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Indirect Cutting Force Measurement in Milling Process

using Kalman Filter by Sensing Servo motor Current
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ABSTRACT

This paper presents a practical method of measuring the cutting force in milling process by sensing the feed-drive
servo motor current, avoiding the use of a dynamometer. The relation between the cutting force and the servo

motor currents is obtained after

the feed-drive system of machining center is modelled. In order to measure the

cutting force indirectly, the cutting force in the feed-drive system is regarded as a disturbance, and a disturbance

estimator is designed using Kalman filter. A horizontal type machining center is used in the experimental study.

A comparison is made between the cutting force measured from the dynamometer and the

current
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Qc |ang. vel. command [yad/ min] - Qa |actual ang. vel. [rad/ min] -
K, |velocity integral gain [V / (rad/ sec)] 8.2 Ky |ang. velocity gain {(rad/sec)/(mm/min)] | 0.0105
K, |velocity propotional gain (1 / (rad / sec)] 0.4944 | |, |feedback current V'] -
.« |current command 1) - Kip |current proportional gain [-] 7.5429
Ky |currnet feedback gain [17/ 4) 0.007 || Ls |armature coil inductance [mH ] 1.20
R, |armature coil resistance [ohms] 0.15 !5 {actual current { 4] -
K, |torque constant [kgf -m/ A) 0.165 || K, iback EMF constant [i" /(rad/ sec)] 0.38
T |motor drive torque [kgf - m] - Ty |disturbance torque [kgs - m]
Je |equivalent feed-drive inertia [kgs - m-sec?]| 0.0146 | (1 [angular velocity of motor shaft [rad/ sec]
Fig.1 Block diagram of the FANUC feed-drive system
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Fig2 Experimental and simulated step response of the

feed-drive system.
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Fig.3 Experimental and simulated frequency response
ofthe feed-drive system
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