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ABSTRACT

This paper intends to provide an analytic vibrational model of non-circular cutting by a lathe and to

investigate its stability criteria. A single degree-of-freedom medel based on the orthogonal cutting theory

has the characteristics of parametric excitation due to the nonlinear cutting force that changes periodically

its direction as well as its magnitude. The Floquet theory has been applied to investigate the stability of

the linearized system and the stability diagrams have been obtained with respect to the ovality, the cut

velocity and the cut depth. Also nonlinear analysis has been performed to verify the linear analysis and

compare the results with those from circular cutting. Results show that a critical cut depth is decreased as

the ovality is increased while a critical cut velocity is increased as the ovality is increased. Also, a good

agreement in critical conditions has been observed between the linear and nonlinear analyses for the ovality

less than 2%. Accordingly, the linear analysis can be said to be applicable for most practical oval cuttings

whose ovality are much less than 2%.
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Table 1 System properties
System parameter Value
Tool mass 2 kg
Tool stiffness 10° N/m
Damping ratio 0.01
Rake angle. « 5°
Material constant, @ 30°

Shear stress, 700%10" N/m?

Plough constant, K" 14x10° N/m
Chip chickness, s 05 mm
Average radius 0.04 m
Friction d 18
characteristics q -02
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