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Abstract :

This paper presents the shape optimization process for the automotive wheel bearing seal lip using the finite

element method and the response surface method. First, to predict performance of the bearing seal lip, we used the
non-linear finite element analysis. And then, we compared the analysis results with the test results to verify the finite
element model. The objective function in optimizing process was obtained from results of the mud slurry test, which is
one of many tests for evaluating performance of wheel bearing. After the mud slurry test for the four models which have
the similar cross-sectional shape, we measured the wear area of the seal lip and the moisture content in grease. The
objective function has been chosen by comparing the results of mud slurry test and characteristics of seal lip, such as
contact force, contact area, contact pressure, and interference. Finally, within limited design parameters, we suggested
the optimized shape of seal lip, which is expected to improve the wear and the sealing effect of it.
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Verification of regression models
(Contact area of the side lip)

Regression Sum of Mean P-value Used
model squares square (0.05) model
Linear 0.027925 | 0.013962 0.0470
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Cubic 0.000219 | 0.00011 0.9049

Response surface

Fig. 13 Example to validate regression models and th creation
of response surface

Table 1 Design factors and levels (unit=%)

Side lip Main lip Sub lip

Level L A T L A L A T
1 =20 | -10 | -10 | -12 | -12 | 20 | -5 -15
2 0 0 0 0 0 0 0 0
3 +50 | 10 | +10 | +12 | #12 | +20 | +4 | +15

% Level 2 is the original model

Table 2 Results comparison of original model, estimation
model and analysis model

Side lip Main lip Sub lip

D Pr D Pr D Pr

Original model |0.828 | 1.04 [0.770 | 0.19 |0.289 | 1.76

Estimation model | 0.818 | 1.352 [ 0.776 | 0.141 | 0.287 | 1.611

Analysis model |0.810|1.3130.771 | 0.136|0.293 | 1.621
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