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THE DETERMINATION OF MATERIAL PARAMETERS OF SILICONE MED 4550
FOR FEM SIMULATION

DETERMINACE MATERIALOVYCH PARAMETRU SILIKONU MED 4550 PRO
MKP SIMULACE

Zden&k Horak ', Jana Koukalova , Petr Tichy

The Laboratory of Human Biomechanics, CTU in Prague is engaged in development of spinal replacement,
among others on the basis of silicone. The design of the new type of spinal replacement assumes the restoration
of the physiological properties in spine segment especially its normal mobility. One of the methods to predicate
the functional properties of these replacements is a computer simulation using Finite Element Method. The
necessary condition for relevant simulation of polymer material is the determination of their material properties
that are not readily available. From that reason was necessary to perform the experimental measurement of the
silicone material characteristics. On basis of the measured characteristics it was possible to determine the
material parameters for several description of the material that are implemented in the environment of Finite
Element Method solver.
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Uvod

Pracovisté laboratofe biomechaniky pii CVUT v Praze se zabyvéa vyvojem spinalnich nahrad,
mimo jiné na bazi silikonu MED 4550. Jednou z metod predikce funkénich vlastnosti téchto
nahrad je simulace pomoci MKP. Nutnou podminkou pro relevantni simulaci polymernich
materidli je urceni jejich materidlovych vlastnosti, které nejsou bézné dostupné. Z tohoto
divodu bylo nutno provést experimentalni meéteni charakteristik silikonu MED 4550.
Na zakladé namétenych charakteristik bylo mozno urcit materidlové parametry pro pirislusné
popisy materialu, které jsou implementovany v prostfedi MKP feSice.

Metody

Experimentalni métfeni charakteristik silikonu MED 4550 bylo provedeno podle normy
CSN ISO 37 - Pryz z vulkanizovanych nebo termoplastickych kau¢ukt. Stanoveni tahovych
vlastnosti a ISO 7743:2004 Rubber, vulcanized or thermoplastic. Determination of
compression stress-strain properties.
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Ve vypocetnim programu ABAQUS se pro elastomerni materidly pouziva materialovy model
hyperelastického materidlu. K vyjadieni potencidlu deformacni energie je k dispozici nékolik
modelt — polynomicky (v€etné specidlnich piipadd naptiklad redukovany polynomicky, Neo-
Hook, Mooney-Rivlin a Yeoh), Ogden, Arruda-Boyce, Van der Waals a Marlow. Na zaklad¢
naméfenych experimentalnich dat z jednoosych tahovych a tlakovych zkouSek byla provedena
ovérovaci analyza vhodnosti pouziti jednotlivych modelt.
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Zaveér
Byl vybran materidlovy model Arruda-Boyce, ktery nejlépe odpovida experimentalnim datlim.
Tvar potencialu deformacni energie pro model Arruda-Boyce je
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kde U je potencial deformaéni energie;J,, je elasticky objemovy koeficient; 7, je prvni invariant;

a WA,C; a D jsou materidlové konstanty.
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