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Parameter Fitting Study of Constitutive Model of Elastic Element of Sensor
FAN Hailun,ZU Hongfei , XIANG Zhong, PENG Laihu

(Faculty of Mechanical Engineering & Automation , Zhejiang Sci-Tech University , Hangzhou 310018, China)

Abstract; Aiming at the disadvantages of complex structure and high cost of multi-dimensional displacement
measurement system, a single solid integrated sensor was proposed. In order to accurately describe the mechanical
characteristics of the elastic element of the sensor, the quasi-static uniaxial compression test of the elastic element of the
sensor was carried out under different strain rates. The hyperelastic constitutive model was sorted and simplified by using
Taylor expansion to obtain the stress-strain relationship, and the stress-strain curve was fitted by using Origin. Four
hyperelastic constitutive models, Mooney-Rivilin, Yeoh, Biderman and Ogden, were selected to describe the
experimental curve. The results show that the Biderman model has the best fitting effect on the curve, the Mooney-
Rivilin model has the worst fitting effect, and other models have small strain fitting differences and moderate or higher
deviations. The final obtained stress-strain relationship provides an important reference for the further research on the
sensor.
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Figure 1 Test equipment and materials
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Figure 2 Cyclic loading force-displacement curve
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Figure 3  Compressive loading stress-strain curve
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Figure 4  Fitting curves of four models at

different strain rates
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Table 1

Mooney-Rivilin model fitting parameters

As /s 7! Cio Cor R
0.0100 -0.189 78 0.075 50 4.744 07
0.001 0 -0.177 80 0.070 74 3.514 07
0.000 3 -0.160 07 0.063 69 2.710 50
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P AR /s~ Cho Cy, Cy SR
0.010 0 -0.004 58 0.000 98 -0.013 61 0.314 36
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0.000 3 —-0.006 88 0.001 49 -0.009 60 0.220 55
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Table 3 Biderman model fitting parameters

P AR /s 7! Cyo o Cy Gy FoE
0.0100 0.018 11 -0.04826 0.021 06 -0.001 31 0.019 30
0.0010 0.01771 -0.04102 0.01752 -0.001 06 0.020 52

0.0003 0.016 62 -0.03543 0.01491 -0.000 88 0.005 06
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Table 4 Ogden model fitting parameters

JEAE /s ! M Q Mo [¢%) M3 as WKL
0.010 0 19.895 15 -41.359 25 18.830 86 2.293 45 2.212 23 2.293 44 0.033 08
0.001 0 23.572 89 -48.907 87 23.070 34 2.345 19 2.289 14 2.345 19 0.032 40
0.000 3 17.309 35 -36.568 06 17.470 56 2.406 21 2.347 00 2.406 21 0.036 00
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Table 5  Chi-square values of four-model

fitting parameters

s R

/e Mooney-Rivilin Yeoh Biderman Ogden
/s

A F R AR RRIRER AR
0.010 0 4.744 07 0.314 36 0.019 30 0.033 08
0.001 0 3.514 07 0.254 41 0.020 52 0.032 40
0.000 3 2.710 50 0.220 55 0.005 06 0.036 00
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