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Effect of ultrasonic cavitation on maching efficiency and

quality of soft abrasive flow
Ji Shiming®, Chen Kai***, Tan Dapeng®, Zheng Chenliang*
(1. College of Mechanical Engineering,Zhejiang University of Technology, Hangzhou 310014, China; 2. Key Laboratory of Digital Design
and Intelligent Manufacturing for Creative Cultural Products of Zhejiang Province, Lishui University, Lishui 323000, China)

Abstract: The method of material removal by ultrasonic cavitation was studied to improve the efficiency of soft abrasive flow
machining. Soft abrasive flow machining uses water as the carrier, and the actual processing effect is achieved by abrasive. The
uneven peak and valley structure of the machined surface is impacted by a large number of abrasive particles. Those molecules
at the high positions of the workpiece surface are more likely to slip or fall apart after collision. First of all, because of the
probability of its impact, the molecule of the top in the collision will get more energy to escape from the original position.
After a large amount of impact, the structure of the peak and valley tends to be smooth and the surface roughness decreases.
The processing efficiency is determined by the kinetic energy of abrasive particles impinging on the wall of the workpiece.
Based on the analysis of the abrasive particle polishing experiments and computational fluid dynamics simulation, it was
proposed and verified that the kinetic energy of abrasive grain impacting the wall was the main factor affecting the cutting
efficiency. When the ultrasonic wave passes through the water, the liquid is no longer a kind of incompressible fluid, and the
density of particles varies with sound waves. Bubbles will appear in the water, and the size of bubble will be changed by the
ultrasonic wave. The modified Rayleigh-plesset equation of motion can be used to calculate the variation of bubble diameter
with time. Ultrasonic cavitation occurs when the bubble diameter is reduced to zero. The actual observation and theoretical
calculation indicate that the collapse of the bubble in its interior will produce high temperature and pressure, which triggers a
series of complex physical and chemical phenomena. According to the study of ultrasonic cavitation bubble collapse, and the
research results of the peripheral water shock wave formation and its propagation, the role of bubble collapse in the change of
abrasive particle kinetic energy was analyzed. When the bubble collapses, high-pressure area formed on the periphery of
bubbles is thin, and the high-pressure area then spreads outward to form a shock wave. The amplitude of shock wave is
attenuated with a speed of the reciprocal of propagation distance. The kinetic energy of the abrasive particles in the vicinity of
the bubble due to shock wave can be analyzed. Strong ultrasonic wave can destroy the surface of parts. In order to make the
cavitation bubble collapse caused by the "shock wave" and "micro jet" reasonably affect the machining process, the cavitation
intensity must be controlled reasonably, so as to promote the acceleration of the abrasive particles as much as possible without
hurting the machined surface. A large number of experiments have been carried out to obtain a reasonable ultrasonic intensity.
The experimental device was set up to observe the effect of ultrasonic cavitation on the removal of SiO, on the surface of
silicon wafer. Significant effect of ultrasonic cavitation was observed in the process of abrasive particle flow machining on the
silicon wafer surface. The results show that the ultrasonic cavitation can change the kinetic energy of the abrasive particles in
the particle flow, which can improve the cutting efficiency and improve the surface quality. When the frequency of ultrasonic
wave is 20 kHz, the ultrasonic intensity is 92 W/cm?’, the abrasive particle velocity reaches 21 m/s, and the size of the abrasive
particles is above 13 um, it can significantly improve the abrasive flow to remove the surface material under the action of
ultrasonic wave.

Keywords: ultrasonics; cavitation; machining; soft abrasive flow; three phase flow; abrasive grain movement



