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DESCRIPTION

TITLE OF INVENTION
WELDING CONTROL METHOD AND WELDING CONTROL DEVICE FOR PORTABLE
WELDING ROBOT, PORTABLE WELDING ROBOT, AND WELDING SYSTEM

TECHNICAL FIELD
[0001] The present invention relates to a welding control method and a welding control
device of a portable welding robot capable of moving on a guide rail and automatically

performing welding, the portable welding robot, and a welding system.

BACKGROUND ART

[0002] In the related art, for welding work in a factory in manufacturing a welded structure
in building a ship, an iron frame, a bridge, or the like, automation has progressed and a large
multi-axis welding robot is frequently used. On the other hand, in site welding work to which
a large multi-axis welding robot cannot be applied, automation has been advanced from manual
welding such as semi-automatic welding to a welding method to which a lightweight and small-
sized portable welding robot that can be carried by one worker is applied. The application of
such a portable welding robot can improve the welding efficiency at a welding site where
welding has been performed manually so far.

[0003] For example, Patent Literature 1 discloses a technique to which a portable welding
robot is applied. In Patent Literature 1, a guide rail using a corner unit having a linear portion
and a curved portion is attached to an outer periphery of a rectangular steel pipe to be welded,
the rectangular steel pipe being used in a construction site. Then, a welding robot is slidably
provided on the guide rail. When a position of a curvature center of a welded portion welded
by the welding robot is different from a position of a curvature center of the corner unit at a
position where the welding robot is located at the time of welding the welded portion, a control
unit of a control device controls a moving speed of the welding robot so that a length of a
welded portion by the welding robot per unit time (travel speed) is constant. In this way,

polygonal steel pipes having various shapes are efficiently welded.

CITATION LIST
PATENT LITERATURE
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[0004] Patent Literature 1: JP-A-2018-58078

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] However, at a site of welding, a workpiece to be welded is carried to the site along
with an error from drawings due to assembly accuracy and cutting accuracy in a previous step.
Thereafter, workpieces carried to the site are subjected to an assembling operation to form a
groove shape serving as a weld joint.  As a matter of course, an error occurs in the assembling
operation. Therefore, with respect to a groove shape of a weld joint to be welded on site, a
cross section of the groove shape differs depending on a portion of welding even in the same
joint portion. On the other hand, in terms of welding quality, it is required that a bead width
and a weld reinforcement height of the weld joint satisfy a certain reference dimension. Of
course, welding defects such as undercut and overlap should not be observed. In such welding
work in which the groove shape differs depending on a portion of a weld joint, in order to satisfy
the welding quality, it is required that the welding robot recognizes the groove shape in advance,
welding conditions are appropriately controlled in accordance with cross-sectional area of the
groove shape, and a height of a weld metal in a welding groove can be kept constant over the
entire welding length even when the groove shape is changed.

[0006] Further, installation of the guide rail on which the portable welding robot travels is
performed manually, and a lot of time is required to install the guide rail with high accuracy.
However, in the current situation, a positional relationship between the guide rail and the
welding groove differs for each weld joint. At the welding site, it is necessary to check the
positional relationship between the guide rail and the groove shape every time the guide rail is
installed, and appropriately operate the portable welding robot based on data of the positional
relationship.

In welding using a portable welding robot disclosed in Patent Literature 1, when a
moving speed of the welding robot is controlled such that a length of a welded portion per unit
time (that is, a travel speed) is constant along a weld joint whose groove shape changes, a height
of a weld metal in a welding groove differs according to the change in the groove shape, and in
the final finish, a width and a weld reinforcement height of the weld metal may deviate from a
reference value according to a place, defects of undercut and overlap may be caused in an
extreme case, and the welding quality may not be satisfied. Further, weldability in a case of

deviation in position of the guide rail and the groove shape due to guide rail installation
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accuracy is not taken into consideration. It may be required to perform repair work such as
removal of spatters adhering to a workpiece, and work efficiency may be significantly reduced.
[0007] The present invention has been made in view of the above-described problems, and
an object of the present invention is to provide a welding control method of a portable welding
robot, a welding control device, a portable welding robot, and a welding system capable of
performing welding without being affected by a change in a groove shape, guide rail installation

accuracy, or the like, and capable of improving work efficiency and welding quality.

SOLUTION TO PROBLEM

[0008] The above object of the present invention is achieved by the following configuration
(1) relating to a welding control method for a portable welding robot.

[0009] (1) A welding control method of a portable welding robot that moves along a guide
rail for welding a workpiece having a groove, the method including:

a sensing step of setting two or more groove shape detection positions in a welding
section from a welding start point to a welding end point, and sensing groove shapes at the
groove shape detection positions via a detection unit provided in the portable welding robot
moving on the guide rail;

a groove shape information calculation step of calculating groove shape information
based on detection data obtained in the sensing step; and

a welding condition acquisition step of acquiring a welding condition based on the
groove shape information.

[0010] A preferred embodiment of the present invention according to a welding control
method for a portable welding robot relates to the following (2) to (11).
[0011]  (2) The welding control method of the portable welding robot according to (1),

in which in a case where intersections of the groove shape detection positions and a
predetermined weld line on the workpiece are set as weld line position detection points, and a
trajectory of welding at a time when welding is performed between adjacent weld line position
detection points is set as a welding trajectory line, the groove shape detection positions are set
such that a maximum value of a relative distance between the weld line and the welding
trajectory line is equal to or less than two times of a welding wire diameter.

[0012] (3) The welding control method of the portable welding robot according to (1) or (2),
in which the welding condition is controlled so as to change in at least one of a linear

manner, a stepwise manner, and a curved manner between the groove shape detection positions
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in accordance with a value of the welding condition acquired for each of the groove shape
detection positions in a case where a change in the welding condition occurs between the groove
shape detection positions.

[0013] (4) The welding control method of the portable welding robot according to (3),

in which at least one welding condition is a travel speed, and

in a case where

a moving direction of the portable welding robot is set as an X direction,

a groove width direction perpendicular to the X direction is set as a Y direction, and

a groove depth direction perpendicular to the X direction is set as a Z direction,

moving speeds in three directions of the X direction, the Y direction, and the Z
direction are calculated according to values of the travel speed that are acquired for the three
directions at the groove shape detection positions, and

the travel speed between the groove shape detection positions is controlled according
to moving speeds in the three directions.
[0014] (5) The welding control method of the portable welding robot according to (3),

in which at least one welding condition is a travel speed,

in a case where

a moving direction of the portable welding robot is set as an X direction,

a groove width direction perpendicular to the X direction is set as a Y direction, and

a groove depth direction perpendicular to the X direction is set as a Z direction,

moving speeds in three directions of the X direction, the Y direction, and the Z
direction are calculated according to values of the travel speed that are acquired for the three
directions at the groove shape detection positions,

in which a welding distance or a moving time between the groove shape detection
positions is divided into two or more sections, and a travel speed of each division point is
calculated according to moving speeds in the three directions at each division point, and

in which a travel speed between the groove shape detection positions is controlled
such that a travel speed of each division point is constant and a travel speed between the groove
shape detection positions changes in a stepwise manner.
[0015] (6) The welding control method of the portable welding robot according to (2),

in which at least one of the groove shape detection positions is provided in a boundary
region between a linear portion and a curved portion of the guide rail or in a boundary region

where a curvature of the guide rail changes in the curved portion.
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[0016] (7) The welding control method of the portable welding robot according to (6),

in which a section for controlling the welding condition is provided immediately
before or immediately after the groove shape detection position provided in the boundary region.
[0017]  (8) The welding control method of the portable welding robot according to any one
of (1) to (7),

in which at least one of a weaving condition, a travel speed, and a welding current is
selected as the welding condition, and

in which at least one of the weaving condition, the travel speed, and the welding
current is controlled based on the groove shape information between the groove shape detection
positions, so that a weld metal in the groove has a constant height along a welding direction.
[0018] (9) The welding control method of the portable welding robot according to any one
of (1) to (8),

in which the sensing step includes sensing at least one of a workpiece surface on a
side on which the groove is provided in the workpiece and a workpiece end portion in a welding
direction of the workpiece, in addition to sensing of the groove shape at the groove shape
detection position.
[0019] (10) The welding control method of the portable welding robot according to any one
of (1) to (9),

in which the sensing is touch sensing,

in which at the groove shape detection position, at least five detection points arranged
along a cross section of the groove are provided on a root gap and groove side surfaces on both
sides of the groove, and

in which the groove shape information is calculated based on the detection data
obtained from the detection point.
[0020]  (11) The welding control method of the portable welding robot according to (2),

in which the weld line is a groove end of any one of both groove side surfaces of the
groove shape.
[0021]  Further, the object of the present invention is achieved by the following configuration
(12) relating to a welding control device for a portable welding robot.
[0022]  (12) A welding control device configured to weld a workpiece having a groove using
a portable welding robot that moves along a guide rail, the welding control device including:

a groove shape information calculation unit that calculates groove shape information

based on detection data obtained in a sensing step of



10

15

20

25

30

6
setting two or more groove shape detection positions in a welding section
from a welding start point to a welding end point, and
sensing groove shapes at the groove shape detection positions via a
detection unit provided in the portable welding robot moving on the guide rail; and

a welding condition acquisition unit that acquires a welding condition based on the
groove shape information.

[0023]  Further, the object of the present invention is achieved by the following configuration
(13) relating to a portable welding robot.

[0024] (13) A portable welding robot that welds a workpiece having a groove while moving
on a guide rail and is controlled by the welding control device according to (12), the portable
welding robot including:

a detection unit that, in a state of being set on the guide rail, sets two or more groove
shape detection positions in a welding section from a welding start point to a welding end point,
and senses groove shapes at the groove shape detection positions.

[0025] Further, the object of the present invention is achieved by the following configuration
(14) relating to a welding system for a portable welding robot.
[0026] (14) A welding system of a portable welding robot, the welding system including:

a portable welding robot that welds a workpiece having a groove while moving on a
guide rail; and

a welding control device that is capable of controlling an operation of the portable
welding robot,

in which the portable welding robot includes a detection unit that sets two or more
groove shape detection positions in a welding section from a welding start point to a welding
end point, and that senses groove shapes at the groove shape detection positions, and

in which the welding control device includes

a groove shape information calculation unit that calculates groove shape
information based on detection data obtained by the sensing, and
a welding condition acquisition unit that acquires a welding condition

based on the groove shape information.

ADVANTAGEOUS EFFECTS OF INVENTION
[0027]  According to the welding control method of a portable welding robot, the welding

control device, the portable welding robot, and the welding system for a portable welding robot
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of the present invention, the groove shape information is acquired based on the detection data
obtained at the groove shape detection position in a state where the guide rail and the portable
welding robot are installed along the groove, and the welding condition is set based on the
groove shape information. Therefore, a change in the groove shape for each groove shape
detection position and a change in a positional relationship between the guide rail and the
groove that occurs due to a guide rail installation error are considered due to being included in
the detection data, and the welding condition can be acquired based on an accurate numerical
value.

Accordingly, welding can be performed under welding control that is not affected by
guide rail installation accuracy or the change in the groove shape. As a result, highly accurate
welding can be performed. With respect to welding work, workpiece assembling work at the
time of forming the groove shape is facilitated, position adjustment of the guide rail and the

portable welding robot is facilitated, and welding with good work efficiency can be performed.

BRIEF DESCRIPTION OF DRAWINGS
[0028] Fig. 1 is a schematic diagram of an embodiment of a welding system of the present
invention.

Fig. 2 is a schematic side view of a portable welding robot shown in Fig. 1.

Fig. 3 is a perspective view of the portable welding robot shown in Fig. 2.

Fig. 4A is a schematic perspective view for illustrating a groove shape detection
position by the portable welding robot shown in Fig. 3.

Fig. 4B is a perspective view of the portable welding robot in which a linear guide
rail is applied to a meandering groove.

Fig. 4C is an illustrative diagram for illustrating a concept of a positional relationship
between the linear guide rail and the groove in Fig. 4B.

Fig. 4D is a perspective view of the portable welding robot to which a curved guide
rail is applied to a meandering groove.

Fig. 4E is an illustrative diagram for illustrating a concept of a positional relationship
between the curved guide rail and the groove in Fig. 4D.

Fig. 5 is a schematic side view for illustrating sensing with the portable welding robot
shown in Fig. 3.

Fig. 6 is a schematic perspective view for illustrating sensing with the portable

welding robot shown in Fig. 3.
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Fig. 7A is a graph illustrating a change in travel speed in a welding control method
of the present invention, in a case where control is performed such that the travel speed changes
in a curved manner.

Fig. 7B is a graph illustrating a change in travel speed in the welding control method
of the present invention, in a case where control is performed such that the travel speed changes
in a linear manner.

Fig. 7C is a graph illustrating a change in travel speed in the welding control method
of the present invention, in a case where control is performed such that the travel speed changes
in a stepwise manner.

Fig. 8A is an illustrative diagram of a travel speed and a welding distance when a
welding wire tip of a welding torch of a portable welding robot on a linear guide rail moves
between weld line position detection points.

Fig. 8B is an illustrative diagram for illustrating the travel speed obtained by
enlarging a VIII portion shown in Fig. 8A.

Fig. 8C is an illustrative diagram of a moving distance when the welding wire tip of
the welding torch of the portable welding robot on the linear guide rail moves between the weld
line position detection points.

Fig. 8D shows cross-sectional shapes of welds when the present embodiment is
applied, and is a diagram for illustrating effects of the present embodiment.

Fig. 8E shows cross-sectional shapes of welds when the present embodiment is not
applied, and is a diagram for illustrating poor welding when the present embodiment is not
applied.

Fig. 9A is an illustrative diagram of a travel speed and a welding distance when a
welding wire tip of a welding torch of a portable welding robot on a curved guide rail moves
between weld line position detection points.

Fig. 9B is an illustrative diagram for illustrating the travel speed, obtained by
enlarging an IX portion shown in Fig. 9A.

Fig. 9C is an illustrative diagram for illustrating the travel speed by showing Fig. 9B
on an XY plane.

Fig. 9D is an illustrative diagram of a moving distance when the welding wire tip of
the welding torch of the portable welding robot on the curved guide rail moves between the
weld line position detection points.

Fig. 10 is a perspective view of the welding robot shown in Fig. 3 in a case of being
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Fig. 11 is a diagram for illustrating a positional relationship between a guide rail and
a groove in a region of 1/4 corner of the guide rail and the rectangular steel pipe when Fig. 10
is viewed from directly above.

Fig. 12 is a graph showing a relationship between a moving distance (= welding
distance) of a welding wire tip of a welding torch of a portable welding robot and a travel speed,
when the moving distance is equally divided in the welding control method of the present
invention.

Fig. 13 is a schematic perspective view for illustrating weaving in the welding control
method of the present invention.

Fig. 14 is a graph showing a travel speed, a moving speed in a Y direction (= weaving

speed), and a weaving width in the welding control method of the present invention.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, a welding system according to an embodiment of the present invention
will be described with reference to the drawings. Note that the present embodiment is an
example of a case where a portable welding robot is used, and the welding system of the present
invention is not limited to a configuration of the present embodiment.

[0030] <Configuration of Welding System>

Fig. 1 is a schematic diagram illustrating a configuration of a welding system
according to the present embodiment. As shown in Fig. 1, a welding system 50 includes a
portable welding robot 100, a feeding device 300, a welding power supply 400, a shielding gas
supply source 500, and a control device 600.

[0031] [Control Device]

The control device 600 is connected to the portable welding robot 100 by a robot
control cable 610, and is connected to the welding power supply 400 with a power supply
control cable 620.

The control device 600 includes a data holding unit 601 that holds teaching data
determining an operation pattern, a welding start position, a welding end position, a welding
condition, a weaving operation, and the like of the portable welding robot 100 in advance, sends
a command to the portable welding robot 100 and the welding power supply 400 based on the
teaching data, and controls an operation and a welding condition of the portable welding robot

100.



10

15

20

25

30

10

In addition, the control device 600 includes a groove shape information calculation
unit 602 that calculates groove shape information based on detection data obtained by sensing
to be described later, and a welding condition acquisition unit 603 that corrects and acquires
welding conditions of the teaching data based on the groove shape information. The groove
shape information calculation unit 602 and the welding condition acquisition unit 603 constitute
a control unit 604.
[0032]  Further, the control device 600 is integrally formed with a controller for teaching and
a controller having other control functions. However, the control device 600 is not limited
thereto. The control device 600 may be divided into a plurality of parts according to roles, for
example, may be divided into two controllers with one for performing teaching and the other
having other control functions, or the portable welding robot 100 may include the control device
600. In addition, although a signal is transmitted using the robot control cable 610 and the
power supply control cable 620 in the present embodiment, the present invention is not limited
thereto, and the signal may be transmitted in a wireless manner. From the viewpoint of
usability at a welding site, it is preferable that the control device 600 is divided into two
controllers, with one for performing teaching and the other having other control functions.
[0033] [Welding Power Supply]

The welding power supply 400 supplies power to a consumable electrode (hereinafter,

also referred to as “welding wire”) 211 and a workpiece W, in response to a command from the
control device 600, thereby generating an arc between the welding wire 211 and the workpiece
W,. The power from the welding power supply 400 is sent to the feeding device 300 via a
power cable 410, and is sent from the feeding device 300 to a welding torch 200 via a conduit
tube 420. Then, as shown in Fig. 2, power is supplied to the welding wire 211 via a contact
tip at a tip of the welding torch 200. Note that a current during welding work may be a direct
current or an alternating current, and a waveform thereof is not particularly limited. Therefore,
the current may be a pulse of a rectangular wave, a triangular wave or the like.
[0034] In the welding power supply 400, for example, the power cable 410 is connected to
the welding torch 200 side as a positive (+) electrode, and a power cable 430 is connected to
the workpiece W, as a negative (—) electrode. Note that this is a case of performing welding
with reversed polarities, and in a case of performing welding with normal polarities, the welding
power supply 400 may be connected to the workpiece W, side via a positive (+) power cable
430, and may be connected to the welding torch 200 side via a negative (—) power cable 410.

[0035] [Shielding Gas Supply Source]
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The shielding gas supply source 500 includes a container in which a shielding gas is
filled and an additional member such as a valve. The shielding gas is sent from the shielding
gas supply source 500 to the feeding device 300 via a gas tube 510. The shielding gas sent to
the feeding device 300 is sent to the welding torch 200 via the conduit tube 420. The shielding
gas sent to the welding torch 200 flows in the welding torch 200, is guided by a nozzle 210, and
is ejected from the tip side of the welding torch 200.  As the shielding gas used in the present
embodiment, for example, argon (Ar), carbon dioxide (CO>), or a mixed gas thereof can be
used.
[0036] [Feeding Device]

The feeding device 300 feeds out the welding wire 211 and sends the welding wire
211 to the welding torch 200. The welding wire 211 fed by the feeding device 300 is not
particularly limited, and is selected depending on properties, welding forms, and the like of the
workpiece W,. For example, a solid wire or a flux-cored wire (hereinafter also referred to as
“FCW”) is used. In addition, a material of the welding wire is not limited, for example, mild
steel may be used, or materials such as stainless steel, aluminum, and titanium may be used.
Further, a wire diameter of the welding wire is not particularly limited.
[0037] In the present embodiment, it is preferable to apply the FCW from the viewpoint of
weldability, and it is more preferable that the FCW is a basic FCW. Further, in a case of
applying a basic FCW, one with positive polarity is preferable. In the present embodiment, an
upper limit of a preferable wire diameter is 1.6 mm, and a lower limit of a preferable wire
diameter is 0.9 mm.
[0038] With respect to the conduit tube 420 according to the present embodiment, a
conductive path for functioning as a power cable is formed on an outer skin side of the tube,
and a protective tube for protecting the welding wire 211 is provided inside the tube and a flow
path of the shielding gas is formed. However, the conduit tube 420 is not limited thereto.
For example, a tube can be used in which a power supply cable and a shielding gas supply hose
are bound around a protective tube for feeding the welding wire 211 to the welding torch 200.
In addition, for example, tubes for feeding the welding wire 211 and the shielding gas may be
provided separately from a power cable.
[0039] [Portable Welding Robot]

As shown in Figs. 2 and 3, the portable welding robot 100 includes a guide rail 120,
a robot main body 110 that is installed on the guide rail 120 and moves along the guide rail 120,

and a torch connecting portion 130 that is mounted on the robot main body 110. The robot
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main body 110 mainly includes a main body portion 112 installed on the guide rail 120, a fixed
arm portion 114 attached to the main body portion 112, and a movable arm portion 116 attached
to the fixed arm portion 114 in a rotatable state (rotatable in a direction indicated by an arrow
R1).
[0040] The torch connecting portion 130 is attached to the movable arm portion 116 via a
crank 170. The torch connecting portion 130 includes a torch clamp 132 and a torch clamp
134 that fix the welding torch 200. In addition, on a side opposite to a side where the welding
torch 200 is attached, the main body portion 112 is provided with a cable clamp 150 that
supports the conduit tube 420 that connects the feeding device 300 and the welding torch 200.
[0041] In the present embodiment, a touch sensor is used as a detection unit that senses a
surface or the like of a groove 10 by applying a voltage between the workpiece W, and the
welding wire 211, and using a voltage drop phenomenon which occurs when the welding wire
211 comes into contact with the workpiece W,. The detection unit is not limited to the touch
sensor of the present embodiment, and an image sensor, a laser sensor, or the like, or a
combination thereof may be used. The touch sensor of the present embodiment is preferably
used in view of simplicity of device configuration.
[0042]  As indicated by an arrow X in Fig. 2, the main body portion 112 of the robot main
body 110 can be driven in a direction perpendicular to a paper surface, that is, in an X direction
in which the robot main body 110 moves along the guide rail 120. The main body portion 112
can also be driven in a Z direction that is a depth direction of the groove 10 that is perpendicular
to the X direction. In addition, the fixed arm portion 114 can be driven with respect to the
main body portion 112 in a Y direction, which is a width direction of the groove 10 that is
perpendicular to the X direction, via a slide support portion 113.

Further, the torch connecting portion 130 to which the welding torch 200 is attached

can be driven to swing back and forth in the X direction by rotating the crank 170 as indicated
by an arrow Ry in Fig. 3.  Further, the movable arm portion 116 is attached to the fixed arm
portion 114 so as to be rotatable as indicated by the arrow R1, and can be adjusted to an optimum
angle and fixed.
[0043]  Asdescribed above, the robot main body 110 can drive the welding torch 200, which
is a tip portion of the robot main body 110, at three degrees of freedom. However, the robot
main body 110 is not limited thereto, and may be driven at any number of degrees of freedom
depending on application.

[0044]  With the above configuration, a tip portion of the welding torch 200 attached to the
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torch connecting portion 130 can be directed in an arbitrary direction. Further, the robot main
body 110 can be driven on the guide rail 120 in the X direction in Fig. 2. The welding torch
200 reciprocates in the Y direction as the robot main body 110 moves in the X direction, so that
the welding torch 200 can perform weaving welding. In addition, the welding torch 200 can
be tilted according to a construction state such as providing a push angle or a drag angle, for
example, by driving of the crank 170.
[0045] An attachment member 140 such as a magnet is provided below the guide rail 120,
and the guide rail 120 is configured to be easily attached to and detached from the workpiece
W, by the attachment member 140. When setting the portable welding robot 100 on the
workpiece W, an operator can easily set the portable welding robot 100 on the workpiece W,
by grasping both side handles 160 of the portable welding robot 100.
[0046] <Welding Condition Control Method>

Next, a welding condition control method using the welding system 50 according to
the present embodiment will be described in detail.

[0047] [Control of Travel Speed between Weld Line Position Detection Points Ty]

Fig. 4A is perspective view of a groove part of the workpiece W,, and is a schematic
perspective view in which the groove 10 meanders in the welding direction X, which is a
longitudinal direction of the groove 10, and further, the groove 10 whose root gap G is changed
in a width direction Y of the groove 10 is welded. Fig. 4B is a schematic perspective view of
the portable welding robot 100 in which the linear guide rail 120 is applied to the meandering
groove 10 as shown in Fig. 4A. Fig. 4C is a conceptual diagram illustrating a groove shape
detection position Py, and a positional relationship between the groove 10 and the guide rail 120
on a plane.

[0048] For welding the groove 10, welding conditions at the time of welding are acquired
before start of welding by using the robot main body 110 that moves along the guide rail 120.
Specifically, for example, based on an operation signal of the control device 600, the robot main
body 110 is driven to start automatic sensing of a groove shape, groove shape information is
calculated to further calculate the welding conditions, and automatic gas-shielded arc welding
is implemented.

[0049]  Sensing the above-described touch sensor performs a sensing step for the groove
shape, a plate thickness, a start/end part, and the like as follows.

For example, a case is considered where, in a welding section from a welding start

point 10s to a welding end point 10, of the groove 10 as shown in Fig. 4A, the groove meanders,
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the root gap G also changes, and the groove shape is different for each place. In such a case,
in the sensing step, a plurality of locations (six locations in the present embodiment) where a
cross-sectional shape of the groove 10 is an inverted trapezoidal cross-sectional shape is
provided as the groove shape detection position P, (Po, P2, ..., P5s). More specifically, the
groove shape detection position P, closest to the welding start point 105 is set as a first groove
shape detection position Ps (Po), the groove shape detection position P, closest to the welding
end point 10, is set as a second groove shape detection position P. (Ps), and the touch sensor
performs sensing while the robot main body 110 moves on the guide rail 120.

[0050] Next, a method of setting the first groove shape detection position Ps and the second
groove shape detection position P, will be described in more details.

The first groove shape detection position P closest to the welding start point 10s side
and the second groove shape detection position P closest to the welding end point 10. side are
set such that |Ps - P¢| which is a difference between the first groove shape detection position Ps
and the second groove shape detection position P. satisfies the following expression with
respect to a distance L between workpiece end portions We.

0.5<|Ps-Pe/L <1

In this way, accuracy of detection data is improved by defining set positions of the
first groove shape detection position Ps and the second groove shape detection position Pe.
The value of “|Ps - P¢|/L” is preferably 0.6 or more, more preferably 0.7 or more, and still more
preferably 0.8 or more.

The first groove shape detection position Ps is preferably set in the vicinity of the
welding start point, and the second groove shape detection position P. is preferably set in the
vicinity of the welding end point.

[0051] Position setting of the first groove shape detection position P and the second groove
shape detection position P. may be input to the control device 600 in advance by teaching or
the like.  Alternatively, the position setting may be automatically performed by sensing. In
addition, the distance L between the workpiece end portions We may be calculated by sensing,
and the first groove shape detection position Ps and the second groove shape detection position
P. may be automatically set within a range satisfying the above expression.

[0052]  After the sensing step, based on detection data of a groove cross-sectional shape at
each of the groove shape detection positions P, (Po to Ps) obtained in the sensing step, groove
shape information is calculated. That is, groove angles 01, 02 of the groove shape, plate

thicknesses Hi, Ho, and the root gap G as shown in Fig. 5, the distance L between workpiece
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end portions W, (groove shape information calculation step) and the like are calculated. Then,
based on the detection data of the groove shape at each of the groove shape detection positions
Px (Po to Ps), welding conditions are corrected for each of the groove shape detection positions
P. (Po to Ps) from welding conditions generated or set in advance in the control device 600
(welding condition acquisition step), and welding conditions for actually performing welding
are acquired. Then, using the welding conditions, the robot main body 110 is driven to start
welding.

[0053] Intervals between the groove shape detection positions Py is set so as to satisfy the
following conditions. For example, as shown in Fig. 4B, a case will be described where the
groove 10 shown in Fig. 4A meanders, the root gap G changes, and a weld having different
groove shapes for each place is welded using the linear guide rail 120. Details of the
conditions for determining the intervals between the groove shape detection positions P; in this
case will be described with reference to Fig. 4C. First, a weld line WL is determined in
advance at an arbitrary position of the groove 10 on the workpiece W,. For example, a relative
distance L; between the curved weld line WL and the guide rail 120 (specifically, a rail center
Rc¢) changes. Intersections of the groove shape detection positions P, and the weld line WL
are set as weld line position detection points Ty (To to Ts). The weld line position detection
points T, are important points for obtaining detection data in the groove shape detection
positions P,.  Further, a welding trajectory when welding is actually performed between weld
line position detection points Ty adjacent to each other is set as a welding trajectory line TWL,
and the robot main body 110 is driven such that the tip of the welding wire 211 follows the
welding trajectory line TWL. In the linear guide rail 120, the welding trajectory line TWL is
a straight line.

[0054] At this time, a relative distance Ad between the weld line WL and the welding
trajectory line TWL is generated. It is preferable to set the intervals such that a maximum
value maxAd of the relative distance among relative distances Ad is reduced as much as possible.
Here, in order to reduce the maximum value maxAd of the relative distance, it is conceivable
to increase the number of the groove shape detection positions Pn, but sensing efficiency
decreases with an increase of the number of the groove shape detection position P,. In the
present embodiment, when setting the weld line position detection point T, on the weld line
WL, for example, it is preferable to narrow an interval between the groove shape detection
positions Py in a portion where the weld line WL is largely curved in order to reduce an error

from the weld line WL, and to widen the interval in a linear portion where the weld line WL is
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not relatively curved. The relative distance Ad is given in consideration of a relative distance
in a three-dimensional space.

[0055] Next, Figs. 4D and 4E illustrate a case where the groove 10 shown in Fig. 4A
meanders, the root gap G changes, and a weld having different groove shapes for each place is
welded using a curved guide rail 120. In this case, the robot main body 110 travels around a
curvature center O of the guide rail 120, and the welding trajectory line TWL at this time
becomes a curved line due to a curvature of the guide rail 120.

In this case, intervals between the groove shape detection positions P, to which the
curved guide rail 120 as shown in Fig. 4D is applied is set as shown in Fig. 4E similarly to the
case where the linear guide rail 120 is applied. Although the welding trajectory line TWL is
a curved line due to the curvature of the guide rail 120, it is preferable to set the interval such
that the maximum value maxAd of the relative distance is reduced as much as possible as in the
case of the linear guide rail 120 shown in Fig. 4C.

[0056] In the present embodiment, it is preferable to set the groove shape detection position
P, such that the maximum value maxAd of the relative distance is equal to or less than two
times of a welding wire diameter, and it is more preferable to set the groove shape detection
position P, such that the maximum value maxAd of the relative distance is less than the welding
wire diameter. Specifically, when the welding wire diameter is 1.2 mm, it is preferable to
provide the groove shape detection position P, such that the maximum value maxAd of the
relative distance is 2 mm or less.  Setting the maximum value maxAd of the relative distance
to be equal to or less than two times of the welding wire diameter indicates that a tolerance that
can ensure good welding quality with respect to the weld line WL to be welded originally means
an error within two times the welding wire diameter.

[0057] Inaddition, from the viewpoint of clarity, the weld line WL is preferably groove edges
11e, 12¢ (intersections of workpiece upper surfaces Wy, Wj and groove side surfaces 11, 12),
which are upper end corner portions of the cross-sectional shape of the groove 10 on the
workpiece Wo, or any one of both ends of a root portion 13, as shown in Figs. 4A, 4B and 5.
Further, it is more preferable to set the groove edges 11e, 12. as the weld line, which improves
the clarity since it is possible to accurately grasp the change in the groove shape that occurs due
to unevenness, welding deformation, a dimension defect, or the like.

In Fig. 4C, the weld line WL is set so as to pass through the inside (center) of the
groove 10.

[0058] In the present embodiment, a sensing method of the touch sensor for obtaining data
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of the groove shape is not particularly limited, and can be as follows.
[0059] A sensing method for the groove 10 using the touch sensor will be described with
reference to Fig. 5.
[0060] For example, the touch sensor performs sensing at the detection points while moving
in directions indicated by arrows in the drawing in an order of: point A0, point A1, point A2, ...,
point Al4. In this sensing, the following items are detected.
[0061] [1] Starting from point A0, a position of a workpiece surface Wy on one end side of
the groove 10 is detected by detection at point A1 and point A3.

[2] At point A4’, when the touch sensor is lower by a set distance than the position of
the workpiece surface Wy detected at point A1 and point A3, it is determined to be in the groove,
and the touch sensor is returned to a height in the vicinity right under the workpiece surface Wy,
and is directed to point A5 for detection.

[3] By detection of point A6 and point A9, a provisional inclination angle 0; of the
groove side surface 11 on the one end side of the groove 10 is detected.

[4] By detection of point A5 and point A8, a provisional inclination angle 0> of the
groove side surface 12 on the other end side of the groove 10 is detected.

[5] By detection of the provisional inclination angles 01, 02, a position where the root
portion 13 of the groove 10 can be reliably detected is determined, and then point A10 of the
root portion 13 is detected. For example, in practice, a position on a lower side by a
predetermined dimension from point A8 is set as the root portion 13.

[6] The plate thickness H; is calculated by the detection of point A1, point A3, and

point A10. Point A1l and point A12 close to the root portion 13 of the groove 10 are detected
using the plate thickness Hi, and a more accurate inclination angle 0; of the groove side surface
11 on the one end side is detected by detection of point A12 and point A6. Further, by the
detection of point A1l and point A5, a more accurate inclination angle 6, of the groove side
surface 12 on the other end side is determined.
[0062]  [7] The root gap G is calculated based on intersections of a line connecting point A6
and point A12 (that is, an inclined surface on the one end side), a line connecting point A5 and
point A11 (that is, an inclined surface on the other end side), with a straight line that is parallel
to a line connecting point A3 and point A1 and that passes through point A10.

[8] In addition, whether there is a wall constituting the groove side surface 12 on the
other end side of the groove 10 is detected at point A13. In the present embodiment, the wall

is considered as a groove of a flat joint which does not exist.
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[9] If no wall is detected even when the touch sensor exceeds an extension line of the
line connecting point AS and point All, it is determined that there is no wall. The process
proceeds as it is, and the workpiece surface W; on the other end side is detected at point A14.
Next, the plate thickness H» is calculated by the detection of point A14 and point A10, and a
level difference D between both sides of the groove 10 is calculated based on a difference
between the plate thickness H; and the plate thickness Ho.

[10] A threshold is provided in advance for the level difference D, and when the level
difference D is equal to or greater than the threshold, it is regarded as a groove of a T-joint, not
a groove of a flat joint, and welding conditions for the T-joint are selected.

[11] When the level difference D is equal to or less than the threshold, it is regarded
as unevenness of the flat joint, and welding conditions for the flat joint are selected.

[0063] The procedure of sensing is not limited to the trapezoidal groove 10 shown in the
drawing, and further the groove shape can be detected by the same procedure, for example,
even in a V-shaped groove. In addition, a detection pitch S, between the detection points in
sensing is not particularly limited, and can be set as appropriate.

[0064] In addition, the detection points for obtaining the information on the cross-sectional
shape of the groove 10 needs to maintain sufficient accuracy as the groove shape information.
For this purpose, it is preferable that the number of detection points is 5 or more. Further, it
is possible to obtain the detection data with higher accuracy by selecting the positions of the
detection points. For example, as shown in Fig. 5, the 5 detection points may include 4 points
at corner portions Ci, Ca, C3, and Cs, which include upper and lower ends of the groove side
surfaces 11, 12 on both left and right sides, and 1 point at a portion Cs of the root portion 13.
From the viewpoint of sensing efficiency, the number of the detection points for obtaining the
groove shape information is preferably 10 or less.

[0065] By sensing of such a touch sensor, it is possible to obtain the detection data necessary
for calculating the groove shape information of the groove shape detection position P,, and to
obtain a relative distance between a position of the robot main body 110 and the groove shape
detection position P, as the detection data.

[0066] Note that it is preferable that the sensing step also includes sensing of a shape of a
periphery of the groove 10 in addition to the sensing of the groove shape at the groove shape
detection position P, described above.  Specifically, as shown in Fig. 6, it is preferable that the
tip of the welding wire 211 moves between a position separated by a predetermined distance

from the workpiece W, in the X direction and a position in contact with the workpiece W, and
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moves in the Y direction in a plane of the workpiece W,, thereby detecting the workpiece upper
surfaces Wy, Wi on the side on which the groove 10 is provided in the workpiece W, and sensing
the workpiece end portion W, in a welding direction of the workpiece W,. By sensing the
shape of the periphery of the groove 10, a correlation distance between the positions of the
workpiece W, and the workpiece end portion We and the position of the robot main body 110
can be acquired as the detection data.
[0067] As described above, the detection data necessary for performing automatic welding
to a weld where the groove 10 shown in Fig. 4A meanders, the root gap G changes, the groove
shape is different for each place, and further an installation error of the guide rail occurs, with
high accuracy by the portable welding robot 100 can be obtained in the sensing step of the
present embodiment.
[0068] In the control device 600, the groove shape information is calculated based on the
detection data obtained in the sensing step, and the welding conditions are acquired based on
the groove shape information. The welding conditions to be acquired include a target position
of an arc point inside the groove 10 (as will be described later, the target position of the arc
point is considered to be the same as the position of the tip of the welding wire 211), the number
of deposited weld metals, and the like, in addition to a travel speed, a welding current, and a
welding voltage. When using the welding conditions to perform welding control, the welding
conditions can be controlled as in the graphs shown in Figs. 7A to 7C. For example, when a
travel speed Wy, which is one of the welding conditions, changes between the groove shape
detection positions Py, the travel speed Wi, is changed in a predetermined shape with the passage
of time in between adjacent groove shape detection positions P, (for example, between P; and
P»), in accordance with a value of the travel speed W, (welding condition) acquired for each of
the groove shape detection positions Pp.
[0069] In acaseillustrated in Fig. 7A, the travel speed W, during movement from the groove
shape detection position P to the groove shape detection position P> is controlled to change in
a curved manner. In a case illustrated in Fig. 7B, the travel speed W, during the movement
from the groove shape detection position Py to the groove shape detection position P> is
controlled to change in a linear manner. In a case illustrated in Fig. 7C, the travel speed W,
during the movement from the groove shape detection position P; to the groove shape detection
position P3 is controlled to change stepwise, that is, in a stepwise manner.
[0070] According to the above, when a change in a welding condition occurs between the

groove shape detection positions Py, the welding condition is controlled so as to change in at



10

15

20

25

30

20

least one of a linear manner, a stepwise manner, and a curved manner between the groove shape
detection positions P, in accordance with the value of the welding condition acquired for each
of the groove shape detection positions P,. Therefore, even when a difference of the welding
condition is great between the groove shape detection positions Py, the welding condition can
be changed gradually, and smooth welding can be performed with avoiding a rapid change in
the welding conditions between the groove shape detection positions P,. As a result, highly
accurate welding can be performed.

[0071] [Method of Obtaining Moving Speed in Each of Three Directions in Case of Linear
Guide Rail]

Next, in the control of the travel speed between the weld line position detection points
Ty in a case of the linear guide rail 120 shown in Figs. 4B and 4C, a method of obtaining the
travel speed W will be described at first with reference to Figs. 8A, 8B, and 8C. Thereafter, a
method of obtaining a moving speed in each of three directions of the X direction, the Y
direction, and the Z direction will be described.

[0072] Fig. 8Ais an illustrative diagram of the travel speed W and a welding distance DW,
when the tip of the welding wire 211 of the robot main body 110 on the linear guide rail 120
moves between the weld line position detection points Tn. Fig. 8B is an illustrative diagram
which is an enlarged view of a VIII portion shown in Fig. 8A for illustrating the travel speed W
at an arbitrary point between the weld line position detection points Ty (Tn-1 to Ty). Fig. 8C is
an illustrative diagram illustrating a relationship between the welding distance DW, and
moving distances in three directions of the X direction, the Y direction, and the Z direction
(VDXan, VDY4, VDZ,).

[0073] In Fig. 8A, it is assumed that the tip of the welding wire 211 of the robot main body
110 moves between 3 points of a weld line position detection point Ty, a weld line position
detection point Ty.1 one before the weld line position detection point Ty, and a weld line position
detection point Tn+1 one after the weld line position detection point Ty, with a change in travel
speed, that is, a travel speed Wi.1 at the detection point Tn.1, a travel speed Wi, at the detection
point Ty, and a travel speed Wy+1 at the detection point Tp+1.

The tip of the welding wire 211 of the robot main body 110 is considered to be the
same as the arc point of the tip of the welding wire 211 generated in actual welding, and the
travel speed, the welding distance, and welding time, which will be described later, are
synonymous with the moving speed, the moving distance, and moving time of the tip of the

welding wire 211.
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[0074] First, a basic concept representing a relationship between a speed, an acceleration,
and a moving distance can be expressed by the following basic equations (1) to (3).

[0075] [Formula 1]

v=vg+at (1)
[Formula 2]

1
X =Xy + vyt + -:-Z-atz = (2)

[Formula 3]
vé —vgé = 2as (3)

Where v is a speed, v, is an initial speed, a is an acceleration, x is a moving distance,
Xo 1S an initial position, s is a displacement distance, and t is time.
[0076] Reference signs and symbols shown in Fig. 8A, Fig. 8B, and Fig. 8C will be described
below.
[0077] Wh.: the travel speed at the weld line position detection point Ty.1, and a calculated
value by the welding condition acquisition unit 603

Wi the travel speed at the weld line position detection point Ty, and a calculated
value by the welding condition acquisition unit 603

Wi+t the travel speed at the weld line position detection point Ty+1, and a calculated
value by the welding condition acquisition unit 603

Note that Wy-1, Wy, and Wi+ are calculated by the welding condition acquisition unit
603 based on the groove shape information of the respective groove shape detection positions
(Pn-1, Pn, Pu+1) so that heights of the weld metal in the welding groove are the same at each of
the groove shape detection positions Pn.
[0078] VDX, VDYn, VDZ,: the moving distances of the tip of the welding wire 211 of the
robot main body 110 in three directions (X direction, Y direction, Z direction) between two
points of Ty-1 and Ty, and detection data acquired in the sensing step

VX, VY, VZ: moving speeds of the tip of the welding wire 211 of the robot main
body 110 in three directions (X direction, Y direction, Z direction) after t seconds since welding

start at the weld line position detection point Ty
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Note that the VDX, and the VX are the same as a traveling distance and a traveling
speed of the robot main body 110 traveling on the guide rail 120.

DW.: a welding distance between two points, that is, from the weld line position
detection point Tn-1 to Ty

ta: welding time between two points, that is, from the weld line position detection
point Tn.1 to Ty

a: an acceleration when the travel speed changes between two points, that is, from the
weld line position detection point Ty-1 to Tn

W: atravel speed after t seconds since welding start at the weld line position detection
point Th.1
[0079] From the above, a formula for controlling the moving speed of the tip of the welding
wire 211 in three directions (X direction, Y direction, Z direction) of the robot main body 110
can be obtained by the following equation after the travel speed is obtained.
[0080] From Fig. 8C, the welding distance DW, between the two points, that is, from Ty.1 to
Th, 1s expressed by the following equation by combining VDX, VDY, and VDZ,.
[Formula 4]

DW, = (VDX,? + VDY, + VDZ,2)""* - (4)

[0081] Since the welding distance DW,, is obtained from above and the travel speeds Wi
and W, at Ty.1 and T, are also known, the acceleration a of the travel speed changing between
the two points is obtained using the following equation, based on the above basic equation (3).

[Formula 5]

an B Wn—lz
= ""2pw, (5)

[0082] The acceleration a between the two points is known from above, and the travel speed

W after t seconds since start at the weld line position detection point Ty.1 is obtained using the
following equation, based on the above basic equation (1).

[Formula 6]

W = Wn——l + at - (6)

[0083] Further, the respective moving speeds (VX, VY, VZ) of the tip of the welding wire
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211 in three directions (X direction, Y direction, Z direction) after t seconds since start at the
weld line position detection point Ty.1 are velocity components in three directions of the travel
speed W, as shown in Fig. 8B. The velocity components in the directions are expressed by the
following equations obtained by multiplying ratios of the moving distances VDX,, VDY,
VDZ, in three directions with respect to the welding distance DW,, by the travel speed W.
[0084] [Formula 7]

VX = VDX W - (7)
~ DW,

[Formula 8]

VDY,
ow, Y
[Formula 9]

VZ = VDL w - (9)
- DW,

[0085] From the above, the equations (7), (8) and (9) can be obtained that control the moving

VY = - (8)

speeds (VX, VY, VZ) in three directions of the robot main body 110 between the two points of
Tn-1 and Ty so that the travel speed reaches the travel speed W, at the weld line position detection
point T, after welding starts at the weld line position detection point Ty.; at the travel speed Wh.
1.

[0086] As described, since the moving speeds (VX, VY, VZ) in three directions of the robot
main body 110 between the adjacent groove shape detection positions P, can be calculated in
advance, the calculation result is held in the data holding unit 601, and driving of the robot main
body 110 is controlled based on the calculation result.  As a result, by applying these equations,
the tip (the position considered as the arc point in actual welding) of the welding wire 211 of
the robot main body 110 has the travel speed W, changed as shown in Fig. 7B, and in the
welding groove between the two points Ty-1 and Th, the travel speed W, changes in accordance
with the change in the groove shape and the height of the weld metal in the welding groove is
kept constant.

[0087] Here, the effects of the present embodiment will be described with reference to Fig.
8D. Fig. 8D shows cross-sectional shapes of welds when the present embodiment is applied,

and is a diagram for illustrating the effects of the present embodiment. In Fig. 8D, cross-
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sectional shapes after the welding of the groove shape detection position Py (Ps) on a welding
start side and the groove shape detection position Ps (Pc) on a welding end position side shown
in Fig. 4A are compared as representative examples. Note that circled numbers 1 to 3 in the
drawing indicate an order of welding, and a boundary line in the groove 10 indicates a boundary
of the weld metal.
[0088]  Asshown in the drawing, the gap G differs at the groove shape detection positions Po
and Ps, and groove shapes are different, but in the present embodiment, a height of the weld
metal in the same welding order (D1, D2, D3) can be made constant at the groove shape detection
positions Pg and Ps regardless of a size of the gap G.  Then, the height of the weld metal in the
same welding order can be made constant in the same manner at the other groove shape
detection positions P; to P4.  That is, the travel speed is set such that the height of the weld
metal in the welding groove is the same at the groove shape detection positions P, (Po to Ps).
Between the groove shape detection positions Py, the travel speed is smoothly changed between
adjacent groove shape detection positions P, by applying the equations (7), (8), and (9) that are
control equations of the moving speeds in three directions of the robot main body 110 described
above, whereby the height of the weld metal constant in the groove can be obtained even
between the adjacent groove shape detection positions Py,
[0089] As a result, in the final finish (a weld bead indicated by a circled number 3 in the
drawing), regardless of the size of the gap G over an entire length of a weld length, a bead width
m becomes equal to or greater than a groove width without causing undercut or an overlap
defect, a weld reinforcement height h passing a welding quality standard can also be ensured
regardless of the size of the gap G, and it is possible to perform highly accurate welding with
good welding quality. In addition, it is possible to obtain the same effects, regardless of
changes in the groove shape including the change in the gap G and a change in inclination of
the groove side surfaces (groove walls) 11 and 12.
[0090] On the other hand, Fig. 8E shows cross-sectional shapes after the welding of the
groove shape detection positions Po and Ps in a case where the travel speed is constant, without
applying the present embodiment. That is, the welding is performed with a constant travel
speed obtained based on the groove shape information calculated based on the detection data
of the groove shape detection position Pg.  As described, although good welding is performed
at the groove shape detection position Py on the welding start side, the height of the weld metal
in the same welding order is not constant and is changed (D1 — Di’, D, — D>’, D3 — Dj’) at

the groove shape detection position Ps on the welding end side where the gap G is increased,
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the inside of the groove cannot be filled with the weld metal, and poor welding is induced. In
a continuous weld whose groove shape differs according to place, a volume per unit length in
a direction of welding surrounded by the groove naturally differs, and if a deposition amount
of the weld metal is not controlled in accordance with this volume change, poor welding is
induced as shown in Fig. 8E.
[0091]  An amount of metal melted from the welding wire 211 is substantially determined by
a welding current and a voltage. In the present embodiment, the amount of metal melted from
the welding wire 211 is fixed (the welding current and the voltage are constant), and the height
of the weld metal deposited in the groove can be kept constant, by controlling the travel speed
in accordance with the change in the volume per unit length in the direction of welding
surrounded by the groove.
[0092] In addition, when the maximum value maxAd of the relative distance between the
weld line WL and the welding trajectory line TWL shown in Fig. 4C is equal to or less than two
times of the welding wire diameter, the travel speed W and the welding distance DW, may be
regarded as the same as the moving speed VX and the moving distance VDX, in a traveling
direction (X direction) of the robot main body 110. In this case, since [VX = W] is satisified,
if an acceleration in the X direction is ax, the following equation is obtained based on the basic
equation (3).
[Formula 10]

Il
*=T2vDx,

[0093] In addition, the moving speed in the X direction is expressed by the following

.+ (10)

equation based on the basic equation (1).

[Formula 11]

VX=W,.,+ax -t - (11)

[0094] The moving distances VDY, and VDZ, in the Y direction and the Z direction are
regarded as short distances, and the moving speeds VY and VZ in the Y direction and the Z
direction are expressed by the following equations, assuming as movements at constant speeds.

[Formula 12]

VDY,

vy = —= - (12)
tn

[Formula 13]
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VDZ
vz =——= - (13)
tn

[0095] Here, the welding time t, is expressed by the following equation based on the basic

equation (1) and the equation (10).
[Formula 14]

_ 2VDX,
tn = W, +W,_,

If the maximum value maxAd of the relative distance between the weld line WL and

- (14)

the welding trajectory line TWL shown in Fig. 4C is equal to or less than two times of the
welding wire diameter, even when the equation (11), the equation (12), and the equation (13)
are simply used for controlling the moving speeds in three directions of the robot main body
110, the same effects as those obtained when the equation (7), the equation (8), and the equation
(9) are used can be obtained.

[0096] [Method of Obtaining Moving Speed in Each of Three Directions in Case of Curved
Guide Rail]

First, with reference to Figs. 9A to 9D, a method of obtaining the travel speed W in

the control of the travel speed between the weld line position detection points T, on the curved
guide rail 120 shown in Figs. 4D and 4E will be described below. A method of obtaining a
moving speed in each of three directions of the X direction, the Y direction, and the Z direction
will be described thereafter.
[0097] Fig. 9Ais an illustrative diagram of the travel speed W and the welding distance DW,
when the tip of the welding wire 211 of the robot main body 110 on the curved guide rail 120
moves between the weld line position detection points T,.  Fig. 9B is a diagram obtained by
enlarging an IX portion shown in Fig. 9A, and illustrates a relationship between the travel speed
W at an arbitrary point between the weld line position detection points Ty (Tn-1 to Tn), moving
speeds (AX, VY, VZ) in three directions (X direction, Y direction, and Z direction) of the tip of
the welding wire 211 of the robot main body 110, and a traveling speed (VX) of the robot main
body traveling on the curved guide rail 120. Fig. 9C is a diagram showing Fig. 9B on an XY
plane. Fig. 9D is an illustrative diagram illustrating a relationship between the welding
distance DW,, moving distances (ADXn, VDY, VDZ,) in three directions (X direction, Y
direction, and Z direction) of the tip of the welding wire 211 of the robot main body 110, and a
traveling distance (VDX,) of the robot main body traveling on the curved guide rail 120.

[0098] First, reference signs and symbols in the expression shown in Figs. 9A to 9D will be
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described.
[0099] VX: the moving speed of the robot main body 110 traveling on the guide rail 120
when the tip of the welding wire 211 of the robot main body 110 moves from the weld line
position detection point Ty-1 to Tn

AX: the moving speed in the X direction when the tip of the welding wire 211 of the
robot main body 110 moves from the weld line position detection point Tn-1 to Ty

VDX.,: the moving distance of the robot main body 110 traveling on the guide rail
120 when the tip of the welding wire 211 of the robot main body 110 moves from the weld line
position detection point Ty.1 to Ty, and the detection data obtained in the sensing step

ADX,: the moving distance in the X direction when the tip of the welding wire 211
of the robot main body 110 moves from the weld line position detection point Ty.1 to Ty

GR: a radius of the curved guide rail, and a numerical value input to the welding
condition acquisition unit 603 in advance

O: a curvature center of a curved portion

YRn-1: a distance on the XY plane from the weld line position detection point Ty-1 to
the curvature center O, and detection data obtained in the sensing step

YR: a distance on the XY plane from a point (point Q in the drawing), at which the
tip of the welding wire 211 of the robot main body 110 is located after t seconds since welding
start at the weld line position detection point Tn-1, to the curvature center O

VDY: the moving distance in the Y direction at the point (point Q in the drawing) at
which the tip of the welding wire 211 of the robot main body 110 is located after t seconds since
welding start at the weld line position detection point Ty

Note that the other symbols are the same as those in Figs. 8A, 8B, and 8C.
[0100] The moving speed and the moving distance, in the X direction, of the tip of the
welding wire 211 of the robot main body 110 are equal to the moving speed and the moving
distance of the robot main body 110 respectively in the case of the linear guide rail described
above. But since a difference occurs in the case of the curved guide rail, a relationship thereof
will be described for distinguishing. That is, as shown in Figs. 9B, 9C, and 9D, the following
relational expressions are established between: the moving speed VX and the moving distance
VDX, in the traveling direction of the robot main body 110 traveling on the curved guide rail
about the curvature center O; and the moving speed AX and the moving distance ADX, in the
X direction of the tip of the welding wire 211 of the robot main body 110 respectively, with
respect to a ratio of the distance (YR and YR,.1) between the tip of the welding wire 211 of the
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robot main body 110 and the curvature center O on the XY plane to the guide rail radius GR.
[0101] [Formula 15]

AX = YR VX - (14"
"~ GR

[Formula 16]

YR,_
ADX, = T';?l' VDX, - (14")

In addition, as shown in Fig. 9C, YRu.1, YR and VDY satisfy the following relational

expression.

[Formula 17]

YR,_., = YR + VDY - (14"

From the above, similarly to the case of the curved guide rail, a formula for

controlling the moving speed of the tip of the welding wire 211 in three directions (X direction,
Y direction, Z direction) of the robot main body 110 can be obtained by the following formula
after obtaining the travel speed.
[0102] From Fig. 9D, the welding distance DW,, between two points Tn.1 and T is obtained
approximately by synthesis of ADX,, VDY, and VDZ,. Further, when the equation (14") is
also substituted, the welding distance DW,, is obtained in the same manner as with the equation
(4), and the welding distance DW;, is expressed by the following equation.

[Formula 18]

1/2

_ (YRn_ , , )
DWy = ((—pp VDX,)? + VDY, +VDZ, - (15)

[0103] Using the equation (15), the acceleration a of the travel speed, and the travel speed
W after t seconds since welding start at the weld line position detection point Ty. are expressed
by the following equations similar to the equations (5) and (6).
[Formula 19]

Wo' = Wy,
=T 20w,

a (15')

[Formula 20]
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W=W,_;+at (15"

[0104] Next, the moving speeds (AX, VY, VZ) in three directions of the tip of the welding
wire 211 of the robot main body 110 are obtained based on the travel speed W. As shown in
Fig. 9B, the moving speeds (AX, VY, VZ) in three directions of the tip of the welding wire 211
of the robot main body 110 are velocity components in three directions of the travel speed W.
The velocity components in the three directions are expressed by the following equations
obtained by multiplying each of ratios of the moving distances ADX,, VDYn, VDZ, in three
directions to the welding distance DW, by the travel speed W.

[Formula 21]
AX = ‘gﬁ;“ ‘W - (16)
[Formula 22]
VY = VD?AZ‘ W (17)
[Formula 23]
VZ = ‘;’;VZ: ‘W - (18)

[0105] The moving speeds VY and VZ in the Y direction and the Z direction of the tip of the
welding wire 211 of the robot main body 110 are the same as the moving speeds in the Y
direction and the Z direction of a drive portion of the main body portion 112 since the drive
portion of the main body portion 112 and the welding torch 200 are directly connected to each
other. With respect to the moving speed AX of the equation (16), when the equation (14'), the
equation (14"), and the equation (14"") are substituted and rearranged, the moving speed VX in
the traveling direction of the robot main body 110 is obtained and is expressed by the following
equation.

[Formula 24]

VDX, YR, 4

VX = :
DW, YR, ,-VDY

‘W e (187)

[0106] Since the moving speed in the Y direction is obtained by the equation (17), the VDY

in the equation (18’) (the moving distance in the Y direction at the point where the tip of the
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welding wire 211 is located after t seconds) is expressed by the following equation that is
obtained by rearrangement using the basic equation (2).
[Formula 25]

VDY,

1
. ct 4+ —qt2Y) (18"
DW, (Wypeq "t +=at*) - (18")

2

VDY =

[0107] From the above, similarly to the case of linear guide rail 120, the equations (17), (18)
and (18’) can be obtained that control the moving speeds (VX, VY, VZ) in three directions of
the robot main body 110 between the two points of Ty.1 and T, so that the travel speed reaches
the travel speed W, at the weld line position detection point T, after welding starts at the weld
line position detection point Tn.1 at the travel speed Wn.i. As described, since the moving
speeds (VX, VY, VZ) in three directions of the robot main body 110 between the adjacent
groove shape detection positions P, can be calculated in advance, the calculation result is held
in the data holding unit 601, and driving of the robot main body 110 is controlled based on the
calculation result. As a result, the travel speed W, changes as shown in Fig. 7A, and in the
welding groove between the two points Ty.1 and Th, the travel speed Wy changes in accordance
with the change in the groove shape, the height of the weld metal in the welding groove is kept
constant, and the same effects as those shown in Fig. 8D are obtained. Further, in the final
finish, it is possible to obtain a weld joint in which the width and the weld reinforcement height
of the weld metal pass the welding quality standard, and it is possible to perform welding with
high accuracy.
[0108] In addition, when the maximum value maxAd of the relative distance between the
weld line WL and the welding trajectory line TWL shown in Fig. 4E is equal to or less than two
times of the welding wire diameter, the travel speed W and the welding distance DW, may be
considered to be the same as the moving speed AX and the moving distance ADX, in the X
direction when the tip of the welding wire 211 of the robot main body 110 moves from the weld
line position detection point Ty.1 to Tn. In this case, since [AX = W] is satisfied, if the
acceleration when the tip of the welding wire 211 of the robot main body 110 moves in the X
direction is ax, the following expression is obtained based on the basic equation (3).
[Formula 26]

W' — W,
X = T2aDx,

= (19)

[0109] When the equation (14") is substituted, the acceleration ax is expressed by the
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following equation.

[Formula 27]
W2 - W, _,?
ax = ;Rn—l 2l .. (20)
2- <k VDX,

[0110] When AX is obtained based on the basic equation (1) using the equation (20), and the
equation (14') and the equation (14"") are substituted, the moving speed VX in the traveling
direction of the robot main body 110 is obtained by the following equation.
[Formula 28]

GR

VX = (W .
YR, — VDY (Wyp_1+ax -t) - (21)

[0111] The moving distances VDY, and VDZ, in the Y direction and the Z direction are
regarded as short distances, and the moving speeds VY and VZ in the Y direction and the Z

direction are expressed by the following equations, assuming as movements at constant speeds.

[Formula 29]
VDY,
VY = —— = (22)
tn
[Formula 30]
VDZ
VZ=—"(23)
tn

[0112] Here, the welding time t, is expressed by the following equation based on the basic

equation (1) and the equation (20).

[Formula 31]
2 (h) VDX,
t, = —GR  (24)
Ian + anl

[0113] In addition, since the moving speed is obtained by the equation (22), the VDY of the
equation (21) (the moving distance in the Y direction at the point where the tip of the welding

wire 211 is located after t seconds) is expressed by the following equation.
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[Formula 32]

VDY,
VDY = — = -t - (24")

n

[0114]  Asdescribed, if the maximum value maxAd of the relative distance between the weld
line WL and the welding trajectory line TWL shown in Fig. 4E is equal to or less than two times
of the welding wire diameter, even when the equation (21), the equation (22), and the equation
(23) are simply used for controlling the moving speeds in three directions of the robot main
body 110, the same effects as those obtained in a case where the equation (17), the equation
(18), and the equation (18) are used can be obtained.

[0115] Asdescribed above, even when the linear and curved guide rails are used for welding
in which the groove 10 meanders and the groove shape changes, the welding can be performed
along the weld line WL by the portable welding robot 100, in which the height of the weld metal
in the welding groove is kept constant in accordance with the change in the groove shape, and
good welding quality is obtained. In the final finish of the weld joint, a weld joint that passes
the welding quality standard can be secured with the width and the weld reinforcement height
of the weld metal, and highly accurate welding can be performed.

[0116] Next, Fig. 10 showing an embodiment of the present invention is a perspective view
of the portable welding robot 100 shown in Fig. 3 in a case of being attached to a rectangular
steel pipe. As shown in Fig. 10, the guide rail 120 is attached to an outer surface of the steel
pipe along a circumferential direction with respect to the workpiece W, of the polygonal steel
pipe. In this case, the guide rail 120 is provided so as to go around the outer surface of the
steel pipe via the attachment member 140, and has a shape having a linear portion 121 and a
curved portion 122.  Further, the portable welding robot 100 is mounted on the guide rail 120
with the welding torch 200 directed downward.

[0117]  The guide rail 120 shown in Fig. 10 has a boundary region 128 where a guide route
changes between the linear portion 121 and the curved portion 122. In this case, the groove
shape detection position P, (including the weld line position detection point Th) is set to include
a position corresponding to the boundary region 128. Thus, groove shape information
corresponding to the boundary region 128 can be acquired.

[0118] In the embodiment of the present invention, it is preferable that at least one groove
shape detection position Py is provided in the boundary region 128 where a guide route for the
portable welding robot 100 by the guide rail 120 changes, and a section for controlling welding

conditions is provided immediately before or immediately after the groove shape detection
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position P, provided in the boundary region 128.
[0119] Fig. 11 shows a positional relationship between the guide rail 120 and the groove 10
in a region of 1/4 corner of the guide rail 120 and the rectangular steel pipe when Fig. 10 is
viewed from directly above. When the robot main body 110 travels from the linear portion
121 toward the curved portion 122, the travel speed W is the same as the moving speed VX in
the traveling direction (X direction) of the robot main body 110 in the linear portion 121, but
since the robot main body 110 travels around the curvature center O of the curved portion 122
after passing through the boundary region 128, it is necessary to rapidly change the moving
speed in the traveling direction of the robot main body 110 by [GR/YR4] in order to keep the
travel speed W smooth at the boundary region 128 (at the groove shape detection portion Py, in
the drawing).
[0120] In the present embodiment, in order to avoid a rapid change in the moving speed VX
in the X direction of the robot main body 110, a section for controlling welding conditions is
provided immediately before or immediately after the groove shape detection position Py
provided in the boundary region 128 so that a height of a weld metal in the groove 10 becomes
constant before and after the boundary region 128 even if the moving speed VX is not rapidly
changed. In addition, if at least one groove shape detection position P, is not provided in the
boundary region 128, a position where the moving speed VX is rapidly changed is not known,
and the welding conditions before and after the boundary region 128 cannot be controlled,
resulting in unstable welding.
[0121] That is, in the present embodiment, it is possible to collect data in response to a
change of a position of the guide route of the guide rail 120 having the linear portion 121 and
the curved portion 122 as shown in Fig. 10, more accurate detection data can be acquired, and
highly accurate welding control is possible with which the height of the weld metal in the
groove 10 is constant.
[0122] Next, a method of obtaining the travel speed W, and the moving speeds (VX, VY,
VX) in three directions of the robot main body 110 in a case where the travel speed W, is
changed in a stepwise manner as shown in Fig. 7C will be described with reference to Fig. 12,
as an example in a case where the linear guide rail in Fig. 4B is used.

As shown in Fig. 12, control is performed so as to change the travel speed in a
stepwise manner so that, with respect to a horizontal axis on which the welding distance DW,
is equally divided, the travel speed is constant in each equally divided distance. First, the

welding distance DW,, is divided by a predetermined divided distance Q to obtain a division
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number m.
[Formula 33]
DW,

m = 5 - (25)

The division number m is an integer value obtained by rounding off the equation (25).
[0123] Next, a difference in the travel speed between adjacent weld line position detection
positions (Pys-1, Pn) is divided by the division number m to obtain a travel speed AW that is an
increment for each divided distance Q.
[Formula 34]

W, —-w,_
AW:"—“1 - (26)
m

Along a vertical axis of Fig. 12, the travel speed increases by an increment AW of the
travel speed every time the ordinal number of the divided distance increases until m, and the
travel speed is made constant over each divided distance Q. This is expressed by the following
equation.

[Formula 35]
W=W, .+k-aW - (27)

Here, k is an integer value of 0 to m.

Accordingly, it is possible to obtain a control graph of the stepwise travel speed
between the weld line position detection points Ty shown in Fig. 12.  However, the divided
distance Q is set such that the increment AW of the travel speed falls within a range that does
not affect the welding.

[0124]  Similarly, when the moving speeds (VX, VY, VZ) in three directions (X, Y, Z) of the
robot main body 110 are also divided by the division number m and are obtained as with the
equation (27), and the vertical axis of Fig. 12 is replaced with the moving speeds in three
directions (X, Y, Z), a control graph of the moving speeds in three directions (X, Y, Z) of the
robot main body 110 can be obtained. By control of the stepwise moving speeds in three
directions (X, Y, Z) of the robot main body 110 thus obtained, the control of the stepwise travel
speed shown in Fig. 12 can be performed.

[0125] In this way, by regarding the travel speeds between the weld line position detection

positions (Pxn.1, Pn) as a set of constant speeds that change in a stepwise manner, the control of
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the portable welding robot 100 can be easily handled. As described above, in the control
method of the travel speed such as those shown in Figs. 7A and 7B, it is necessary to obtain the
acceleration of the travel speed or the like and to express the acceleration of the travel speed or
the like in a formula in advance. However, in a control method of changing the travel speed
in a stepwise manner as shown in Fig. 7C, control data can be acquired only by calculating,
using a simple formula, detection data obtained in the sensing step and information of the travel
speed (Wi-1, Wy) at the weld line position detection position (Pn-1, Pn) calculated by the welding
condition acquisition unit 603. In addition, the control method is effective in weaving welding
described later.
[0126] Since the root gap G is present in the welding groove as shown in Fig. 5, a sufficient
penetration width toward directions of both groove side surfaces 11 and 12 is secured in welding,
and the welding torch 200 is swung in the root gap G while the robot main body 110 moves in
the X direction so that the weld metal in the groove is at a constant height with respect to the
welding direction, that is, weaving welding as shown in Fig. 13 is performed. In Fig. 13, a
saw-tooth shaped trajectory is a weaving line UL, and moving distances YOn-1 and YO, in the
Y direction of the weaving line UL indicate weaving widths. The moving distances Y Ox.1 and
YO, in the Y direction are set according to sizes of the root gap G that can be acquired at the
time of groove shape detection at the groove shape detection positions (Pn.1, Pn), and weaving
widths therebetween are set so as to gradually approach that of YO, from that of YOu.1.
[0127]  The weaving is performed by a reciprocating motion in the Y direction of the robot
main body 110, but is originally set in consideration of an amount of movement in the Y
direction between the groove shape detection positions (Pn-1, Pn). In addition, a pitch of the
weaving (a length of 2 x Q in Fig. 13) is set in accordance with a timing for each divided
distance Q obtained by equally dividing the welding distance DW,. At this time, the control
of the stepwise travel speed described above is effective. As shown in Fig. 14, a half pitch of
the weaving is set for each divided distance Q, and a weaving speed over the divided distance
Q (that is, the moving speed in the Y direction of the robot main body 110 and a direction
thereof alternates between positive and negative) is also set to be constant. In this way, the
travel speed and the weaving speed are constant speeds over the divided distance Q, and the
travel speed and the weaving speed can be controlled so as to change in a stepwise manner over
each divided distance Q.
[0128] In general arc welding, it is necessary to set the divided distance Q in units of several

millimeters in order to secure a sufficient penetration width by weaving and to make the height
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of the weld metal constant. In the present embodiment, the divided distance Q is set to 1 mm
to 3 mm. In addition, it is necessary to finely set an oscillation width for every half pitch of
the weaving such that the oscillation width gradually approaches YO, from YOn.1. When a
length of the welding increases, the number of times of the weaving becomes enormous, and
the control of the portable welding robot 100 becomes complicated.
[0129]  As described above, it is possible to perform highly accurate control with no error by
accurately setting and controlling the travel speed and the weaving speed to constant speeds for
each divided distance Q. In site welding, depending on accuracy of assembling work of
forming the groove 10, a state exists where the groove shape changes between the groove shape
detection positions (Pn-1, Pn) and the groove 10 also meanders. Further, as described, the travel
speed and the weaving speed can be accurately set and controlled to constant speeds for each
divided distance Q while deviation due to guide rail installation accuracy occurs, so that good
welding quality can be obtained. Position adjustment of the guide rail 120 and the portable
welding robot 100 at the time of welding preparation work is facilitated, and welding with good
work efficiency can be performed.
[0130] The present invention is not limited to the above-described embodiment, and may be
appropriately changed as needed. For example, although one robot main body 110 is provided
on the guide rail 120 in the welding system 50 of the above-described embodiment, a plurality
of robot main bodies 110 may be provided.
[0131] Although sensing using a touch sensor is performed in the above-described
embodiment, sensing may be performed using other laser sensors, visual sensors, or the like or
a combination thereof.
[0132] Although the data used for setting the welding conditions is automatically set by
automatic sensing in the above-described embodiment, the welding conditions set by the
detection of each groove shape may be input to the control device 600 in advance by teaching
or the like. For example, a database of the groove shape information and welding condition
data may be recorded in the control device 600, and an optimum welding condition derived
from the database may be automatically set based on the detection data of the groove shape
obtained by sensing. In addition, the groove shape information obtained by sensing may be
input to an artificial intelligence (Al) learned model subjected to learning of machine learning,
deep learning, or the like, and an optimum welding condition may be output.
[0133] As described above, the present description discloses the following matters.

[0134] (1) A welding control method of a portable welding robot that moves along a guide
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rail for welding a workpiece having a groove, the method including:

a sensing step of setting two or more groove shape detection positions in a welding
section from a welding start point to a welding end point, and sensing groove shapes at the
groove shape detection positions via a detection unit provided in the portable welding robot
moving on the guide rail;

a groove shape information calculation step of calculating groove shape information
based on detection data obtained in the sensing step; and

a welding condition acquisition step of acquiring a welding condition based on the
groove shape information.

[0135] According to the above (1), the groove shape information is acquired based on the
detection data obtained at the groove shape detection position in a state where the guide rail and
the portable welding robot are installed along the groove, and the welding condition is set based
on the groove shape information. Therefore, a change in the groove shape for each groove
shape detection position and a positional relationship between the guide rail and the groove are
considered due to being included in the detection data, and the welding condition can be
acquired based on an accurate numerical value. Accordingly, welding can be performed under
welding control that is not affected by guide rail installation accuracy or the change in the
groove shape. As a result, highly accurate welding can be performed. With respect to
welding work, workpiece assembling work at the time of forming the groove shape is facilitated,
position adjustment of the guide rail and the portable welding robot at the time of welding
preparation work is facilitated, and welding with good work efficiency can be performed.
[0136] (2) The welding control method of a portable welding robot according to (1),

in which in a case where intersections of the groove shape detection positions and a
predetermined weld line on the workpiece are set as weld line position detection points, and a
trajectory of welding at a time when welding is performed between adjacent weld line position
detection points is set as a welding trajectory line, the groove shape detection positions are set
such that a maximum value of a relative distance between the weld line and the welding
trajectory line is equal to or less than two times of a welding wire diameter.

[0137]  According to the above (2), welding can be performed with a tolerance with respect

to the originally determined weld line while maintaining good welding quality.

[0138] (3) The welding control method of a portable welding robot according to (1) or (2),
in which the welding condition is controlled so as to change in at least one of a linear

manner, a stepwise manner, and a curved manner between the groove shape detection positions
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in accordance with a value of the welding condition acquired for each of the groove shape
detection positions in a case where a change in the welding condition occurs between the groove
shape detection positions.
[0139]  According to the above (3), the welding condition can be changed gradually even
when a difference of the welding condition is great between the groove shape detection
positions, and it is possible to perform smooth welding by avoiding a rapid change in the
welding condition between the groove shape detection positions. As a result, highly accurate
welding can be performed.
[0140] (4) The welding control method of the portable welding robot according to (3),

in which at least one welding condition is a travel speed, and

in a case where

a moving direction of the portable welding robot is set as an X direction,

a groove width direction perpendicular to the X direction is set as a Y direction, and
a groove depth direction perpendicular to the X direction is set as a Z direction,

moving speeds in three directions of the X direction, the Y direction, and the Z
direction are calculated according to values of the travel speed that are acquired for the three
directions at the groove shape detection positions, and

the travel speed between the groove shape detection positions is controlled according
to moving speeds in the three directions.
[0141] According to the above (4), it is possible to perform control corresponding to a fine
change in the groove shape by the control in each direction. In addition, since the control of
the welding condition is not only the travel speed in the moving direction of the portable
welding robot, it is possible to reduce the influence of welding position deviation due to the
guide rail installation accuracy, the groove shape, and the like, and highly accurate welding can
be performed.
[0142]  (5) The welding control method of a portable welding robot according to (3),

in which at least one welding condition is a travel speed,

in a case where

a moving direction of the portable welding robot is set as an X direction,

a groove width direction perpendicular to the X direction is set as a Y direction, and

a groove depth direction perpendicular to the X direction is set as a Z direction,

moving speeds in three directions of the X direction, the Y direction, and the Z

direction are calculated according to values of the travel speed that are acquired for the three
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directions at the groove shape detection positions,

in which a welding distance or a moving time between the groove shape detection
positions is divided into two or more sections, and a travel speed of each division point is
calculated according to moving speeds in the three directions at each division point, and

in which a travel speed between the groove shape detection positions is controlled
such that a travel speed of each division point is constant and a travel speed between the groove
shape detection positions changes in a stepwise manner.
[0143]  According to the above (5), the control corresponding to fine change in the groove
shape can be facilitated by the control in each direction (the X direction, the Y direction, and
the Z direction). In addition, since the control of the welding condition is not only the travel
speed in the moving direction of the portable welding robot, it is possible to reduce the influence
of welding position deviation due to the guide rail installation accuracy, the groove shape, and
the like, and highly accurate welding can be performed.
[0144] (6) The welding control method of the portable welding robot according to (2),

in which at least one of the groove shape detection positions is provided in a boundary
region between a linear portion and a curved portion of the guide rail or in a boundary region
where a curvature of the guide rail changes in the curved portion.
[0145] According to the above (6), since at least one of the groove shape detection positions
is provided correspondingly to the boundary region where a guide route of the portable welding
robot by the guide rail changes, it is possible to collect data in response to a change of a position
of the guide route of the guide rail, and accurate detection data can be acquired. As a result,
highly accurate welding control is possible.
[0146] (7) The welding control method of the portable welding robot according to (6),

in which a section for controlling the welding condition is provided immediately
before or immediately after the groove shape detection position provided in the boundary region.
[0147]  According to the above (7), the welding condition is controlled in the section for
controlling immediately before or immediately after the groove shape detection position based
on the detection data obtained at each groove shape detection position, so that control can be
performed without impairing the welding quality at a position close to a portion where actual
groove detection data is obtained, and highly accurate welding is possible.
[0148] (8) The welding control method of the portable welding robot according to any one
of (1) to (7),

in which at least one of a weaving condition, a travel speed, and a welding current is
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selected as the welding condition, and

in which at least one of the weaving condition, the travel speed, and the welding
current is controlled based on the groove shape information between the groove shape detection
positions, so that a weld metal in the groove has a constant height along a welding direction.
[0149] According to the above (8), a height of a molten surface can be stabilized, and
accuracy of the welding work and the welding quality can be improved.
[0150] (9) The welding control method of the portable welding robot according to any one
of (1) to (8),

in which the sensing step includes sensing at least one of a workpiece surface on a
side on which the groove is provided in the workpiece and a workpiece end portion in a welding
direction of the workpiece, in addition to sensing of the groove shape at the groove shape
detection position.
[0151] According to the above (9), not only the groove shape but also an entire shape of a
periphery of the groove can be grasped. As a result, the welding condition based on more
detection data can be acquired, and highly accurate welding can be performed.
[0152] (10) The welding control method of the portable welding robot according to any one
of (1) to (9),

in which the sensing is touch sensing,

in which at the groove shape detection position, at least five detection points arranged
along a cross section of the groove are provided on a root gap and groove side surfaces on both
sides of the groove, and

in which the groove shape information is calculated based on the detection data
obtained from the detection point.
[0153] According to the above (10), it is possible to perform welding control in which the
groove shape is accurately grasped, and it is possible to perform highly accurate welding.
[0154] (11) The welding control method of the portable welding robot according to (2),

in which the weld line is a groove end of any one of both groove side surfaces of the
groove shape.
[0155] According to the above (11), it is possible to accurately and easily detect the actual
shape change of the groove, and it is possible to perform quick and accurate welding control.
As a result, the accuracy of welding is improved.
[0156] (12) A welding control device configured to weld a workpiece having a groove using

a portable welding robot that moves along a guide rail, the welding control device including:
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a groove shape information calculation unit that calculates groove shape information

based on detection data obtained in a sensing step of

setting two or more groove shape detection positions in a welding section
from a welding start point to a welding end point, and

sensing groove shapes at the groove shape detection positions via a
detection unit provided in the portable welding robot moving on the guide rail; and

a welding condition acquisition unit that acquires a welding condition based on the
groove shape information.

[0157] According to the above (12), in a state where the guide rail and the portable welding
robot are installed along the groove, the welding control device can perform sensing of the
groove via the detecting unit on the portable welding robot, calculate the groove shape
information based on the detection data obtained by sensing, and acquire the welding condition
based on the calculated groove shape information to perform the welding control.  As a result,
the welding control device can perform highly accurate welding control without being affected
by guide rail installation accuracy or a change in the groove shape, and weldability can be
improved since it is unnecessary to improve the guide rail installation accuracy.

[0158] (13) A portable welding robot that welds a workpiece having a groove while moving
on a guide rail and is controlled by the welding control device according to (12), the portable
welding robot including:

a detection unit that, in a state of being set on the guide rail, sets two or more groove
shape detection positions in a welding section from a welding start point to a welding end point,
and senses groove shapes at the groove shape detection positions.

[0159] According to the above (13), the portable welding robot has the detection unit for
sensing the groove, performs the sensing of the groove via the detection unit in a state of being
set on the guide rail along the groove, and is controlled based on the welding condition obtained
based on the groove shape information that is calculated by the welding control device based
on the detection data obtained by sensing. Therefore, highly accurate sensing can be
performed without being affected by the guide rail installation accuracy or the change in the
groove shape. Further, since the portable welding robot is controlled based on the welding
condition acquired by the highly accurate sensing, it is possible to control the portable welding
robot with high accuracy, and the welding quality can be improved. Since it is unnecessary to
improve the guide rail installation accuracy for the portable welding robot, the weldability can

be improved.
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[0160] (14) A welding system of a portable welding robot, the welding system including:

a portable welding robot that welds a workpiece having a groove while moving on a
guide rail; and

a welding control device that is capable of controlling an operation of the portable
welding robot,

in which the portable welding robot includes a detection unit that sets two or more
groove shape detection positions in a welding section from a welding start point to a welding
end point, and that senses groove shapes at the groove shape detection positions, and

in which the welding control device includes

a groove shape information calculation unit that calculates groove shape
information based on detection data obtained by the sensing, and
a welding condition acquisition unit that acquires a welding condition

based on the groove shape information.
[0161] According to the above (14), in a state where the guide rail and the portable welding
robot are installed along the groove, the welding system controls the welding performed by the
portable welding robot according to the detection data obtained via the detection unit on the
portable welding robot and the welding condition obtained based on the groove shape
information calculated based on the detection data. Therefore, highly accurate welding can
be performed without being affected by guide rail installation accuracy or a change in the
groove shape. In addition, since it is unnecessary to increase the guide rail installation
accuracy for the welding system, weldability can be improved.
[0162]  Although various embodiments have been described above with reference to the
drawings, it is needless to say that the present invention is not limited to these examples. It
will be apparent to those skilled in the art that various changes and modifications may be
conceived within the scope of the claims. It is also understood that the various changes and
modifications belong to the technical scope of the present invention. Components in the
embodiments described above may be combined freely within a range not departing from the
spirit of the present invention.
[0163] The present application is based on Japanese Patent Application No. 2019-145780,

filed on August 7, 2019, and the contents thereof are incorporated herein by reference.

REFERENCE SIGNS LIST
[0164] 10 groove
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welding end point
welding start point
groove side surface
groove end edge
welding system
portable welding robot
robot main body
guide rail
linear portion
curved portion
boundary region
welding torch
welding wire
feeding device
welding power supply
shielding gas supply source
control device

welding condition acquisition unit

welding distance between two points, that is, from weld line position

to Ty

root gap

distance between workpiece end portions We
groove shape detection position

first groove shape detection position
second groove shape detection position
moving time

weld line position detection point
welding trajectory line

workpiece end portion

workpiece

workpiece surface

welding wire
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CLAIMS

1. A welding control method of a portable welding robot that moves along a guide rail
for welding a workpiece having a groove, the method comprising:

a sensing step of setting two or more groove shape detection positions in a welding
section from a welding start point to a welding end point, and sensing groove shapes at the
groove shape detection positions via a detection unit provided in the portable welding robot
moving on the guide rail;

a groove shape information calculation step of calculating groove shape information
based on detection data obtained in the sensing step; and

a welding condition acquisition step of acquiring a welding condition based on the

groove shape information.

2. The welding control method of the portable welding robot according to claim 1,
wherein in a case where intersections of the groove shape detection positions and a
predetermined weld line on the workpiece are set as weld line position detection points, and a
trajectory of welding at a time when welding is performed between adjacent weld line position
detection points is set as a welding trajectory line, the groove shape detection positions are set
such that a maximum value of a relative distance between the weld line and the welding

trajectory line is equal to or less than two times of a welding wire diameter.

3. The welding control method of the portable welding robot according to claim 1 or 2,

wherein the welding condition is controlled so as to change in at least one of a linear
manner, a stepwise manner, and a curved manner between the groove shape detection positions
in accordance with a value of the welding condition acquired for each of the groove shape
detection positions in a case where a change in the welding condition occurs between the groove

shape detection positions.

4. The welding control method of the portable welding robot according to claim 3,
wherein at least one welding condition is a travel speed, and in a case where
a moving direction of the portable welding robot is set as an X direction,
a groove width direction perpendicular to the X direction is set as a Y direction, and

a groove depth direction perpendicular to the X direction is set as a Z direction,
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moving speeds in three directions of the X direction, the Y direction, and the Z
direction are calculated according to values of the travel speed that are acquired for the three
directions at the groove shape detection positions, and
the travel speed between the groove shape detection positions is controlled according

to moving speeds in the three directions.

5. The welding control method of the portable welding robot according to claim 3,

wherein at least one welding condition is a travel speed,

in a case where

a moving direction of the portable welding robot is set as an X direction,

a groove width direction perpendicular to the X direction is set as a Y direction, and

a groove depth direction perpendicular to the X direction is set as a Z direction,

moving speeds in three directions of the X direction, the Y direction, and the Z
direction are calculated according to values of the travel speed that are acquired for the three
directions at the groove shape detection position,

wherein a welding distance or a moving time between the groove shape detection
positions is divided into two or more sections, and a travel speed of each division point is
calculated according to moving speeds in the three directions at each division point, and

wherein a travel speed between the groove shape detection positions is controlled
such that a travel speed of each division point is constant and a travel speed between the groove

shape detection positions changes in a stepwise manner.

6. The welding control method of the portable welding robot according to claim 2,
wherein at least one of the groove shape detection positions is provided in a boundary
region between a linear portion and a curved portion of the guide rail or in a boundary region

where a curvature of the guide rail changes in the curved portion.

7. The welding control method of the portable welding robot according to claim 6,
wherein a section for controlling the welding condition is provided immediately

before or immediately after the groove shape detection position provided in the boundary region.

8. The welding control method of the portable welding robot according to claim 1,

wherein at least one of a weaving condition, a travel speed, and a welding current is
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selected as the welding condition, and
wherein at least one of the weaving condition, the travel speed, and the welding
current is controlled based on the groove shape information between the groove shape detection

positions, so that a weld metal in the groove has a constant height along a welding direction.

9. The welding control method of the portable welding robot according to claim 1,
wherein the sensing step includes sensing at least one of a workpiece surface on a

side on which the groove is provided in the workpiece and a workpiece end portion in a welding

direction of the workpiece, in addition to sensing of the groove shape at the groove shape

detection position.

10. The welding control method of the portable welding robot according to claim 1,

wherein the sensing is touch sensing,

wherein at least five detection points arranged along a cross section of the groove are
provided on a root gap and groove side surfaces on both sides of the groove at the groove shape
detection position, and

wherein the groove shape information is calculated based on the detection data

obtained from the detection point.

11. The welding control method of the portable welding robot according to claim 2,
wherein the weld line is a groove end of any one of both groove side surfaces of the

groove shape.

12. A welding control device configured to weld a workpiece having a groove using a
portable welding robot that moves along a guide rail, the welding control device comprising:
a groove shape information calculation unit that calculates groove shape information
based on detection data obtained in a sensing step of
setting two or more groove shape detection positions in a welding section
from a welding start point to a welding end point, and
sensing groove shapes at the groove shape detection positions via a
detection unit provided in the portable welding robot moving on the guide rail; and
a welding condition acquisition unit that acquires a welding condition based on the

groove shape information.
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13. A portable welding robot that welds a workpiece having a groove while moving on a
guide rail and is controlled by the welding control device according to claim 12, the portable
welding robot comprising:

a detection unit that, in a state of being set on the guide rail, sets two or more groove
shape detection positions in a welding section from a welding start point to a welding end point,

and senses groove shapes at the groove shape detection positions.

14. A welding system of a portable welding robot, the welding system comprising:
a portable welding robot that welds a workpiece having a groove while moving on a
guide rail; and
a welding control device that is capable of controlling an operation of the portable
welding robot,
wherein the portable welding robot comprises a detection unit that sets two or more
groove shape detection positions in a welding section from a welding start point to a welding
end point, and that senses groove shapes at the groove shape detection positions, and
wherein the welding control device comprises
a groove shape information calculation unit that calculates groove shape
information based on detection data obtained by the sensing, and
a welding condition acquisition unit that acquires a welding condition

based on the groove shape information.



