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Prediction of laser welding process for magnetic field-assisted dissimilar
magnesium/aluminum metals based on DBO-RF
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Abstract: To explore the relationship between process parameters and joint performance in magnetic field-assisted
magnesium/aluminum laser welding and to establish a predictive model for guiding process parameter design, an experimental
design method was adopted. Laser power, welding speed, and magnetic field intensity were selected as variables to investigate their
effects on welding joint performance. A predictive model for welding joints was developed based on the random forest (RF)
algorithm, and the dung beetle optimization (DBO) was employed to optimize the model's key parameters (number of trees and
number of leaves). The results demonstrate that joint performance is better when the weld morphology coefficient ranges between
1.37 and 1.58. The relative importance of laser power, welding speed, and magnetic field intensity on joint performance is 0. 608,
0.212, and 0. 276, respectively. The coefficient of determination R on the test set was improved from 0. 742 to 0. 950 by the DBO-
optimized Random Forest model (DBO-RF), with significant enhancements observed in the model's generalization ability, overall
accuracy, and computational speed. These findings provide a basis for the design of process parameters in magnetic field-assisted

laser welding.

Highlights: (1) The relationship between joint load and interface morphology coefficient was analyzed, and a RF model was
developed to establish the connection between laser power, welding speed, magnetic field strength and joint performance.
(2) The DBO algorithm was used to optimize the key parameters of the RF model, namely the number of trees and

leaves, enhancing the model's prediction accuracy and generalization capability.
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Fig. 1 Schematic diagram of the experiment
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Fig. 2 Algorithm flow chart of RF
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Table 2 Dataset for RF

HE WOEIRPW BEEEvmms ) REHEREBMT  RAKBMFN  BSEWum  BEHwm O BRENY

1 1300 35 0 611.63 580.9 282.6 2.06
2 1300 35 40 668.51 597.8 314.3 1.90
3 1300 35 80 722.92 621.5 349.3 1.78
4 1300 35 120 765.61 644.5 401.6 1.60
5 1300 30 0 673.33 604.3 294.8 2.05
6 1300 30 40 734.62 635.6 336.3 1.89
7 1300 30 80 788.44 707.3 413.6 1.71
8 1300 30 120 836.05 738.8 479.2 1.54
9 1300 25 0 753.41 613.1 302.1 2.03
10 1300 25 40 787.53 646.2 361.3 1.79
11 1300 25 80 807.14 709.1 443.5 1.60
12 1300 25 120 905.24 792.2 538.9 1.47
13 1350 35 0 784.03 650.2 338.5 1.92
14 1350 35 40 801.31 668.2 381.7 1.75
15 1350 35 80 931.56 715.6 464.4 1.54
16 1350 35 120 843.82 820.2 567.4 1.45
17 1350 30 0 851.94 791.1 440.8 1.79
18 1350 30 40 925.71 796.5 485.9 1.64
19 1350 30 80 1038.72 810.1 518.5 1.56
20 1350 30 120 936.32 856.5 611.7 1.40
21 1350 25 0 877.94 796.1 419.7 1.90
22 1350 25 40 943.61 803.9 479.7 1.68
23 1350 25 80 1006. 04 811.8 543.9 1.49
24 1350 25 120 979.61 843.5 611.2 1.38
25 1400 35 0 859.39 799.2 503.5 1.59
26 1400 35 40 897.52 833.4 558.4 1.49
27 1400 35 80 803.31 868.4 620 1.40
28 1400 35 120 723.13 915.2 693.2 1.32
29 1400 30 0 715.92 865.3 631.7 1.37
30 1400 30 40 789.04 888.7 648.5 1.37
31 1400 30 80 707.51 900.4 719.3 1.25
32 1400 30 120 675.48 891.2 722.6 1.23
33 1400 25 0 666. 56 912.7 670.2 1.36
34 1400 25 40 709.05 959.6 712.8 1.35
35 1400 25 80 643.71 976.1 810.1 1.20
36 1400 25 120 608.39 1018.9 906.8 1.12
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RF BB ZRATH. 18 KRR 6 Uk, WAL BICH 26 3 -3, X R W &
RF 11 DBO-RF f3di i B A8 fL i R an Bl 5 it DBO P Ak 5 BE AL AR MRS 31550 3 32 i v, 0000 2k
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