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Effect of cold deformation on superelasticity and
microstructure of Ni-43.5Ti-0.5V shape memory alloy

LIU Guang-lei, SI Nai-chao, ZHAI Yu-jing

(School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The effects of cold deformation on the superelasticity and microstructure of Ni-43.5Ti-0.5V shape memory
alloys (SMA) were investigated by recovery rate test, tensile test and microstructure observation. The results indicate that
cold deformation has an evidence influence on the superelasticity of NiTiV SMA. With the increase of the deformation,
the superelasticity of the alloy increases first and then decreases. When the deformation is more than 15.4%, a large
number of dislocation appears, and the microstructures of martensite variants and deformation twins increase with their
compacted distribution, which can strengthen the parent phase, inhibit slip deformation and make the superelasticity of
the alloy improved significantly. When the deformation is more than 29.1%, the serious distortion of microstructure
makes the supersaturated high density dislocation generated, which promotes the microstructure to turn to the amorphous.
The superelasticity of the alloy begins to decrease. When deformation is in the range of 23%—25%, the best non-linear
superelasticity of the alloy can be obtained. In a word, non-linear superelasticity of the alloy cannot be obtained only
under the condition of cold deformation. In addition, the recovery rate test can improve the superelasticity of the alloy
and the variation of the stability of superelasticity was found.
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Fig. 1 Method of bending specimen and measuring bending

angle
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Table 1 Deformation and bending angle after one restoration

rate test of samples at different pressures

Sample Pressure/ Thickness after Deformation/ Bending

No. MPa  deformation/mm % angle/(°)
1 0 1.17 0 44.6
2 0.99 15.4 43.2
3 9 0.94 19.7 42.5
4 11 0.91 22.2 41.1
5 12 0.89 23.9 40.2
6 14 0.86 26.5 39.8
7 16 0.83 29.1 40.2
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Fig. 2 Effect of deformation on bending angle of NiTiV SMA

after one restoration rate test
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Table 2 Least number of restoration rate test after bending

angle decreasing 1°

Deformation/%  Bending angle/(°) Nur.nber of
restoration rate test

0 43.6 8
15.4 42.2 6
19.7 41.5 5
22.2 41.1 4
23.9 40.2 4
26.5 39.9 4
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Fig. 3  Stress—strain curves of NiTiV SMA at
different cold deformations: (a) 0%; (b) 15.4%;
(o) 19.7%; (d) 22.2%; (e) 23.9%; (f) 26.5%;
(2) 29.1%
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Fig. 5 Effect of deformation on microstructure of NiTiV SMA: (a) 0; (b) 19.7%; (c) 23.9%; (d) 29.1%
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Fig. 6 XRD patterns of two different alloys: (a) Typical

amorphous alloy; (b) TiNiV SMA with deformation of 29.1%
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