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(57) ABSTRACT

The present invention is a weld line-detecting method when
fillet welding by an industrial robot including a welding torch
is taught. The welding torch on which an angle sensor having
a contactor is attached is moved toward a welding object,
angle information obtained when the contactor is in contact
with the welding object is transmitted to the industrial robot,
and the industrial robot moves the welding torch based on the
angle information so that the angle of the contactor becomes
zero. These operations are repeated, and the welding torch is
moved toward a fillet part along the surface of the welding
object. When the contactor arrives at the fillet part, a signal
indicating that the contactor is pressed in the axial direction of
the contactor is transmitted to the industrial robot. The indus-
trial robot detects that the contactor arrives at the position to
be welded on the weld line.
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WELD LINE-DETECTING METHOD AND

INDUSTRIAL ROBOT
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a weld line-detect-

ing method that facilitates teaching of fillet welding, for
example, and relates to an industrial robot.

[0003] 2. Background Art

[0004] Technology where a sensor is disposed in a welding
torch and detects a welding position is known in relation to a
weld line-detecting method when a welding position is taught
to a welding robot before fillet welding (for example, Unex-
amined Japanese Patent Publication No. S58-176078).
[0005] As shown in FIG. 8C, sensor 83 is disposed in a part
of the outer periphery of welding torch 82 out of which
welding core (welding wire) 81 is projected. When welding
torch 82 is located with reference to fillet, welding position P
onthe Y-Z plane as shown in FIG. 8 A, pressing welding torch
82 in the direction of welding core 81 generates bending
moment Md in welding torch 82. Sensor 83 detects bending
moment Md. The correspondence between the direction of
bending moment Md and the position of welding torch 82 is
previously set in the welding robot. On recognizing the posi-
tion based on the direction of bending moment Md, the weld-
ing robot moves welding torch 82 toward fillet welding posi-
tion P. Finally, the position state shown in FIG. 8B is
provided. In the state of FIG. 8B, the bending moment does
notoccur in welding torch 82, and only axial force Fn, namely
a force of the direction of welding core 81, is left.

SUMMARY

[0006] In the conventional weld line-detecting method,
when the output from a circuit for axial force detection
reaches a certain value or more, the movement of the welding
torch is stopped. At this time, the welding core, namely the
welding wire, is in the pressed state, and the projection length
of the welding wire is shorter than a projection length
required for original welding. In the conventional weld line-
detecting method, however, an operation of releasing this
state does not exist, and the correct welding position cannot
be indicated.

[0007] While a welding position is taught to the welding
robot, the welding robot detects the bending moment of the
welding torch and always automatically operates the welding
torch. However, the following case exists: even if the welding
wire comes into contact with a welding workpiece, the weld-
ing robot is intended to operate without automatically oper-
ating the welding torch. In this case, a worker easily cannot
switch and use the state where the bending moment of the
welding torch is automatically detected and the state where
the bending moment of the welding torch is not automatically
detected.

[0008] When an operation error causes the welding core to
be firmly pressed into a welding object or causes the welding
core or welding torch to be bumped against the welding
object, the welding core, the welding torch, or the sensor
disposed in the welding torch breaks.

[0009] The sensor disposed in the welding torch is not
detachable. Molten metal of an extremely high temperature is
generated during welding, and therefore the possibility that
the metal comes into contact with the sensor to damage the
sensor is high.
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[0010] A signal is transmitted from the sensor to the weld-
ing robot via an electric wire. Molten metal of an extremely
high temperature is generated during welding, and therefore
the possibility that the metal comes into contact with the
electric wire to damage the electric wire is high.

[0011] In order to address the above-mentioned problems,
the weld line-detecting method of the present invention is a
weld line-detecting method when fillet welding by an indus-
trial robot including a welding torch is taught. The weld
line-detecting method of the present invention includes a first
moving step of moving, toward a welding object, the welding
torch on which an angle sensor having a contactor is attached.
The weld line-detecting method of the present invention
includes a transmitting step of transmitting, to the industrial
robot, angle information obtained when the contactor is in
contact with the welding object, and a second moving step of
making the industrial robot move the welding torch based on
the angle information so that the angle of the contactor
becomes zero. The weld line-detecting method of the present
invention includes a repeating step of moving the welding
torch toward a fillet part along the surface of the welding
object by repeating the first moving step, transmitting step,
and second moving step. The weld line-detecting method of
the present invention includes a detecting step of, when the
contactor arrives at the fillet part of the welding object, mak-
ing the industrial robot detect that the contactor arrives at the
position to be welded on the weld line by transmitting, to the
industrial robot, a signal indicating that the contactor is
pressed in the axial direction thereof.

[0012] The weld line-detecting method of the present
invention further includes a first stopping step of, after the
detecting step, stopping the movement of the welding torch.
[0013] The weld line-detecting method of the present
invention further includes a releasing step of, after the first
stopping step, releasing the pressed state of the contactor by
moving the welding torch by the pressed amount of the con-
tactor in the pressed direction of the contactor.

[0014] The weld line-detecting method of the present
invention further includes a second stopping step of, after the
first moving step and before the transmitting step, stopping a
movement of the welding torch when the contactor comes
into contact with the welding object to make the angle of the
contactor larger than a predetermined angle.

[0015] The weld line-detecting method of the present
invention, furthermore, the second stopping step is performed
in a state of normal mode, the transmitting step, the second
moving step, the repeating step and the detecting step are
performed in a state of sensor mode. And The weld line-
detecting method of the present invention further includes a
mode switching step of, after the second stopping step and
before the transmitting step, switching the state of normal
mode to the state of sensor mode.

[0016] In the weld line-detecting method of the present
invention, furthermore, the angle sensor further includes a
radio communication section for angle sensor use for output-
ting the angle information of the contactor and the informa-
tion indicating that the contactor is pressed. The industrial
robot includes a manipulator to which the welding torch is
attached, a robot controller for controlling the operation of the
manipulator, and a teaching device for communicating with
the robot controller. The robot controller acquires informa-
tion output from the radio communication section for angle
sensor use via the teaching device or directly from the angle
sensor.
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[0017] In the weld line-detecting method of the present
invention, furthermore, the teaching device further includes
an attachable/detachable radio communication section for
teaching device use. The teaching device receives informa-
tion output from the angle sensor with the radio communica-
tion section for teaching device use, and transmits the infor-
mation received from the angle sensor to the robot controller.

[0018] In the weld line-detecting method of the present
invention, furthermore, the first moving step is performed
based on an operation program stored in a controller of the
industrial robot.

[0019] In the weld line-detecting method of the present
invention, furthermore, the first moving step is performed by
amanual operation of the industrial robot by the worker using
the teaching device that is connected to the industrial robot.

[0020] In the weld line-detecting method of the present
invention, furthermore, in the state where a nozzle and feed
chip are detached from the welding torch, instead of the feed
chip, the angle sensor is attached to the welding torch.

[0021] In the weld line-detecting method of the present
invention, furthermore, the peripheral dimension ofthe angle
sensor to be attached to the welding torch is not greater than
the peripheral dimension of the nozzle to be attached to the
welding torch.

[0022] In the weld line-detecting method of the present
invention, furthermore, the movement of the welding torch is
stopped when the angle of the contactor becomes a predeter-
mined angle or larger.

[0023] The industrial robot of the present invention
includes a manipulator having a welding torch, a robot con-
troller for controlling the operation of the manipulator, and a
teaching device for communicating with the robot controller.
The industrial robot of the present invention is an industrial
robot for performing fillet welding. An angle sensor having a
contactor is attached on the welding torch. The robot control-
ler includes a control section that receives the angle informa-
tion of the contactor directly from the angle sensor or via the
teaching device and performs processing. The industrial
robot of the present invention performs a first moving step of
moving, toward a welding object, the welding torch on which
the angle sensor having the contactor is attached. The indus-
trial robot of the present invention performs a receiving step
of receiving, from the angle sensor, angle information
obtained when the contactor is in contact with the welding
object. The industrial robot of the present invention performs
a second moving step of moving the welding torch based on
the angle information so that the angle of the contactor
becomes zero. The industrial robot of the present invention
performs a repeating step of moving the welding torch toward
a fillet part along the surface of the welding object by repeat-
ing the first moving step, receiving step, and second moving
step. The industrial robot of the present invention performs a
detecting step of, when the contactor arrives at the fillet part of
the welding object, detecting that the welding torch arrives at
the position to be welded on the weld line by receiving a
signal indicating that the contactor is pressed in the axial
direction thereof.

[0024] In the present invention, thus, the angle sensor is
attached to the welding torch, and the welding torch is moved
so that the angle of the contactor becomes zero based on the
angle information obtained when the contactor of the angle
sensor is in contact with the welding object. Thus, the weld
line can be detected easily.
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BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1A is a diagram showing a schematic configu-
ration of a robot system in accordance with a first exemplary
embodiment of the present invention.

[0026] FIG. 1B is a diagram showing a schematic configu-
ration of an angle sensor in accordance with the first exem-
plary embodiment of the present invention.

[0027] FIG. 2 is an explanatory diagram of the welding
position detecting operation in accordance with the first
exemplary embodiment of the present invention.

[0028] FIG. 3 is another explanatory diagram of the weld-
ing position detecting operation in accordance with the first
exemplary embodiment of the present invention.

[0029] FIG. 4 is yet another explanatory diagram of the
welding position detecting operation in accordance with the
first exemplary embodiment of the present invention.

[0030] FIG. 5 is a diagram showing the appearance of a
teaching device in accordance with a second exemplary
embodiment of the present invention.

[0031] FIG. 6A is an explanatory diagram of the movement
of'a welding torch in accordance with the second exemplary
embodiment of the present invention.

[0032] FIG. 6B is another explanatory diagram of the
movement of the welding torch in accordance with the second
exemplary embodiment of the present invention.

[0033] FIG. 7A is an explanatory diagram of the movement
of a welding torch in accordance with a third exemplary
embodiment of the present invention.

[0034] FIG. 7B is a diagram showing the appearance of a
teaching device in accordance with the third exemplary
embodiment of the present invention.

[0035] FIG. 8A is an explanatory diagram of the movement
of'a conventional welding torch.

[0036] FIG. 8B is another explanatory diagram of the
movement of the conventional welding torch.

[0037] FIG. 8C is a diagram showing the appearance of the
conventional welding torch.

DESCRIPTION OF EMBODIMENTS

[0038] Exemplary embodiments of the present invention
will he described hereinafter with reference to FIG. 1A
through FIG. 7B.

First Exemplary Embodiment

[0039] FIG. 1A is a diagram showing a schematic configu-
ration of a robot system. FIG. 1B is a diagram showing a
schematic configuration of an angle sensor.

[0040] In FIG. 1A, the robot system mainly includes an
industrial robot, namely manipulator 10, robot controller 11,
and teaching device 17. Manipulator 10 has a plurality of joint
axes, and each of the joint axes is constituted by a motor (not
shown) and a speed reducer (not shown). Robot controller 11
contras the entire robot system. Teaching device 17 is used in
order that a worker operates manipulator 10 to create a teach-
ing program, for example.

[0041] Teaching device 17 includes second CPU (central
processing unit) 19 for controlling the communication with
robot controller 11, and second radio communication section
18 as a radio communication section for teaching device use
for performing radio communication with an external appa-
ratus. Second radio communication section 18 is attachable to
and detachable from teaching device 17.
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[0042] Robot controller 11 includes first CPU 12, RAM
(random access memory) 13, driving section 14, first radio
communication section 15, and ROM (read only memory) 16.
First CPU 12 performs control or the like of the entire robot
system. The teaching program created by the worker is stored
in RAM 13, and can be read or written at any time. Driving
section 14 controls the motor of manipulator 10 and controls
the position and attitude of welding torch 21. First radio
communication section 15 is a radio communication section
for robot controller use, and performs radio communication
with an external apparatus. ROM 16 is a read only memory in
which a robot control program for controlling robot controller
11 is stored.

[0043] Welding torch 21 is attached on manipulator 10.
Angle sensor 1 shown in FIG. 1B is attached on welding torch
21.

[0044] Welding torch 21 applies arc voltage to a welding
wire to generate arc, and supplies the welding wire to a
welding object to continuously generate arc. Generally, on
the tip of welding torch 21, a welding chip (not shown) for
applying arc voltage to the welding wire and a nozzle (not
shown) for supplying welding gas are attached. When angle
sensor 1 is attached to welding torch 21, the welding chip and
nozzle are detached, and angle sensor 1 is attached instead of
them.

[0045] At this time, the dimensions of angle sensor 1 and
contactor 22 are determined so that the tip position of the
welding wire before the attachment of angle sensor 1 and the
tip position of contactor 22 after the attachment of angle
sensor 1 indicate the same position. This determination is
intended to produce the following condition:

[0046] when the worker performs the teaching work, the
teaching work is performed so that the tip of the welding wire
indicates the position to be welded of the welding object, but,
even when angle sensor 1 is attached, the teaching work can
be performed at the same position as that of the case of the
indication by the welding wire.

[0047] The peripheral dimension of angle sensor 1 to he
attached to welding torch 21 is not greater than that of the
nozzle to be attached to welding torch 21.

[0048] As shown in FIG. 1B, angle sensor 1 attached to
welding torch 21 includes, as components, contactor 22, sen-
sor section 23, third CPU 24, third radio communication
section 26, and battery 25. Contactor 22 comes into contact
with the welding object. Sensor section 23 detects the angle
and pressed state of contactor 22. Third CPU 24 reads infor-
mation from sensor section 23. Third radio communication
section 26 is a radio communication section for angle sensor
use, and transmits the information read by third CPU 24 to
robot controller 11. Battery 25 supplies power to sensor sec-
tion 23, third CPU 24, and third radio communication section
26.

[0049] Third CPU 24 reads angle information from sensor
section 23, and transmits the angle information to robot con-
troller 11 via third radio communication section 26.

[0050] Robot controller 11 includes first radio communica-
tion section 15 for receiving the angle information transmit-
ted from angle sensor 1, and first CPU 12 in robot controller
11 reads the angle information via first radio communication
section 15.

[0051] Next, using FIG. 2 through FIG. 4, the operation of
the robot system of the present exemplary embodiment is
described. FIG. 2 through F1G. 4 are explanatory diagrams of
the welding position detecting operation of the present exem-
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plary embodiment. In FIG. 2, when a worker performs the
teaching work by operating manipulator 10 using teaching
device 17, welding torch 21 is moved toward welding object
30, namely in the -Y direction. This operation is set as a first
moving step. Welding torch 21 of FIG. 1A is attached on
manipulator 10, and angle sensor 1 of FIG. 1B is attached on
welding torch 21.

[0052] When contactor 22 is not in contact with welding
object 30, contactor 22 is in the state of angle 6=0, and the
angle information read by sensor section 23 of FIG. 1B is
“angle 8=0". Third CPU 24 transmits the angle information to
robot controller 11 via third radio communication section 26.
When contactor 22 is in contact with welding object 30 and
contactor 22 is tilted from the state of angle 8=0, namely
when angle 0 is not 0 but o the angle information of sensor
section 23 is not “angle 6=0"" but “relative angle 6=c. from the
state of angle 8=0". Third CPU 24 transmits “angle 6=c.” as
the angle information to robot controller 11 via third radio
communication section 26. This operation is set as a trans-
mitting step.

[0053] Angle 0 as the angle information transmitted from
angle sensor 1 is received by first CPU 12 via first radio
communication section 15 disposed in robot controller 11.
First CPU 12 moves welding torch 21 in shift direction Tz so
that the angle of contactor 22 becomes 0 from angle 0 as the
received angle information.

[0054] The relationship between welding torch 21 and the
shift direction depends on the direction in which angle sensor
1 is attached to welding torch 21. In other words, when the
tilted direction of contactor 22 of angle sensor 1 is represented
by X-Y, the angle information is input as X-Y information
likewise, and the X-Y information indicates the tilted direc-
tion of contactor 22. The attached direction of angle sensor 1
to welding torch 21 uniquely determines the tilted direction of
contactor 22 and the shift direction of welding torch 21. When
contactor 22 is tilted, angle sensor 1 is required to be attached
to welding torch 21 in the direction for releasing the tilted
state. The operation amount in the shift direction varies in
proportion to the input amount from angle sensor 1. When the
angle of contactor 22 is small, the input amount decreases and
the shift amount in the shift direction also decreases. When
the angle of contactor 22 is large, the input amount increases
and the shift amount in the shift direction also increases.
[0055] At this time, the worker continues the operation for
moving welding torch 21 toward welding object 30, namely
in the =Y direction. Therefore, the combination of the move-
ment in the manual operation direction (-Y direction) and the
movement in shift direction Tz becomes movement in the Tn
direction. This operation is set as a second moving step.
[0056] By repeating the first moving step, transmitting step,
and second moving step, welding torch 21 moves toward
fillet, part Q along the surface of welding object 30. This
operation is set as a repeating step.

[0057] The tilted direction of contactor 22 and the shift
direction of welding torch 21 are uniquely determined. There-
fore, in order to move welding torch 21 toward fillet, part Q,
the worker is required to bring welding torch 21 into contact
with welding object. 30 at the forward angle of welding torch
21 with respect to the direction of fillet part Q. The forward
angle means the angle between welding torch 21 and welding
object 30 shown in FIG. 2.

[0058] Then, as shown in FIG. 3, when contactor 22 arrives
atfillet part Q of welding object. 30, contactor 22 is pressed in
the axial direction. Sensor section 23 of FIG. 1B detects the
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pressed state of contactor 22, and third CPU 24 transmits
information to robot controller 11 via third radio communi-
cation section 26. The information that is transmitted from
angle sensor 1 and indicates the pressed state of contactor 22
is received by first CPU 12 via first radio communication
section 15 disposed in robot controller 11. Thus, robot con-
troller 11 detects that welding torch 21 arrives at the position
to be welded on the weld line. This operation is set as a
detecting step.

[0059] Examples of the mechanism of detecting the angle
information of contactor 22 with sensor section 23 are a
mechanism and the like of detecting the position of contactor
22 with a Hall element sensor using a Hall effect. Thus, a
general sensor can be used.

[0060] First CPU 12 stops the movement, of welding torch
21 based on the received information indicating the state
where contactor 22 is pressed. This operation is set as a first
stopping step. Thus, the detection of fillet, part Q of welding
object 30, namely detection of the weld line, is completed. In
this state, when the worker performs a teaching point regis-
tering operation using teaching device 17, the angle informa-
tion of each joint of manipulator 10 is stored as positional
information in RAM 13 of robot controller 11. Thus, teaching
point registering processing is completed.

[0061] After first CPU 12 stops the movement of welding
torch 21 based on the received information indicating the
state where contactor 22 is pressed, sensor section 23 of angle
sensor 1 detects pressed amount A of contactor 22. Third CPU
24 reads pressed amount A from sensor section 23, and trans-
mits pressed Amount A to robot controller 11 via third radio
communication section 26. First CPU 12 of robot controller
11 reads pressed amount A via first radio communication
section 15, and moves manipulator 10 by controlling driving
section 14. Thus, welding torch 21 is moved by pressed
amount A in the —Tx direction opposite to the torch direction,
as shown by the arrow of FIG. 4. After the movement by
pressed amount A in the -Tx direction is completed, the
operation is stopped. At this time, the pressed state of contac-
tor 22 is released. This operation is set as a releasing step.
[0062] In the present exemplary embodiment, thus, robot
controller 11 moves welding torch 21 by controlling manipu-
lator 10 based on the angle information from angle sensor 1 so
that the angle of contactor 22 becomes zero. Thus, the weld
line can be easily detected.

[0063] In the above-mentioned example, the angle infor-
mation from angle sensor 1 is taken into first CPU 12 of robot
controller 11 via first radio communication section 15 of
robot controller 11. However, the following example may be
employed:

[0064] teaching device 17 includes second radio commu-
nication section 18, and second CPU 19 in teaching device 17
reads the angle information via second radio communication
section 18 and transmits the angle information to first CPU 12
in robot controller 11.

[0065] Second radio communication section 18 may have a
structure attachable to and detachable from teaching device
17. Examples of the attachable/detachable structure are a
USB (universal serial bus) radio module and an SD (secure
digital) card radio module.

[0066] A general radio communication method is used as
the method of radio communication between angle sensor 1
and first radio communication section 15 of robot controller
11, or the method of radio communication between angle
sensor 1 and second radio communication section 18 con-
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nected to teaching device 17. Examples of the general radio
communication method are a radio LAN (local area network)
communication conformable to IEEE (Institute of Electrical
and Electronics Engineers) 802.11 standard and a near field
radio communication conformable to IEEE 802.15 standard.
[0067] As the mechanism of the battery of second radio
communication section 18, a general battery such as a coin-
type battery or an electrical double layer capacitor can be
employed. When a rechargeable battery is employed, a charg-
ing connector may be disposed in the battery, and the battery
may be charged from a general-purpose power supply such as
a domestic power supply or USE power supply.

[0068] Alternatively, a connector for power supply may be
disposed in teaching device 17, and the battery may be
charged.

[0069] Alternatively, a USB connector may be disposed in
teaching device 17, and the battery may be charged from the
USB power supply.

Second Exemplary Embodiment

[0070] Inasecond exemplary embodiment, elements simi-
lar to those in the first exemplary embodiment are denoted
with the same reference marks, and the descriptions of those
elements are omitted. The second exemplary embodiment
differs from the first exemplary embodiment mainly in that
sensor mode and normal mode, which are described later, are
disposed and switched.

[0071] Teaching device 17 is described using FIG. 5. FIG.
5 is a diagram showing the appearance of teaching device 17.
Teaching device 17 includes mode switch 52 for switching
the modes described later, display screen 53, mode display
section 54, and operation key 55.

[0072] InFIG. 5, when mode switch 52 is switched to the
“SENSOR?” side, the sensor mode is selected, and the detec-
tion of the weld line described in the first exemplary embodi-
ment is performed. At this time, mode display section 54,
which is a part of display screen 53, indicates that the sensor
mode is selected. For example, “SENSOR” is displayed as the
displayed contents.

[0073] When mode switch 52 is switched to the “NOR-
MAL” side, the normal mode is selected. At this time, mode
display section 54, which is a part of display screen 53,
indicates that the normal mode is selected. For example,
“NORMAL” is displayed as the displayed contents.

[0074] The normal mode is described hereinafter. As
described using FIG. 2, the worker performs the first moving
step of moving welding torch 21 on which angle sensor 1 of
FIG. 1B is attached. When contactor 22 comes into contact:
with welding object. 30 and contactor 22 is tilted from the
state of angle 6=0, namely when angle 6 is not 0, robot
controller 11 stops the movement, of welding torch 21 if the
angle of contactor 22 becomes larger than predetermined
angle . This operation is set as a second stopping step. At this
time, movement to fillet part Q is not performed. In other
words, contactor 22 is in contact with welding object 30 and
is kept in the stopping state. This is set as normal mode. The
value of predetermined angle 3 can be set by the worker using
teaching device 17.

[0075] When the worker switches mode switch 52 from
“NORMAL” side to “SENSOR?” side in the state where the
movement of welding torch 21 is stopped and angle 6 of the
contactor is not 0, the sensor mode is selected. This operation
is set as a mode switching step. In the sensor mode, the
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detection of the weld line having been described in the first
exemplary embodiment is performed. The processing at this
time is described hereinafter.

[0076] When mode switch 52 is switched to “SENSOR”
side in the state where the movement, of welding torch 21 is
stopped and the worker stops operating welding torch 21, the
moving amount in the manual operation direction, namely in
the -Y direction, does not occur. In this case, as shown in FIG.
6A, the moving amount only in shift direction Tz occurs, and
welding torch 21 moves in shift direction Tz. As a result,
contactor 22 comes into the state of angle 8=0 and the move-
ment of welding torch 21 in shift direction Tz is stopped. This
state is shown in FIG. 6B. Thus, contactor 22 comes into the
state of angle 6=0, and the tip of contactor 22 is located on the
surface of welding object 30. The worker can continue a
desired teaching work from this state. The weld line may be
detected while the sensor mode is kept. Alternatively, the
mode may be switched to the normal mode, and the teaching
work may be continued or the teaching point registering
operation may be performed.

[0077] Inthe “SENSOR” mode, if contactor 22 is tilted, the
tilted state of contactor 22 is released by a shift operation by
welding torch 21. When welding torch 21 is brought into
contact with welding object 30 at a certain high speed, how-
ever, contactor 22 is significantly tilted in a short time. In this
case, the shift operation for releasing the tilted state of con-
tactor 22 is too late for the action where welding torch 21
comes into contact with welding object 30 at the high speed,
and hence the possibility of damaging angle sensor 1 is high.
Therefore, the worker usually operates welding torch 21 in
the “NORMAL” mode. In the “NORMAL” mode, even when
welding torch 21 is brought into contact with welding object
30 at a certain high speed, robot controller 11 stops the move-
ment of welding torch 21 ifthe angle of contactor 22 becomes
larger than predetermined angle 3. Then, the worker switches
the mode to the “SENSOR?” side and operates welding torch
21 at a low speed, thereby performing the weld line-detecting
operation without damaging angle sensor 1.

Third Exemplary Embodiment

[0078] In a third exemplary embodiment, elements similar
to those in the first exemplary embodiment and second exem-
plary embodiment are denoted with the same reference
marks, and the descriptions of those elements are omitted.
The third exemplary embodiment differs from the first exem-
plary embodiment and second exemplary embodiment
mainly in that the movement of welding torch 21 is stopped
immediately after the angle of contactor 22 becomes larger
than predetermined angle v.

[0079] The angle information of contactor 22 is periodi-
cally transmitted to first CPU 12 of robot controller 11. As
shown in FIG. 7A, when contactor 22 comes into contact with
welding object. 30 and the angle of contactor 22 becomes
larger than predetermined angle y, angle information vy is
transmitted to first CPU 12 of robot controller 11. Then, first
CPU 12 immediately stops the movement, of welding torch
21.

[0080] The purpose of this is to prevent damage of contac-
tor 22 or angle sensor 1. The damage preventing processing is
effective in both of the sensor mode and normal mode that
have been described in the second exemplary embodiment.
[0081] The value of angle v is set larger than the value of
angle . The value of angle y can be set by the worker using
teaching device 17.
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[0082] With the timing when first CPU 12 of robot control-
ler 11 stops welding torch 21, “LIMIT STOP” is displayed on
display screen 53 of teaching device 17 as shown in FIG. 7B,
and the worker can recognize that welding torch 21 is stopped
for damage prevention.

[0083] When the worker switches mode switch 52 to the
“SENSOR” side in this state, the sensor mode is selected, and
the detection of the weld line described in the first exemplary
embodiment is performed.

[0084] In the normal mode, two thresholds, predetermined
angle p and predetermined angle vy, are set. Thus, safety such
as damage prevention can be further increased.

[0085] In the sensor mode, predetermined angle y is a
threshold for the stop and damage prevention can be per-
formed. In the sensor mode, after the stop for a predetermined
time, the operation of the sensor mode may be started without
keeping the stop.

[0086] Thus, in the present exemplary embodiment, by
stopping the movement of welding torch 21 when the angle of
contactor 22 becomes larger than predetermined angle vy, the
damage of angle sensor 1 or welding torch 21 can be pre-
vented.

[0087] The first exemplary embodiment through third
exemplary embodiment have described the detection of the
weld line when the worker continues the first moving step
using teaching device 17. However, the following operation
may be employed:

[0088] based on an operation program, for example, stored
in robot controller 11, the first moving step is continued
automatically and the weld line is detected.

[0089] The presentinvention is industrially useful as aweld
line-detecting method when fillet welding is taught, for
example, and as an industrial robot for performing the teach-
ing.

What is claimed is:

1. A weld line-detecting method when fillet welding by an
industrial robot including a welding torch is taught, the weld
line-detecting method comprising:

a first moving step of moving the welding torch toward a
welding object, an angle sensor having a contactor being
attached on the welding torch;

atransmitting step of transmitting angle information to the
industrial robot, the angle information being obtained
when the contactor is in contact with the welding object;

a second moving step of making the industrial robot move
the welding torch based on the angle information so that
an angle of the contactor becomes zero;

a repeating step of moving the welding torch toward a fillet
part along a surface of the welding object by repeating
the first moving step, the transmitting step, and the sec-
ond moving step; and

a detecting step of, when the contactor arrives at the fillet
part of the welding object, making the industrial robot
detect that the contactor arrives at a position to be
welded on a weld line by transmitting, to the industrial
robot, information indicating that the contactor is
pressed in an axial direction of the contactor.

2. The weld line-detecting method of claim 1, further com-

prising,

a first stopping step of, after the detecting step, stopping a
movement of the welding torch.

3. The weld line-detecting method of claim 2, further com-

prising,
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a releasing step of, after the first stopping step, releasing a
pressed state of the contactor by moving the welding
torch by a pressed amount of the contactor in a direction
opposite to a pressed direction of the contactor.

4. The weld line-detecting method of claim 1, further com-

prising,

a second stopping step of, after the first moving step and
before the transmitting step, stopping a movement of the
welding torch when the contactor comes into contact
with the welding object to make the angle of the contac-
tor larger than a predetermined angle.

5. The weld line-detecting method of claim 4, wherein

the second stopping step is performed in a state of normal
mode,

the transmitting step, the second moving step, the repeating
step and the detecting step are performed in a state of
sensor mode, and

a mode switching step of, after the second stopping step
and before the transmitting step, switching the state of
normal mode to the state of sensor mode is further com-
prised.

6. The weld line-detecting method of claim 1, wherein

the angle sensor further includes a radio communication
section for angle sensor use for outputting angle infor-
mation of the contactor and information indicating that
the contactor is pressed,

the industrial robot includes a manipulator to which the
welding torch is attached, a robot controller for control-
ling an operation of the manipulator, and a teaching
device for communicating with the robot controller, and

the robot controller acquires information output from the
radio communication section for angle sensor use via the
teaching device or directly from the angle sensor.

7. The weld line-detecting method of claim 6, wherein

the teaching device further includes an attachable/detach-
able radio communication section for teaching device
use,

the teaching device receives information output from the
angle sensor via the radio communication section for
teaching device use, and

the teaching device transmits the information received
from the angle sensor to the robot controller.

8. The weld line-detecting method of claim 1, wherein
the first moving step is performed based on an operation
program stored in a controller of the industrial robot.

9. The weld line-detecting method of claim 1, wherein

the first moving step is performed by a manual operation of
the industrial robot by a worker using the teaching
device connected to the industrial robot.
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10. The weld line-detecting method of claim 1, wherein

in a state where a nozzle and a feed chip are detached from
the welding torch, instead of the feed chip, the angle
sensor is attached to the welding torch.

11. The weld line-detecting method of claim 1, wherein.

aperipheral dimension of the angle sensor to be attached to
the welding torch is not greater than a peripheral dimen-
sion of a nozzle to be attached to the welding torch.

12. The weld line-detecting method of claim 1, wherein

a movement of the welding torch is stopped when an angle
of the contactor becomes a predetermined angle or
larger.

13. An industrial robot for performing fillet welding, the

industrial robot comprising:

a manipulator on which a welding torch is attached;

a robot: controller for controlling an operation of the
manipulator; and

a teaching device for communicating with the robot con-
troller,

wherein an angle sensor having a contactor is attached on
the welding torch,

wherein the robot controller includes a control section, the
control section receiving angle information of the con-
tactor directly from the angle sensor or via the teaching
device, and performing processing,

wherein the industrial robot performs:

a first moving step of moving the welding torch toward
a welding object, the angle sensor having the contac-
tor being attached on the welding torch;

areceiving step of receiving angle information from the
angle sensor, the angle information being obtained
when the contactor is in contact with the welding
object;

a second moving step for moving the welding torch
based on the angle information so that an angle of the
contactor becomes zero;

a repeating step of moving the welding torch toward a
fillet part along a surface of the welding object by
repeating the first moving step, the receiving step, and
the second moving step; and

a detecting step of, when the contactor arrives at the fillet
part of the welding object, detecting that the welding
torch arrives at a position to be welded on a weld line
by receiving information indicating that the contactor
is pressed in an axial direction of the contactor.
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