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Crystal Plasticity Based on Finite Element Model for Cyclic Deformation of
NiTi Shape Memory Alloys

LU Chenzhao, ZHOU Ting, YU Chao, KANG Guozheng

(School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Nickel-titanium shape memory alloys ( NiTi SMAs) exhibit unique superelasticity, shape memory effect and
good biocompatibility, so they are widely used in aerospace and other engineering fields. In practical applications, the
devices made by NiTi SMAs are inevitably subjected to cyclic loadings. It is urgent to establish a finite element model
accounting for the functional degeneration and microstructure information to evaluate the reliability of device in service. To
this end, an existing crystal plasticity based constitutive model is implemented into the Abaqus software by programing a user
material subroutine VUMAT. Then, a finite element model for the representative volume element (RVE) of the polycrystal-
line NiTi alloy is established, and the <111 > initial texture was considered. The effects of loading level and texture strength
on the cyclic stress-strain responses of NiTi alloy are discussed. The simulated results show that for a given texture intensity,
the superelasticity degeneration of NiTi alloy aggravates with the increase of loading level ; while, for a given loading level ,
the superelasticity degeneration reduce with the increase of texture intensity.
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