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Analysis of radial error motion in a small-sized and high-speed spindle
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ABSTRACT

In this paper, an efficient method iz proposed to analyze the mdial error of a miniaturized-high speed spindle system.
Initially, a device ig constructed for msasuring the radial srror motion using capacitance sensors. The capacitancs sensors
are placed perpendicular to the axis of the shaft and at 90° to each other. The spindle is rotated at high speed and the profile of
the spindle iz recorded. An algorithm iz developed for analyzing the spindle data and determining the radial error of spindle.
The present algorithm uses homogeneous transform matriz (HTM) method and iterative process for determining the radial
error. The analysiz procedure iz performed for different speeds of the spindle. The data obtained from the present syastem and
the results of evaluation are also presented in thiz paper. It iz observed that thiz method iz effective in determining and
analyzing the spindle srrors for high spsed miniaturized spindle.
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2. Measurement algorithm
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2.1 Eccentricity of the master ring
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Fig. 1 Schematic diagram of the mastsr ring with
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2.2 Roundness error of the master ring
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Fig. 2 Plotz of simulated sensing data
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2.3 Procedure of measuring data analysis
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3. Experiments & Results

3.1 Experimental setting up
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Fig. 3 Flowchart of the proposed algorithm
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Table 1 Specification of a capacitance sensor

Sensor size | Calibration Range Resolution

C
$ 1.7mm

125 (a~
375 /m

Standard 15nm
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3.2 Experiment results and considerations
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Fig. 4 Setting up for experiment device



Table 2 Result for the data analysis

RPM Eccentricity{ym) Roundness( pm) Spindls{¢m)
(Real valus; 40.5) (Real value 1.8) K-data(maz,min) Y-data{rmax,min)

2500 3980 1.94 5.59,-4.36 479,-4775
5000 35.98 1.68 4.76,-4.90 4.67,-3.98
10000 40.15 1.92 4.05-3.05 307,281
15000 40,14 1.67 3.98-2.4% 3.56,-3.39
20000 40.55 1.62 3.66,-2.87 2.85,-2.98
25000 41.64 1.62 3.82-2.44 3.40,-2.67
30000 42.21 1.62 3.31-2.02 3.53,-2.56
40000 44,94 1.62 4.28-3.05 3.10,-3.73
50000 49,60 1.62 7.90-11.71 5.39,-6.01

5000rpm

40000rpm

30000rpm

¥-data
Y-data

a0000rpm

Fig. 5Plots of spindle errors (unit: pm)
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4, Conclusions

=

2 ATA4E 5 A9 Aunss 39EBEd
A M (Capacitance Sensor)2} 31 712 RPM S E 4
8|1 7|EH#EE olgAM 42F-n& 2¥E
HAL=E g dEAE LAE 53T £ A=
S3dels ¢4 e 6 addo= 4 F-
& g wAYY 23S #HAF 7 deE
23k AA oMM £ ol &3] SAHE B
S 2,500 ~ 20,000rpm B A AME 41

S2 %4 24" Fagel AdEs HYHA}
1m eldtdes & 7 s HAEE0 T
5 2¥E 239 GFel A RlAle ol As

Ho 19

=

608

red o WE dgel 71EEY 23aLd T
gl Aoz gAEct o] AT 20000rpm L] A
Y= 238 5 @ ooz Hilsld 2¥E 2
e Fdck dekd, 5 215 REd dig EA
HE sy B Ao d8d" €nege] Hrt

309 242 @ A= Aade
g

1. ANSI/ASME B29.3.4M, Axes of Rotation: Methods
for Specifying and Testing. New York : ASME, 1992,

2. Martin, D L., Tabenkin, AN, Parsons, F.G, “Precizion
Spindle and Bearing Error Analysis™ Tools Manufact.
Vol. 35, No.2, pp. 187-193, 1995,

3. Shoji Noguchi, Tadao Tzukada and Atsushi Sakamoto
“Ewvaluation method to determine radial accuracy of
high-precizion rotating spindle units” Precizion
Engineering 17:266-273, 1995,

4. Donaldson, RER. A Simple Msthod for Separating
Spindle Error from Test Ball Roundness Error”
CIRP Annals, vol 21/1, p.125, 1972,

5. Eastler, W. T, Evang, C. T, Shao, L. Z. “Uncertainty
eztimation for multiposition form srror metrology™
Precision Engineering 21:72-82, 1997

6. Linziang, C. “Measuring Accuracy of Multistep

Method in the Error Separation Technique.”  Journal
of Phyeics E: Scientific Instruments, vol.22, p.903,
1989,

7. Gao, W, Kiyono, 5., Nomura, T. “*A New Multiprobe
Method of Roundness Measurerments.”
Engineering, vol.19/1, p.37, 1996

8. Eric Marsh, Robert Grejda “Experiences with the

magter axiz method for measuring spindle error

Precision

motions” Precizion Engineering 24:50-57, 2000,



