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Abstract : Accurate prediction of weld penetration and process optimization are critical for enhancing weld
quality and structural integrity. This study develops a second-order response surface model to predict lower
plate penetration depth in CO, fillet welding. Based on the Box-Behnken design, 27 experiments were
conducted with welding speed, CO, flow rate, current, and voltage as key parameters. Heat flux values from
thermal analysis were used to examine their correlation with penetration depth. Optimal conditions were
identified as 3.3 mm/s, 20 /min, 230 A, and 33 V. A clear positive correlation was observed between heat flux
and penetration depth, except at the high speed of 5.0 mm/s. The developed model achieved approximately 81%
prediction accuracy, confirming its applicability for process optimization and weld quality control.

Key Words : Prediction of Penetration Depth, Second-order Response Surface Model, Process Optimization,
CO, Fillet Welding
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Fig. 1 A flowchart for quadratic regression model
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Table 1 Experimental factor and condition

Factor Value Unit
Welding speed : A 3.0, 4.0, 5.0 mm/s
CO; flow rate : B 15, 20, 25 1/min
Current : C 190, 210, 230 A
Voltage : D 23, 28, 33 A\

Table 2 Experimental conditions of Box-Behnken

No. Condition No. Condition

1 4.0, 20, 230, 23 15 5.0, 20, 210, 23
2 4.0, 20, 190, 33 16 4.0, 20,210, 28
3 4.0, 25,230, 28 17 4.0, 20,210, 28
4 | 40,20,210,28 | 18 | 4.0,25,210,23
5 3.0, 20, 230, 28 19 4.0, 20, 190, 23
6 3.0, 25,210, 28 20 3.0, 20, 210, 23
7 5.0, 20, 210, 33 21 5.0, 15, 210, 28
8 | 40,15230,28 | 22 | 4.0,15,190,28
9 3.0, 15,210, 28 23 5.0, 20, 230, 28
10 3.0, 20, 190, 28 24 4.0, 25, 190, 28
11 5.0, 25,210, 28 25 4.0, 15,210, 23
12 | 4.0,20,230,33 | 26 | 4.0,15,210,33
13 3.0, 20, 210, 33 27 5.0, 20, 190, 28
14 4.0, 25,210, 33
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Fig. 3 Simulation results of temperature distribution
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