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Abstract

One of the significant subject in the automatic arc welding is to establish control system of the
welding parameters for controlling bead geometry as a criterion to evaluate the quality of arc welding.
This paper proposes an inference algorithm for bead geometry in GMA Welding using Neuro-Fuzzy
algorithm. The characteristic welding parameters are measured by the circuit composed of hall sensor,
voltage divider tachometer, etc. and then the bead geometry of each weld pool is calculated and
detected by an image processing with CCD camera and a measuring with microscope. The reiationships
between the characteristic welding parameters and the bead geometry have been arranged empirically.
From the result of experiments, membership functions and fuzzy rules are tuned and determined by the
learning of neural network, and then the relationship between actual bead geometry and inferred bead
geometry are concluded by fuzzy logic controller. In the applied inference system of bead geometry
using Neuro-Fuzzy algorithm, the inference error percent is within -5%~+4% in case of bead width,
-10%~+10% in bead height, -5%~+6% in bead area, -10%~+10% in penetration. Use of the
Neuro-Fuzzy algorithm allows the GMA Welding system to evaluate the quality in bead geometry in
real time as the welding parameters change.
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Fig. 1 Schematic diagram of experiment

Fig. 2 Bead geometry of lap-joint welding
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Table 3 Fuzzy rule to infer bead width

Rule M%nggsgllp Parameter of bead width Y'

No.|'x, X, X;| ¢ G G G
1| S S S 0911 21917 1356 -1.242
21 S S L -0.421 8386 -0479 17.928
31S M S 4.470 -39.781 -0.686 2.148
41 S M L -2.258 6.633 2551 7.113
5( S L S -2.564 46.099 -3.972 1.062
61 S L L 2415 -33.621 1905 -3.628
7/M S S -0.294 -8.878 2.189 8.674
8§ | M S L 0.012 1295 0.029 -53.776
9 I M M S -0.971 0.012 2.183 -8.633
WM M L 0.144 -0.840 -0.110 -14.069
11| M L S 1.509 -9.793 -1.176 -5.691
12| M L L -0.338 1402 0292 20.687
13| L S S -4.653 58257 1.576 -5.121
4| L S L 0.521 -5.463 -0.411 28.560
5| L M S -4.091 63.139 -0.405 2.688
6! L ™M L 0.258 -5.832 0.362 -19.428
171 L L S [-14.251 35.556 22.693 -0.253
18| L L L 1.372 -3.468 -2.187 1359
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Fig. 5 Membership function to infer bead width
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Table 4 Fuzzy rule to infer bead height

Rule M;nl::ggs:lp Parameter of bead thickness Y'
No. Xl XZ X; Cll sz C}l C4I
1] S S S | -0.085 0.504 0.073 6.042
2 S S L 2.059 -13.062 -1.609 -18.209
31S M S -0.992 2958 2.109 -73.797
41 S M L | -0460 65664 9.770 -12.867
51 S L S 1.910 -2.930 -3.385 13.264
6] S L L [ -0767 -15887 7.157 -0.436
71 M S S 0372 2564 -0.460 -105.609
8{M S L | -0.119 2463 -0.321 38.083
9| M M S -0.468 4.877 -0.273 68.912
I0fM M L 0.842 7389 -1.990 -89.344
1Mf{™M L S -0.495 -8.064 2204 4973
12| M L L | -0877 11905 -0.669 -0.528
13| L S S -1.727 -15.587 5.129 3.251
14| L S L 0.197 3.832 -0.628 -40.337
IS|{L M S 3.657 -11.124 -5.484 -1.944
16/ L M L | -1.191 7002 1280 6.804
174 L L S -0.043 -27.019 4.788 -0.661
18| L L L 0211 5017 -1.364 3.565
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Fig. 6 Membership function to infer bead height
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Table 5 Fuzzy rule to infer bead area

Rule M;T:Ie‘.gsr:"p Parameter of bead area Y'

Norxy X, x| ¢ G ¢
11 S S S -4.319 25454 4.720 -87.597
210S S L | 62.664 -390.461 -56.496 -12.933
3/S M S 0.751 -7.592 0.636 -71.609
4 S M L |-25.949 -138295 64.143 -23.102
518 L S 1.884 -47.322 4.289 190.488
6] S L L | 48432 -378.503 -22.139 -4.681
7| M S S 0.057 -1.681 -3.838 589.089
8| M S L 0.750 13.318 -2.989 12.479
9\ M M S -0.809 -6.539 2476 60.348
10 M M L -0.703  5.592 1.115 -113.257
11 | M L S 4.397 -31.889 -2.925 -38.199
12! M L L 3.848 -22.113 -4.394 77.194
13| L S S {-11.392 70.209 15.870 -13.517
14 | L S L -0.717 -19.833  3.239 -41.271
15! L M S 1.730 11.741 -5.823 -31.348
16 | L M L 1.023 -0.753 -1.875 102.646
17| L L S 1-92.736 576.741 86.092 -9.266
18! L L L 16.176 -103.698 -14.480 -1.533
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Fig. 7 Membership function to infer bead area
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Table 6 Fuzzy rule to infer penetration

Rule M(;.Tgxei:)s;np Parameter of Penetration Y’
Nl % x| ¢ o G
1] S S S -0.310 3.895 0.168 -10.471
2, S S L 1.260 -24.660 0.637 -0.001
3] S M S -0.406 2.888 0.474 -24.326
4¢SS M L 2.312 -33.286 0.630 -0.907
51 S L S 2.169 -28.170 1.761 9.210
6 S L L [-11.834 -82.146 33.574 -0.491
70 M S S -0.166  0.482 0.698 -64.773
8§ M 8 L -0.101 0.241 0.573 -78.183
9/ M M S 0.139 -0.599 -0.161 0.245
10l M M L -0.364 3.571 0.419 -48.093
11 | M L S -1.089 1.681 1.792 7.311
12| M L L 3.167 -13.285 -3.958 11.286
13| L S S 1.529 -14.765 -0.828 -5.552
14| L S L -0.246 -1.033  0.542 -4.717
151 L M S 1.311 -6.005 -1.336 -22918
16 | L M L 0.184 -0.759 -0.356 22.342
17| L L S [-20.029 141.536 15.869 -6.331
18| L L L 1.425 -13.238 -0.815 31.185
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