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A Simple Method for the Estimation of Hyperelastic Material
Properties by Indentation Tests
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Abstract

In this study, a new simple method for the estimation of hyperelastic material properties by indentation tests is proposed. Among
hyperelastic material models, the Yeoh model with three material properties (¢, Gy Cy) is adopted to describe the strain energy
density in terms of strain invariants. Finite element simulations of the spherical indentation of hyperelastic materials of the Yeoh
model with different material properties are performed to establish a database of indentation force-displacement curves. The
indentation force-displacement curves are fitted by cubic polynomials, which are approximated as a product of third-order
polynomials of (Cy, Cy, Cy). A Tegression analysis is conducted to determine the coefficients of the equations for the indentation
force-displacement curve approximations. A regression equation is used to estimate the hyperelastic material properties. The present
method is verified by comparing the estimated material properties with true values.
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Table 1 Material properties of Yeoh model
(CR: chloroprene rubber, SIU: silicon rubber,
NBR: nitrile butadiene rubber)

a, CR SIU NBR

Tonsil Cio 1.08 0.68 0.61

ensiie o -0.63 -0.39 -0.28
tests

C 0.26 0.17 0.11
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Fig. 1 Finite element model for indentation tests

AAZAE Fig. 19} o] Aol diAFe] A4E 1% g

=21
S AW s o] AYe 23 W WS nHAU

HeE, Al

HYgAt= 71 AH- (reference node)9 15 W3k W=

w8k 2% WEke 2 -1 0mmel WS Fol HA as

A8tk Hyun 5(2012)¢l 23k kdAlg A<l vhaA)

T 0501404 2& 4Rt vieg-g] Mo R g

28 A7 A ddAe] wEAeE 068 Fofsisith
3. fsteAdM 2 24

ol 243 Yeoh BHA M9l UlolA] Aztel A% ghe
0.14 MBATRAN 5 204708] B4 S Fapekach EH
feasaq AR Fig 20 BelF Ik 2 AN
A B Wkl e A7) fasely ANE A
vAe] e AR GYAFAN Do we-ug FHoE

FH A5 2925 Wkt I,

gdzo]l 0.1mm olstelld EgAol uhe 4 whe-
WL (P—h) A ®istEs AW EW Fig. 37 Zo] ¢l
delME Wazl AT ¢y, Oyl talME Fig. 4, Fig. 59



h=0.1mm h = 1.0mm

Fig. 2 Distributions of von-mises stress at indent
displacements 0.Tmm and 1.0mm
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Fig. 3 P—h curves with changing ¢,
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Fig. 4 P—h curves with changing G,
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Fig. 5 P—h curves with changing Cj,
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Fig. 7 Flow chart of the estimation process of

hyperelastic material properties

Table 2 Relative errors in estimating hyperelastic

material properties

c Exact Estimated Relative

' values values errors(%)
e} 0.77 0.7773 0.95
Case 1 C, -0.14 -0.1387 0.93
Cy 0.32 0.3206 0.18
G 0.84 0.8383 0.20
Case 2 Gy -0.33 -0.3329 0.88
Cy 0.27 0.2751 1.88
e 1.14 1.1304 0.84
Case 3 Gy -0.53 -0.5407 2.02
Gy 0.58 0.5973 2.98
e 1.8 1.7771 1.27
Case 4 G, -0.8 -0.793 0.87
Cy 0.5 0.5032 0.64
(e 2.0 2.0166 0.83
Case 5 Cy -1.0 -0.9872 1.28
Cy 0.4 0.3990 0.25
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