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Abstract An orthogonal experiment is designed to investigate the laser welding of a 30 mm thick 5083 aluminum

alloy plate under different process parameters. The results show that, the laser power, the welding speed and the

ambient pressure have different effects on weld formation and porosity, in which the effects of the ambient pressure

on the porosity, the penetration depth and the depth-width ratio are the strongest. When the ambient pressure is

decreased to 5 kPa, the penetration depth is twice that at normal pressure and the porosity is only 0.057%. This

research result provides a reference for the control of weld formation and porosity in the laser welding of aluminum

alloys.
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Fig. 1 Schematic of experimental platform for laser welding in vacuum
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Table 1 Orthogonal tests

o, Laser Welding speed / Ambient
power /kW (m+ min ') pressure /kPa

1 6.0 1.0 5

2 6.0 1.2 20

3 6.0 1.4 50

4 6.0 1.6 101

5 6.5 1.0 20

6 6.5 1.2 5

7 6.5 1.4 101

8 6.5 1.6 50

9 7.0 1.0 50

10 7.0 1.2 101
11 7.0 1.4 B

12 7.0 1.6 20

13 7.5 1.0 101
14 7.5 1.2 50

15 7.5 1.4 20

16 7.5 1.6 5
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(a) 101 kPa;(b) 80 kPa;(c) 50 kPa; (d) 20 kPa;(e) 5 kPa

Fig. 2 Images of plasma plume captured by high speed camera under different pressures.

(a) 101 kPa; (b) 80 kPa; (c¢) 50 kPa; (d) 20 kPa; (e) 5 kPa
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Fig. 3 Average grayscales and area pixel ratios of plasma plume under different pressures.

(a) Average grayscale; (b) area pixel ratio
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Table 2 Results of orthogonal tests
Weld bead Depth-width

depth /mm  width /mm ratio

) Penetration
No. Porosity /%

1 0.08 6.99 2.94 2.38
2 0.22 3.28 7.44 0.94
3 0.25 3.33 6.30 1.11
4 1.21 2.73 8.63 0.81
5 0.45 4.69 5.87 1.19
6 0.32 5.25 4.02 1.74
7 0.85 3.59 7.13 0.98
8 1.21 3.51 6.19 1.13
9 0.08 4.53 6.19 1.13
10 2.21 4.32 6.85 1.02
11 0.59 5.34 3.76 1.86
12 1.33 4.49 5.22 1.34
13 2.40 5.16 7.06 0.99
14 0.44 5.12 6.19 1.13
15 1.02 5.39 4.60 1.52
16 0.45 5.77 2.99 2.34
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Fig. 5 Effects of each factor on penetration depth and depth-width ratio. (a) Penetration depth; (b) depth-width ratio
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Table 3 Weld surface formations and cross-sectional

morphologies under different pressures

Ambient/ Welilbead Cross Penetration
Preli;l;re €ld bead appearance section depth /mm
101 4.05
15 5.58
10 6.84
5 8.87
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Fig. 9 Microscopic features of pores in middle-bottom parts.

(a) Pore morphology; (b) fold of pore wall; (c¢) deposits in pore
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