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Development of models for evaluating the short-circuiting arc phenomena
of gas metal arc welding

Y. Kim(Precision Mech. Eng. Dept. HYU), S. Rhee(Mech. Eng. Dept. HYU), M. J. Kang(RIST)

ABSTRACT

The purpose of this study is to develop an optimal model, using existing models, that is able to estimate the amount of
spatter utilizing artificial neural network in the short circuit transfer mode of gas metal arc (GMA) welding. The amount of
spatter generated during welding can become a barometer which represents the process stability of metal transfer in GMA
welding, and it depends on some factors which constitute a periodic waveforms of welding current and arc voltage in short
circuit GMA welding. So, the 12 factors, which could express the characteristics for the waveforms, and the amount of
spatter are used as input and output variables of the neural network, respectively. Two neural network models to estimate
the amount of spatter are proposed: A neural network model, where arc extinction is not considered, and a combined neural
network model where it is considered. In order to reduce the calculation time it take to produce an output, the input vector
and hidden layers for each model are optimized using the correlation coefficients between each factor and the amount of
spatter.  The estimation performance of each optimized model to the amount of spatter is assessed and compared to the
estimation performance of the model proposed by Kang. Also, through the evaluation for the estimation performance of
each optimized model, it is shown that the combined neural network model can almost perfectly predict the amount of spatter.

Key Words : Gas metal arc welding (7} 80} =18 %), Amount of spatter (<=3} E] ), Neural network (3173 %), Back
propagation algorithm (2.F+ 9 @ 3} & 31 2] 55)
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Table 1 Welding conditions
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Fig. 1 Waveforms of arc voltage and welding current in
short circuit transfer mode
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Table 2 Correlation coefficients between each factor and the amount of spatter in several models

Factors T T, T, I, A

7 s(11 st s s[L) o SU sl

A 0920 0723 -0.109 0.175 0.262

Spatter B 0.0593 0.0437 0.124 0.230 0.351

C 0817 0.827 -0.164 0.176 0.259

-0.163  0.746 0.736 0.175 0.502 0.199

-0.273 0791 0.788 0.257 0.656 0.140

0.0423
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Fig. 2 Relationship between the cstimated results and the
amount of spatter using the several models

Table 3 Regression characteristics of several estimated

models
Nonlinear regression | Neural network
Model Model
Model in | Combin | Model in | Combin
overall -ed overall -ed
range model range model
Multiple
correlation 0.9109 0.8424 0.9441 0.9986
coefficients
Adjusted R 1 0958 | 0.7084 | 0.9058 | 0.9965
square
Standard 04562 | 12954 | 03134 | 0.0691
Error
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