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Abstract

This paper presents an indirect method for on-line measuring the cutting forces in contour NC milling processes by

using the current signals of the servo drive motors. A Kalman filter is used for estimating each of the load torques to

the x, y-axis servo motors of a horizontal machining center. Then, the load torque induced by the friction force in the

guideway is estimated and subtracted from the total external torque, thus resulting in the load torque induced by the

cutting force. A series of experimental works on the circular interpolated contour milling process shows good

agreement between the cutting forces measured by the dynamometer and those estimated by the method presented in

the paper.
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(a) Cutting forces f.(t} in y-axis measured
by the dynamometer
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(b) Measured servo motor current ig(t) in y-axis

Fig. 1. An example showing the discrepancy between
fo(t) and i(t) in the case of y-axis on the cutting
condition A : circular interpolated contour milling,
half immersion, flat end mill (diameter 20 mm,

2 flutes), axial depth-of-cut 2 mm, feedrate
300 mm/min, work material S45C, spindle speed
600 rpm, cutting path radius 35 mm.
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Fig. 2. Block diagram of the feed drive system of the machining center
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Fig. 3. Frequency response of the y-axis feed drive
system iy(s) / 7«S)
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Fig. 4 Schematic diagram of the experimental setup
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Fig. 5 Estimated friction forces f{t) in x and y-axis

by the Kalman filter (under air cutting condition)
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(a) Estimated y-axis cutting force
(based on the Kalman filter method)
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(b) Motor current signal (y-axis) with the friction induced
current simply subtracted (not using the Kalman filter)

Fig.6 Estimated y-axis cutting force based on the
Kalman filter method (cutting condition A in Fig.1)
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(a) Estimated x-axis cutting force
(based on the Kaiman filter method)
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(b) Motor current signal (x-axis) with the friction induced
current simply subtracted (not using the Kalman filter)
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(c) Cutting force f,(t) in x-axis measured
by the dynamometer

Fig.7 Estimated x-axis cutting force based on the
Kalman filter method (cutting condition A in Fig.1)
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