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Mechanical Properties of NiTi Shape Memory Alloy Processed
by Laser Shock Peening

Xia Weiguang Wu Xiangian Wei Yanpeng Huang Chenguang Wang Xi
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract An austenite NiTi shape memory alloy is processed by laser shock peening (LLSP), and the mechanical
properties is investigated. It is found that the thickness of shock affected layer is about 300 pm. The surface hardness
of the specimen is increased by approximately 10% after LSP. The strain of the specimen is extracted from the
images recorded in the tension by the digital image correlation technique in order to obtain the stress-strain curves.
The superelastic stress-strain curves of the fully LSP processed NiTi material show no change in phase transition
stress, the martensite yield stress decreases to about 100 MPa, and a loss of maximum transition strain about 13%
after LSP. The ultrahigh-strain-rate plastic deformation by LSP results in dense dislocation underneath the surface
which is responsible for the hardness increase and superelastic strain loss.

Key words laser technique; laser shock peening; shape memory alloy; digital image correlation; martensitic
transformation; superelasticity; plastic deformation
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Fig. 6 Microstructure of NiTi specimen surface after LSP. (a) Bright field TEM image showing dislocations at surface;

(b) higher magnification TEM image {from region A
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Fig. 7 Image of NiTi specimen recorded by a CCD camera. (a) NiTi specimen surface at beginning of tension;

(b) phase transformation from austenite to martensite of NiTi specimen
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Fig. 8 Stress-strain curves of NiTi specimen with DIC. (a) Strain-time curve; (b) stress-time curve;

(c) stress-strain curve
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Table 1  Characteristics of superelastic stress-strain

curve of LSP treated NiTi specimen

Laser power
density /(GW/cm?®)

Transition strain /% 4,90 4.64 4.37 4.28
Transition stress /MPa 256 260 253 256

0 3.4 3.8 4.4

Yield stress of

martensite /MPa 963 872 821 830
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Fig. 9 Stress-strain curves of NiTi tensile specimen

treated by various laser power densities
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