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' 1 The curves of stress versus strain of styrene-based shape
memory polymer

Table 1 Elastic moduli and yield-limits of styrene-based shape memory

polymer with various temperatures

Temperature ( °C) Elastic modulus (MPa)  Yiled-limit (MPa)

25 1.17 21.80
30 0.94 17.82
40 0.52 11.35
50 0.20 2.80
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' 2 Finite element method model of styrene-based shape memory

polymer

Table 2 Material constants for numerical simulations

Temperature ~ E (MPa) 2 (GPas) 2 (s) a (1/°C)
< T,(30°C) 940 108 284
= Tg(40°C) 520 9.50 52 11.6x 1073
= T7,(50C) 200 1.75 1
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Fig. 3 Curves of stress versus strain by ABAQUS
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Fig. 4 Curves of stress versus temperature by ABAQUS
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Fig. 5 Curves of strain versus temperature by ABAQUS
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FINITE ELEMENT ANALYSIS ON THERMO-MECHANICAL BEHAVIOR
OF STYRENE-BASED SHAPE MEMORY POLYMERS

ZHOU Bo"?, LIU Yanju’, LENG Jinsong’
(" College of Aerospace and Civil Engineering> Harbin Engineering University> Harbin —150001)
(% Center for Composite Materials and Structures, Harbin Institute of Technology> Harbin 150080
(® Department of Aerospace Science and Mechanics» Harbin Institute of Technology> Harbin —150001)

Abstract Tensile tests at various temperatures are conducted to detect the relationship of material strain and stress
of the styrene-based shape memory polymers (SMP) . The material elastic modulus and yielding limit stresses at the
temperatures of 25°C, 30°C> 40°C and 50°C are determined according to the results of tensile tests. In order to
describe the glass transition behavior of the styrene-based SMP; a new material parameter function is supposed based
on the results of the tensile tests. The styrene-based SMP is assumed as an isotropic material, then a three-
dimensional thermo-mechanical constitutive equation of SMP is developed based on Tobushi’ s one-dimensional
thermo-mechanical constitutive equation. In order to perform finite element analysis on SMP by using ABAQUS:; a
UMAT subroutine for ABAQUS is programmed with Fortran codes based on the three-dimensional constitutive
equation and the new material parameter function. The shape memory thermo-mechanical process of styrene-based
SMP is numerically simulated by ABAQUS coupled with the UMAT subroutine; which includes deformation at a high
temperature upon loading, shape fixity due to cooling and shape recovery through heating. Numerical results show that
the thermo-mechanical behavior of SMP can be well simulated by ABAQUS coupled with the UMAT subroutine .
Keywords Shape memory polymers ABAQUS, Shape fixity, Shape recovery> UMAT subroutine





