
INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING   Vol. 13, No. 5, pp. 759-764 MAY 2012  /  759 
DOI: 10.1007/s12541-012-0099-y  

 

1. Introduction  
 

When load is applied and then removed, general materials show 
elastic behavior returning to its original state within the range where 
the relationship between load and deformation is linear. However, 
rubber-like materials show hyperelastic characteristics representing 
elastic behavior in the range of large deformation showing 
nonlinear relationship between load and deformation.1 In general, 
the behavior of rubber-like materials can be represented as a strain 
energy density function. Thus, many attempts have been made to 
reproduce theoretically the stress-strain curves obtained from 
experiments on the deformation of highly elastic rubber-like 
materials. However, since the deformations, which rubber-like 
materials undergo, are too large and the aspect of behavior shows a 
significant difference depending on the materials, it is difficult to 
decide a stress energy density function which adequately represents 
the stress-strain relation from experiments.2 

Accordingly, the researches related to accurate behavior’s 
prediction of hyperelastic materials have been actively performed 

these days. As one of similar research cases, there is a research 
performed by Jang et al. which dealt with finite element analysis of 
weatherstrip made of EMPM and TPE.3 Jang et al. carried out 
Uniaxial and Biaxial tension tests to obtain the material constants 
and stress-strain curves and the results demonstrated that Finite 
element method can be used to predict the behavior of TPE and 
EPDM components in weatherstripping. 

In this research, chloroprene rubber is used for hyperelastic 
material modeling. Chloroprene rubber, also widely known as 
Neoprene, is one of the first oil resistant synthetic rubbers. It can be 
considered as a good general purpose rubber with an excellent 
balance of physical and chemical properties. In addition, it has 
better chemical, oil, ozone, and heat resistance than natural rubber. 
Chloroprene rubber is widely used because of its wide range of 
useful properties and reasonable price. Typical applications include 
belting, coated fabrics, calve jackets, seals, and gaiters. 

In this research, chloroprene rubber’s finite element analysis 
results using ABAQUS of each hyperelastic model were compared 
and analyzed with the experiments data, and it was utilized to 
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understand the stress-strain relationship of hyperelastic materials. 

 
 

2. General Hyperelastic models 
 

2.1 Neo-Hookean model 
A Neo-Hookean model is a hyperelastic material model that can 

be used for predicting the stress-strain behavior of materials, and 
the model is similar to Hooke’s law.4 For general materials, the 
relationship between applied stress and strain is initially linear, but 
at a certain point the stress-strain curve changes to nonlinear. A Neo 
Hookean model is one of the simple models and the strain energy 
density function for an incompressible Neo-Hookean material is as 
follows: 

 11( 3)W C I= −  (1) 

where 1C  is a material constant, and 1I  is the first invariant of the 
left Cauchy-Green deformation tensor. 

The Neo-Hookean model is based on the statistical 
thermodynamics of cross-linked polymer chains and is possible to 
use for rubber-like materials for initial linear range. Cross-linked 
polymers act in a Neo-Hookean manner in the linear states. 
However, at a certain point, the polymer chains will be stretched to 
the maximum point that the covalent cross links will allow and this 
will cause a dramatic increase in the elastic modulus of the material. 
It is generally known that Neo-Hookean material model does not 
predict accurate phenomena at large strains. 

 
2.2 Mooney-Rivlin model 

A Mooney-Rivlin model, which was introduced by Melvin 
Mooney and Ronald Rivlin,5 is a hyperelastic material model, 
where the strain energy density function W is a linear combination 
of two invariants of the left Cauchy-Green deformation tensor B.6 
The strain energy density function for an incompressible Mooney-
Rivlin material is as follows: 

 1 21 2( 3) ( 3)W C I C I= − + −  (2) 

where 1C  and 2C  are empirically determined material constants, 
and 1I  and 2I  are the first and the second invariant of the 
deviatoric component of the left Cauchy-Green deformation tensor. 

It is confirmed that material constants of Mooney-Rivlin model 
are related to the linear elastic shear modulus G7 and G can be 
expressed as follows: 

 1 22( )G C C= +  (3) 

Mooney-Rivlin model allows a simple definition of the quasi-
static temperature dependency and suffices to define shear modulus 
G as a function of the temperature and is widely used for rubber-
like materials up to now. In spite of the known limitations to 
describe particular stress states, it is known that these models can be 
used for various structural components with local values of the 
strains up to about 200%.8 

 
2.3 Ogden model 

An Ogden model is a hyperelastic material model that can be 

used for predicting the nonlinear stress-strain behavior of materials 
such as rubber or polymer. Ogden model was introduced by Ogden 
in 1972, and the strain energy density function for an Ogden 
material is as follows:9 

 ( )1 2 3
1

3i i i
N

i

i i

W α α αμ
α λ λ λ

=

= + + −∑  (4) 

where ,jλ ( 1,2,3)j =  is the principal stretch ratio, and iμ  and iα  
are empirically determined material constants. 

Ogden model is the most widely used model up to now, and it 
has been frequently used for the analysis of rubber components like 
O-ring and seal. Ogden model is different from the other models 
(Neo-Hookean model, Mooney-Rivlin model) which are expressed 
by invariants. In addition, it has the advantages that the test data can 
be directly used, and it shows good agreement with the test data up 
to 700% of the tensile test results. 

In the analysis of the behavior of a rubber component, Ogden 
model, especially Ogden 3rd model, well describes the test data 
than Mooney-Rivlin model which is mentioned before. Since the 
stretch ratio’s exponents of Ogden model are composed of actual 
numbers. In contrast, the stretch ratio’s exponents of Mooney-
Rivlin model are composed of integer. Therefore, Ogden model has 
better flexibility in describing the curve than Mooney-Rivlin model. 

 
 

3. Material Testing Method 
 
To define the input requirements of hyperelastic material 

models, several experiments are required. Even though the 
experiments are carried out separately and the strain states are 
different, the result from all of the individual experiments is utilized 
as a set. It means that the specimens used for each of the 
experiments should be of the same material.  

There are several standards for the testing of elastomers in 
tension. However, the experimental requirements for analysis are 
somewhat different for the most standardized test methods. The 
appropriate experiments are not yet clearly defined by national or 
international standards organizations. In this research, to define 
and to satisfy input requirements of hyperelastic material, 
Uniaxial tension test, Biaxial tension test, and Planar shear test 
were carried out. 

 
3.1 Uniaxial tension test 

a. Deformation state: 

 2 0 1 3/ ,   1/L Lλ λ λ λ λ= = = =  (5) 

where jλ ( 1,2,3)j =  is the principal stretch ratio. Also, A and L, 
respectively, mean the cross-sectional area and length of a specimen. 

b. Stress state: 

 2 0 1 3/ ,   0P Aσ σ σ σ= = = =  (6) 

where P  is the load, and ,jσ ( 1,2,3)j =  is the axial stress. 
Uniaxial tension experiments are very common for elastomers. 

The most significant requirement is that the specimen should be 
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very long compared with the width and thickness in order to 
achieve a state of pure tensile strain. The objective is to create an 
experiment where there is no lateral constraint to specimen thinning. 
The results of this analysis show that the specimen needs to be at 
least 10 times longer than the width or thickness. Since the 
experiment is not intended to fail the specimen, there is no need to 
use a dumbbell shaped specimen that is commonly used to prevent 
specimen failure in the clamps. Also, there is not an absolute 
specimen size requirement. The equipment and specimen for 
Uniaxial tension test are shown in Fig. 1. 

 
3.2 Biaxial tension test 

a. Deformation state: 

 2
1 2 0 3/ ,   1/L Lλ λ λ λ λ= = = =  (7) 

where jλ ( 1,2,3)j =  is the principal stretch ratio. Also, L and t, 
respectively, mean the length and thickness of a specimen. 

b. Stress state: 

 1 2 3,   0σ σ σ σ= = =  (8) 

where ,jσ ( 1,2,3)j =  is the axial stress. 
The equal biaxial strain state may also be achieved by radial 

stretching a square sheet as shown in Fig. 2. The nominal 
equibiaxial stress contained inside the specimen calculated as: 

0/P Aσ =  where 0 0 ,A Wt=  and W  is the width and height of the 
specimen, P  is the average of the forces normal to the width and 
height of the specimen and 0t  is the original thickness.  

 
3.3 Planar shear test 

a. Deformation state: 

 1 2 0 31,   / ,   1/L Lλ λ λ λ λ= = = =  (9) 

where jλ ( 1,2,3)j =  is the principal stretch ratio. Also, L and t, 
respectively, mean the length and thickness of a specimen. 

 

 
Fig. 3 Planar shear test equipment and specimen 

 
b. Stress state: 

 1 2 30,   ,   0σ σ σ σ≠ = =  (10) 

where jσ ( 1,2,3)j =  is the axial stress. 
The experiment appears to be nothing more than a very wide 

tensile test. However, because the material is nearly incompressible, 
a state of planar shear exists in the specimen at a 45 degree angle to 
the stretching direction. The most significant aspect of the specimen 
is that the length of stretching is much shorter than that of that of 
width. The objective is to create an experiment where the specimen 
is perfectly constrained in the lateral direction such that all 
specimens thinning occur in the thickness direction. This requires 
that the specimen should be at least 10 times wider than the length 
in the stretching direction.10 Fig. 3 shows the equipment and 
specimen for Planar shear test. 

 
 

4. Results 
 
In this research, as mentioned before, three kinds of tests were 

carried out; Uniaxial tension test, Biaxial tension test, and Planar 
shear test. In addition, three models (Neo-Hookean model, 
Mooney-Rivlin model, Ogden model) were used for the numerical 
simulations with the commercial software (ABAQUS). That is to 
say, the results of Neo-Hookean model, Mooney-Rivlin model, and 
Ogden model using ABAQUS were compared with the 
experimental data. The comparisons are shown in the following 
figures and all figures show the experimental result and numerical 
simulations using four kinds of combinations (1. Uniaxial and 
Biaxial test, 2. Uniaxial and Planar test, 3. Biaxial and Planar test, 4. 
Uniaxial, Biaxial, and Planar test).  

 
4.1 Uniaxial tension test results 

Fig. 4 shows Uniaxial tension test results for Neo-Hookean 
model. 

As shown in Fig. 4, Biaxial and Planar test results and Uniaxial 
and Biaxial and Planar test results are matched to the experimental 
results in the below 100% strain range. These results can be used 
for pre-test results for Hyperelastic modeling. 

    
Fig. 1 Uniaxial tension test equipment and specimen 

 

Fig. 2 Biaxial tension test equipment and specimen 
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Fig. 4 Uniaxial tension test results for Neo-Hookean model 

 

 
Fig. 5 Uniaxial tension test results for Mooney-Rivlin model 

 

 
Fig. 6 Uniaxial tension test results for Ogden 3rd model 

 
Fig. 5 shows Uniaxial tension test results for Mooney-Rivlin 

model. 
As shown in Fig. 5, Mooney-Rivlin model cannot catch up the 

experimental test results.  
Lastly, Fig. 6 shows Uniaxial tension test results for Ogden 

3rd model. 

 
Fig. 7 Biaxial tension test results for Neo-Hookean model 

 

 
Fig. 8 Biaxial tension test results for Mooney-Rivlin model 

 
As shown in Fig. 6, Uniaxial and Planar test results are 

approximately matched up to the experimental results in the below 
200% strain range. And, Uniaxial and Biaxial tension test results are 
very good agreement with the experimental results in all the 
experimental test ranges. 

Therefore, Neo-Hookean model and Ogden model can be used 
for Uniaxial tension test in the specific strain ranges. 

 
4.2 Biaxial tension test results 

Fig. 7 shows Biaxial tension test results for Neo-Hookean 
model. 

It is shown that Neo-Hookean model is not adequate to Biaxial 
tension test. 

Fig. 8 shows Biaxial tension test results for Mooney-Rivlin 
model. 

As shown in Fig. 8, most combinations are acceptable within 
20% strain ranges and Uniaxial and Biaxial and Planar test results 
are possible to use within 40% strain ranges. It is shown that 
Mooney-Rivlin model is adequate to Biaxial tension test in the 
small deformation ranges with Uniaxial and Biaxial and Planar test 
results. 

Fig. 9 shows Biaxial tension test results for Ogden 3rd model and 
it is shown that Ogden model is not adequate to Biaxial tension test.  
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Fig. 9 Biaxial tension test results for Ogden 3rd model 

 

 
Fig. 10 Planar shear test results for Neo-Hookean model 

 
4.3 Planar Shear Test Results 

Fig. 10 shows Planar shear test results for Neo-Hookean model, 
and it is shown that Neo-Hookean model with Biaxial and Planar 
shear test results can be used for within 100% strain range. 

Fig. 11 shows Planar shear test results for Mooney-Rivlin 
model, and it is shown that Mooney-Rivlin model is not adequate to 
Planar shear test. 

Lastly, Fig. 12 shows Planar shear test results for Ogden 3rd 
model. 

As shown in Fig. 12, Uniaxial and Planar, Biaxial and Planar, 
Uniaxial and Biaxial and Planar test results are matched to the 
experimental results in all the experimental test ranges. These 
results show that Ogden model can be used for Planar shear test if 
Planar test results are included in the Combinations. 

 
 

5. Conclusions 
 
Although Mooney-Rivlin model and Neo-Hookean model are 

easy to handle for analysis, both models have limitations for large 
deformation of chloroprene rubber. To obtain specific results for 
large deformation in rubber-like materials, more advanced 

hyperelastic models are recommended. For Ogden 3rd model cases, 
it is shown that Ogden 3rd model can be used for Chloroprene 
rubber. It means that Ogden model can be applied to Numerical 
analysis in the general working deformation ranges. Hence, for 
Chloroprene rubber, Ogden 3rd model is recommended for analysis. 
Lastly, in spite of inadequacy for Mooney-Rivlin model and Neo-
Hookean model, these two models can be used for simple check in 
small strain ranges and pre-study for hyperelastic materials. 
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