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Research on Spindle Rotation Error Detection Method Based on
Multi-Step Error Separation Method

CHI Yulun, WANG Guogiang *

(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract ; In order to obtain the rotation error of high precision CNC milling machine spindle efficiently and quickly, a
multi-step error separation method based on mathematical statistics and displacement signal was proposed. A set of
measuring device including two eddy current sensors in x and y direction and a photoelectric encoder was designed ; the
data acquisition card was used for simultaneous data acquisition of sensor and photoelectric encoder; different sampling
rates were set to maintain the consistent number of sampling points in each turn of the spindle at different speeds; the
external contour of the spindle of the CNC milling machine was directly measured without the help of the standard ball or
standard bar to avoid the influence of the installation error introduced in the installation process of the standard ball or
standard bar and the axial movement of the spindle during operation on the measurement; according to the error
characteristics, the mixed error (the original data of the spindle) collected by the sensor was gradually separated
(eliminating white noise and the shape error of the spindle) , and finally the accurate spindle rotation error of the CNC
milling machine was obtained. The accuracy of the spindle rotation error was verified by using the American Lion
Precision spindle rotation error analyzer. The spindle rotation error separation method can complete the collection and
processing of spindle rotation error data under working conditions without the help of standard ball or standard bar, thus
obtaining relatively accurate spindle rotation error conveniently and efficiently.
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Figure 1 = Schematic diagram of error

separation technology
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Figure 2 Data processing flow chart
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Figure 3 Schematic diagram of separation principle
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Figure 4  Site installation drawing
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Figure 7 Data chart after removing random error
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Image of rotation error
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Table 1  Rotation error of spindle at different speeds
Tih#E5H/ (r - min ") TEARIRZE/ wm [ #4522/ pm
100 50 8.32
200 52 8.85
400 50 9.03
800 53 9.11
1200 51 10. 15
1 600 51 11.21
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Figure 10  Site installation diagram of

rotation error analyzer
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Figure 11

Display of spindle rotation error results
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Table 2 Spindle rotation error at different speeds

I ‘ A ‘
B4R ZE/ um [ 5 1% 2%/ wm
(r+ min~! (r-min!)
100 7.06 800 9.76
200 8.34 1 200 9.97
400 8.41 1 600 10.53
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Figure 12 Comparison of spindle rotation error results
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