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Prediction of Chatter Stability of Machine Tool with Consideration of Friction Damping in Guide

( Development of Basic Model and Investigation on Effects of Friction and Stiffness )
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The purpose of this study is to acquire design method of machine tools with higher chatter stability. This study focuses on
stiffness of main structures and friction damping in a slide of a machine tool, because the stiffness and the friction damping are
considered to have major influence on the stability. A 2DOF vibration model of the machine tool with friction damping was
developed, and it was applied to the chatter stability analysis. A testing machine was developed and the model parameters were
identified. The chatter stability was predicted using the developed model and the identified parameters, while cutting tests were
carried out using the developed machine tool to verify the model. The predictions and the experiments were in a good agreement,
and therefore it is considered that the model is effective to improve the chatter stability in the machine tool design. For example,
the results indicate that higher stiffness does not always lead to higher stability, and that the optimum friction force exists at

every stiffness condition.
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Fig. 4 Testing machine developed for plunge turning with variable stiffness and friction
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Table 1 Stiffness of spring plates

Thickness (mm ) 1.5 2.0 2.5 3.0
Stiffness kz (N/um ) 2097 | 3291 58.70 | 79.79
Stiffness kg ( N/pum ) 18.61 3448 | 5544 | 7132
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Fig. 5 Relationship between sliding speed and friction force measured at
various pre-load P
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Table 2 Cutting test conditions
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Material Carbide tool
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Back clearance angle | 6 ( degree )

Cutting speed 100 ( m/min )
Cutt{ng Feed rate 0.03 ~ 0.07 ( mm/rev )
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Cutting oil Applied with a brush
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Fig.7 Regenerative chatter vibration in orthogonal cutting
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Fig. 8 Block diagram of cutting process with chatter vibration
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Fig. 14 Vibration measured near cutting edge at various friction force
(kg=32.91 N/um, kg=34.48 N/um, Width of cut : 6 mm )
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Fig. 16 Measured and predicted stability limits and chatter frequency at varied friction and stiffness
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Table 3 Equivalent mass, stiffness and damping calculated for critical stability in Fig. 16 - (¢)

Friction force Sio (N) 20 40 60 80 100 120 140
Equivalent mass M, (kg) 11.6 13.2 14.6 15.9 17.0 19.1 20.9
Equivalent stiffness K, (N/um) 34.1 334 32.8 34.1 39.5 81.1 103.0
Equivalent damping C, (Ns/m) 1590 9 600 14890 | 18660 | 21410 | 19160 | 14470
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