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Abstract The propagation characteristic of ultrasonic in repaired components of BT20 titanium alloy and molten
pool is investigated by using ANSYS finite element simulation and experimental test. Under the circumstance that the
horn vibrates longitudinally, the results show that when the length of repaired component coupled with horn is less
than 23% of the longitudinal wavelength, the type of ultrasonic vibration on the surface of repaired component
belongs to longitudinal vibration; however, when the length of repaired component is more than 28 % of longitudinal
wavelength, the type of ultrasonic vibration belongs to bending vibration; With the length of repaired component
increasing, resonant frequency changes a lot and redistributes when the length of repaired component is between
23% and 28% of the longitudinal wavelength. In the two different kinds of vibrations, as the length of repaired
component increases, the resonant frequency declines. When ultrasonic vibration is loaded at a frequency of
19.56 kHz, with amplitude of 0. 2 pm, the positive and negative acoustic pressure in the molten pool changes
alternatively and the negative pressure reaches hundreds of thousands of pascals.
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Fig. 1 Experimental test model and geometrical model for calculation of ultrasonic propagation.

(a) Experimental principle diagram; (b) numerical simulation model
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Table 1 Material parameters table
Parameters Modulus of . / . . 5 Acoustic
material elasticity /(10" Pa) Poisson's ratio Density /(kg/m") speed /(m/s)
H59 1. 05 0. 34 8500 3450
BT20 1.10 0.33 4505 5170
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Table 2 Dimension parameters of repaired components

No. Thickness /mm  Width /mm Length /mm
1 10 30 20
2 10 30 30
3 10 30 40
4 10 30 50
5 10 30 60
6 10 30 70
7 10 30 80
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Fig. 2 Relative displacement cloud chart of vibration system. (a) No. 1 repaired component; (b) No. 2; (¢) No. 3;

(d) No. 4; (e) No.

5; () No.6; (g) No.7
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Fig. 4 Surface morphology of laser cladding parts under different ultrasonic amplitudes. (a) Without ultrasonic vibration;

(b) 0.2 pms; (c) 0.6 pm; (d) 0.85 pm
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Fig. 5 Internal organization comparison chart. (a) Without ultrasonic vibration; (b) 0.2 pm
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time at wetting interface
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Fig. 8 Physical simulation of acoustic model of repaired components surfaces. (a) No. 1 repaired component;
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Table 3 Contrast between simulation values and measured values of resonant frequencies

No. Simulation resonant frequency /kHz Measured resonant frequency /kHz Error /%
No. 1 19.623 19. 742 0.6
No. 2 18. 403 19.724 7

No. 3 16.918 17.173 1.5
No. 4 21.843 20.502 6

No. 5 19. 544 19.171 1.9
No. 6 18. 443 17. 569 4.

No. 7 17.611 16. 961 3.7
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Fig. 9 Wetting of glycerol aqueous solution on surface of repaired component. (a) Without ultrasonic; (b) with ultrasonic
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