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A Digital Measurement Method for Rotational Errors
of a Machine Spindle
In Bog Kong, Yun Chang Park and Seung Woo Kim
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Abstract

A digital testing method for measurement of radial error motions of a spindle is investigated

with special emphasis on developing a computer-aided in-situ inspection system for machine tool
manufacturing. The method utilizes three non-contact type probes and an optical encoder, based
on a special computational algorithm to eliminate undesirable offset and roundness errors of the

master spindle. Details of the design of hardware and software required to realize the testing

method are discribed. Finally, advantages and limitations of the method are discussed with

several test results.
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Table 1 Matrix method vs scale factor method

S T

Method . Scale factor

: Matrix method
Comparison method
FFT
Computational time 4.5sec 1.5sec
Master ball coeffi-
cients computational 3.0sec 2.0sec
time
Inverse transforma-
tion computational 1.5sec 1.5sec
time
Total computational
time (IBM AT, 9.0sec 4.5sec
10MHz)
Measuring angles constrained mnot constrained
Flrs(tnhirlr)né);lr;::p onent not separated | not separated

* Computational times are based on the 64 samplings
per revolution
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Table 2 Result of system calibration

Sensitivity | Resolution Full scale
error error

Sensor-A| -1.7727 |5(2.84m)[12(6.774m) | 0.68(%)
Sensor-B | -1.7835 |4(2.24m)|12(6.73um) | 0.67(%)
Sensor-C| -1.7687 |4(2.3pm)|11(6.22xm)] 0.62(%)

Maximun
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Table 3 Measuring result of rotational spindle
error (=90, r=217) Unit: ym
RPM 324 512 840
Sampling no. 64 | 128 | 64 | 128 | 64 | 128
Master |Master ball 6.2 6.2| 6.1| 5.9
ball Total error 33.2133.9(33.2133.9
radius: | Average error 30.0131.3131.2]30.5
32m Asynchr error 2.6 1.6| 3.7} 1.1
Outer error 29.8131.4131.6730.9
Inner error 31.3131.4]31.6(31.9
Table 4 Measuring result of rotational spindle
error (¢=90, r=217) Unit: gm
RPM 324 512 840
Sampling no. 64 {128 | 64 | 128 | 64 | 128
Master |Master ball 24.1124.2(22.4123.5{23.2123.4
ball Total error 34.4134.7(34.5(34.9134.4]35.0
radius: |Average error {31.8(32.0|31.0(32.9132.8{31.7
30mm  {Asynchr error | 1.7| 1.8} 5.2| 5.6| 3.3| 5.2
Quter error 31.9(32.6(31.0]33.9(31.4]|33.4
Inner error 31.8133.7129.7(31.9(31.4|32.1
Table 5 Measuring result of rotational spindle
error (¢=90, r=145) Unit:um
RPM 324 512 840
Sampling no. 64 | 128 | 64 | 128 | 64 | 128
Master |Master ball 23.3(24.0(24.5(23.1122.7124.1
ball Total error 32.4132.6(33.2|31.4]34.431.4
radius: | Average error |30.9(29.8(30.3(28.6(30.6(29.6
30mm  [Asynchrerror | 2.2{ 2.8| 3.1| 3.3| 9.0| 5.2
Quter error 30.2128.9]30.4(28.2(32.4(30.92
Inner error 30.6/28.6(31.6(29.5(31.2|29.5
Master ball
;?:r%r;e:)s (:64 sampling
25 [J:128 sampling
24,
23
22
L { 1
324 512 840 RPM

Angle of gapsensor(® =90, 7 =145)

Fig. 6 Plot of master ball roundness error
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Fig. 7 Plot of spindle average error

© Sensor angle ;p=907=145 o¢The number of measuring revol.; 5
© RPM: 512 o The sampling number o 5um/div
© Master ball radius; 30mm for each revol. ; 64 o Unit:zm

Master ball shape
Error volue=24.5

Average error
Error volue=30.3

= L
Outer error
Error volue::30.4

Asyr}cnroneous error
Error velue=3.1

inner corror

Error volue=31.6

Fig. 8 Measuring results of experinental spindle on
512 RPM
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