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Effect of Ultrasonic Vibration Turning Parameters on Cutting Force

GUO Dongsheng,ZHANG Minliang,ZHAO Sen,DING Ning, WU Jingyang

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract; To explore the influence of tool vibration frequency, vibration amplitude and cutting speed on cutting force in
ultrasonic vibration turning ( UVT ), the UVT process of high-strength aluminum alloys was compared with that
conventional turing ( CT) by establishing the finite element model. Firstly, the distribution of Mises stresses in the
cutting zone was investigated. Next, the temperature of cutting zone and microcosmic chip morphology were studied,
which revealed the mechanism of UVT method to reduce cutting force and cutting temperature on the micro level.
Furthermore , the effects of tool vibration frequency, tool vibration amplitude and cutting speed on average cutting forces
of UVT were investigated, respectively. The results show that the finite element simularion of UVT are in accordance
with the theory of tool-workpiece contact ratio. Both the increase of tool vibration frequency or tool vibration amplitude
and the decrease of cutting speed within limits reduce the cutting forces. It is indicated that reasonable selection of
ultrasonic vibration turning parameters can reduce cutting force and improve the manufacturing process of high-strength
aluminum alloy.
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Figure 1 Relative movement of workpiece and cutting
tool in orthogonal ultrasonic assisted turning
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Figure 2 Displacement of tool and contact

interaction between tool and workpiece
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Figure 3  Relationship between TWCR and
vibration frequency
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Figure 4 Relationship between TWCR and

vibration amplitude
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Figure 5 Relationship between TWCR and

cutting speed
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Figure 6  Distribution of Mises

stresses in cutting zone
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Figure 7 Temperature distribution in cutting zone
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Figure 8 Effect of f on cutting forces
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Figure 9  Effect of a on cutting forces
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Figure 10  Effect of v on cutting forces
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