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Study on Spindle Motor’s Power-Factor and Frictional Characteristics For
Cutting Force Monitoring in a CNC Machine
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Abstract

Real-time monitoring and control of the cutting
force is essential for unmanned cutting process.
Although the cutting force can be measured directly
using tool dynamometers, their implementation is not
feasible in industry due to high cost. Alternative
approach is the cutting force estimation based on spindle
drive models, but it requires the knowledge of their
characteristics with the spindle speed variation. This
paper investigates the power-factor and frictional
characteristics of three-phase induction motors and
determines its characteristics below and above the base
speed, respectively. In order to realize the proposed
cutting force monitoring system, a stand-alone DSP
board was utilized. Its monitoring and control
performance is evaluated in a CNC lathe.
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Fig. 1 Steady-state spindle Test
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Fig. 2 Friction Torque Increase (7)) due to Cutting
Torque(7,) below Base Speed
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Fig. 3 Friction torque increase (67y) due to cutting
torque(7T¢) above Base Speed
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Table 1 Cutting condition in experiment

e
49 | daed | gas | S BN
[rpm]

i SM45C 600 0.219 649
2 SM45C 800 0.229 590
3 SM45C 1000 0.227 572
4 SM45C 1400 0.17 558
5 SUS304 1600 0.099 262
6 AL2024 1800 0.174 323
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