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Abstract: The design process in automobile industry requires to predict the stiffness of rubber busing materials. The
behavior of rubber compound can be simulated using the strain energy density function. It is needed to consider the
change of the material properties because the compression deformation caused by the swaging process of the busing. In
this study, numerical simulations of the stress-strain curve including the swaging process were carried out using the finite
element method and compared with experimental data. The Ogden 3™ model of strain energy density functions predicted
the behavior of the busing with natural rubber compound. The stress-strain curves of the rubber busing was calibrated
using that the initial compression of the swaging process was the 4.6% strain. Compared to the stiffness of the bushing
without swaging effect, the stiffness was improved by 45% and had 99.6% accuracy with the actual test results.

Keywords: rubber bushing, finite element method, hyperelastic model, strain energy density function, swaging.
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Table 1. A Standard Formulation of Rubber Compounding
for Bushing Parts Used Ratio in Study

Ingredients Composition (phr*)

Natural rubber 100
Carbon black (N330) 50
Zn0O 3
Steric acid 1
Sulfur 2
CBS 1

*phr: parts per hundred of rubber.
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Figure 1. Shape and dimensions of specimens for (a) uniaxial ten-
sile test; (b) biaxial tensile test.
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Table 2. Strain Energy Density Function Coefficients of Ogden
3" Model by Material Stress-Strain of Data Calibration of
Swaging Effect Applied to Bushing

Material coefficients

i Ui (2

1 8.16 [17.93]* 1.87 [0.917*
2 3.32 [0.007* 1.87 [15.61]*
3 -10.31 [-16.21]* 1.54 [0.73]*

[ ]*: The Strain energy density function coefficients of the Ogden 3™
model before data calibration of swaging effect.
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Table 3. Simulation Axial Stiffness Values and Accuracy as a
Function of Swaging Strain Rate of Bushing at 2 mm in X-
Direction

Swaging (%) for Prediction of Deviation for

strain rate stiffness (N/mm)* experimental (%)
0.0 470.6 145.2
1.0 388.8 129.6
2.0 366.0 120.0
3.0 333.6 112.9
4.0 322.7 103.0
4.6 318.8 99.6
5.0 98.4 98.4

*Experimental stiffness value for reference =320.4 N/mm.
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