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Abstract The vibration welding test of a 5 mm thick 5052 aluminum alloy is carried out by a fiber laser. The
influences of joint microstructure and residual stress on the tensile properties and fatigue properties are studied. The
research results show that the number of columnar crystals in the weld microstructure after vibration welding is
significantly reduced, and the microstructure is more uniform and finer than that of an ordinary weld. Under the
suitable vibration frequency and vibration acceleration, the residual stress of weld is decreased to 140 MPa, while
that of an ordinary weld is up to 335 MPa. Under the tension-tension fatigue condition with a stress ratio of 0.1, the
conditional fatigue limits of the base metal and joints are 160 MPa and 120 MPa, respectively. The fatigue source is
located in the surface defects and the cracks propagate in a transgranular way. A large number of fatigue striations
and secondary cracks are formed in the fractures.
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Table 1 Chemical compositions of 5052 aluminum alloy

Element Si Fe

Mg Ti other Al

Mass fraction /% 0.4 0.2 0.15

2.0 0.15 0.15 Bal.
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Table 2 Parameters for test (P=5 kW; v=0.03 m/s; Dpy=—15 mm)

No. of plate Weld line 1 Weld line 2
(weld number/weld number) Frequency /Hz Acceleration /(mes ™ ?) Frequency /Hz Acceleration /(mes %)
A(1/2) 0 0 545 66.5
B(3/4) 0 0 967 33.4
C(5/6) 550 92.2 970 34.3
D(7/8) 0 0 0 0
E(9/10) 549 77 545 52.5
F(11/12) 977 54.1 976 94
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Fig. 2 Schematic of residual stress test

point and fatigue sample
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Fig. 3 Microstructures at fusion lines. (a) Weld fusion line 1; (b) weld fusion line 5
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Table 3 Residual stress and fatigue strength coefficient

Sample A B C E F
Fatigue strength coefficient b 0.107 0.114 0.072 0.096 0.069
Residual stress of fracture weld /MPa 297.5 321 196.5 238.5 240.5
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Fig. 6 BM fatigue fracture morphology of 5052 aluminum alloy. (a) Fracture morphology and position diagramj;

(b) fatigue step; (c¢) secondary crack; (d) dimple
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(b) fracture of single fatigue source; (c¢) hole; (d) fatigue striations; (e) crack tip junctions
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