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and chatter. ANSYS modal analysis showed bending-mode frequencies
decreased by up to 28% as workpiece length increased, while oval modes
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remained nearly constant. Turning tests on two CNC lathes identified machine-
specific frequencies at 578 and 904 Hz, independent of workpiece geometry.
Workpiece-induced frequencies matched modal predictions: the 113 mm
workpiece exhibited bending and oval modes near 2.7 and 5.8 kHz, respectively,
while the 93 mm workpiece showed an oval mode near 6.2 kHz. Outside diameter
(OD) roughing, OD finishing, and insider diameter finishing were spectrally
distinguishable. Chatter occurred at natural frequencies and harmonics but was

Machining process monitoring reduced by decreasing the tool nose radius from 0.8 to 0.4 mm. A random forest

classifier identified machine, workpiece, and process conditions with accuracies
0f 96%, 79%, and 63%, respectively.
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(c) Turned workpiece

Fig. 2 Experimental setup and measurements
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Table 2 Random Forest classification accuracy and F1 score

Target Accuracy Fl-score
Machine 0.96 0.96
Workpiece 0.79 0.82
Process 0.63 0.63
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