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The Method of Stiffness Prediction of Rubber

Elastic Elements in Low Temperature
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( 1. School of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Zhuzhou Time New Material Technology Co., Ltd., Zhuzhou Hunan 412007, China )

Abstract: Uniaxial tensile tests were conducted on rubber materials at the temperatures of 20, 0, =10, =20, =30 °C and
=40 °C. The test data were fitted with four common hyperelastic constitutive models, the constitutive model parameters at
different temperatures were obtained, and the fit goodness were used to evaluate the fitting effects of the models. The
results show that Ogden (N=3, N=4) models have better fitting effects. The impacts of ambient temperature and the change
of the temperature field (from room temperature 20 °C reducing to =40 °C gradually) on mechanical property of rubber
materials were considered, the stiffness prediction of cone-shape spring under perpendicular loads were conducted at
various testing temperatures, and the corresponding stiffness tests were made on products. The test results show that the
stiffness prediction accuracy has a significantly increasing if the impact of the temperature field change on mechanical
property of rubber materials was considered in simulation analysis. At the the ambient temperature less than =20 °C, it is
necessary to consider the impact of thermal stress in the temperature field change on the stiffness prediction of rubber
spring in simulation analysis.
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Table 1 The fitting goodness of 4 constitutive models
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°C Mooney-Rivlin  Ogden 3 i Ogden 4 B} Van der Waals

% 544 1R B BOE S BB 20 0.957 0 09912 09935  0.9577
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Table 2 Parameters of constitutive models at different temperature
%
L/ z A
u o

20 -1.5312 0.709 6 2.847 7 6.237 7 6.840 1 -9.456 0

0 -4.636 9 2.428 3 5.529 1 6.687 6 7.064 4  -11.678 7

-10 -4.104 5 1727 5 5.927 7 6.383 9 6.884 6  —11.2230

-20 -5.819 9 3.047 6 6.646 9 6.746 8 7.0880  —12.061 0

-30 1.171 2 -5.008 1 10.023 0 1.106 5 12.500 7 =25.000 0

-40 1.439 3 6.724 6 13.456 6 1.024 0 12.500 0 —24.998 9
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Table 3 The stiffness predicted results by two methods
kN/mm

it A
20 0 -10 -20 -30 -40
1 5.68 8.21 8.40 9.10 15.5 18.12
2 5.68 8.44 8.77 9.69 17.9 21.40
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Table 4 The result of stiffness experiments

R/ C 20 0 -10 -20 -30 -40
MIEE /(kN »mm™) 5.97 8.70 8.88 9.80 17.20 20.30
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Table 5 The simulation error
N JriE 1 T Jiide 2
WEL migs RIEES MINHRES  RIEE/ O HDWIRE/

T N Nemm') % (kN'mm') %

20 5.97 5.68 4.76 5.68 4.76
0 8.70 8.21 5.56 8.44 2.91
-10 8.88 8.40 5.39 8.77 1.25
-20 9.66 9.10 7.15 9.69 1.14
=30 17.20 15.50 9.86 17.90 4.07
-40  20.30 18.12 10.72 21.40 5.42
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