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Optimization of Weld Strength for Laser Transmission Welding of
Thermoplastic Based on Response Surface Methodology and
Genetic Algorithm-Artificial Neural Network

Zhang Cheng Wang Xiao Wang Kai Zhang Hu Liu Jiang
Jiang Tao Liu Huixia
(School of Mechanical Engineering . Jiangsu University . Zhenjiang . Jiangsu 212013, China)

Abstract A central composite rotatable experimental design (CCRD) is conducted to design experiments of laser
transmission welding of thermoplastic-polycarbonate (PC). The genetic algorithm-artificial neural network (GA-
ANN) and response surface methodology (RSM) models which establish the relationships of the laser transmission
welding process parameter (laser power, scanning speed, clamping pressure, scan times) and joint strength are
established, and then the welding strength is predicted and the welding parameters is optimized by using the
developed models respectively. The modeling capabilities, generalization and optimization capabilities of the two
models are systematically compared. The result shows that GA-ANN and RSM are not significantly different on the
maximum experimental joint strength, but the modeling., generalization and optimization abilities of GA-ANN are
better than that of RSM. so GA-ANN is a more effective way to optimize the PC joint strength.
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Table 1 Actual and corresponding coded values of CCRD design of experiments parameters of the joint strength

Limits
Factor Symbol
—2 —1 0 1 2
Power /W w 9.2 21 31.5 41.6 51.6
Velocity /(mm/s) \%4 2 5 9 13 16
Clamp pressure /MPa P 0 0. 25 0.5 0.75 1
Scanning number N 1 2 3 4 5

F 2 AR P AR I8 BT I A0 I A i

Table 2 Design of experiments matrix and corresponding measured results of the joint strength

No. w /W V /(mm/s) P /MPa N Weld strength /MPa
1 51.6 9 0.5 3 36.112
2 31.5 9 0.5 3 43.75
3 20.9 5 0.75 2 36. 385
4 41.6 5 0. 25 4 41. 314
B 31.5 9 0.5 3 43. 827
6 20.9 13 0.75 2 26. 415
7 31.5 9 0.5 3 44.926
8 31.5 9 0.5 3 44,194
9 41.6 13 0. 25 2 30. 75

10 31.5 9 0.5 3 43.021

11 41.6 13 0.75 2 41.777

12 20.9 13 0.25 2 25. 844

13 20.9 13 0.25 4 40. 51

14 31.5 9 0.5 5] 45.082

15 20.9 5 0.25 4 36. 311

16 41.6 5 0.75 2 42. 254

17 20.9 13 0.75 4 30.079

18 31.5 9 1 3 44,93

19 9.2 9 0.5 3 25.239

20 20.9 5 0.75 4 36. 988

21 31.5 16 0.5 3 29.763

22 31.5 9 0.5 3 45.153

23 31.5 2 0.5 3 40. 818

24 41.6 13 0.25 4 43.496

25 41.6 S 0.25 2 39. 448

26 41.6 13 0.75 4 43.702

27 31.5 9 0.5 1 27.97

28 31.5 9 0 3 42. 4

29 20.9 5 0. 25 2 36.073

30 41.6 5 0.75 4 41.915
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Table 3 Experimental predicted data of RSM model

Items Data
No. 1 2 3 4 5 6 7 8 9 10
Predicted /MPa  38.628 44,045  36.456  41.072  44.045  25.75  44.025  44.045 30.917  44.045
No. 11 12 13 14 15 16 17 18 19 20
Predicted /MPa  37.319  25.234  38.162  42.931  40.453 43.637  32.762  45.226  24.173  35.81
No. 21 22 23 24 25 26 27 28 29 30
Predicted /MPa  32.368  44.045  39.809  43.168  36.480 43.654  31.343 43.326  35.184  42.314
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Table 4 Experimental predicted data of GA-ANN model
Items Data
No. 1 2 3 4 5 6 7 8 9 10
Predicted /MPa  36.314 44,382 36.139 41.453 44, 382 26.297 44, 382 44, 382 31.057 44, 382
No. 11 12 13 14 15 16 17 18 19 20
Predicted /MPa  41.127 25. 855 39.706 45.079 36. 445 41,426 30. 300 44,862 25.411 37.124
No. 21 22 23 24 25 26 27 28 29 30
Predicted /MPa  30. 335 44, 382 40.672 43. 286 40. 200 43.629 28.027 41. 304 36.455 41.962
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Table 5 Comparison between the generalization abilities of RSM and GA-ANN models

) Predicted ¢ by Predicted &
No. w/W V /(mm/s) P /MPa N  Experimental ¢ /MPa
RSM /MPa by GA-ANN /MPa
1 17. 25 5.5 0.25 2 35. 446 32.462 33.591
2 26.5 9 0.5 3 41.162 41,957 41.558
3 35.75 12.5 0.75 4 39. 443 43.695 42. 474
4 37.2 7 1 2 47. 25 47. 24 47.767
5 41.6 8 1 2 42.78 47. 31 44, 369
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Fig. 5 Comparison between the generalization abilities of RSM and GA-ANN models
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Table 6 Validate the optimized results of the GA-ANN and RSM methods

No. w /W V /(mm/s) P /MPa N Experimental ¢ /MPa Predicted ¢ /MPa
RSM 41.5 7 1 3 51.55 48. 45
GA-ANN 41.5 8 1 3 51.97 50. 14
4 4k 1w M $e i B 2, AR R IR 25 S @ 7 T RSM

R PR e 0 B2 G B i B LA 7 12 R BE ST
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