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Abstract For the hyperelastic problems of materials under indentation conditions, based on the mean-value energy
density equivalence principle, semi-theoretical hyperelastic-material indentation models(SHIM) are proposed to describe
the relationship among load, depth, indenter dimension and Mooney-Rivlin constitutive parameters under independent
indentation with spherical indenter, flat indenter and conical indenter, respectively, and then the indentation method due
to dual indenters(IMDI) is presented. The forward verification shows that, based on a series constitutive relation param-

eters of hyperelastic materials, the force-depth curves of spherical, conical and flat indentation respectively predicted by
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SHIM are closely consistent with the FEA results; and the reverse verification shows that, based on the force-depth curves
under FEA conditional constitutive relation of a series of hyperelastic materials, the Mooney-Rivlin constitutive relations
predicted by the dual indentation experimental method are closely consistent with the FEA conditional constitutive rela-
tions. For three hyperelastic rubbers, the spherical, flat and conical indentation tests were carried out, three constitutive

relationships of the hyperelastic rubbers obtained by IMDI are all in good agreement with the uniaxial tensile results.

Key words hyperelastic material, energy density equivalence, semi-analytical, indentation test, constitutive relationship,

test method
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Table 1 Parameters of SHIM for spherical and flat indentation

Indenter ko k1 ko
sphere 2.50 2.66 3.02
flat 2.00 3.92 4.21
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Table 2 Parameters of SHIM for conical indentation

Half cone angle/(°) k1 ko ko
53 2.18 2.51
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Table 3 Deformation coeflicient k

Deformation coefficient i Bil Bi2
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Fig. 7 Uniaxial tension load-displacement curve
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