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A Study on the Convergency of the Finite Element Analysis
of Rubber Using Numerical Differentiation Method
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ABSTRACT

A finite element procedure for the analysis of rubber-like hyperelastic material is developed.
The volumetric incompressibility condition of the rubber deformation is included in the
formulation by using penalty method. In this paper, the behavior of the rubber deformation is
represented by hyperelastic constitutive relations based on a generalized Mooney-Rivlin model.
The principle of virtual work is used to derive nonlinear finite element equation for the large
displacement problem and presented in total-Lagrangian description.

The finite element procedure using analytic differentiation resulted in very close solution to
the result of the well known commercial packages NISAII and ABAQUS. Numerical tests
show that the results from the numerical differentiation method coincide very well with those
from the analytic method and the well known comumercial packages in static analysis. The
convergency of rubber using » iteration method is also discussed.
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Table 1 Comparison of displacements for single element model( Jz = 1.E-04 ) Z2( mm )
Z 5 v 8 & & v & NISATT | ABAQUS | =A9% | error( % )
2 AT 0.490 56.2268 - 56.2267 0.00018
2 A= 0.490 - 56.2270 - 56.2267 0.00053
2 A 0.499 - b6.21 56.21 0.0
5 Al 0.499 - 46.60 46.60 0.0
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Table 2 Comparison of displacements for four elements model( Peeken ) w9 mm )
o = peeken( 4X/X0 ) FRWE( 4X/X0 )
2 error( % )
(N/mm®) | deflection strain deflection strain
15 2400.84 1.20042 2400.84 1.20042 0.0
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Table 3 Comparison of displacements T( mm )
Mooney Deflection
-Rivlin error(%)
A 2 | NISAIl | 3724
2 A+ 3.61544 32.61600 0.0030
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Table 4 Analysis of convergence.

Mooney-Rivlin Al v v iteration 71 w|A& |y iteration 7|HE o] &
2 A 0.49000 T % T+ 3
2 AT 0.49500 T B Sl
2 Al 0.49500 T # T 7
2 AT 0.49990 EI T =
2 A 0.49995 A 5 ¥
2 AT 0.49999 Iy T 3
Table 5 Test of convergence and dilatations using v iteration method( e = 1.E-07 ) S mm )
Mooney-Rivlin| Deflection pan | AL <00
A s )2 = w2 222 m 2 e (%)
2A T 0.49000 9.68506 9.68506 T3 0.63
2A 5 0.49500 0.68479 9.68479 k- 0.31
2A T 0.49900 9.68456 9.68456 T 0.063
2A 5 0.49550 0.68452 9.68452 T 0.031
2415 0.49990 9.68449 9.68449 TH 0.0061
2A 5 0.49995 9.68448 9.68448 T4 0.0030
2A 5+ 0.45999 9.66443 9.68448 T 0.00047
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