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Mechanical Testing and Nonlinear Material Properties for
Finite Element Analysis of Rubber Components

Wan-doo Kim, Wan-soo Kim, Dong-jin Kim, Chang-soo Woo and Hak-joo Lee

Finite Element Analysis(f-2F2.423]4]), Rubber Mount(il5 v} E)

Abstract

Mechanical testing methods to determine the material constants for large deformation nonlinear finite
element analysis were demonstrated for natural rubber. Uniaxial tension, uniaxial compression,
equi-biaxial tension and pure shear tests of rubber specimens are performed to achieve the stress-strain
curves. The stress-strain curves are obtained after between 5 and 10 cycles to consider the Mullins
effect. Mooney and Ogden strain-energy density functions, which are typical form of the hyperelastic
material, are determined and compared with each other. The material constants using only uniaxial
tension data are about 20% higher than those obtained by any other test data set. The experimental
equations of shear elastic modulus on the hardness and maximum strain are presented using multiple
regression method. Large deformation finite element analysis of automotive transmission mount using
different material constants is performed and the load-displacement curves are compared with
experiments. The selection of material constant in large deformation finite element analysis depend on
the strain level of component in service.
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Fig. 1 Schematic of deformation modes: (a) uniaxial

tension, (b) uniaxial compression and equi-
biaxial tension, (c) pure shear or planar tension
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Table 1 Compound recipes investigated

Compound A B C
Ingredient (phr) (phr) (phr)
NRY 100 100 100
SRF(N762) 20 18 15
FEF(N550) 40 27 22
Stearic Acid 1.0 1.0 1.0
Zn0O 5.0 5.0 5.0
Sulfur 1.8 1.8 1.8

? Standard Malaysian Rubber (SMR CV-60)
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Fig. 2 Specimens for (8) uniaxial teusion, (b)
uniaxial compression, (cj pure shear and
(d) equi-biaxial tension test

Table 2 Physical properties of NR compounds

C

. ompound A B c

Properties
Hardness (IRHD) 67.6 | 61.0 5235

Tensile modulus at

50% (MPa) 162 | 120 | 096
100% (MPa) 324 | 230 | 168
200% (MPa) 799 | 588 | 4.12
300% (MPa) 13.20 | 1040 | 7.85

Tensile strength (MPa) | 20.3 23.2 243
Elongation at break (%){ 452 535 584
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Fig. 3 Various mechanical tests:
tension, (b) uniaxial compression, (c) pure
shear and (d) equi-biaxial tension test
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Fig. 4 Experimental stress-strain curves for compound
A: (a) uniaxial tension. (b) uniial compression,
(c) equi-biaxial tension and (d) pure shear tests
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Fig. 5 Stable stress-strain

curves for compound A: (a)

uniaxial tension. (b) uniaxial compression, (c)

equi-biaxial tension and (d) pure shear tests
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Table 3 Comparison of material coefficients with
deformation modes: Mooney model at
50% strain level

Combination off Cio Col G
deformation mode (MPa) MPa) MPa)
™ 0.03 0.76 1.58

c” 0.70 0.0 1.40

BY 0.66 0.0 1.32

T+ B 0.65 0.0 1.30

T+ pY 0.37 0.30 1.34
T+C 0.57 0.11 1.36
T+B+P 0.65 0.0 1.30

*T : Uniaxial tension data

®C : Uniaxial compression data
B : Equi-biaxial tension data
9 . Pure shear data
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Table 4 Comparison of material coefficients with
deformation modes: Ogden model at 50%
strain level

moduli |exponents
Combination of (¢) (a) G
deformation mode

(MPa) - (MPa)
143 0.65

™ 1.03 0.73 1.47
1.83 0.69
0.0 1.65

c” 0.82 2.51 1.41
0.30 2.52
0.01 3.29

BY 0.87 3.04 1.34
0.0 1.26
3.89 0.0

T+B 1.34 1.96 1.31
0.0 0.52
8.67 0.18

T + PY 2.96 0.18 1.41
4.10 0.18
1.60 0.73

T+ C 0.78 0.73 1.41
1.48 0.73
0.0 1.22

T+B+P 0.56 1.85 1.31
0.84 1.88

T : Uniaxial tension data

®)C ; Uniaxial compression data
“B : Equi-biaxial tension data
9 . Pure shear data

Table 5§ Comparison of material coefficients with
different strain range: Mooney model

Strain range during| Cio Co G
loading - unloading (MPa) (MPa) (MPa)
FTS 0.84 0.0 1.68
0-25% 0.75 0.0 1.50
0-50 % 0.65 0.0 1.30

0 - 100 % 0.48 0.08 1.12

OFTS : First time stretching

A, B, C AALE=2] AREA ANEHAE o] &
3lo] Mooney 2% AMEANFE A%od, A (D
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Table 6 Comparison of material coefficients with

different strain range: Ogden model

moduli |exponents
Strain range during () (a) G
loading - unloading
(MPa) - (MPa)
0.0 1.51
FTSY 0.0 2.13 1.69
1.14 2.97
0.0 1.51
0-25% 0.56 2.63 1.51
0.58 2.67
0.0 1.22
0-50% 0.56 1.85 1.31
0.84 1.88
0.00 1.63
0- 100 % 0.18 2.66 1.19
1.75 1.09

JFTS : First time stretching

—e—FTS
—&— max. strain : 50%
—w— max. strain : 100%
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