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A Cylindrical Spindle Displacement Sensor and its Application
on High Speed Milling Machine

Il Hae Kim*, Dong Young Jang"

{ Abstract }

A new cutting force estimating approach and machining state monitoring examples are presented which uses a
cylindrical displacement sensor built into the spindle. To identify the tool-spindle system dynamics with frequency
up to 2 kHz, a home-built electro-magnetic exciter is used. The result is used to build an algorithm to extract the
dynamic cutting force signal from the spindle error motion; because the built-in spindle sensor signal contains both
spindle-tool dynamics and tool-workpiece interactions. This sensor is very sensitive and can measure broadband signal
without affecting the system dynamics. The main characteristic is that it is designed so that the measurement is irrelevant
to the geometric errors by covering the entire circumferential area between the target and sensor. It is also very simple
to be installed. Usually the spindle front cover part is copied and replaced with a new one with this sensor added.
It gives valuable information about the operating condition of the spindle at any time. It can be used to monitor cutting
force and chatter vibration, to predict roughness and to compensate the form error by overriding spindle speed or
feed rate. This approach is particularly useful in monitoring a high speed machining process.

Key Words : Spindle(F-), Displacement sensor( ] AllA{), Machining condition(7}-5 AFel), High speed(214: 71, Chatter( X €}),
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Fig. 1 Cylindrical capacitive sensor installed at M/C
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sembling CCS

Lubricant drain

Fig. 2 Cylindrical capacitive sensor as a replacement
part for milling spindle cover
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Fig. 7 Dynamic compliances of the spindle according
to the spindle speed and driving force frequency

2.4 ::MIE# =<J<°

Fig. 83} 0 275 A0l4 245 AAtelat 22 W)
WA o4l 2oi BARL uTH ATolch 25 WY

— — — Dynamometer |
CCS

Fx (N)

~100 . . : L . . L , .
0 0.005 0.01 0015 002 0025 003 0.035 0.04 0.045

Time (sec)
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