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Software and Hardware Development of Micro-indenter
for Material Property Evaluation of Hyper-Elastic Rubber
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Abstract

In this work, effects of hyper-elastic rubber material properties on the indentation load-deflection
curve and subindenter deformation are examined via finite element (FE) analyses. An optimal location
for data analysis is selected, which features maximum strain energy density and negligible frictional
effect. We then contrive two normalized functions, which map an indentation load vs. deflection curve
into a strain energy density vs. first invariant curve. From the strain energy density vs. first invariant
curve, we can extract the rubber material properties. This new spherical indentation approach produces
the rubber material properties in a manner more effective than the common uniaxial tensile/com-
pression tests. The indentation approach successfully measures the rubber material properties and the
corresponding nominal stress-strain curve with an average error less than 3%.
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Table 2 Comparison of computed material property
values Ci, C; and C; to tensile test

Material Test C C; Cs
Tensile 0.76 -0.0203 | 0.00414
IRHD-60
Indentation| 0.79 -0.0335 | 0.00564
Tensile 1.14 -0.0261 | 0.00405
[RHD-70
Indentation| 1.08 -0.0192 | 0.00513
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