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Abstract

A simulated analysis has been carried out on the vertical stiffness of the track damper by 2 groups
of the parameters of the Mooney-Rivlin superelastic constitutive model, which are corresponding
to the rubber hardness of 70 and 75. The relative errors between the stiffness values of the simu-
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lated analysis and the stiffness value of the actual measurement are 9.46% and 14.43% respec-
tively, which shows that the parameters of the constitutive model have a significant influence on
the precision of the simulated analysis and the parameter optimization is necessary. By the func-
tional relation established by the least square method between the parameters of the constitutive
model and the rubber hardness, 4 levels of C1o and Co; are selected respectively in the hardness
range from 70 to 75 to design a 4 levels and 2 factors orthogonal test. By means of the simulated
analysis of the vertical stiffness based on the orthogonal test, the optimized parameters are ob-
tained, namely C10 = 0.707, Co1 = 0.165. The relative error between the stiffness value of the simu-
lated analysis and the stiffness value of the actual measurement is as low as 1.01%, which means
that the precision of the simulated analysis is improved effectively.
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Figure 1. Diagram of the track damper
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Figure 2. Test equipment of the track damper vertical
stiffness
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Table 1. Test results of the track damper vertical stiffness
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g5 5 kN X Rz #%/mm 35 kN X B2z #%/mm 5~35 KN f7#% %/mm NI /(KN-mm ™)
1 0.927 3.963 3.035 9.883
2 1.102 4.144 3.042 9.862
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Figure 3. Finite element analysis model
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Table 2. Parameters of Mooney-Rivlin rubber constitutive model

% 2. A Mooney-Rivlin AAG1EAIS %

R S C1¢/MPa Coi/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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Table 3. Simulation results of the track damper vertical stiffness
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T IR g Ci/MPa Co//MPa NI /(kN-mm™")
70 0.622 0.152 8.939
75 0.805 0.194 11.298
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Figure 4. Curve of Cjg-rubber hardness
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Figure 5. Curve of Cy;-rubber hardness
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Table 4. Factors and levels of the orthogonal test
4. EXAWEFS5KE
PSR
KF
CIO CO]

1 0.670 0.165
2 0.707 0.171
3 0.746 0.177
4 0.787 0.183
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Table 5. Table of the vertical stiffness orthogonal test
= 5. EENIEERRER

R F 5 Cio Cor =5 &t L]l NIl B /(KN-mm ") w7
1 1 1 1 1 1 9.581 2.96%
2 1 2 2 2 2 9.643 2.33%
3 1 3 3 3 3 9.711 1.64%
4 1 4 4 4 4 9.771 1.03%
5 2 1 2 3 4 9.973 1.01%
6 2 2 1 4 3 10.029 1.58%
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7 2 3 4 1 2 10.090 2.20%
8 2 4 3 2 1 10.158 2.89%
9 3 1 3 4 2 10.380 5.14%
10 3 2 4 3 1 10.440 5.74%
11 3 3 1 2 4 10.507 6.42%
12 3 4 2 1 3 10.567 7.03%
13 4 1 4 2 3 10.804 9.43%
14 4 2 3 1 4 10.847 9.87%
15 4 3 2 4 1 10.930 10.71%
16 4 4 1 3 2 10.990 11.31%
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