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A finite element analysis for shape memory polymer Timoshenko beams
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, employing a thermomechanical constitutive model for shape memory polymers (SMP), a
Received 27 June 2017 beam element made of SMPs is presented based on the kinematic assumptions of Timoshenko beam
Accepted 24 July 2017

theory. Considering the low stiffness of SMPs, the necessity for developing a Timoshenko beam
element becomes more prominent. This is due to the fact that relatively thicker beams are required in
Keywords: the design prqce(_iure of smart structures. Furphermqre, in the design and optimizatiqn process of these
Shape memary polymer structures which involves a large number of simulations, we cannot rely only on the time consuming 3D
Timoshenko beam finite element (FE) analyses. In order to properly validate the developed formulations, the numeric
Finite element method results of the present work are compared with those of 3D finite element results of the same authors,
previously available in the literature. The parametric study on the material parameters, e.g., hard
segment volume fraction, viscosity coefficient of different phases, and the external force applied on the
structure (during the recovery stage) is conducted on the thermomechanical response of a short I-shape
SMP beam. For instance, the maximum beam deflection error in one of the studied examples for the
Euler-Bernoulli beam theory is 7.3%, while for the Timoshenko beam theory, is 1.5% with respect to
the 3D FE solution. It is noted that for thicker or shorter beams, the error of the Euler-Bernoulli beam
theory increases even more. The proposed beam element in this work, could be a fast and reliable tool
for modeling 3D computationally expensive simulations.
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Fig. 1 The schematics of the Timoshenko beam element together with
the defined degrees of freedom
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Fig. 3 The beam cross section geometry as well as the mesh used in
FE analysis
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