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Numerical Simulation-Driven Optimization of Laser Transmission
Welding Process Between PET and 304L Stainless Steel
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Abstract In the biomedical field, the implants need to be welded with biocompatible materials to adapt different
environments in the human body. Laser transmission welding (LTW) is a new method which can be used to connect
biomedical materials. However, using the experimental way to get the optimum process parameters of biomedical
materials is a time-consuming and high cost project. A numerical simulation—driven experiment design modeling and
optimization approach is presented. The LTW of biomedical materials is systematically investigated. Firstly, finite
element modeling (FEM) is used to simulate the LTW process and the simulated results is confirmed with welding
experiments. Then, an experiment design based on the FEM results is conducted and the artificial neural network
(ANN) is used to establish the mathematical models between the process parameters and welding results. The
predicted results of the ANN models are tested by FEM. Finally, desirability function (DF) integrated with developed
non-dominating sorting genetic algorithm-II (NSGA-ID) is used to carry out the multi-objective optimization of the
process parameters. It demonstrates that the predicted results of the optimization are in good agreement with the
simulated results and experimental results each other, so this approach provides a new way to guide the welding
experiments, enhance the welding quality and reduce production cost in the biomedical sector.
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Fig. 2 Schematic of welding sample dimensions and one half of lapped portion
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Fig. 3 (a) Finite element model and (b) a local zoomed in mesh view
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Table 1 Thermal physical property parameters of the PET film, 340L stainless steel and K9 glass

Material Density p /(kg/m’) Specific heat C /[J/(kg « K)] Thermal conductivity K /[W/(m « K) ]
PET 1330 1100 0. 35
304L 8000 500 16. 2
K9 glass 2500 858 1.1
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of PET film and 304L tainless steel with 1=5 s
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Table 2 Simulation-driven experiment design levels and parameter ranges
) Limits
Parameters Notations
—1 0 +1
Laser power/ W P 16. 6 19. 8 23
Scanning speed /(mm/min) S 90 120 150
Stand-off-distance /mm F —+0 “+2.50 +5.00

e 3 BLLIBK Bl 1Y 52 08 BT [ R O B A AL

Table 3 Simulation-driven design of experimental matrix and corresponding simulation results

No. P /W S /(mm/min) F /mm T/ C T.,/C Wy /mm D+ /mm
1 16.6 90 +5.00 285.321 182.621 0.99 0.035
2 16. 6 150 +5.00 244.918 — — —

3 23.0 90 +0. 00 582. 352 254. 233 1. 11—

4 19. 8 120 +2.50 377.113 202. 317 1. 06 0.072
5 23.0 150 +0. 00 521.134 185. 451 0. 86 0. 081
6 16.6 120 +2.50 320.529 173.983 0. 88 0.052
7 16.6 90 +0.00 434.913 193. 906 0.77 0.075
8 23.0 120 +2.50 426. 624 227.109 1.16 0.081
9 19.8 120 +2.50 377.113 202. 317 1. 06 0.072
10 19.8 120 +5.00 300. 779 179. 145 1. 06 0.035
11 19.8 90 +2.50 396. 245 227.083 1.12 0. 082
12 19.8 120 +2.50 377.113 202.317 1. 06 0.072
13 19.8 120 +2.50 377.113 202. 317 1. 06 0.072
14 16.6 150 +0.00 389. 948 143. 384 0.67 0.051
15 19.8 120 +2.50 377.113 202. 317 1. 06 0.072
16 19.8 120 +0. 00 474,606 187. 364 0.79 0.078
17 19.8 120 +2.50 377.113 202. 317 1. 06 0.072
18 19.8 150 +2.50 362. 898 181. 461 0.98 0.062
19 23.0 150 +5.00 323.684 179.033 1.21 0.053
20 23.0 90 +5.00 378. 691 238. 842 1.52 0.076
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Table 4 Comparison of predicted results and simulated results

NO. P /W S /(mm/min) F /mm T/ C T.,/C Wy /mm Dy /mm
Simulated 362. 898 181. 461 0.98 0. 062

1 19. 8 150 +2.50 Predicted 360. 897 184.594 0.97 0.058
EAME 0.55% 1.73% 1.02% 6.45%

Simulated 323. 684 179.033 1.21 0.053

2 23.0 150 +5. 00 Predicted 319. 165 177. 254 1.20 0.056
EAME 1.40% 0.99% 0.83% 5.67%

Simulated 378. 691 238. 842 1.52 0.076

3 23.0 90 +5.00 Predicted 375. 865 234. 369 1.51 0.077
EAvE 0.75% 1.87% 0.66% 1.32%
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Table 5 Optimization guidelines by desirability function approach

Response Vi L U w, Criteria
T/ C i 315 380 1 in range
T.,/C v 0 252 1 in range
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Table 6 Verification tests for optimal results

NO. P /W S /(mm/min) F /mm Tow/ C T,/ C Wy /mm Dy /mm
Simulated 343.5 187.4 0. 95 0.056
Predicted 342.8 195.0 0.94 0.055
Error 0.20% 4.06% 1.05% 1.79%
Simulated 343.5 187. 4 0. 95 0.056
1 17.14 121.6 +2.19  Actual 0.92 0.061
Error 3.16% 8.93%
Predicted 342.8 195.0 0. 94 0.055
Actual 0.92 0.061
Error 2.13% 10.9%
Simulated 330.1 195.5 0.97 0.057
Predicted 333.1 205.1 1. 04 0. 056
Error 0.91% 5.32% 6.73% 1.75%
Simulated 330.1 195.5 0.97 0.057
2 17. 64 93.6 +3.22  Actual 0.95 0. 060
Error 2.06% 5.26%
Predicted 333.1 205.1 1. 04 0. 056
Actual 0.95 0. 060
Error 8.65% 7.14%
Simulated 360. 4 187.5 0.99 0.058
Predicted 363.8 188.3 0.97 0.059
Error 0.94% 0.43% 2.02% 1.72%
Simulated 360. 4 187.5 0.99 0.058
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