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Fig.1 Compression test of three point bending sample
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Fig.2 Geometric models of three point bending samples with
or without permanent deformation
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Fig.3 Force calculation errors of Arruda Boyce equation for

three point bending samples
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Fig.4 Force calculation errors of Marlow equation for
three point bending samples
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Fig.5 Force calculation errors of Van Der Waals equation for
three point bending samples
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Fig. 6 Force calculation errors of Polynomial first order
equation for three point bending samples
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Fig.7 Force calculation errors of Polynomial second order
equation for three point bending samples
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Fig.8 Force calculation errors of Ogden first order equatlon
for three point bending samples
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Fig.9 Force calculation errors of Ogden second order Fig.12 Force calculation errors of Ogden fifth order
equation for three point bending samples equation for three point bending samples
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Fig. 10 Force calculation errors of Ogden third order Fig.13 Force calculation errors of Ogden sixth order
equation for three point bending samples equation for three point bending samples
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Fig.11 Force calculation errors of Ogden fourth order

equation for three point bending samples
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Fig.15 Force calculation errors of Reduced Polynomial
second order equation for three point bending samples
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Fig.16 Force calculation errors of Reduced Polynomial third
order equation for three point bending samples
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Fig.17 Force calculation errors of Reduced Polynomial
fourth order equation for three point bending samples

Fig. 18 Force calculation errors of Reduced Polynomial fifth
order equation for three point bending samples
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Fig.19 Force calculation errors of Reduced Polynomial sixth
order equation for three point bending samples
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Applicability Analysis of Superelastic Constitutive Equation of
Carbon Black Filled NR

WANG Xinyu, YUE Dongmei, YANG Haibo,ZHANG Liqun
(Beijing University of Chemical Technology , Beijing 100029, China)

Abstract: In order to analyze the applicability of the hyperelastic constitutive equations under complex
stress conditions, a short and thick three point bending compression specimen of carbon black filled
natural rubber (NR) (referred to as three point bending sample) was used as the research object, the finite
element model consistent with the test process was established by using Abaqus finite element software, the
relationship between the force and displacement of the samples with or without permanent deformation was
analyzed, and the calculation accuracy of different constitutive equations was evaluated by comparing with
the experimental data.The results showed that when the experimental stress—strain data of uniaxial tensile,
planar tensile and equibiaxial tensile were simultaneously input, the calculation accuracy of the three point
bending samples with or without the permanent deformation obtained by various constitutive equations was
different.The calculation accuracy of Arruda Boyce, Marlow, first to second order Polynomial, first to third
order Ogden and first to second order Reduced Polynomial equations for samples with permanent deformation
was higher than that without permanent deformation, and the calculation accuracy of Van Der Waals, fourth
to sixth order Ogden and third to sixth order Reduced Polynomial equations for samples with permanent
deformation under large displacement was lower than that without permanent deformation.

Key words: constitutive equation;superelastic; NR ; permanent deformation; calculation accuracy ; finite

element analysis



