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Abstract

During turning process chatter may be occurred due to regenerative effects. Once, the chatter
occurs its amplitude increases with time, then loss of contact between the workpiece and the
cutter is developed. In this paper, nonlinear chatter loop representing the loss of contact as an
element of asymmetrical gain is derived during multiple regenerative machining process. The
analysis is carried out in the time domain by numerical simulation. It is shown that two typical
patterns of chatters due to the nonlinearity may be developed which are denominated as limit
cycle and irregular chatter. To suppress the chatter an impact damper is applied to the cutting
process. The control effects of design parameters of an impact damper during machining are
analysed in two aspects, one is a point of view of stability and the other is a viewpoint of
productivity. Design strategy of an optimal impact damper is proposed, also.
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Fig. 2 Geometric shape of the turning process
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F, : Resultant cutting force

b : Chip width

7 : Cutting stiffness per unit length

u : Instantaneous uncut chip thickness

Fig. 4 Nonlinear element between the cutting force
and the instantaneous chip thickness
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Table 1 Characteristics of a machine tool

Directional static stiffness, &; K 18000Newton/mm

Damping ratio, {; ] 0. 05
Undamped natural frequency, w, l(ggé gg)/ sec
Cutting stiffness ) 2000 Newton,/mm?

per unit length, 7

Table 2 Cutting conditions

Crip wigth, Pk, | g,
#o(mm) N(rpm)
Case 1 1.2 0.15 1200
Case 2 2.2 0.15 1200
Case 3 1.2 0.15 600
Case 4 1.2 0.3 1200
Case 5 1.1 0.15 1200
Case 6 1.3 0.15 1200
Case 7 2.0 0.15 1200
Case 8 2.4 0.15 1200
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Fig. 6 Record of the instantaneous chip thickness and the machine tool vibration under cutting

conditions(1)
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