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Table 1 Estimation of material constants
a K T m

0.99 2.8 0.0192 75.5
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THERMOMECHANICAL CONSTITUTIVE EQUATIONS OF
SHAPE MEMORY POLYMERS

LI Zhengfa WANG Zhengdao XIONG Zhiyuan CHANG Ruoni
Institute of Mechanics ~ School of Civil Engineering  Beijing Jiao-Tong University — Beijing 100044

Abstract Since the shape memory and recovery characteristics of shape memory polymers SMPs are realized by a
certain thermalmechanical cycling process the thermomechanical constitutive equations are critical for predicting the
deformation and recovery of this class of materials at different constraint conditions. In this study a new physical-
based temperature and time-dependent constitutive model was proposed. The crystallization theory was used for
reference to describe the frozen fraction of SMPs and the frozen retardant time at the cooling/heating cycle was
considered in the constitutive equations. In order to consider both matrix/reinforcement and reinforcement/
reinforcement actions during the shape changing process Mori-Tanaka approach was used to predict the effective
elastic modulus. Moreover the thermal- and mechanical-frozen fractions as a function of the temperature were
compared . The mechanical strain determines the shape storage characteristics of SMPs and will be frozen mostly at

the temperature to be lower than the shape changing temperatures T of SMPs. The thermal strain however

tran
mainly determines the instant recovery stress of SMPs during the shape recovery stage and the part accumulated at T

<T

wn Can hardly be frozen. Hence the values of the mechanical and thermal frozen fractions at the same
temperature are different. Finally the stress responses at different strain conditions during the cooling process were
predicted by the new model and the results exhibited to be much agreeable with the testing values.

Keywords Shape memory polymer Thermomechanics Constitutive equation





