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Fig. 1 Energy density distribution diagram of adjustable ring spot laser welding
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Fig. 2 Schematic of equipment used for adjustable ring
spot laser welding. (a) layout form of
experimental platform; (b) Fiber structure and
laser spot size parameters
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Fig. 3 Welding form and workpiece clamping method
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Fig. 4 Schematic diagram of weld profile and dimension
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Fig. 5 Macro appearance of weld surface and back under different center-ring laser power
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Fig. 8 Different center-ring laser power on dimension
characteristics of weld morphology. (a) width; (b)
reinforcement; (c) weld depth
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Fig. 9 Statistical results of weld profile characteristics
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Table 2 Sample point data of weld morphology size and characteristics

RBFS WOCIRPW  BHEEEYmms ) BEERD/mm BRH/mm EREEA%) SIS Wmm SALEp(%)
1 4960 90.8 2.0 2.27 16.83 0.93 0.37
2 4783 93.0 2.2 1.96 9.96 0.77 0.29
3 4612 82.2 2.6 2.06 6.30 0.83 0.25
4 4829 90.5 2.7 2.12 12.20 0.81 0.46
5 4569 71.4 2.9 2.24 7.73 0.96 0.29
6 4733 88.9 3.1 2.00 5.10 0.83 0.45
7 4 885 84.6 3.1 2.27 10.50 0.93 0.22
8 4709 80.9 3.2 2.17 4.99 0.90 0.13
9 4595 76.3 3.5 2.13 8.81 0.90 0.64
10 5010 87.4 3.6 2.35 10. 14 0.93 0.34
11 4 643 84.3 3.8 2.04 5.02 0.82 0.21
12 4863 86.6 3.8 2.14 6.62 0.90 0.40
13 4932 79.8 4.0 2.38 18.52 0.99 0.56
14 4937 88.2 2.4 2.38 9.55 0.93 0.61
15 4 664 75.2 2.5 2.33 7.18 0.97 0.37
16 4600 70.7 2.8 2.29 14.44 0.98 0.53

(b) 1155 I A ROREAS i 23 18] 3 A1

B 16 lGHERR=ES
Fig. 16  Spatial distribution of training sample points. (a)
spatial distribution of design sample points; (b)
Spatial distribution of effective sample points
after filtering
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Fig. 17 Prediction accuracy of Kriging model. (a) depth
of fusion; (b) weld width of lap joint; (c)
penetration fluctuation
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Table 3 Relative error results of optimal process parameter combination

5 WOCUIERPW  BHEEEY(mms ) BAERD/mm BEAS) i
WARH/mm BT Wmm JERE (%)

e 2.26 0.94 6.38
1 4550 72.4 2.0 SLhRE 2.19 0.93 5.81
AHXF R 25 (%) 3.20 1.08 9.81
THME 2.36 0.99 10.00
2 4587 70.0 2.0 SLhRE 2.38 0.98 9.28
AHXF IR 22 (%) 0.84 1.02 7.76

(b) AL

19 B4R
Fig. 19 Weld morphology. (a) after optimization; (b) before optimization
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