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Numerical Analysis of Thermo-Mechanical Coupling in Shape Memory
Alloys

S. Hashemi and S. Mohammadi
High Performance Computing Laboratory, School of Civil Engineering, Tehran University

Abstract: The phase transformation phenomenon due to the crystallographic change of shape memory alloys subjected to
mechanical or thermal loading is very complicated. Regarding the thermo-mechanical coupling effects in shape memory alloys,
in case of high loading rates, heat generation/absorption during the forward/reverse transformation, will lead in temperature-
dependent variation and consequently affects its mechanical behavior. In this paper, a numerical algorithm based on the finite
element method is proposed to investigate complex mechanical, thermal, and coupled behavior of shape memory alloys, including
both exclusive behaviours of these alloys, that are superelasticity and shape memory effect. Several key examples are simulated
and discussed to assess the efficiency and accuracy of proposed algorithm.

Keywords: Shape memory alloys, superelasticity, thermo-mechanical coupling.
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smart materials 11. pseudoelasticity 21. adiabatic
shape memory alloy 12. forward phase transformation 22. isothermal
austenite 13. reverse phase transformation 23. quasi-static testing
martensite 14. martensite start temperature 24. internal variable
martensitic phase transformation 15. martensite finish temperature 25. nucleation

variant
twinned Martensite
detwinned Martensite

16. austenite start temperature
17. austenite finish temperature
18. transformation strain

26.
27.

interface motion
twin growth

19. convective
20. conductive

shape memory effect
0. superelasticity
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