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ABSTRACT 

 
Superelastic NiTi wires (diameter 100 µm) were laser 

annealed with the aim to modify its surface and subsurface 

microstructure and improve thus its fatigue performance. 

The laser annealing was carried out keeping the wire 

prestrained at constant length ( ~ 5 %) in stress induced 

martensitic phase. The continuous laser scanning was 

performed at the speed of 300 mm/min along the length of 

the NiTi wire at longitudinal axis with a pulse frequency of 

500 Hz at interval time of 0.5 ms.  The laser scanning of the 

wire was performed twice with 180° rotation along the wire 

axis. When heating the constrained martensite, it undergoes 

reverse transformation coupled with plastic deformation 

[1]. As this is most pronounced at the hottest wire surface, 

the gradient of microstructure and hardness is expected to 

exist from the centre to the wire surface. 

 

The gradient of hardness on wire cross section was 

examined by a nanoindentation technique.  The hardness 

and Young’s modulus of the laser annealed sample were 

calculated from the load versus displacement curve that 

obtained by Berkovich indenter impacted at the individual 

locations on the wire cross section from the surface towards 

the centre.  

 

A gradient of hardness and Young’s modulus from the 

surface towards the center, which can be controlled by the 

parameters of laser heat treatment and applied prestrain. It 

is proposed that these gradients reflect compressive internal 

stresses introduced into the wire surface by the laser 

treatment. 
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INTRODUCTION 

Modification in the surface and sub-surface layers of NiTi 

wire is an emerging issue in the areas of shape memory 

alloys to improve durability and sustainability of the 

material in long prone of the life cycle. As a result, NiTi 

alloy will be considered as a material in bio medical 

industry as one of the stabilized material for long term 

solution. The aim is to introduce internal stresses in the 

subsurface to surface layers of the NiTi wire in the 

peripheral region of the sample. This action was performed 

by the laser annealed NiTi sample from the martensitic stage 

in the pre-stretch condition. As a result, localized heating of 

the NiTi wire results in shrinkage of material from 

elongated length towards original length.  

 Here the aim is to generate a functional gradient of 

hardness and young’s modulus in the surface and subsurface 

region of the sample cross section. The 1/4th area of the total 

cross section in the NiTi sample (Ød: 100 µm) is needed to 

be affected by laser annealed and internal stresses need to 

be created, maintain the core region unaffected. Annealed 

the sample without any structural changes, introducing 

voids and defects in the form of crack in the subsurface 

region. This softer region allows more flexibility in the life 

cycle. 

 

MATERIAL AND METHOD 

 
Superelastic NiTi wire was chosen with Ød: 100 µm that is 

suppled from FW metals co. limited.  The laser annealing 

was carried out keeping the wire prestrained at constant 

length ( ~ 5 %) in stress induced martensitic phase. The 

continuous laser scanning was performed at the speed of 

300 mm/min along the length of the NiTi wire at 

longitudinal axis with a pulse frequency of 500 Hz at 

interval time of 0.5 ms.  The laser scanning of the wire was 

performed twice in upper and lower surface with 180° 

rotation along the wire axis. 

 

EXPECTED OUTCOME 

Figure 1 depicts the stress-strain behaviour of the raw and 

laser annealed sample. The reduced the stress of 200 MPa 

and unrecovered strain of  r< 2 % is observed in laser 

annealed sample. The sample still shows super elastic 

behaviour in the property, however, the hysteresis area 

decreases significantly. To investigate the annealed 

response in a change in hardness and young’s modulus, 

nano indentation was performed on the surface of the cross 

section from edging point towards the core region (shown 

in Fig.1 b: SEM image of the NiTi wire cross section with 

nano indent points). In sight curve of load versus 

displacement shows the response of points of indent from 

the edge towards the centre. The gradient of changes in 

response is observed in the curves with an edge towards the 

centre. The table below shows the hardness and Young’s 

modulus of the inset indent points and their corresponding 

response. It has been observed that hardness at the edge 

point is softer and it increases towards the core region. At 

the centre of the NiTi wire, it matches well with the harness 

value of un annealed NiTi wire. However, the gradient 

region only limited to the 1/4th area of the cross section of 

the NiTi wire.  

 



 

 

Figure 1: (a) Stress-strain response in laser annealed 

sample (b) Nano indentation points on the cross section of 

the sample (c) load-displacement curve of laser annealed 

sample (d) raw sample. 
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194.3 5002.1 261.36 261.16 45.50 4.18 58.69 41.57 

185.4 5001.9 250.11 250.6 48.642 4.545 115.7 44.57 

179.8 5002.1 241.81 242.14 52.266 4.7995 116.3 48.05 

 

Table 1: Hardness and Young's modulus of a spot of the 

nano indentation spots from edge to the core ( related to 

the spot in Figure 1 (1,2,3). 

 

MECHANISM 

When heating the constrained martensite, it undergoes 

reverse transformation coupled with plastic deformation 

[1]. As this is most pronounced at the hottest wire surface, 

the gradient of microstructure and hardness is expected to 

exist from the centre to the wire surface. The temperature 

distribution will influence the gradient of hardness and 

Young's modulus from the point of annealed NiTi wire 

surface towards the centre region. The farthest region from 

the point of annealed influenced by lower temperature as a 

result negligible changes happen in the core region of the 

sample. 

 It is proposed that these gradients reflect 

compressive internal stresses introduced into the wire 

surface by the laser treatment. The laser annealed shows < 

2 % unrecovered strain in the sample that signifies some 

accumulation of plastic deformation in the sample [ Sittner, 

2018 and Plich, 2010]. This plastic deformation induces in 

the elongation of the length of the NiTi wire after laser 

annealed. In the subsequent fatigue tests, such modified 

NiTi surface will undergo stress induced martensitic 

transformation alongside with the bulk at lower tensile 

stresses as desired.  Indentation depths are strongly affected 

by specimen roughness, and thus, the accuracy of 

experimental results are sensitive to the specimen roughness 

state. The force-indentation curve (Fig. 1) provides also 

information for the total work of indentation Wtotal, which is 

divided in elastic Welast and plastic works Wplast. Since 

hardness is an indication for the resistance of the material in 

plastic deformation, the higher the hardness of the alloy the 

higher the resistance to plastic deformation. NiTi wires with 

curved side of the indent point show extensive elastic 

recovery of the alloy around the tip.  

CONCLUSION 

The partial functional gradient is achieved in the laser 

annealed sample. The NiTi wire cross section indicates the 

gradient of hardness and Young’s modulus in the laser 

annealed surface. The functional gradient of the properties 

is achieved by localized laser heating on the sample surface 

with controlled parameters and coupled with applied pre 

strain. The residual stress provides reliable data for 

mechanical properties of NiTi alloy with estimation of 

indentation modulus. 
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