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Case Study #2: Advancing the Modeling of Hyperelastic and Viscoelastic Materials 

Summary

To determine what the stress and strain limits are for 
elastomers, MindMesh Inc. performed several calibration 
tests for hyperelastic material models. This analysis was very 
crucial in calibrating rubber material which is used daily in 
multiple industries and by consumers worldwide. There were 
several types of tests used during this analysis. The tests 
include simple tension strain (Fig. 1), simple compression 
strain, equal biaxial strain (Fig. 2), pure shear strain (Fig. 3), 
and volumetric compression. With this we were able to 
understand how the material deforms, evaluate and calibrate 
material properties and utilize them for nonlinear FEA 
analysis (Fig. 4 and 5). Understanding material properties 
allows us to interpret the deformation and modes of failure 
for parts or components developed with rubber-like 
materials. There is a lot of research in this realm, however it 
is not yet mainstream and therefore the results need to be 
interpreted from an engineering perspective especially for 
damage and failure. 

Challenges: 
• Accurately model

deformation states of
hyperelastic and
viscoelastic materials

• Calibrate hyperelastic and
viscoelastic materials for
modeling applications

Results: 

• Developed calibration tests
for hyperelastic and
viscoelastic materials

• Validated material models
under constant states of
stress and     strain

Fig. 1: Tension Experiment  Fig. 2: Biaxial Extension Experiment  Fig. 3: Pure Shear Experiment  

 (Top images courtesy of Axel Products, Inc.) 



 Fig. 5: Our results (Biaxial)     Fig. 4: Our results(Tension) 

How Did We Help? 

Hyper elasticity is an unstable material that is dependent on multiple factors to determine its behavior in any given 
situation. There are several tests that are typically done to calibrate elastomer and elastomer-like materials that we 
performed. Of those tests, the primary tests were tensile, where a dog bone coupon was stretched along the tensile 
direction and we looked for limit of stress, strain, and failure; a planar test performed where a long wide sample was held 
in grips so there was only axial deformation, and a sheer test, when a block of rubber was put on a sheer so we 
understood the sheer deformation of the material (Fig. 6). To determine the bulk modulus of the rubber or the 
compressibility of rubber-like material, there were also confined compressor stress tests performed.  

For product life cycle predictions, especially under several loading cycles or under constant state of stress or strain, a 
more detailed material testing needs to be undertaken. Visco-elastic material models will be required. A detailed test 
procedure for visco-elastic material under constant stress was tested 
(Fig. 7 and 8). The calibration methods for visco-elastic material was also developed and the results of the test were 
successfully replicated for a given state of stress. Based on the test data, material calibrations were performed for 
different material models. To ensure data fitting for material models perform well, like Mooney-Rivlin, Ogden, etc. a series 
of FEA analysis that represent the physical tests like tensile, equi-biaxial, etc. were performed. Modes of deformation for 
product operating conditions under state of stress and strain were evaluated. The material model that best fit the 
products state of strain and matched the physical test data was then utilized for product design evaluations.

About the Client(s) 

This material property calibration methods was 
developed and addressed for several clients. As 
previously stated, hyperelastic material is used in 
nearly every industry and by multiple customers. 
The client base is very broad. From oil and gas 
service providers to automotive suppliers and 
consumers, hyper elasticity calibration is a 
necessity in a multitude of ways.  

Challenge

The purpose of calibrating hyperelastic material was to 
gain knowledge and interpret the data gathered in 
several different states of stress and strain. Additional 
testing would be performed when temperature and 
time are considered as major factors. The challenge 
therefore, was to not only accurately model these 
multiple states of hyperelastic material, but to 
calibrate and interpret the data effectively so it can be 
used for further FEA analysis. To reduce testing efforts 
and improve overall interpretation, a comprehensive 
scope of testing hyper elasticity was proposed.  
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 Fig. 7: Visco-elastic test under constant load 

     Fig. 6: Material model data fitting 

 Fig. 8: Stress relaxation under constant load

 We performed material calibration tests by fitting tested material properties under different modes of 
deformation for a set a material models

 We ensured that the material fitting were accurate and stable for a given operating state of strain and stress
 We validated the material models by conducting virtual testing thru FEA analysis under the same modes of 

deformation as physical tests
 We validated material behavior when they were subjected to prolonged constant state of stress or strain 

Value to Client(s): 

 Well validated material models for hyperelastic materials

 We ensured that the material will work consistently for product application studies (Fig. 9, 10, and 11)

 We provided more reliability for hyper elastic materials

 We helped clients develop material database

 Fig. 9: Rotating Control Device Seal Fig. 11: Section of car door seal   Fig. 10: Section of Inflatable packer 

Results: 

By performing this material model testing and calibration and evaluating the limit of stress and strain 
failure, this is what was achieved:  




