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In order to improve the laser welding quality of TC4 titanium alloy, a technology named ultrasonic
changing the intensity of ultrasonic vibration field

theory. The results show that

vibration power
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processing across different phases based on laser welding (UPPLW) is introduced. With the three-circle-cutoff-point
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method, the effect of ultrasonic vibration field power on the microstructures of laser welding joints is studied by

under the influence of the ultrasonic vibration field, with the increase of ultrasonic
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and the measured data are analyzed based on the reliability
the microstructure grain of the welding joints has a tendency to be progressively refined. When the
power is 1600 W, the grain is refined by about 15.8% compared with that obtained with conventional methods. The
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Fig. 1 Schematic of UPPLW system
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Table 1  Chemical composition of TC4 (mass fraction, %)

Al A\ Fe O H Ti
6.15 4.13 0.08 0.009 0.002 Bal.
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Table 2 Laser welding parameters

Impulse Welding speed Defocusing
Current /A ) Frequency /Hz Spot diameter /mm
width /ms /(mm s ) amount /mm
187 10 5 2 0.3 —1
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Fig. 2 Diagrammatic sketch of positions for measuring grain size
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Fig. 3 Grain size without ultrasonic vibration
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Fig. 4 Grain size under different ultrasonic vibration powers. (a) 400 W; (b) 800 W; (c¢) 1200 W; (d) 1600 W
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Table 3 Number statistic of sample section

Power /W 0 400 800 1200 1600
F, 58 67 83 85 95
F, 61 70 78 88 91
F, 65 73 81 86 93
F, 61 74 79 89 93
F; 62 71 80 88 92
Fs 64 73 82 90 97
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Table 4 Value of parameter ¢

i 5 6 7 8 9 10 11 12
t 2.776 2.571 2.447 2.365 2.306 2.262 2.228 2.201
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Table 5 Statistic of sample parameters

x 100% , (5)

Power /W 0 400 800 1200 1600

F 61.8 71.3 80.5 87.7 93.5

S 2.48 2.58 1.87 1.86 2.17

D 7.58 7.99 8.34 8.59 8.78

Cous 0.12 0.11 0.07 0.06 0.07
D+Cys 7.58+£0.12 7.9940.11 8.34£0.07 8.5940.06 8.7840.07

/% 1.60 1.38 0.84 0.70 0.80
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Fig. 5 Relationship between grain size and ultrasonic vibration power
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Fig. 6 Relationship between crystal nucleus radius and Gibbs free energy
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