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Development of a Measurement System for High-Speed Spindle Displacement
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— Abstract —

At present many research projects on high-speed spindles are being conducted. These projects require a measurement
technique which includes heat expansion, vibration and displacement measurement according to angular velocity. This
paper presents the development of 2 measurement system for high-speed spindle displacement. The measurement system
is based on LabView® and features the following sensors: optical sensor which reacts to the position of a marker
on the spindle and enables two Laser Displacement Sensors(LDS). These Laser Displacement Sensors send their data
to a DAQ (Data Acquisition Device). It is important that the delay time caused by the response times of the sensors
as well as the sampling rate of the DAQ is considered because the spindle revolves at very high speeds.
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Fig. 1 Schematic of a measurement system for high-
speed spindle displacement
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Table 1 Equipments used in the experiment

No. Equipment

Labview”® PXI-1042Q, PXI-4472B
Sampling rate 102.4kHz

Vivo 1 +10 ~ -10v

/NATIONAL INSTRUMENTS

Laser Displacement Sensor LK30M

2 Accuracy : 0.05um

/KEYENCE

Laser Displacement Sensor’s controller
3 LK-G3001V

/KEYENCE

Optical sensor FS-V31
4 Response rate: 33us
/KEYENCE

Fig. 2 The schematic of measurement system
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o: Spindle velocity(rpm)
s: second

rpm: revolution per minute
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Fig. 4 LabView® Block diagram of measurement system
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Fig. 5 Area detection mode
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Fig. 6 Relation between displacement and analog output
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Fig. 7 Experimental setup
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Fig. 8 The analogue output from the indicator without
using trigger signals and a sticker at S000rpm

Fig. 9 Measured output data as graph at 5000rpm
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Table 2 Measured data fripm

Spindle speed Average Spindle
(rpm) displacement(jum)
2000 -11.049
3000 -11.377
4000 -11.651
5000 -11.715
6000 -11.750
6300 -12.064

Fig. 10 Displacement graphs created by Excel file for the
following spindle speeds: 1000rpm ~ 5000rpm

Table 3 Measured data at 9210rpm

SENSOR_A|SENSOR B| A+B

(um) (um) (um)

MAX 3812 0014 | 4324
MIN 5211 1212 | 5730
AVERAGE | 4451 0684 | 5135
RMS 4312 0.514 4.826
Dispersion 0.031 0.025 0.056
jéjlnifi 0.177 0.158 0237

sample

Fig. 11 Measured output data graph at 9210rpm

Fig. 12 Measured output data as graph at 9210rpm
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