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Abstract

Significant portion of the total manufacturing time for a pipe fabrication process is spent on the
welding following primary machining and fit-up processes. To achieve a reliable weld bead appearance,
automatic seam tracking and adaptive control to fill the groove are urgently needed. For the seam
tracking in welding processes. the vision sensors have been successfully applied. However, the adaptive
filling control of the multi-torches system for the appropriate welded area has not been implemented in
the area of SAW (submerged arc welding) by now.

The term adaptive control is often used to describe recent advances in welding process control but
strictly this only applies to a system which is able to cope with dynamic changes in system
performance. In welding applications, the term adaptive control may not imply the conventional control
theory definition but may be used in the more descriptive sense to explain the need for the process to
adapt to the changing welding conditions.

This paper proposed various types of methodologies for obtaining a good bead appearance based on
multi-torches welding system with the vision system in SAW. The methodologies for adaptive filling
control used welding current/voltage, arc voltage/welding current/wire feed speed combination and
welding speed by using vision sensor. It was shown that the algorithm for welding current/voltage
combination and welding speed revealed sound weld bead appearance compared with that of
voltage/current combination.

(Received August 14, 1999)
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Fig. 2 Schematic diagram for welding current and
arc voltage signal
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Fig. 4 Experimental apparatus of five torches for
adaptive filling
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Table 1 Standard welding conditions for adaptive

fill control

welding speed = 2,000mm/min

welding arc

current [A] | voltage (V)

1st torch(DC 1,500) 800 34
2nd torch(AC 1,200) 650 35
3rd torch(AC 1,200) 600 35
4th torch(AC 1,200) 600 35
5th torch(AC 1,200) 550 36

Fig. 8 Schematic diagram of workpiece used for
adaptive control

Fig. 9 Photograph for result of welding
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Table 2 Result of welding for adaptive control by using current/voltage/wire feed speed combination
Distance [mm] 0 | 150 | 300 | 450 | 600 | 750 | 900 | 1,050| 1.200] 1,350: 1,500| 1,650 1800 1,950| 2.100{ 2,250| 2,400 2,510

ond | current (A] 650 1 690 | 720 | 760 | 770| 800 | 840 | 870 | 900 | 920 | 960 | 950 | 980 |1.000| 1,030|1.070| 1.110/1,150
Torch | voltage (V) 351 35| 37| 37| 3814239 37| 39| 40| 40| 42 | 41| 42| 42| M4 | 43| 48
3rq | current (A] 600 | 620 | 650 | 680 | 720| 750 | 790 | 820 860 | 900 | 920 | 940 | 980 | 990 | 1,020( 1,050| 1,080 1,150
Torch | voltage (V) 350 35| 38 | 36| 36|36 | 34| 38| 38| 40 4038 41 41| 42| 43 43 4
ath | current (A] 600 | 610 | 640 | 670 | 690 | 740 | 760 | 800 | 840 | 860 | 910 | 940 | 960 | 980 | 1,000] 1,050| 1,070} 1,040
Torch | wvoltage (V) 3% | 35| 35| 35| 35137 36| 36| 37| 39| 33| 4 39| 40,4 ]| 40 40
5ty | current (A) 550 | 580 | 620 | 650 | 720} 710 | 750 | 760 | 820 | 800 | 820 | 850 | 890 | 930 | 970 | 940 | 95011.010
Torch | voltage (V) 36| 32 38| 37| 36| 3| 401 39| 37| 39| 3B | 40| 42| 46| 48| 42 43| 4
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Fig. 11 Photograph for result of welding
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Table 3 Result of welding for adaptive control by using current/voltage combination

Distance (mm) 0 150 | 300 ] 450 | 600 | 750 | 900 [ 1.050] 1.200] 1.350] 1.500] 1.650] 1,8001 1.950|2,100| 2,250{ 2.400| 2510
ond | cument(8) | 650 | 680 | 700 | 720 | 740| 770 | 800 | 820 | 850 | 870| 880 | 910 | 920 | 950 | 990 | 1,030} 1,050 1100
Torch | yoltage (V) | 35 | 35| 36 | 36 | 38| 38 | 39| 39| 39| 40| 40| 42| 42| 42| 42| 48] 8] 4
srd | current (A) | 600 | 620 | 630 | 670 | 690 730 | 750 | 760 | 800 | 830| 870 890 | 910| 950 | 980 1.000 1020 1,050
Torch | yoltage (V] | 35 | 35| 35 | 36 | 36| 36 | 37| 38| 38| 39| 40| 41| 41| 41| 42| 43 | 43| 46
gp | coment7A) | 600 | 610 | 640 | 670 | 690 | 720 | 740 | 760 | 800 | 820| 860 | 890 | 920 | 940 | 970 1010) 1,030 1.040
Torch | voltage V) | 35 | 35| 35 | 35 | 35 36| 36 | 36| 37| 39| 39| 38| 40 40| 41| 43| 4 45
Sth | current () | 550 | 580 | 600 | 630 | 650 | 690 | 710 | 750 | 760 | 780| 820 | 850 | 890 900 | 920 | 940 | 950 950
Torch | yoltage (v) | 36 | 36| 38 | 38 | 38| 38| 39| 39| 39| 39 40, 40| 42 46| 46| 46| 46| 47
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Table 4 Standard welding conditions for adaptive fill control
welding speed = 1,200mm/min
welding current (A) arc voltage [V]
1st torch(DC 1500) 800 34
2nd torch(AC 1200) 600 35
3rd torch(AC 1200) 600 35
Table 5 Result of welding for adaptive control by using welding speed
_measured 0 | 200 | 400 | 600 | 800 |1,0001,200|1,400(1,600]1,800|2.000|2.200| 2,400
distance [mm]
speed. 1,200{1,160{1,130|1,080|1,040]1,010| 960 | 920 | 880 | 850 | 820 | 770 | 732
(mm/min)
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