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Predicting optimal welding parameters for top-bead width

in a letter marking welding process using PSO
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Abstract: Productivity improvement via welding technologies entails the welding operation to be consistent with the de-
sign standards in the preliminary preparation process. This aids in maintaining precision among members in each step
of the process, as well as the shape of the welded joints, such as modeling any gaps as specified, thereby streamlining
the welding operation. An effective welding technique, automation, and robotization are all important determinants in en-
hancing the overall welding quality. In particular, process efficacy can be realized by mitigating defects in the welding
unit, which can also contribute to improving the productivity. To achieve these research goals, a set of GMA welding
experiments are conducted to predict the bead geometry (width and height) of an optimal weld using the particle swarm
optimization (PSO) algorithm. Three prediction instances of the bead shape, as computed using the algorithm, viz., 4
mm, 6 mm, and 8 mm and optimal process variables, essential for a letter marking welding, are selected and verified
through a 3D scan.
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Figure 1: Letter marking GMA welding experimental setup
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Table 3: Welding parameters and their levels
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Figure 2: A schematic diagram for letter marking weld proc-
Table 2: Chemical composition of base metal

Table 1: Mechanical properties of base metal
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Figure 8: Comparisons between measured and predicted

top-bead width from the developed 2nd regression model

Figure 9: Comparisons between measured and predicted

top-bead height from the developed 2nd regression model

Table 4: Analysis variance tests for 2nd regression model

SE R2
Bead . Adjusted
geometry Model |(Standard| (Coefficient of R2 (%)

error) | determination, %)

2nd
regression| 0.91 94.9 95.2
model
2nd
regression|  0.27 91.5 92.5
model
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Table 5: PSO method parameters and their values

Optimal method

PSO(Particle Swarm Optimization)

Function tolerance (Population size)

20, 40, 60, 80, 100, 120, 140, 160, 180, 200

Min. Value 135A, 18V, 400 mm/min
Range of parameter -
Max. Value 195A, 28V, 800 mm/min
4 mm
Range of constraint value 6 mm 35 mm < 4 mm < 4.5 mm
8 mm
Solver Approximated
Algorithm Particle swarm
Derivatives Forward differences

Table 6: The results of various swarm size using PSO method(4 mm)

Swarm size Welding current Arc voltage (V) Welding speed Results of Results of  |[Error of constraint
(A) (mm/min) objective (mm) | constraint (mm) (%)
20 147.45 19.33 756.95 2.099 3.948 1.311
40 136.05 18.22 771.63 2.141 3.796 5.106
60 153.48 20.16 798.11 2.085 4.240 -5.989
80 149.66 19.02 714.65 2.176 4.028 -0.703
100 154.00 19.20 779.81 2.179 3.960 0.992
120 148.20 20.16 799.25 2.032 4.108 -2.695
140 135.36 19.08 789.38 2.088 4.120 -2.991
160 147.20 18.50 748.63 2.170 3.640 9.009
180 138.35 19.82 785.67 2.030 4217 -5.432
200 158.18 18.18 781.61 2.353 3.722 6.953
Table 7: The results of various swarm size using PSO method(6 mm)
Swarm Welding current Arc voltage Welding speed Results of Results of Error of constraint
size (A) V) (mm/min) objective (mm) | constraint (mm) (%)
20 137.87 18.24 426.52 2.731 6.391 -6.515
40 167.94 18.36 522.68 3.151 6.328 -5.463
60 164.00 18.11 496.93 3.125 6.032 -0.527
80 139.88 18.57 448.51 2.652 6.204 -3.401
100 169.40 19.66 668.15 2.646 5.990 0.173
120 175.69 19.35 691.53 2.871 6.603 -10.05
140 175.62 18.04 671.69 3.080 6.013 -0.214
160 141.04 18.16 475.33 2.618 5.624 6.271
180 165.33 18.86 524.36 2.986 6.313 -5.222
200 145.09 19.63 468.65 2.565 6.384 -6.405
Table 8: The results of various swarm size using PSO method(8 mm)
Swarm Welding current Arc voltage Welding speed Results of Results of Error of constraint
size (A) V) (mm/min) objective (mm) | constraint (mm) (%)
20 137.60 22.62 421.68 2421 8.436 -5.444
40 185.78 19.06 792.15 3.186 7.941 0.736
60 171.36 21.53 607.65 2.650 7.536 5.799
80 141.63 22.98 438.14 2.373 8.193 -2.408
100 185.67 19.21 794.66 3.156 7.986 0.178
120 168.60 21.54 533.23 2.771 7918 1.031
140 142.71 22.22 415.36 2.511 8.244 -3.045
160 185.63 19.09 798.82 3.166 7.904 1.196
180 170.46 22.94 556.37 2.621 8.453 -5.657
200 158.42 20.57 417.61 2.969 7918 1.019
Gamtd A Aol 3hs] x| A439 A75(2019.9) 17
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