional third axis being substantially parallel to the additional second axis;

an additional fourth actuator configured to swing the additional wrist portion
around an additional fourth axis passing through an additional third joint connecting
the additional second arm portion and the additional wrist portion, the additional
fourth axis being non-parallel to a central axis of the additional second arm portion;

an additional fifth actuator configured to rotate the additional wrist portion
around an additional fifth axis that is non-parallel to the additional third axis and the
additional fourth axis;

an additional sixth actuator configured to rotate the additional tip portion
around an additional sixth axis that is non-parallel to the additional fourth axis, and
wherein the second robot is free of a distance adjustment actuator configured to adjust

a distance between the additional second axis and the additional third axis.

17.  The machining apparatus according to claim 16,

wherein the first robot is configured to apply machining to a first point of the
workpiece,

wherein the second robot is configured to apply machining to a second point of the
workpiece, and

wherein a distance between the additional rotating portion of the second robot and the
second point is longer than a distance between the rotating portion of the first robot and the

first point.

18.  The machining apparatus according to claim 16, wherein the first robot is positioned

closer to the workpiece than the second robot.

19.  The machining apparatus according to claim 15, wherein all of the first robot and the

at least one additional robot are fixed to an installation surface.
20.  The machining apparatus according to claim 19, wherein the first robot is arranged’

such that a movable range of the first robot overlaps with a movable range of another robot of

the at least one additional robot adjacent to the first robot.
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