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Multi-Objective Optimization of Laser Transmission Welding of
Polycarbonate Process Based on Genetic Algorithm-Response
Suface Methodology
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Abstract A central composite rotatable experimental design is used to plan the experiment of laser transmission
welding of polymers. Response surface methodology (RSM) is employed to establish the mathematical models of
relations between the welding process parameters and the weld strength as well as weld seam width, and then the
desirability function coupled with genetic algorithm is used to carry out the multi-objective optimization of the weld
strength, weld width and weld cost. It demonstrates that the predicted results of the optimization are in good
agreement with the experimental results, so this study provides an effective direction to enhance the weld quality and
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minimize the weld cost.
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Fig. 1 Schematic illustration of the experiment

B2 R B 2 LI
Fig. 2 Macro picture of the welding sample
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Table 1 Actual and corresponding coded values of parameters in CCRD of experiments for the welding quality

Extreme value

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

2 R HeR A IR O A RS 1 ) ) 2

Table 2 Design of experimental matrix and corresponding measured results of the welding quality

No. w /W V /(mm/s) P /MPa N Joint strength /MPa Joint width /pm
1 51.6 9 0. 50 3 36.112 3814.76
2 31.5 9 0. 50 3 43.750 3490. 43
3 20.9 5 0.75 2 36. 385 3386. 26
4 41.6 5 0. 25 4 41. 314 4069. 70
5 31.5 9 0. 50 3 43. 827 3514. 45
6 20.9 13 0.75 2 26.415 3106. 98
7 31.5 9 0. 50 3 44,926 3589. 53
8 31.5 9 0. 50 3 44,194 3622.18
9 41.6 13 0. 25 2 30. 750 3452.58

10 31.5 9 0.50 3 43.021 3556. 25

11 41.6 13 0.75 2 41,777 3583. 90

12 20.9 13 0.25 2 25. 844 2976. 35

13 20.9 13 0.25 4 40. 510 3240. 37

14 31.5 9 0. 50 5 45.082 3714.53

15 20.9 5 0. 25 4 36. 311 3470. 16

16 41.6 5 0.75 2 42.254 3786. 04

17 20.9 13 0.75 4 30.079 3157.09

18 31.5 9 1. 00 3 44,930 3578.51

19 9.2 9 0. 50 3 25.239 2599. 35

20 20.9 5 0.75 4 36. 988 3464. 53

21 31.5 16 0. 50 3 29.763 3342.91

22 31.5 9 0. 50 3 45,153 3532.09

23 31.5 2 0. 50 3 40. 818 4170. 04

24 41.6 13 0. 25 4 43. 496 3877.82

25 41.6 5 0. 25 2 39. 448 3774.78

26 41.6 13 0.75 4 43.702 3662. 16

27 31.5 9 0. 50 1 27.970 3345.47

28 31.5 9 0. 00 3 42. 400 3352. 48

29 20.9 5 0. 25 2 36.073 3347.97

30 41.6 5 0.75 4 41.915 4110. 36
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Table 3 ANOVA for the welding strength model

P,=26. 23271 Ry =0. 8543 [F] k3¢ W 4 <7 1) 45 4% 3¢
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BRI AT LR IR
Z =2449.19 + 58. 584x, — 121. 073x, +
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4 IREETENTT 2500
Table 4 ANOVA for the welding seam width model

5

Sum of Degree of Mean Sum of Degree of Mean
Source Source
squares freedom square squares freedom square
Model 1124. 45 14 80. 32 Model 3.08Xx10° 14 2.20X10°
Residual 99. 25 15 6.62 Residual 94586. 25 15 6305. 75
Pure error 3.15 5 0.63 Pure error 11940. 74 5 2388. 15
Cor total 1223.71 29 Cor total 3.18X10° 29
R? P R} F-value P-value R? P, R: F-value P-value
0.9189  11.575  0.7857 2. 14 0. 0001 0.9702  26.232  0.8543 34.93  <C0.0001
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Table 5 Categories of the welding cost

Elements of cost Calculations Welding cost /(¥ /h)
Laser power (2.4 kVA) X (0. 8P;) X (¥0.685 kWh) XW 1.3152W
Two PC and drive power 1 kWhX (¥0.685 kWh) 0. 685
Laser head assembly (include fixing bench) ¥ 160274/20000 h 8.0137
Laser controller (include two PC) ¥ 142914/20000 h 7.1457
Optical fiber ¥ 63421/20000 h 3.17105
Traverse table ¥ 27246/80000 h 0. 340575
Clamp ¥32341/80000 h 0.40425
Maintenance labour 12 h/2000 h X ¥ 100 0.6

Total approximated operating cost per hour (¥ 20.36028+1.3152XW) /h
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Table 6 Parameters for optimization by desirability function approach

Response Vi L T U w; Criterial Criterial2
Weld strength /Mpa yi 41 48 1 maximize maximize
Weld width /pm Vs 3325 3800 1 minimize minimize
Weld cost /¥ Vs 0. 86 2.24 1 minimize

# 7 itk

Table 7 Optimization results

Criteria W /W V /(mm/s) P /MPa N

Joint strength /MPa Weld width /um Welding cost /¥

1 36. 89 9 1 2 Actual
predict

error
2 39.9 10 1 2 Actual
predict

error

44, 26 3495.78 1.4821
45.9 3580. 9

3.71% 2.43%

43.75 3488. 43 1.3342

45. 466 3572.9

3.92% 2.42%
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Fig. 5 Micro pictures of the welding bead area for the optimal
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joint conditions randomly chosen from the optimal results
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