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Simple Tension
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Simple Tension

λ3=λ-1/2 λ1=λ

λ2=λ-1/2

10:1
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Classic Shape
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Material Models

■ Simple 
Models
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Hyperelastic Material 
Models are More Complex
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Pure Shear
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Biaxial Extension
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About Loadings
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Initial Loading
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Repeated Loading & Unloading
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Loading & Unloading 
to Varied Strain Levels
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Loading & Unloading 
to Varied Strain Levels



Axel Products, Inc.  www.axelproducts.com 734-994-8308

Loading Comparisons
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Stress Relaxation
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Loading Comparison
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What about Unloading?
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Rate of Loading
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Dynamic Vibrations



Axel Products, Inc.  www.axelproducts.com 734-994-8308

Dynamic Vibrations
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Dynamic Vibrations
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Testing at Non-ambient 
Temperatures
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Testing at Non-ambient 
Temperatures
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■ Analytical Material Models do not Describe 
All Loading Conditions

■ Must Use Application Specific Loadings

Summary



Axel Products, Inc.  www.axelproducts.com 734-994-8308

��������	�
���
��	�	�����
����

�������� ������������������
�������
�������������

��
�����������	���



Axel Products, Inc.  www.axelproducts.com 734-994-8308

www.axelproducts.com



Axel Products, Inc.  www.axelproducts.com 734-994-8308

■ References

■ [1] MSC.Marc Volume A Theory and User Information, Version K7.3, The
MSC.Software Corporation, Los Angeles, CA, 1998.

■ [2] Day, J. R.  and Miller, K.A.  “Equibiaxial Stretching of Elastomeric Sheets, 
An Analytical Verification of Experimental Technique” ABAQUS 2000 User’s 
Conference Proceedings, Newport, Rhode Island,  May 30-June 2, 2000.

■ [3] Miller, K., “Testing Elastomers for Hyperelastic Material Models in Finite 
Element Analysis”, Rubber Technology International, 1999, p.88.

■ [4] Ferry, J. D.,  Viscoelastic Properties of Polymers, 3rth ed. Wiley, 1980.
■ [5] Morman, K. N. Jr., B.G. Kao and Nagtegaal, J. C., “ Finite Element Analysis 

of Viscoelastic Elastomeric Structures Vibrating about Non-Linear Statically 
Stressed Configurations”, SAE Paper 811309, 1981.

■ [6] Payne, A. R.  and Kraus, G., Reinforcement of Elastomers,(Interscience
Publishers, New York, 1965.

■ [7] Miller, K., “Measuring the Dynamic Properties of Elastomers for Analysis”, 
Axel Products Testing and Analysis Report, 
http://www.axelproducts.com/pages/Downloads.html, Ann Arbor, MI, 2000.


