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Study on Chip Morphology and Cutting Force in
Elliptical Vibration Turning TC4

LI Ying,ZHANG Minliang, DONG Huiting, CHEN Jiaxin, LIU Xiaofeng
(School of Mechanical and Automotive Engineering,Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract; In order to explore the influence of amplitude, frequency and fillet radius on chip and cutting force during
ultrasonic elliptical vibration cutting (EVC) of titanium alloy TC4, a finite element model was established to compare
the conventional cutting ( CC) and elliptical vibration cutting ( EVC) of titanium alloy TC4. Firstly, the motion
characteristics of ultrasonic elliptical vibration in this study were deduced to determine the chip contact rate. Secondly,
the cutting force model was established by combining chip and cutting force through theoretical analysis. Finally, the
effects of different frequencies, amplitudes and fillet radius on chip morphology, cutting force and cutting temperature
during cutting stability were studied respectively. The research shows that there is periodic chip separation in elliptical
vibration cutting process, which can be expressed by chip contact ratio ¢,; In a certain range, the chip thickness and
cutting force can be reduced by increasing vibration amplitude, vibration frequency and fillet radius. Under EVC mode,
reasonable parameters can be selected to reduce cutting force, and cutting force can be predicted by measuring
macroscopic chip thickness to guide the production and processing better.
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Figure 1

Movement trace diagram of
tool tip under EVC
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Figure 2 Schematic diagram of

EVC cutting process
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Figure 3 Schematic diagram of cutting force

before and after EVC friction force overturning
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EVC at different amplitudes
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EVC at different frequencies
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