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Considering Viscoelastic as Well as Hyperelastic Material Properties
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Abstract — Wheel bearings are important automotive parts that bear the vehicle weight and translate rotation motion;
in addition, their seals are components that prevent grease leakage and foreign material from entering from the outside
of the bearings. Recently, as the need for electric vehicles and eco-friendly vehicles has been emerging, the reduction
in fuel consumption and CO, emissions are becoming the most important issues for automobile manufacturers. In the
case of wheel bearings, seals are a key part of drag torque. In this study, we investigate the prediction of the drag torque
taking into consideration the hyperelastic and viscoelastic material properties of automotive wheel bearing seals.
Numerical analysis based on the finite element method is conducted for the deformation analyses of the seals. To
improve the reliability of the rubber seal analysis, three types of rubber material properties are considered, and analysis
is conducted using the hyperelastic material properties. Viscoelastic material property tests are also conducted. Defor-
mation analysis considering the hyperelastic and viscoelastic material properties is performed, and the effects of the vis-
coelastic material properties are compared with the results obtained by the consideration of the hyperelastic material
properties. As a result of these analyses, the drag torque is 0.29 Nm when the hyperelastic characteristics are taken into
account, and the drag torque is 0.27 Nm when both the hyperelastic and viscoelastic characteristics are taken into
account. Therefore, it is determined that the analysis considering both hyperelastic and viscoelastic characteristics must
be performed because of its reliability in predicting the drag torque of the rubber seals.
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(¢) Equal-biaxial tensile test

Fig. 1. Rubber material properties tester [1].
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Fig. 2. Results of uniaxial tensile, planar tensile, and
equal-biaxial tensile tests [1].
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Fig. 3. Stress relaxation tester for rubber material
properties [8].
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Fig. 4. Results of stress relaxation tests.
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Fig. 5. Configuration of automotive wheel bearing and its seal.
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where, U: strain energy potential,

Cio, Cro, Cso: material constants,

Dy, D», Ds: material incompressibility parameter,

J: determinant of the elastic deformation gradient,
1Ii: stress invariant [9].
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Table 1. Coefficients for 3™ order Yeoh model

Coefticient Value
Co 1.0625 MPa
Cy —-1.2187 MPa
Cyo 2.8380 MPa
D=D»=D; 0

Fig. 7. Total deformation for hyperelastic material
properties.
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Fig. 8. Equivalent elastic strain for hyperelastic
material properties.
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Fig. 9. Equivalent von Mises stress for hyperelastic
material properties.
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Table 2. Position vector, force vector, and drag torque
considering hyperelastic material property

Lip |Position vector,| Force vector, | Drag torque,
no. mm N Nm
1 36.11 0.13 0.00
2 39.20 3.11 0.12
3 42.22 2.69 0.11
4 45.04 1.08 0.05
Summation 0.29
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Table 3. Coefficients for Prony series

No Relative moduli Relaxation time
1 1.2352e-47 89.04 sec
2 0.0927 103.36 sec
3 4.3125¢-19 88.74 sec
4 2.8980e-20 88.75 sec
5 4.4436e-05 88.37 sec

Viscoelastic material properties
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Fig. 10. Comparison the viscoelastic material properties
with stress relaxation test and Prony series.
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Fig. 11. Total deformation for hyperelastic and
viscoelastic material properties.

Fig. 12. Equivalent elastic strain for hyperelastic and
viscoelastic material properties.

0095819
22135012 Min

Unit: MPa

Fig. 13. Equivalent von Mises stress for hyperelastic
and viscoelastic material properties.
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