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Abstract

This study aimed to identify optimal factors for designing welding experiments using the robotic
arm for carbon steel. Utilizing the Box Behnken Design method, 30 experiments focused on three main
factors: electric current, wire feed speed, and welding speed. The materials used included carbon steel
(50 mm wide, 150 mm long, 4.5 mm thick), MIG welding wire (1.2 mm size), and 100% CO2 as the
shielding gas. A Toyo Capacity 60 Tons (Model 60T) pressure testing machine was employed. The welding
was performed using a flat butt connection. Results showed that the optimal settings were an electric
current of 110 amperes, wire feed speed of 2.65 m/min, and welding speed of 5 mm/s. These parameters
yielded a weld strength of 5,000 kg/cm? and produced a welding line that met the acceptable standards.

Keywords: Design of Experimental, Welding, Arm Robotic, Factor level, Optimization
Please cite this article as: T. Chaiyason, “Optimization of the factor level in the carbon steel welding process
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Maximize = 1816.28+40.47 (Current)+260.97
(Wire Feed Speed) + 193.98 (Weld Speed)-
0.16 (Current * Current)-75.45 (Wire Feed
Speed*Wire Feed Speed) -26.39 (Weld Speed*
Weld Speed) + 0.00 (Current* Wire Feed
Speed) + 0.00 (Current*Weld Speed) +18.52
(Wire Feed Speed*Weld Speed) . (1)

A1519% 3 A1 P lglunsidentaseniinananis
NAADUAINLLTIT (Minitab Release 14)

Response Surface Regression: Strength versus Current, Wire Feed Speed,
Weld Speed
The analysis was done using uncoded units.

Estimated Regression Coefficients for Strength

Term Coef SE Coef T P

Constant 1816.28 377.237 4.815 0.000
Current 40.47 4915 8.233 0.000
Wire Feed Speed 260.97 120.986 2.157 0.043
Weld Speed 193.98 50.776 3.820 0.001
Current*Current -0.16 0.020 -8.103 0.000
Wire Feed Speed*Wire Feed Speed -75.45 17.775 -4.244 0.000
Weld Speed*Weld Speed -26.39 3.600 -7.331 0.000
Current*Wire Feed Speed 0.00 0.576 0.000 1.000
Current*Weld Speed 0.00 0.259 0.000 1.000
Wire Feed Speed*Weld Speed 18.52 7.685 2.410 0.026

S=88.03 R-Sq=91.2% R-Sq(adj) = 87.2%

Analysis of Variance for Strength

Source DF SeqSS AdjSS AdjMS F P
Regression 9 1597000 1597000 177444 22.90 0.000
Linear 3 615000 564192 188064 24.27 0.000
Square 3 937000 937000 312333 40.30 0.000
Interaction 3 45000 45000 15000 1.94 0.156
Residual Error 20 155000 155000 7750
Lack-of-Fit 3 155000 155000 51667  * %
Pure Error 17 0 0 0
Total 29 1752000
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Parameters

Goal Lower  Target Upper  Weight  Import
Strength Maximum 0 1 1 1 1
Global Solution
Current (Q) = 110.00
Wire Feed Speed (WFS) = 2.65
Weld Speed (WS) = 500

Predicted Responses
Strength = 5000, desirability = 1
Composite Desirability = 1.00000
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6 21 150 2.65 2 4,600
7 7 70 2.65 8 4,400
8 9 110 1.30 2 4,900
9 2 150 1.30 5 4,900
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