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Finite Element Analysis on the Shaft Fitting to Inner Raceway of Radial Ball
Bearing
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+ Ha-Sung Lee

Department of Tool & Mould Design, Yuhan University

Abstract :

The main goal of this paper is to establish an interference tolerance for determining optimal amount of

clearance in the shaft-bearing system supported by radial ball bearings. The 2-D frictional contact model was employed
for the FE analysis between the shaft and the inner raceway. Several examples were simulated using different material
properties for the solid shaft. Efforts were focused on the deformation applied in the radial direction to select suitable
bearings. The analysis results showed that the initial axial preload applied on the bearings plays a significant role to
reduce bearing fatigue life. The proposed design parameters obtained by numerical simulations can approximately predict
a rate of bearing life reduction as a function of shaft diameter ratio. This analysis can also be used to calculate the
optimal initial radial clearance in order to obtain a shaft-bearing system design for high accuracy and long life.
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Fig. 1. The distribution of displacement for rigid-plastic vs
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Fig. 2. Configuration and clearance of a deep groove ball
bearing
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Table 1. Material parameters used for simulation
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Inner Raceway Shaft
Material AISI 5120 AISI 1020 AISI 1045
Strength Coefficient(K) 76.01 103.99
Work-hardening Exponent(n) 0.20 0.11

Strain Range

0.1-0.7

Friction coefficient(j1)

0.1(between inner race way and shaft)

- 47 -



a2 IR M M1S, 20124

Shaft —y—

R4.81

»30
»36.975

»40.557

(a) B6206

Shaft ———

R6.43

Ly

850 \
$57.3
$62.075

(b) B6210

Fig. 3. Schematic configuration for simulation (unit:mm)
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Fig. 5. Deformation patterns and distribution of effective strain
with each interference tolerance (bearing: 6210, shaft: AISI
1020)
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Table 2. The proposed clearance by simulation results(unit: xm)
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Fig. 6. Expansion of inner rings in radial directions(unit: zm)
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Bearing No. Shaft Mat. Tolerance Clearance Clearance Clearance Clearance Clearance
p6 -28 -29~-14 C3
AISI1020
s 7 -100 -101~-86 N/A
B6206 m5 -22 -6 5~20 -23~-8 C3
AISI1045 p6 31 -32~-17 C4
17 -55 -56~-41 N/A
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AISI102
S11020 7 211 -210~-192 N/A
B6210 m5 -35 -6 7~25 -34~-16 C3
AISI1045 pé -24 -23~-5 normal
17 -73 -72~-54 N/A
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