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Development of Inference Algorithm for Bead Geometry in GMAW

Myun-Hee Kim*, Joon-Young Bae*, and Sang-Ryong Lee**

ABSTRACT

In GMAW(Gas Metal Arc Welding) processes, bead geometry (penetration, bead width and height) is a criterion to
estimate welding quality. Bead geometry is affected by welding current, arc voltage and travel speed, shielding gas,

CTWD (contact-tip to workpiece distance) and so on. In this paper, welding process variables were selected as welding

current, arc voltage and travel speed. And bead geometry was reasoned from the chosen welding process variables using

neuro-fuzzy algorithm. Neural networks was applied to design FL(fuzzy logic). The parameters of input membership

functions and those of consequence functions in FL were tuned through the method of learning by backpropagation

algorithm. Bead geometry could be reasoned from welding current, arc voltage, travel speed on FL using the resuits

learned by neural networks. On the developed inference system of bead geometry using neuro-fuzzy algorithm, the

inference error percent of bead width was within +4%, that of bead height was within £3%, and that of penetration was

within +8%. Neural networks came into effect to find the parameters of input membership functions and those of

consequence in FL. Therefore the inference system of welding quality expects to be developed through proposed

algorithm.
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Table | Learned fuzzy rule for bead width

Rule ) Begd Width
No. | ¥t X X; y' =aly + alix; + alx; + alx;
Ay ay a; a3
1 S S S8 21.69 -18.3S5 5.51 0.16|
2 S S L -9.81  -12.92 5.67 -2.09)
3 S M S 21.97 -2.64 0.8 -0.01
4 S M L -10.07 -3.42 0.84 -0.07]
5|S L 8 29.19  -15.78 8.31 -0.56|
6 S L L -13.27  -31.02 8.7 -1.33
7 L § 8§ -1.73 -7.18 -9.43 2.85
8 . § L 0.66 123.] -8.58 -4.89)
9 L M § -97.42 5.02 -0.96 0.19
0WlL M L 44.71 254 -1.04 0.14
miL L s 315 9838 56 848
2|L L L 154 7356 -6.29 .3.9)
Table 2 Learned fuzzy rule for bead height
Bead Height
]:::’e X3, X X v =alg+ o x, + alpx, + alixg
Ay a; a; a3
1 S S S -42.26 1.05 0.04 0.09
2 S S L 15.42 -0.99 0.07 -0.01
3 S M S -5.68 -5.52 2.13 -0.08
4 S M L 211 -11.85 2.98 -0.47]
5 S L S 6.76 0.33 1.12 -0.36|
6 S L L -2.45 -8.12 0.84 0.64
7 L § S§ -3.64 -0.51 -0.28 0.1
8 L S L 1.32 0.53 -0.23 0.06
9 L M S 4.5 49.15 3.37 -5.22
10/ L M L -1.6  -1098 2.87 -0.3
nmi{L L S 045 4.77 -3.49 0.24
12 | L L L -0.2 -3.35 -1.93 1.22
Table 3 Learned fuzzy rule for penetration
Rule . Penetration )
No. | &1 % Xs v =aly + alx; + abx, + alix,
ap a ay a;
1 S § S -41.29 4.86 -0.48 -0.1
2 S S L 9.8 3.91 -1.11 0.05
3 S L 8§ -5.46 0.23 -1.86 0.87
4 S L L 1.29 0.51 -0.43 0.17)
s M S S -61.68 6.05 -0.81 -0.04
6 |M S L 14.63 5.3s -1.72 0.24
7 1M L 8 6.09 3.31 -2.46 0.67
8 M L L -1.46 0.45 -0.3 0.1
9 L S S -20.18  -20.03 342 0.91
0|]L S L 4.87  -18.11 7.51 -1.84
11 | L L S -0.06  -25.67 7.58 -0.5
12 |L L L 0.06 -5.45 1.85 -0.33
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