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Abstract Process parameters are the key factors determining the quality of laser welding aluminum alloys. Therefore, to
ensure good weld morphology quality, a combined response surface methodology and particle-swarm optimization (RSM-
PSO) algorithm was proposed to explore the optimal process parameters to laser weld 2 mm-thick 6061 aluminum alloy
sheets. The experimental design of the fiber laser welding was performed using Desk-Expert 10. 0 software. In response
to weld collapse and sheet bending, multiple linear regression of the welding parameters was established. The effects of
various process parameters on the welding quality were analyzed, and the particle-swarm intelligence algorithm was used
for optimization. The results show that under the experimental conditions of this study, the scanning speed and defocusing
have a strong influence on the weld collapse, and the laser power and scanning speed have a great influence on the sheet
deformation. The optimal process parameters are laser power, scanning speed, and defocusing amount of 2629 W,
6.85 mm/s, and —0.18 mm, respectively. Under these parameters, the collapse depth and bending of the 6061
aluminum alloy sheet are only 85.66 pm and 1.2 mm, respectively, indicating that the parameters obtained via this
algorithm can effectively improve the welding quality.
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Fig. 1 Laser welding system
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Table 1 Experimental design and response

No. P/W V /(mm-s™") f/mm Bending deformation /mm Collapse depth /pm
S1 2580 5) —0.2 1.0 642. 00
S2 2640 7 —0.2 2.8 548.75
S3 2580 7 0 1.4 578.56
S4 2640 7 —0.2 3.1 610. 83
S5 2580 9 —0.2 2.1 554. 36
S6 2640 7 —0.2 2.4 568. 39
S7 2640 7 —0.2 2.8 590. 45
S8 2640 9 —0.4 2.2 652. 84
S9 2640 5) 0 2.0 660. 23
S10 2640 7 —0.2 3.4 600. 48
S11 2700 9 —0. 3.1 356. 25
S12 2700 7 —0.4 2.1 493.13
S13 2640 9 0 3.3 89.63
S14 2700 5) —0. 1.8 634.12
S15 2580 7 —0.4 2.2 557.13
S16 2700 7 0 3.8 221.04
S17 2640 5) —0.4 2.0 243.52
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Table 2 Model analysis of variance table

Model Sum of squares Mean square F value Value of P > F Lack of fit R-squared
Collapse depth 4.58X10° 57245.96 17.47 0. 0003(significant) 0. 0879(not significant) 0. 9459
Bending deformation 8.24 0.92 9.19 0. 0041 (significant) 0. 5896 (not significant) 0.9221
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Fig. 4 Normal probability residuals of the model. (a) Collapse model; (b) bending deformation model
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Fig. 6 Response value is the functional perturbation trend graph of the deviation of the central reference point. (a) Collapse depth;

(b) bending deformation
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Fig. 7 Interaction of process parameters on collapse depth. (a) Scanning speed and defocusing amount;

(b) defocusing amount and laser power
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