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Influence of Rubber Hardness on the Parameters of the Hyperelastic Constitutive
Model and the Stiffness of Rubber Spring
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Abstract: A research has been carried out on the effects of different rubber hardness on the parameters of the
hyperelastic constitutive model and the stiffness of rubber spring by using the Mooney-Rivlin superelastic constitutive
model. A simulation experiment has been conducted on the vertical stiffness of conical rubber spring, followed by a
comparison made between the simulation results and the test results of spring stiffness, which shows that the stiffness
of rubber exerts a significant influence on the stiffness of rubber spring. The least square method has been adopted
to fit the existing discretization data, thus obtaining the function relation between the parameters of the hyperelastic
constitutive model and the hardness of the rubber compound. By adopting the orthogonal test method, a simulation test
of the stiffness of the conical rubber spring has been carried out, obtaining the value of the best hyperelastic constitutive
model corresponding to the hardness of the rubber compound, namely C,,=0.312, C,,=0.087. The relative error of the
simulation stiffness value of the conical spring and the test stiffness turns out to be as low as 0.3%, verifying its high
precision.
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Fig. 1 Diagram of the conical rubber spring
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Table 1 Bearing properties of the conical rubber spring
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Fig. 2 Finite element analysis model
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Table 2 Parameters of Mooney-Rivlin

MR ECRE R / B C,y/MPa C,/MPa
55 0.301 0.065
60 0.381 0.102
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Table 3  Simulation results of conical spring stiffness

MIARRERE / B C\yMPa  C,/MPa  TE[][JE /(kN-mm™)
55 0.301 0.065 0.622
60 0.381 0.102 0.778
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Table 4 Test results of conical spring stiffness

IRG THLEAT /AN R ARZR /(N-mm™) [ KIEE /(KN-mm™)
22~30 0.7x (1+12%) 0.668
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Table 5 Parameters of Mooney-Rivlin hyperelastic

constitutive model

JRORMEEE / B2 C,/MPa Cy/MPa
50 0.201 0.041
55 0.301 0.065
60 0.381 0.102
65 0.501 0.123
70 0.622 0.152
75 0.805 0.194
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Fig. 3 Hardness curve of C,,-rubber
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Fig. 4 Hardness curve of C,,-rubber
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Table 6 Factors and levels of simulation tests

KT A X
Cio Cy
] 0312 0.075
5 0.331 0.081
3 0.351 0.087
4 0.371 0.093
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Table 7 Table of vertical stiffness orthogonal tests

_ —
BB cu ool w2 s (kﬂfn{,l) MR PR
1 1 1 1 1 1 0.652 2.40
2 1 2 2 2 2 0.661 1.05
3 1 3 3 3 3 0.670 0.30
4 1 4 4 4 4 0.679 1.57
5 2 1 2 3 4 0.679 1.57
6 2 2 1 4 3 0.687 2.84
7 2 3 4 1 2 0.695 4.04
8 2 4 3 2 1 0.704 5.39
9 3 1 3 4 2 0.704 5.39
10 3 2 4 3 1 0.713 6.74
11 3 3 1 2 4 0.721 7.87
12 3 4 2 1 3 0.729 9.13
13 4 1 4 2 3 0.731 9.37
14 4 2 3 1 4 0.739 10.55
15 4 3 2 4 1 0.746 11.68
16 4 4 1 3 2 0.754 12.87
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