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Analysis of Statically Indeterminate Bearing-Shaft System
and Prediction of the Behavior of Ball Bearing

Wan-Doo Kim* and Dong-Chul Han**

*Structural Mechanics Lab, KIMM
**Department of Mech, & Production Engineering, SNU

Abstract —The analysis of statically indeterminate bearing-shaft system was investigated. The
moment loads and misalignment angles which were induced in the ball bearings were determined,
and the influence of span length of this system on the moment loads and fatigue lives was identi-
fied. The sliding and spinning speeds between balls and raceways which affected the performance
of ball bearing evaluated. The equation to estimate the cage speed of ball bearing under moment
lcads was proposed. This equation had been verified by the test results of measuring of cage
speed, which was useful to the prediction of ball bearing under moment loads.
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Fig. 1. Statically indeterminate two-bearing shaft sys-
tem
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Fig. 2. Rolling speeds and velocities of ball bearing
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Table 1. Descriptions of two-bearing shaft system
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Shaft diameter 25 mm Bearing PCD 355 mm
Young’s modulus of shaft 208 GPa ball diameter 6.35 mm
Span length(/) variable number of balls 10
Applied load(F) variable inner groove radius 3.21 mm
Bearing (2ea) 6005 outer groove radius 3.37 mm
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Table 2. The results of 6005 bearing analysis under radial load of 4,050 N, moment load of 44.2 Nm, and
shaft speed of 2,100 rpm

Contact Ball cénter Slide speed Ball rolling Slide-to- Spin-to-
Ball no{ angle(deg) speed speed roll ratio roll ratio
vg (m/sec) Vg (mM/sec) Vg, (m/sec)
1 15.266 1.6149 0.0266 1.9042 0.014 0.1140
2 10.953 1.6090 0.0326 1.9022 0.017 0.0825
3 —1.993 1.6238 0.0388 1.9000 0.020 —0.0152
4 —20.130 1.6239 0.0177 1.9073 0.009 ~0.1484
5 —34.405 1.6637 0.0221 1.9199 0.012 —0.2372
6 —39.392 1.6819 0.0403 1.9252 0.021 —0.2635
7 —34.405 1.6637 0.0221 1.9199 0.021 —0.2373
8 —20.130 1.6239 0.0177 1.9073 0.009 ~0.1484
9 —1.993 1.6028 0.0388 1.9000 0.020 -0.0152
10 10.953 | 1.6090 0.0326 1.9022 0.017 l —0.0825

Omar = 15.266 deg. tpin= —-39.392 deg. v,,=1.6416 m/sec. N, =883.2 rpm (Nye/n,=0.4206).
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Table 3. Test results of shaft speed and cage speed in two-bearing shaft system

Measured Measured Cage speed
Shaft speed Cage speed Shaft speed
Load Moment
Predicted Measured
F N) M (Nm) RPM Hz RPM Hz values by values
eq. (11
0 0 1431 23.85 583.5 9.725 0.4106 0.4078
830 0.03 1445 24.08 589.5 9.825 0.4106 0.4090
2040 0.17 1437 23.95 586.5 9.775 0.4107 0.4081
3254 1.59 1430 23.83 586.5 9.775 04132 0.4101
4466 7.22 1415 23.58 588.0 9.800 0.4150 0.4155
5678 16.46 1405 23.42 586.5 9.775 0.4169 0.4174
6590 29.02 1391 23.18 582.0 9.700 0.4188 0.4184
8100 44.25 1376 2293 577.5 9.625 0.4206 04197
9310 61.94 1362 22.70 573.0 9.550 0.4222 0.4207
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