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Abstract

Arc sensor is indispensable to arc welding robot systems for compensating the joint misalignment
such as mismatch of the workpiece, ill-conditioned positioner and thermal deformation during welding.
Furthermore, the amount of these mismatches cannot be previously expected, and changes from time
to time. There are many kinds of seam trackers for correcting the welding path of the robot, where
non-contact type sensors arc prevalently used in arc welding robot systems.

In this study, an arc sensor was developed for GMA and FCA welding robot system. Since the
arc sensor uses the arc characteristics during welding, the operating principle of the arc sensor must
be adjusted according to the welding condition. Especially in GMA welding with the CO shielding
gas, the welding arc is not stable because of the short circuit and non-axial globular transfer mode
of the molten droplet. In this study, the 2nd order least square curve fitting algorithm was adopted
and the applicability of this algorithm was investigated for robot welding systems.

For easy usage of the arc sensor, the operating parameters for arc sensor were limited to eight
which can be easily determined by the operator.
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Table 1. Welding Conditions for 2* Factorial Experiment

Factor 0 1
Welding Voltage V [V] 280 340
Wire Feed Speed W [m/min] 5.1 89
Tip—to— Work Digtance L [mm] 150 250
Welding Speed 4mm/s

Shielding Gas
Welding Wire

100%CO,, 170 1/min
ER71T—1, DIA. 12mm
(FCAW)
ER70S—G, DIA. 12mm

(GMAW)
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Table 2. Treatment Combination of 2° Factorial Experi-
ment of GMAW, FCAW

Experiment | Treatment Mean Mean
Number Combination | Current Current
GMAW [A] FCAW [A]

1 VO WO LO 26993 24373
2 VO WO L1 229.99 211.20
3 VO W1 LO 398.66 355.H4
4 VO W1 L1 32958 303.76
5 V1 WO LO 201,57 25944
6 V1 WO L1 258.87 227.18
7 V1 W110 406.08 35641
8 V1 Wl Ll 347.51 303.36
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Fig 1. Experimental analysis of the relationship between
welding current and tip-to-workpiece distance for
GMAW using CO. shielding gas
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Fig 2. Experimental analysis of the relationship between
welding current and tip-to-workpiece distance for
GMAW using CO. shielding gas
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D=AL*tan(6/ 2)/ a (5)
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Fig 4. Calculation of geometric correction data on the side
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Table 3. Parameters for seam tracking

Parameter no. description parameter value description
1 solid argon
2 solid CO,
1 process 3 solid MAG
4 flux-cored CO,
1 I >290A
operating (spray, grobular)
2 range 2 230A< I <260A
(grobular, short)
3 I < 230A (short)
1 25—deg.
2 50—deg.
3 groove ang. 3 60— deg.
4 70—deg.
5 90—deg (fillet)
4 amp gain amp gain value
5 M 13, 16 eq. (6)
geom. correc. tip— workpiece
6 at right of *10 eq. (11)
weaving (mm)
geom. correc. tip— worpiece
7 at left of *10 eq. (11
weaving (mm)
8 for height do height cor.
correction 2 do'nt height cor.
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Fig. 6 Timing diagram for transferring correction data
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1. Robot 6 Arc sensor controller

2 . Welding power supply 7 Terminal box for interfacing with robot

3 ! Interfacing unit for welding power supply 8 Workpiece

4 ! Wire feeder 9 ! Shunt resistor

5 : Personal Computer

Fig. 8 Experimental apparatus for developing arc sensor
Table 4. Welding conditions used in the experiment
Conditions V—groove butt weld Fillet weld

Welding voltage V) 290 290
Wire feed rate (m/min) 66 6.6
Welding speed (mm/sec) 40 40
Weaving width (mm) 60 40
Cross time for weaving (sec) 06 035
Dwell time at right side (sec) 0.15 0.15
Dwell time at left side (sec) 015 015
Flow rate of shielding gas (1/min) 190 190
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Fig 10. Weaving motion of robot during seam tracking
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