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Polymers are classified into two broad categories, based on their behavior when 

exposed to high and low temperature, thermoset and thermoplastic. Thermoplastic 

polymers are manufactured in a two-step procedure. In the first step they are exposed to 

high temperature and they become soft and formable. The polymer melt are shaped in 

this softened state by pouring them into molds. When cooled below their melting point 

they rapidly again become rigid and form the shape of the mold. This type of polymers 

can be recycled easily and formed into new products over and again. The changes seen 

in the thermoplastic material are purely physical and, with the reapplication of heat fully 

reversible. 

As the name suggests, thermoset is a material that cures or hardens (sets) into a given 

shape, generally through the application of heat. Curing also known as vulcanizing is an 

irreversible chemical reaction in which permanent connections known as cross-links are 

made between the material’s molecular chains. These intra-molecular cross-links give 

the cured thermoset polymer a three-dimensional structure, as well as a higher degree 

of rigidity. Curing changes the material forever. Thermoset polymers outperform other 

materials in a number of areas, including mechanical properties, chemical resistance, 

thermal stability, and overall durability. 

Synthetically manufactured elastomers have been developed seeking characteristics like 

high and low temperature durability, higher fracture toughness and longer fatigue life. 

Synthetic elastomers as SBR, Polybutadiene rubber, Isoprene, Neoprene, EPDM etc 

have been developed over a period of time to extract the best engineering properties 

from thermoset polymers.

Introduction
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The application of computational mechanics analysis techniques to elastomers presents 

unique challenges in modeling the following characteristics: 

1)  The load-deflection behavior of an elastomer is markedly non-linear. 

2) The recoverable strains can be as high 400 % making it imperative to use the large 

deflection theory. 

3) The stress-strain characteristics are highly dependent on temperature and rate effects 

are pronounced. 

4) Elastomers are nearly incompressible. 

5) Viscoelastic effects are significant. 

The ability to model the special elastomer characteristics requires the use of 

sophisticated material models and non-linear Finite element analysis tools that are 

different in scope and theory than those used for metal analysis. Elastomers also call for 

superior analysis methodologies as elastomers are generally located in a system 

comprising of metal-elastomer parts giving rise to contact-impact and complex boundary 

conditions. 

The presence of these conditions require a judicious use of the available element 

technology and solution techniques. The inability to apply a failure theory as applicable 

to metals increases the complexities regarding the failure and life prediction of an 

elastomer part. The advanced material models available today define the material as 

hyperelastic and fully isotropic. The strain energy density (W) function is used to 

describe the material behavior.

Computational Mechanics in 
the design and development  
of polymeric components
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Most commercial FEA software packages use a curve-fitting procedure to generate the 

material constants for the selected material model. The input to the curve-fitting 

procedure is the stress-strain or stress-stretch data from the following physical tests: 

1) Uniaxial tension test 

2) Uniaxial compression test 

3) Planar shear test 

4) Equibiaxial tension test 

5) Volumetric compression test 

A minimum of one test data is necessary, however greater the amount of test data, 

better the quality of the material constants and the resulting simulation. Testing should 

be carried out for the deformation modes the elastomer part may experience during its 

service life. 

The material can also be aged in a liquid or at elevated temperatures 

before testing and thus service conditions can be incorporated to generate the material 

constants and subsequent FE analysis. 

Material Characterization, FEA 
Support Testing at AdvanSES
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The stress-strain data from the FEA support tests is used in generating the material 

constants using a curve-fitting procedure. The constants are obtained by comparing the 

stress-strain results obtained from the material model to the stress-strain data from 

experimental tests. Iterative procedure using least-squares fit method is used to obtain 

the constants, which reduces the relative error between the predicted and experimental 

values. 

The linear least squares fit method is used for material models that are linear in their 

coefficients e.g Neo-Hookean, Mooney-Rivlin, Yeoh etc. For material models that are 

nonlinear in the coefficient relations e.g. Ogden etc, a nonlinear least squares method is 

used. 

The goal of a regression analysis is to fit a model to the stress-stretch data. Figure(1) 

below shows the results from the regression analysis using least squares procedure for 

the Mooney- Rivlin constants. 

Curve-fitting the Material 
Constants.
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In the FEA of elastomeric components it is necessary to carry out checks and verification 

steps through out the analysis. The verification of the material model and geometry can 

be 

carried out in three steps, 

1) Initially a single element test can be carried out to study the suitability of the chosen 

material model. 

2) FE analysis of a tension or compression support test can be carried out to study the 

material characteristics. 

3) Based upon the feedback from the first two steps, a verification of the FEA model can 

be carried out by applying the main deformation mode on the actual component on 

a material testing system and verifying the results computationally. 

Verifications and Validations
of FEA Solutions
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AdvanSES Background and Services 
Profile

AdvanSES is an engineering services company specializing in mechanical and 

materials characterization testing, fatigue testing, Finite Element Analysis FEA 

consulting services, and prototype development. AdvanSES is your one-stop 

for complete design-analysis, materials and product testing and proto 

development. Founded in 2002, We are now in 15th year of business and 

continue to grow. 

Our products & services are supplied within a robust framework of ISO 

9001:2015 approved quality management system.

REGD. OFFICE: 212, Shukan Mall, Sabarmati-Gandhinagar Highway, Motera, Sabarmati, 

Ahmedabad 380005, India. 

WORKSHOP/LABORATORY: Plot No. 49, Mother Industrial Park, Zak-Kadadara Road, Kadadara, 

Taluka: Dehgam, District: Gandhinagar, Gujarat 382305, India. 

Phone: +91-9624447567  |  http://www.advanses.com  |  info@advanses.com
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