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Abstract: Every commercial NiTi (Nitinol) Shape Memory Alloy (SMA) has its own 
transformation temperatures, which may cause limitations in ever-growing demands for 
the application of these alloys in novel engineering designs. Among various methods 
proposed to achieve multiple functional characteristics, laser processing offers effective 
solutions in locally controlling the transformation properties of NiTi parts. The current 
work describes the application of laser technique followed by post-processing to locally 
alter transformation temperatures and impose phase transition for thick NiTi wires. To 
this end, various laser parameters are applied, and the influences of peak power and 
pulse width on the functional, microstructural, and mechanical properties of laser 
processed samples are studied. A four-sided laser processing protocol is proposed to 
process almost the whole cross section of thick Nitinol wires. It is also shown that post-
processing heat treatment is required to recover the shape memory properties of as-
processed Nitinol specimens. The transformation temperatures of the final processed 
Nitinol wire increase by about 50 °C compared to those of the unprocessed base material. 
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1 INTRODUCTION 

The unique responses of Shape Memory Alloys (SMAs), 

including Shape Memory Effect (SME) and 

Pseudoelasticity (PE), make them an ideal option to be 

widely applied in various high tech. industries. SME is 

the ability to eliminate the residual strains after the 

loading cycle upon heating whereas, based on the PE 

effect, a large amount of strains can be spontaneously 

recovered through a mechanical loading/unloading 

cycle. Due to better strength, corrosion resistance, 

ductility, stability of transformation temperatures, and 

biocompatibility, NiTi is the most well-known and 

applicable shape memory alloy [1]. The extraordinary 

features of SME and PE depend on the composition and 

processing history of Nitinol alloys [1-2]. Since these 

characteristics are uniform through commercial NiTi 

elements, they pose only one set of transformation 

properties leading to the so-called single memory SMAs. 

However, new engineering demands urge promoting 

functionality and enhancing design adjustability of 

applied components. One way to address this issue is 

embedding more transformation properties by locally 

controlling the microstructure and/or composition of 

NiTi-based SMAs. Consequently, various approaches 

have been so far proposed to locally tune the properties 

of monolithic Nitinol alloys. 

As one of the first attempts, Miura et al. [3] used 

different Direct Electric Resistance Heat Treatment 

(DERHT) for each section of an orthodontic wire. 

Hence, each section experienced a distinct processing 

history and, consequently, achieved varying 

transformation properties. Gradient annealing of SMA 

wires using tube furnace [4], joining of dissimilar SMA 

wires [5], inducing gradient heat treatment over an SMA 

wire by Joule Heating [6], establishment of a triple-SME 

applying R-phase [7], applying geometric gradient [8-

12], and compositionally grading NiTi plates via surface 

diffusion of Ni through the plate thickness [13] can be 

mentioned as the reported attempts to enhance the 

functional properties of NiTi SMAs. Khan [14] 

introduced a laser induced controlled vaporization 

technique to manage the transformation temperatures of 

SMAs. Employing the high power density of an 

Nd:YAG laser, they could impart variations in the 

alloy’s chemical composition resulting from the 

preferential vaporization of Nickel. Moreover, they 

studied the influences of laser parameters (pulse time, 

peak power, and the number of pulses per spot) on 

microstructure, transformation temperatures, and 

mechanical properties of laser-processed monolithic 

sheets [14]. This technique was utilized to produce 

various multiple memory NiTi-based devices [15-18]  

Although NiTi based SMAs are vastly utilized in various 

smart structures in the form of wire or ribbon, major 

investigations on laser processing have been 

concentrated on sheets [1-2], [19-21]. There are limited 

works dedicated to study the processing of NiTi in the 

form of wires. As one of these attempts, Michael [22] 

applied pulsed Nd:YAG laser to process Nitinol wires. 

They focused on the superior vaporization of Ni in the 

course of laser processing and developed a model to 

predict changes in Ni concentration of the processed 

samples in terms of peak power and laser pulse duration. 

Moreover, Panton [23] studied the thermomechanical 

fatigue properties of NiTi laser welded joints. To this 

end, a NiTi wire containing a single laser-processed spot 

was investigated. They also explored the 

characterization of laser-processed NiTi wires. Based on 

their analysis results, a thermomechanical treatment was 

presented to enhance the properties of the products. 

Additionally, Pequegnat [24] investigated the use of 

pulsed Nd:YAG laser processing accompanying post-

processing to adjust the local SME as well as PE 

properties of uniform NiTi wires. They utilized this 

technique to induce various memories in a desired 

section of a monolithic NiTi linear actuator. 

Deformation of the product was further characterized 

and compared with that of a single memory actuator. In 

another part of their work, microstructure and 

composition of the processed material were determined 

to uncover the influences of laser processing 

accompanied by cold working and heat treatment. 

Besides laser processing, there are several works 

regarding the effects of laser welding on the shape 

memory properties of Nitinol wires [25-28]. 

All the wires applied in the previous studies [22-24] 

were very thin with a diameter no bigger than 700 μm, 

commonly used for medical devices. However, for 

thicker NiTi wires, the energy required to process the 

wire as well as laser processing conditions would 

change. Although only one-sided laser processing was 

considered and studied in previous works, due to the 

small sizes of wires, more than one-side processing may 

be required to reach almost full penetration in rather 

thick wires. Therefore, distinct investigations are 

required to study the laser processing of such thick 

Nitinol wires. 

The current research is dedicated to the utilization of 

Nd:YAG laser processing together with post heat 

treatment to alter local transformation temperatures and 

induce phase conversion in thick NiTi wires. To this end, 

various laser parameters are examined on a relatively 

thick Nitinol wire, and the thermal, microstructural, and 

compositional properties of the processed samples are 

investigated via characterization analyses. The effects of 

pulse width and peak power are investigated in order to 

impart changes in the transformation properties of the 

monolithic NiTi wire and induce phase transition. A 

four-sided laser processing pattern is presented to fully 

penetrate into the whole cross-section of the wire. Then, 

annealing is applied to recover the shape memory 
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property of the as-processed specimen. Finally, a laser-

processed NiTi wire is successfully produced with new 

transformation temperatures so that the product shows 

SME at room temperature, unlike the as-received base 

material which exhibits PE properties.  

2 MATERIALS AND METHODS 

A 1.35 mm diameter Nitinol wire manufactured by 

Small Parts; Inc. was employed in this study. The 

samples were treated by the provider to exhibit 

pseudoelasticity at room temperature. The nominal 

chemical composition of the purchased alloy was 49.3 

at. % (44.2 wt.%) Ti and 50.7 at. % (55.8 wt.%) Ni. The 

wires were cut into 60 mm length samples, and only 35 

mm of the central length of each sample was laser 

processed. To eliminate a dark oxide layer developed 

during the process, the wires were acid pickled in a 

solution containing HNO3, HF, and H2O with volume 

percentages of 20%, 7.5%, and 72.5%, respectively, for 

40 seconds before the laser processing. Then, any 

probably remaining contaminants were removed by 

cleaning the wires with Ethanol and de-ionized water. 

A 400 W pulsed Nd:YAG laser system with a 

wavelength of 1.06 μm, a nominal spot diameter of 1.3 

mm, and a square profile was utilized. The laser power 

was measured by a Gentec-EO pronto-500 power meter. 

As illustrated in “Fig. 1”, the Nitinol wires were relied 

on a flat base plate, and two clamps held down their both 

ends to avoid any movement during laser processing.  

 

 
Fig. 1 Laser setup. 

 

A 3-axis CNC machine provided controlled movement 

of the NiTi wires while the laser processing was done. 

The laser spots were overlapped by 60% to optimize the 

surface finish in the course of removing a brittle terminal 

solidification region. The wire was surrounded by a 

plastic chamber according to “Fig. 2”. This chamber, 

filled with argon at the onset of laser processing, 

shielded the wire to minimize oxidation during the 

process. The flow rate of 10 lit/min for Argon shielding 

gas was found enough to avoid oxidation. 

 

 
Fig. 2 Plastic chamber designed to avoid oxidation. 

 

Differential Scanning Calorimetry (DSC) analysis at a 

controlled heating and cooling rate of 5°C/min was 

performed using a Mettler Toledo, DSC1 system 

equipped with a Refrigerated Cooling System (RCS). 

The chemical composition of the processed specimens 

was determined using EDAX Octane Elite system 

equipped with FEI Quanta 450 microscope. Santam 

universal testing machine model STM 50 equipped with 

a thermal chamber was employed to evaluate 

deformations of the as-received and the laser-processed 

wires. Tensile samples had a gauge length of 35 mm and 

were loaded at a strain rate of 1.5×10-3 1/s. The Effects 

of strain rate for a special kind of SMA [29] and gauge 

geometry in tensile test [30] were investigated 

previously. Tensile tests were carried out at the ambient 

temperature (25 °C). In order to investigate the 

microstructure of the processed specimens, 

metallographic samples were cross-sectioned, cold 

mounted in epoxy, and mechanically polished. Prior to 

mechanical polishing with colloidal alumina suspension, 

grinding with sequential sand paper of 400 to 1200-fine 

grit was performed. Finally, to reveal their 

microstructure, the samples were etched in a 3 mL HF, 

14 mL HNO3, and 82 mL H2O solution for about 30 s. 

3 RESULTS AND DISCUSSION 

To investigate the influence of laser processing on the 

transformation temperatures of the NiTi specimens, 

first, the unprocessed base Nitinol wire was needed to be 

characterized. Figure 3a shows the DSC results for the 

as-received material.  
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(a) 

 
(b) 

Fig. 3 DSC results for: (a): as-received material, and     

(b): HBM. 

 
Table 1 Critical temperatures of HBM 

 Transformation and Peak Temperatures, °C 

Sample 𝑀𝑓  𝑀𝑠  𝐴𝑠 𝐴𝑓 𝑀𝑝 𝐴𝑝 

HBM - 59.4 - 11 - 26.2 6.3 - 35.5 - 4.5 

 

Due to thermomechanical processes in the course of wire 

fabrication, broad temperature peaks occur in the 

cooling cycle that do not allow for identifying the 

transformation temperatures. To remove such effects 

and to suppress the possible formation of R-phase, the 

as-received NiTi wire was heat treated at 800 °C for 1 

hour followed by water quenching [1]. This heat-treated 

base material is referred to as HBM in the rest of this 

study. The DSC curves for HBM are plotted in “Fig. 3b”. 

As observed, intense DSC peaks are obtained for HBM 

so the critical temperatures can be easily measured. 

These critical temperatures for HBM are listed in “Table 

1” and are considered as the reference temperatures for 

the rest of the work. Referring to an SMA phase diagram 

[31], 𝑀𝑠, 𝑀𝑓, 𝐴𝑠 and 𝐴𝑓 are transformation temperatures 

and respectively represent the onset and the end of 

forward and reverse transformations in stress-free 

conditions. 

Since these transformation temperatures depend on how 

the tangents to the DSC curves are taken, two other 

parameters as the peaks of forward and reverse 

martensitic transformation temperatures are also 

considered for comparative analyses. These two 

parameters, known as martensite peak temperature (𝑀𝑝) 

and austenite peak temperature (𝐴𝑝), can be derived by 

the DSC graphs where the first derivative is zero and are 

more reliable for comparison purposes. 

Inspired by the laser parameters used in previous 

analyses for sheets and thin wires [14], [22-24], two 

initial sets of laser parameters are defined according to 

“Table 2”. The Nitinol wires processed by these laser 

parameters are referred to as LP 1 and LP 2, respectively. 

As shown in “Table 2”, a 10 ms pulse width with a 10 

1/s frequency is similarly used for both parameter sets. 

However, two amounts of 1 kW and 1.2 kW are 

respectively applied as the peak power for LP 1 and LP 

2. It is worth mentioning that these amounts of peak 

power are the highest ones that can be applied to 

preserve the material integrity for these certain values of 

pulse width and frequency. 

 
Table 2 Two initial sets of laser parameters 

 Laser Parameters 

Sample 
Pulse width, 

ms 

Peak Power, 

kW 

Frequency,  

1/s 

LP 1 10 1 10 

LP 2 10 1.2 10 

 

To analyze the influence of laser processing with 

mentioned parameters on the transformation 

temperatures, a DSC test was conducted for LP 1 as well 

as LP 2 samples. The DSC results are illustrated in “Fig. 

4”, and the corresponding critical temperatures are 

summarized in “Table 3”. By comparing the data of 

“Table 3” and “Table 1”, it can be inferred that the laser 

processing has not affected the critical temperatures, 

especially the transformation peak temperatures, of LP 1 

and LP 2 compared to those of the reference HBM 

sample. It has been shown that the composition change 

is the primary mechanism responsible for the alteration 

of SMA transformation properties via laser processing 

[1]. The high energy density of the laser can induce 

vaporization in SMA elements. Due to the larger vapor 

pressure of Nickel compared to that of Titanium, more 

Nickel vaporizes during laser processing resulting in a 

composition change in the material. Hence, no change in 

the transformation temperatures of LP 1 and LP 2 can be 

due to insufficient power provided by these laser 

parameters which cannot raise the temperature highly 

enough for element vaporization and composition 

change. 

 



43                                  Amin Alipour et al. 

  

 
(a) 

 
(b) 

Fig. 4 DSC results for: (a): LP 1, and (b): LP 2. 

 
Table 3 Critical temperatures of LP 1 and LP 2 

 Transformation and Peak Temperatures, °C 

Sample 𝑀𝑓  𝑀𝑠  𝐴𝑠 𝐴𝑓 𝑀𝑝 𝐴𝑝 

LP 1 - 59.5 - 20 - 26.7 14.4 - 31 - 4.4 

LP 2 - 50.6 - 12.2 - 19 11.6 - 30.6 - 5.1 

 

 
Table 4 Second sets of laser parameters 

 Laser Parameters 

Sample 
Pulse width, 

ms 
Peak Power, 

kW 
Frequency,  

1/s 

LP 3 7 1.5 10 

LP 4 8 1.5 10 

 

Relative changes in material composition during laser 

processing mostly depend on a balance between the 

dilution of the molten pool and the vaporization flux of 

alloy elements [32-33]. Since these two issues are 

strongly associated with laser processing parameters [1], 

it is essential to study the effects of both pulse duration 

and peak power, as the key laser parameters, on the 

resultant transformation temperatures. 

To investigate the effect of higher peak power, the 

amount of peak power was increased, and two new sets 

of processing conditions as LP 3 and LP 4 were defined 

according to “Table 4”. 

In contrast, the amount of pulse width was decreased 

slightly to avoid any breakage of the wire while 

processing. The samples LP 3 and LP 4 were subjected 

to DSC analysis, and the results are shown in “Fig. 5”.  

 

 
(a) 

 
(b) 

Fig. 5 DSC results for: (a): LP 3, and (b): LP 4. 

 

The critical temperatures are extracted and reported in 

“Table 5”. As noted, the transformation temperatures of 

the newly processed wires do not considerably vary 

compared to the reference temperatures. In depth 

comparison of transformation temperatures showed that, 

while 𝑀𝑓 and 𝑀𝑠 temperatures were almost the same as 

the reference temperatures, 𝐴𝑠 showed a different 

approach for each of the two processed samples, and 𝐴𝑓 

showed a slight increase for both cases. As mentioned 

above, this inconsistency is attributed to the method of 

deriving the transformation temperatures and depends 

on how the tangents to the DSC graphs are taken. 

However, the transformation peak temperatures for 

HBM, LP 3, and LP 4 are closer than the one observed 

for the transformation temperatures, especially much 

closer for 𝐴𝑝 values, which presents a difference of less 

than 2 °C. Consequently, all the transformation 

temperatures can be considered unchanged compared to 

the reference ones. 
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Table 5 Critical temperatures of LP 3 and LP 4 

 Transformation and Peak Temperatures, °C 

Sample 𝑀𝑓  𝑀𝑠  𝐴𝑠 𝐴𝑓 𝑀𝑝 𝐴𝑝 

LP 3 - 57.5 - 13 - 33.7 14.6 - 29.9 - 4.7 

LP 4 - 56 - 11 - 19.2 10.8 - 33.1 - 5.9 

 

The effect of higher pulse width, as another key 

parameter of laser processing, can be studied in the next 

step. Additionally, referring to a map of laser profiles 

presented by Michael [22], as seen in “Fig. 6”, it is 

suggested that a longer pulse width results in better 

penetration while preserving the material integrity.  

 

 
Fig. 6 The curve for penetration conditions according to 

the amount of peak power and pulse duration [22]. 

 

 

 
Fig. 7 DSC results for LP 5. 

 

To this end, a new set of laser parameters with higher 

pulse width is introduced. This new set has a pulse 

duration of 20 ms, and a peak power of 0.5 kW with a 

10 1/s frequency, which is referred to as LP 5 in the 

remainder of this study. It is worth mentioning that the 

amount of peak power adopted for this processing 

condition is lower than the one suggested by Michael 

map [22] (“Fig. 6”). However, it was observed that, for 

a 20 ms pulse width, the peak power of 0.5 kW is the 

highest value that preserves the material integrity of the 

current NiTi wire. Thermal analysis was carried out for 

the LP 5 specimen, and the DSC curve is exhibited in 

“Fig. 7”.  

The corresponding critical temperatures are derived and 

listed in “Table 6”. Once more, it can be noted that the 

critical temperatures, especially the transformation peak 

temperatures, of the new sample LP 5 have almost not 

varied compared to the reference ones. This is in good 

agreement with previous empirical results [1] and is 

because of the fact that vaporization occurs during the 

initial instances of laser processing and significantly 

decreases by increasing the pulse time [1]. Therefore, 

while the vaporization flux decreases, the volume of the 

molten pool increases by increasing pulse width 

resulting in small changes in the transformation 

temperatures of Nitinol wires. 

 
Table 6 Critical temperatures of LP 5 

 Transformation and Peak Temperatures, °C 

Sample 𝑀𝑓  𝑀𝑠  𝐴𝑠 𝐴𝑓 𝑀𝑝 𝐴𝑝 

LP 5 - 61 - 13.3 - 20.1 12.8 - 34.8 - 4.5 

 

To investigate whether such laser processing is capable 

of vaporizing the alloy elements and changing its 

composition, LP 5 sample is subjected to EDX analysis. 

As shown in “Fig. 8”, EDX scan analysis was performed 

across a surface line including both the processed and 

the unprocessed parts of the sample. According to this 

figure, Nickel reduction can be detected whereas the 

average unprocessed Nickel content (55.8 wt.%) was 

significantly higher than that of the processed section of 

Nitinol wire. Thus, compositional analysis results 

confirmed that preferential Ni vaporization occurred due 

to laser processing. However, since EDX analysis was 

performed on the outer surface of the specimen, to 

examine the depth of these composition changes and to 

uncover the laser penetration, the cross-section of the 

processed wire must be microstructurally studied. 

 

 
Fig. 8 EDX line scan across unprocessed and processed 

regions of LP 5. 
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The metallographic examination was conducted on the 

cross section of LP 5 specimen to better recognize the 

effect of laser processing on the microstructure and the 

amount of laser penetration through the thickness of 

NiTi wire. Optical micrographs showing the cross 

section of the processed wire after etching are provided 

in “Fig. 9”.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 9 Microstructure of cross-sectioned LP 5 sample: (a): 

whole cross section, (b): magnified image of the base metal, 

and (c): magnified image of the laser processed region. 

 

According to “Fig. 9a”, the wire cross section can be 

divided into two distinct parts. Referring to higher 

optical magnification of each part, “Fig. 9b” and c, it can 

be concluded that the main part of the wire shows an 

equiaxed B2 austenite grain structure which is attributed 

to unprocessed base material. However, the upper part 

of the wire exposed to laser spot shows columnar 

dendritic microstructure, which is typical for processed 

NiTi wires [24]. Therefore, the laser beam can only 

process the smaller section of such thick Nitinol wires 

and the larger part remains unprocessed.  

It is worth mentioning that, to cover the whole surface 

of the wire by laser spot, the spot diameter must be 

approximately the same as the wire diameter. Due to the 

relatively large sizes of the wires in the current study, the 

laser spot diameter (1.3 mm) is at least two times greater 

than the maximum spot diameter (600 μm) employed for 

processing thin NiTi wires [22-24]. Since the amount of 

laser energy applied in the present work is relatively in 

the same order as those for thin wires, the efficient 

energy density decreases to at least one-quarter. The low 

energy density of the laser beam leads to the fact that full 

penetration cannot be attained in the case of thick NiTi 

wires by only one-sided laser processing. 

To overcome this challenge, a four-sided laser 

processing technique is proposed to process almost the 

entire thick NiTi wires and can alter transformation 

properties compared to those of the reference sample. 

According to this approach, the laser is irradiated in four 

equally angel sides of the wire. When the processing of 

one side has been completed, the wire is rotated by 90 

degrees and the new side is processed. This procedure is 

repeated for each of the four sides of the wire. The four-

sided laser-processed NiTi wire, which has the same 

laser parameters as LP 5 sample, is called LP 6 in the 

rest of the work. Thermal analysis reveals that DSC 

peaks of LP 6 become shallow and wide, as depicted in 

“Fig. 10”.  

 

 
Fig. 10 DSC results for LP 6. 

 

In other words, the laser processing caused the shape 

memory properties of LP 6 to be weakened. This may be 

attributed to rapid solidification of the molten metal after 

laser processing. This event can lead to inhomogeneity 

through the fusion zone, which is itself because of micro 

segregation of the alloy’s elements while the 

solidification front is growing [23]. Due to this 
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inhomogeneity, internal strain/stress fields form in the 

alloy. These internal fields prevent the mobility of the 

crystals in the course of the heating and cooling cycles 

[34] and can even suppress the phase transition. 

Moreover, LP 6 sample becomes very brittle and can be 

easily broken when imposed to smooth bending. This 

brittleness may be attributed to the creation of brittle 

intermetallic compounds including Ti2Ni [14]. 

Taking all of the above into consideration, it can be 

inferred that a thermomechanical treatment needs to be 

employed to recover the shape memory effect and the 

ductility of the processed specimen. Annealing at 1000 

°C for 1 hour followed by slow furnace cooling was 

found to be the best option to address all the 

aforementioned issues. The annealing treatment at this 

temperature eliminates the internal strain/stress fields 

from the material, improves material ductility, and also 

homogenizes the microstructure. The LP 6 sample which 

is heat treated according to the aforementioned pattern is 

referred to as HLP 6.  

The DSC curve for HLP 6 is plotted in “Fig. 11”. As 

illustrated, annealing heat treatment decreases the width 

of the transformation peaks and recovers the shape 

memory properties of the specimen. The critical 

temperatures are extracted and listed in “Table 7”.  

 

 
Fig. 11 DSC results for HLP 6. 

 

Table 7 Critical temperatures of HLP 6 

 Transformation and Peak Temperatures, °C 

Sample 𝑀𝑓  𝑀𝑠  𝐴𝑠 𝐴𝑓 𝑀𝑝 𝐴𝑝 

HLP 6 - 3 30.5 20.9 67.4 13.2 45.5 

 

Recalling reference temperatures in “Table 1”, it can be 

noticed that the transformation peak temperatures of 

HLP 6 increase by about 50 °C compared to those of 

HBM sample. The transformation temperatures, 

showing scattered data, increase by a range of 40 – 60 

°C compared to the reference ones. Consequently, an 

almost constant increase of 50 °C, can be considered for 

all the transformation temperatures. This confirms the 

successful application of Nd:YAG laser processing 

accompanied by post-heat treatment to alter the 

transformation temperatures of the thick NiTi 

wire.Although the base material exhibits PE at room 

temperature, 50 °C increase in the transformation 

temperatures causes a phase conversion in HLP 6 

specimen so that it shows SME at room temperature.  

 

 
Fig. 12 A flowchart schematically detailing the procedure 

of altering the transformation properties of thick NiTi wires. 

 

This can be verified by simply bending the HLP 6 to 

induce a small amount of residual strain and then heating 

it above 𝐴𝑓. The bent wire recovers almost all the 

residual strains and regains its initial straight condition 

upon heating. Hence, the four-sided laser processing 

protocol can locally alter the transformation 

temperatures, which can be applied to impart additional 

memories into a monolithic NiTi wire and to produce 

multiple memory materials. The corresponding 
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flowchart, which schematically details the procedure of 

altering the transformation properties of thick NiTi 

wires, is shown in “Fig. 12”. To study the influence of 

laser processing on mechanical properties of NiTi 

samples, tensile tests were carried out for both HLP 6 

and HBM, and the results are compared in “Fig. 13”.  

 

 
Fig. 13 Stress-strain curves for HBM and HLP 6 samples. 

 

As depicted, the ultimate tensile stress and strain 

decreased significantly for HLP 6 compared to those of 

HBM. This reduction can be attributed to several factors 

including dislocation destruction, grain growth [2], 

segregation of solute in the course of solidification, and 

dendritic structure [14] in the processed metal. However, 

the strength and other mechanical features of the 

processed wire may be improved by cold working such 

as wire drawing. 

It is worth mentioning that, the critical stress to form the 

stress induced martensite for HLP 6 is lower than that of 

HBM. This is consistent with increasing in 

transformation temperatures of the laser processed 

specimen. Referring to an SMA phase diagram [31], 

higher transformation temperatures lead to lower critical 

stresses required for phase transition to stress-induced 

martensite at a specific temperature. 

4 CONCLUSIONS 

Nd:YAG laser processing followed by post-processing 

heat treatment is successfully applied in current study to 

alter local functional properties of relatively thick NiTi 

wires. To this end, various laser parameters are applied, 

and the effects of pulse width and peak power are 

studied. DSC results reveal that no transformation 

temperature variations occur in one-sided laser 

processed thick wires. Further EDS analyses confirmed 

that preferential Nickel vaporization occurred in the 

processed region of the NiTi wire. However, based on 

metallographic results, laser beam processed a small part 

of cross section of the wire whereas these laser 

parameters provide the maximum input energy while 

preserving the structural integrity of the wire. It can be 

concluded that one-sided laser processing cannot affect 

the transformation temperatures of such thick NiTi wires 

because of the low energy density of the laser beam. To 

address this issue, a four-sided laser processing 

technique is presented which processes the four equal-

angle sides of the wire.  

After such four-sided processing, however, the shape 

memory properties weaken due to the generation of 

internal strains/stresses as a result of rapid solidification 

after laser processing. Post-processing annealing 

treatment at 1000 °C followed by furnace cooling was 

applied to recover the shape memory properties and 

ductility of the processed specimen. Finally, a heat-

treated laser-processed NiTi wire was produced with 50 

°C higher transformation temperatures and stable 

martensite phase at room temperature. Deformation of 

the processed wire reveals that the strength and ductility 

decrease considerably compared to the unprocessed base 

material. It shows that, despite unique advantages, laser 

processing has several detrimental influences including 

dislocation destruction, grain growth, and solute 

segregation that lead to a lower mechanical strength. The 

present work proposes an approach to produce multiple 

shape memory effects in thick NiTi wires. 
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