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CUTTING VIBRATION MONITORING USING A SPINDLE DISPLACEMENT

SENSOR IN TURNING

[IHae Kim*, JinHyun Kim™ DongYoung Jang™

{ Abstract }

Monitoring chattering is also important for realizing an unmanned machining system. While many
researches were done on this area, it is still a difficult job to detect very small amplitude amount of
chattering. A monitoring system using a capacitive spindle displacement sensor was developed to monitor
cutting vibration in turning in this research. The variance of the measured spindle displacement signals
using the developed sensor was calculated and utilized to quantify the small vibration in machining. The
results were compared with variance obtained using a tool dynamometer. The result showed that the
developed system could be utilized in monitoring the subtle changes of cutting vibrations with high
sensitivity confidence.
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Fig. 1. Sensor constructions and part descriptions of the
CSDS used for monitoring the spindle displacement
(a) sensor segments are isolated with high strength epoxy
(b) sensor segments are coated on the ceramic by metalizing
and coating
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Fig. 2. Installed CSDS on a vertical milling machine spindle
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Fig. 3. Signal example of the CSDS at milling spindle
operating at 8000 rpm with a bearing fault condition
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Fig. 4. One revolution amount of vibration signals are shown
for comparison between the CSDS and force signals by the
Kistler dynamometer in chattering mode
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Fig. 5. Diagram of impact points to measure the natural
frequency of the spindle-workpiece system using the impulse
hammer and accelerometer
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Fig. 6. Magnitude and phase of impulse response of
Hwacheon CNC lathe at points as shown in Fig. 6. (a) Impulse
response and phase at node A01, (b) at node A02, (c) at node
A03, (d) at node A04, (¢) at node A0S
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Fig. 7. Basic measurement results of the monitoring system
when a mode coupled chatter occurred
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Fig. 8. Sequential lists of the measured chatter signals of (a)
the CSDS and (b) the cutting force in the depth of cut
direction
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Fig. 9. Variance results of the CSDS when the regenerative
chatter was monitored while machining the mode coupled
chatter mark left by previous cut
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Fig. 12. Multiple chatter modes measured during the
turning operation
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Fig. 13. Variance histories from the CSDS and
dynamom eter during the whole cutting length when the chip
was entangled at cutting time of 143 second
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