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Stress based Fatigue Life Prediction for Ball Bearing
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Abstract - The method for fatigue life prediction of ball bearing is proposed applying the algorithm of contact fatigue
prediction based on stress analysis. In order to do this, a series of simulation such as initial surface stress analysis, EHL
analysis, subsurface stress analysis and fatigue analysis are conducted from the loading at each ball location calculated for a
bearing subjected to external bearing load and contact shape function. And uniaxial fatigue tests are performed to obtain
fatigue parameter of AISI 52100 steel. It was found that since stress is usually higher at the inner raceway contact than at the
outer raceway contact, fatigue failure occurs on the inner raceway first. When the fatigue life calculated in the stress-based
method are compared with Ls, life of L-P model, Crossland criterion for the radial load increment is similar to Ls life and
Dang Van criterion for the axial load increment is similar. In the case of EHL contact, there is no difference of fatigue life
between dry contact and EHL contact, when maximum Hertz pressure exceeds 2.5GPa.
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)
EHL Analysis 1
(Surface Sﬁss} - using Newton Rapson Method
¥
Contact Analysis I
{S':Jbsurfa:: sy;“ss ) - using Rectangular Patch Solutions

H Material Parameter J

r Fatigue Analysis J - Multiaxial HCF Criteria
Critical Plane Approach
Stress Invariant Approach
Mesoscopic Approach

| the Fatigue Life Prediction of Bal bearing |

Fig. 1. Analysis procedure for the stress based fatigue
life prediction
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Fig. 2. Coordinates of raceway and ball.
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Fig. 4 Shape of ball-raceway contact under static loads
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Table 1 Material properties and geometry of 6209 bearing

Bearing ] 6209
Material properties
AISI 52100 £ 209 (GPa)
v 0.3
Geometry

Number of balls z 9 (ea)
Ball diameter dg 12.7 (mm)
Pitch circle diameter d,, 65.0 (mm)
Initial contact angle ap 0 (deg.)
Initial diameteral clearance cq 0.015 (mm)
Inner raceway conformity ratio fi 0.52
Outer raceway conformity ratio f 0.52
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Table 2 Chemical composition of AISI 52100 steel

Element (Wt. %)

C Cr Fe Mn P S Si
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Fig. 6 Fatigue parameter data of AISI52100
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Fig. 8 Contact pressure between ball and raceway according to

radial load
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