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This paper presents the dynamic modeling and analysis results for a spindle

Received 17 July 2014 supported by angular contact ball bearings (ACBBs) subjected to angular

Accepted 27 July 2014 misalignment. Although ACBBs are widely used in spindle systems, their

characteristics in regard to angular misalignment have rarely been investigated.

A simulation program was developed to calculate the dynamic characteristics of

Keywords: a simple spindle model that is supported by angular contact ball bearings

Spindle subjected to angular misalignment. Angular misalignment is shown to introduce

Angular contact ball bearing anisotropy into the angular contact ball bearings and then split the natural

Misalignment frequencies in spindles. Simulations were also performed to show the possibility
Natural frequency of evaluating bearing misalignment using natural frequency measurements.
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Fig. 3 Stiffness of angular contact ball bearing in constant
pressure preload condition as a function of tilt angle
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Fig. 1 Angular misalignment
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Fig. 7 Stiffness of angular contact ball bearing under constant
position preload as a function of tilt angle
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Fig. 5 Distribution of bearing normal load under constant pres-
sure preload condition
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Fig. 8 Bearing displacement and equivalent moment under con-
stant position preload condition as a function of tilt angle
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Table 1 Natural frequencies of spindle with angular misalignment
under two different preload conditions: constant pressure
preload and constant position preload

1* natural frequency 2" natural frequency
Angular difference (Hz) difference (Hz)

misalignment| Constant | Constant | Constant | Constant
(mrad) pressure position pressure position
preload preload preload preload

05 11(0.2%) | 12(02%) | 4.1(0.3%) | 4.7(0.3%)
1 445(0.8%) | 4.2(0.75%) | 16.4(1.0%) | 17.3(1.1%)
15 10(1.8%) | 8.4(15%) | 36.9(2.4%) | 34.3(2.2%)
2 18.54(3.3%) | 12.9(2.2%) | 67.6(4.3%) | 52.1(3.2%)
25 31.81(5.6%) | 17.4(3.0%) | 115.7(7.4%) | 68.9(4.2%6)
3 63.65(11%) | 21.7(3.6%) [231.1(14.8%)| 83.7(5.0%)
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