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Optimal Process Parameters for Achieving the Desired Top-Bead
Width in GMA welding Process
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{ Abstract }

This paper aims to develop an intelligent model for predicting top-bead width for the robotic GMA(Gas Metal Arc) welding
process using BP(Back-propagation) neural network and multiple regression analysis. Firstly, based on experimental data,
the basic factors affecting top-bead width are identified. Then, BP neural network model and multiple regression models
of top-bead width are established. The modeling methods and procedure are explained. The developed models are then
verified by data obtained from the additional experiment, and the predictive behaviors of the two kind of models are compared
and analysed. Finally the modeling methods, predictive behaviors and the advantages of each models are discussed.
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Table 1 GMA welding parameters and limits

Parameter Unit { Symbol | Low | High
Arc Voltage Volt v 23 28
Welding current Amps| A 170 270
Welding speed | Cm/min S 12 50
Number of layer P 2 4
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Table 2 Chemical composition of BV-AH 32 steel

Si(wt.%)
041

C(Wt.%)
0.09

S(Wt.%)
0.011

P(W.%)
0.012

Mn(Wt.%)
1.10
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Fig. 1 Configuration of specimen for multi-pass butt welding
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Table 3 Analysis of variance tests for mathematical models for top-bead width

Number of equation Stand error of estimate Coefficient of multiple correlation| Coefficient of determination (%)
2 0.993 0.987 971.9
3 0.989 0979 96.6
4 0.969 0.939 90.3
5 0.958 0918 86.8
6 0.881 0.776 64.1
7 0.805 0.648 437
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Fig. 2 Prediction for top-bead width using linear equation
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Fig. 4 Prediction for top-bead width using linear equation
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Fig. 6 Prediction for top-bead width using linear equation
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Fig. 3 Prediction for top-bead width using curvilinear
equation for 2 pass
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Fig. 5 Prediction for top-bead width using curvilinear
equation for 3 pass
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Fig. 7 Prediction for top-bead width using curvilinear
equation for 4 pass
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Fig. 8 Optimal BP neural network architecture for predicting top-bead width
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Fig. 9 Prediction for top-bead width using BP neural network
for 2 pass
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Fig. 11 Prediction for top-bead width using BP neural
network for 4 pass
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Fig. 10 Prediction for top-bead width using BP neural
network for 3 pass
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Table 4 Process parameters and results for the additional experiment

Number | Pass no. \z]:rlilgtg Welding speed 1{Welding speed 2| Welding speed 3| Welding speed 4 vcj?t;cge Bead width
1 2 250 26 26 27 17.74
9 P 200 2 18 25 19.23
3 3 250 34 34 34 27 16.70
4 3 200 27 27 22 25 17.77
5 4 250 37 37 45 45 26 24.48
6 4 200 28 28 33 33 24 22.87
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