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ABSTRACT 

Electrophoresis-assisted micro-ultrasonic machining (EPAMUSM) is an effective method for 

solving the problem of using traditional micro-ultrasonic machining (MUSM) to fabricate micro-

holes in materials that are hard and brittle, namely the low utilization ratio of abrasive particles. 

EPAMUSM uses an electric field to attract the abrasive particles to the processing area during 

processing, which is useful for improving both the utilization ratio of abrasive particles and the 

processing quality. Numerical simulations of the concentration distributions of abrasive particles in 

MUSM and EPAMUSM show that the abrasive concentration on the tool surface is much higher in 

EPAMUSM. The concentration increases rapidly from 1 mol/m3 to 4.68 mol/m3 after 10 s in 

EPAMUSM. Comparative experiments show that EPAMUSM has advantages over MUSM under 

the same processing conditions: the EPAMUSM edge chipping rate (0.03) is much less than the 

MUSM one (0.22) and the EPAMUSM material removal rate (1.916×10−4 mm3/min) is marginally 

better than the MUSM one (1.718×10−4 mm3/min). Single-factor experiments are used to study how 

varying certain parameters (namely DC voltage, ultrasonic power, and spindle speed) affects 

EPAMUSM manufacturing quality and efficiency. Finally, the processing parameters are optimized 

by means of response-surface experiments, and the optimum EPAMUSM processing parameters are 

determined (namely an applied voltage of 7.5 V, an ultrasonic power of 22.5 W, a spindle speed of 
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