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Dynamical response of spherical thin shell composed
of incompressible hyperelastic material of Rivlin type

ZHAO Zhentao', YUAN Xuegang '*, ZHANG Hongwu', ZHAO Wei*, ZHANG Wenzheng’

( 1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology
Dalian 116024, China;

2. School of Science, Dalian Nationalities University, Dalian 116600, China )

Abstract: Based on the theory of nonlinear elastodynamics, the dynamical response is investigated for
a spherical thin shell composed of an incompressible hyperelastic material under a suddenly applied
constant load. The constitutive relation, i. e. , a class of the Rivlin models with polynomial forms, is
used to establish the mathematical model of the corresponding problem. A second-order nonlinear
ordinary differential equation describing the radially symmetric motion of the spherical thin shell is
obtained. Significantly, the effects of material parameters and higher order terms in the strain energy
function on the number of equilibrium points are discussed by qualitatively analyzing the differential
equation. For the given structure and material parameters, interestingly, it is shown that there exist
critical loads, the phase diagrams may be the asymmetric homoclinic orbits of the “o¢” type or the
“co” type, the jumping phenomena of the period and the amplitude may occur, in certain cases, the
structure may be destroyed. It should be qualitatively pointed out that when the degrees of the two
invariants in the strain energy function exceed certain values, the new dynamic responses of thin shell

will no longer appear.

Key words: incompressible material model of the Rivlin type; spherical thin shell; dynamical

response; jump of amplitude



