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Controlling welding stress and distortion of aluminum alloy sheet
by welding with trailing ultrasonic vibration method

ZHOU Guang-tao"?, HUANG Hai-han', FANG Hong-yuan®

(1. College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, China;
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Abstract: A new method of welding with trailing ultrasonic vibration (WTUV) to control the welding distortion of high
strength aluminum alloy sheet was put forward, and the mechanism was illustrated. Based on numerical simulation
analysis, the model of thermo-mechanical coupled welding with ultrasonic vibration was established using Marc software.
The optimal welding parameters and the best distance between the vibrating position and heat source are obtained. The
welding experiments were conducted on the self-developed device. The results show that when the distance between
vibrating point and heat source is 22 mm, the residual tensile stress in the middle cross-section in longitudinal direction
reduces from 248 MPa of conventional welding to 63 MPa. The maximum compressive residual stress reduces from —77
MPa to —27 MPa, which is below the critical buckling stress of the sheet, the deflection distortion disappears entirely, and
the maximum deflection of plate edges drops from 8.66 mm to 0.9 mm. There are better agreements between the test
results and simulation results.
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Fig. 1 Schematic diagram of welding with trailing ultrasonic

vibration
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Fig. 2 FEM of welding with trailing ultrasonic vibration
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Table 1 Properties of materiall®

i/ E o oo ¢/ K/
‘C GPa (10%C™") MPa (Jkg'C™") (Wm™"C™
20 700 228 300 900 117
100 60.8  23.1 280 921 121
200 544 247 240 1005 126
300 43.1 255 160 1047 130
400 32.0 265 113 1089 138
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Table 2 Vibration power under different loading depths

Loading depth/mm Power/W
0.025 284.0
0.05 369.7
0.1 428.9
0.2 451.0
0.5 460.0
0.9 511.4
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Fig. 7 Residual stress distribution of A4—4 section after
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