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Weld Profile Prediction and Process Parameters Optimization of T—joints
of Laser Full Penetration Welding via Response Surface Methodology
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Abstract In order to predict weld profile of T-joints and optimize the process parameters of the laser full
penetration welding, the statistical models between parameters and the weld bead geometry of T- joints are
established using response surface methodology. Then the analysis of variance is checked and these mathematical
models are validated. Based on this model, effects of different process parameters on the weld profile are
investigated, the process parameters are optimized, and the weld profile is predicted. The results indicate that the
proposed models predict the responses adequately and the predicted values are consistent with experimental results.
The optimum welding conditions are found that it can reduce the heat input about 27%.
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Table 1 Independent variable and experimental design levels used

H,(k]/mm) =

(2)

Code
Variable
Low (-1) Medium (0) High (+1)
Laser power P /kW 3 3.75 4.5
Welding speed V /(mm/s) 20 25 30
Assembly gap G /mm 0 0.1 0.2
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Fig.1 Laser welding setup and clamping arrangement
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Fig.2 (a) Web—core steel sandwich structure; (b) weld bead geometry of T—joints
2 ST RE B R S 0 45 2R

Table 2 Design matrix and experimental measured responses

Value Weld profile geometry Cost
Std Run
P kW V /(mm/s) G /mm Wy /mm Wy /mm Wy /'mm H, /(kJ/mm)
1 17 3.00 20.00 0.10 4.505 2.517 1.08 0.15
2 14 4.50 20.00 0.10 5.636 2.707 1.25 0.225
3 10 3.00 30.00 0.10 3.952 2.04 0.851 0.1
4 16 4.50 30.00 0.10 5.56 2.986 1.36 0.15
5 6 3.00 25.00 0.00 4.067 2.529 0.985 0.12
6 3 4.50 25.00 0.00 5.35 2.701 1.02 0.18
7 11 3.00 25.00 0.20 4.092 2.243 0.851 0.12
8 8 4.50 25.00 0.20 5.573 3.304 1.3 0.16
9 3.75 20.00 0.00 4.963 2.961 1.125 0.1875
10 12 3.75 30.00 0.00 4.67 2.262 1.118 0.125
11 7 3.75 20.00 0.20 5.166 3.12 1.214 0.1875
12 5 3.75 30.00 0.20 4.416 2.275 0.972 0.125
13 13 3.75 25.00 0.10 4.823 2.382 1.156 0.15
14 15 3.75 25.00 0.10 4.829 2.542 1.429 0.15
15 3.75 25.00 0.10 4.778 2.599 1.303 0.15
16 3.75 25.00 0.10 4.823 2.383 1.156 0.15
17 3.75 25.00 0.10 4.855 2.357 1.277 0.15
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Table 3 ANOVA for weld penetration reduced 2FI model

Source Sum of squares Degree of freedom Mean square F value Prob>F
Model 4.25 5 0.85 103.41 <0.0001
A-P 3.79 1 3.79 460.68 <0.0001
B-V 0.35 1 0.35 42.53 <0.0001
AB 0.057 1 0.057 6.92 0.0234
BC 0.052 1 0.052 6.35 0.0284
Residual 0.090 11 8.217x107
Lack of fit 0.087 7 0.012 16.22 0.0086
Pure error 3.075x107 4 7.688x10~
Cor total 4.34 16
R’=0.9792, R},=0.9697, R; , =0.9157, A,=33.308

T4 BRI gy 22 b
Table 4 ANOVA for weld width reduced cubic model

Source Sum of squares Degree of freedom Mean square F value Prob>F
Model 1.83 8 0.23 29.17 <0.0001
A-P 0.70 1 0.70 89.50 <0.0001
B-V 0.60 1 0.60 76.03 <0.0001
C-G 0.030 1 0.030 3.81 0.0866
AB 0.14 1 0.14 18.23 0.0027
AC 0.20 1 0.20 25.21 0.0010
c2 0.12 1 0.12 15.32 0.0045
A2B 0.23 1 0.23 28.89 0.0007
Residual 0.063 8 7.838x10°
Lack of fit 0.014 4 3.578x10° 0.30 0.8675
Pure error 0.048 4 0.012
Cor total 1.89 16

R*=0.9669, R}, =0.9337, R}, =0.8957, A= 19.914
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Table 5 ANOVA for weld binding region width reduced quadratic model

Source Sum of squares Degree of freedom Mean square F value Prob>F
Model 0.39 8 0.049 5.73 0.0117
A-P 0.17 1 0.17 19.85 0.0021
B-V 0.017 1 0.017 1.99 0.1963
AB 0.029 1 0.029 3.37 0.1036
AC 0.043 1 0.043 5.03 0.0552
BC 0.014 1 0.014 1.62 0.2387
A2 0.042 1 0.042 4.98 0.0562
C2 0.069 1 0.069 8.15 0.0213
Residual 0.068 8 8.517x10°
Lack of fit 0.016 4 3.974x107 0.30 0.8621
Pure error 0.052 4 0.013
Cor total 0.46 16
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Fig.3 Relationship between experimental and predicted values. (a) Weld penetration; (b) weld width and (¢) weld binding region width
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Table 6 Confirmation experiments of the Wy, Wy and W} responses

Exp Wy /mm Error /% Wy /mm Error /% Wy /mm Error %
P kW V/(mm/s) G /mm

No. Act. Pred. Act. Pred. Act. Pred.
1 4 25 0 5.09 5.03 1.19 2.62 2.61 0.38 1.13 1.11 1.77
2 3.5 20 0.1 4.38 4.25 2.96 2.74 2.79 1.79 1.19 1.22 2.46
3 4.5 30 0.11 4.93 4.76 3.44 3.05 3.01 1.31 1.19 1.29 7.75
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Fig.4 Perturbation plot showing the effect of all factors on weld penetration
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Fig.5 Effect of laser power and welding speed on weld penetration. (a) Contour graph; (b) 3D graph
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Fig.6 Effect of welding speed and assembly gap on weld penetration. (a) Contour graph; (b) 3D graph
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Fig.7 Perturbation plot showing the effect of all factors on weld width
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Fig.9 Effect of laser power and assembly gap on weld width. (a) Contour graph; (b) 3D graph
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Fig.10 Perturbation plot showing the effect of all factors on weld binding region width
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Fig.11 Effect of laser power and assembly gap on weld binding region width. (a) Contour graph; (b) 3D graph
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Table 7 Optimization criteria and importance

Name Criteria Importance
Goal Lower Upper
Laser power In range 3.5 4.5
Welding speed In range 20 30
Assembly gap In range 0 0.1
Weld penetration Maximize 4.2 5.36 5
Weld width In range 2.24 3.2 3
Weld binding region width Maximize 1.12 1.2 5
Cost Minimize 0.15 0.225 5
# 8 b4
Table 8 Optimal solution
Number P 4 G W Wy W Cost Desirability
1 4.42 29.7 0.06 5.37 2.77 1.29 0.149 1.00
2 4.50 30.0 0.10 5.43 2.98 1.34 0.150 1.00
3 4.47 29.2 0.15 5.40 3.09 1.33 0.153 1.00
4 4.37 27.2 0.20 5.36 3.19 1.25 0.161 1.00
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