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On-line Cutting Force Estimation by Measuring Spindle Displacement in High-Speed Milling
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ABSTRACT
A cylindrical capacitive displacement sensor (CCS) was developed and applied for monitoring end milling processes.
Dynamic characteristics of a spindle-assembly were measured using the CCS and a designed magnetic exciter. The technique
to extract the spindle displacement component caused only by cutting from the measured signals using the CCS was proposed
in the paper. Using CCS signals and FRF (Frequency Response Function) derived from dynamics of the spindle tool system,
dynamic cutting forces are estimated quantitatively.
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Fig. 1 The picture and schematics of cylindrical capacitive
displacement sensor

3. ofau g Zixi7|
THNFE 2& FHA 4o
k. dutgog mL FhF Aoe WA ol
7HE Al gAEE datge] 30% 7R #4AE
g8A Utk a2z nd FFHd HA 7}
Fo] o|FoF we} FAGE FFQ 7hRlo] o] Fof
2171 Y84 vladg spR)e Al AgE o
3} o] AA A

- 7hA8 ) Ao A ERMS): 300N

- 7HAEY A JbR Fo c2kHz

e 47 g

Sk
Qu

(= 5k

=
==
[¢]

~
= |
=
End

Fig. 2 Magnetic actuator and rotor for spindle excitation
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Fig. 3 Compliances of M/C spindle
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Fig. 4 Measured and estimated cutting forces.
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