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The combined effect of annealing temperature and pre-deformation on the superelastic behaviors of NiTi
shape memory alloy wires was investigated by testing two types of samples with 72 and 35% area reduction.
It is found that the annealed samples with 72% area reduction exhibited larger martensitic transformation
stress, and the annealed samples with 35% area reduction exhibited superior superelastic cycle stability.
The stress hysteresis of martensitic transformation for both two types of samples decreased with decreasing
annealing temperature. In addition, pre-deformation enhanced the superelastic cycle stability and increased
the stress hysteresis of the NiTi wires with 72% area reduction, but it had little effect on the stress hysteresis
of the NiTi wires with 35% area reduction.
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1. Introduction

NiTi shape memory alloys (SMAs) have attracted consid-
erable attention due to their unique functional properties,
including shape memory effect and superelasticity (Ref 1-3).
Among them, superelasticity arises from a reversible phase
transformation between the austenite and martensite phases,
which can be triggered by applied stress (Ref 4, 5). The critical
stress of martensitic transformation, cyclic stability and stress
hysteresis are the typical characteristics of the superelastic NiTi
alloys. It is well reported that above characteristics are sensitive
to the microstructure of NiTi alloys, such as grain size and
dislocation (Ref 6-11).

The microstructure of NiTi alloys is directly affected by the
machining and annealing process, such as the amount of
machining deformation and annealing temperature (Ref 7, 8,
12-14). Recent works have found that the superelastic behav-
iors of NiTi alloys are not only affected by the annealing
temperature, but also the amount of machining deformation.

For example, Sun et al. observed a decrease in stress hysteresis
with decreasing grain size in NiTi sheets produced through
cold-rolling, which was attributed to the increased interfacial
energy between the austenite and martensite phases (Ref 8).
Differently, Shi et al. had found that the stress hysteresis of
NiTi wires was affected by the amount of machining deforma-
tion, specifically, the stress hysteresis of samples with 75% area
reduction increased with decreasing grain size, whereas that of
samples with 39% area reduction decreased (Ref 7). Shi et al.
attributed above behaviors to the difference between the grain
size effect and the dislocation density effect on the stress
hysteresis. However, R-phase in the annealed samples with
75% area reduction may play an important role for the increase
in stress hysteresis (Ref 15, 16). Additionally, the effect of
plastic deformation or pre-deformation on martensitic transfor-
mations differs significantly between the coarse-grained and
nanocrystalline NiTi alloys (Ref 17-19). However, to our
knowledge, no attempt has been undertaken so far to investi-
gate the effect of plastic deformation on martensitic transfor-
mations of NiTi alloys with different amounts of machining
deformation.

In this study, the combined effect of machining deformation,
annealing temperature and pre-deformation on the superelastic
behaviors of NiTi shape memory alloy wires was studied by
transmission electron microscopy (TEM) observation and
tensile testing. Our findings reveal the synergistic effect of
grain size, dislocation and plastic deformation on the stress-
induced martensitic transformation (SIMT) of NiTi wires.

2. Experimental Procedures

A commercial Ni50.97Ti49.03 (at.%) wire of 0.75 mm in
diameter was obtained from JiYi Materials Co. Ltd. The wire of
0.62 mm in diameter was annealed at 750 �C for 180 s
followed by air cooling and then cold drawn into diameters
of 0.33 and 0.50 mm, effecting area reductions of approxi-
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mately 72 and 35%, respectively. The samples having a length
of 100 mm cut from the wires of 0.33 and 0.50 mm in diameter
were annealed in air at 320, 360, 400 and 500 �C for 0.6 ks,
respectively.

The microstructure of the samples was measured by
transmission electron microscopy (TEM). Samples used for
TEM observation were mechanically polished and finally ion
milled using a Gatan 691 PIPS. The TEM observation was
carried out using FEI Tecnai F20 and JEOL JEM 2100
(operating at 200 kV). Uniaxial tensile tests were performed on
the NiTi wire samples at a strain rate of 5 9 10-4 s-1 using an
Instron universal testing machine at to characterize the
deformation behavior. The stress hysteresis was acquired by
measuring the stress difference between the stresses of the 3%
strain in the upper plateau and the 2.5% strain in the lower
plateau during the 4% strain deformation cycle.

3. Results

3.1 Sample with 72% area Reduction

Figure 1 shows the TEM bright-field images and corre-
sponding SAED patterns of the NiTi wires with 72% area
reduction. Figure 1(a) shows the TEM bright-field image and
corresponding SAED pattern of the unannealed sample. The
SAED pattern shows significant broad diffuse rings corre-

sponding to the amorphous phase. In addition, it can be seen
that a small amount of nanograins with grain size less than
10 nm embedded in the amorphous NiTi matrix. The existence
of these nanocrystals can provide non-uniform nucleation
points for the crystallization of amorphous NiTi alloys, so that
smaller-sized nanograins can be obtained after crystallization
heat treatment. Figure 1(b) shows the TEM bright-field image
and corresponding SAED pattern of the sample annealed at
320 �C. The TEM bright-field image shows a completely
nanocrystalline structure, and the SAED pattern reveals no
diffused ring, which indicates that the amorphous phase has
been fully crystallized after annealing. The average grain size
of this sample is about 20 nm based on the manual measure-
ment of 200 grains. Figure 1(c) and (d) shows the TEM bright-
field images and corresponding SAED patterns of the samples
annealed at 400 and 500 �C, respectively. The average grain
sizes of these two samples are approximately 23 and 85 nm,
respectively.

Figure 2 shows the strain-controlled multi-step cyclic tensile
curves (strains: 4%, 6% and 8%) of the annealed NiTi wires
with 72% area reduction. It can be seen that all annealed
samples exhibited flow stress upon loading and unloading,
which demonstrated the occurrence of Lüders-type stress-
induced martensitic transformation behavior (Ref 20). How-
ever, the Lüders plateau strain of 320 �C annealed sample is
significantly lower than those of the other samples. In addition,
it should be mentioned that in 320, 360 and 400 �C annealed

Fig. 1 TEM bright-field images and corresponding SAED patterns of the NiTi wires with 72% area reduction. (a) The unannealed sample; (b)
the 320 �C annealed sample, (c) the 400 �C annealed sample; (d) the 500 �C annealed sample
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samples, the critical stresses of stress-induced martensitic
transformation significantly decrease and unrecoverable plastic
strains increase during cycling, indicating these samples have
poor superelastic cycle stability. The reason for the poor
superelastic cycle stability of these samples is that they undergo
plastic deformation after undergoing Lüders-type martensitic
transformation.

Figure 3 shows the evolution of the upper and lower plateau
stresses, and stress hysteresis with the annealing temperature of
the annealed NiTi wires with 72% area reduction, which
obtained from the tensile curves in Fig. 2. It can be seen that the
upper plateau stresses under all strains increase linearly with
decreasing annealing temperature, which is attributed to the
decrease of grain size (Ref 21, 22). Meanwhile, the lower
plateau stresses under 4% and 6% strains also increase linearly

with decreasing annealing temperature. However, the lower
plateau stress under 8% strain of 320 �C annealed sample
decrease compared to that of 360 �C annealed sample, causing
the increase of stress hysteresis with decreasing annealing
temperature in the temperature range of 320-360 �C. This
behavior can be attributed to the occurrence of massive plastic
deformation under 8% strain in 320 �C annealed sample.

In order to improve the superelastic cycle stability of the
annealed NiTi wires with 72% area reduction, these samples are
pre-deformed with strain of 9% to induce plastic deformation in
advance, so that only elastic deformation and stress-induced
martensitic transformation will occur in the subsequent defor-
mation under a strain of less than 9%. Figure 4 shows the
strain-controlled multi-step cyclic tensile curves (strains: 4%,
6% and 8%) of the 9% pre-deformed NiTi wires with 72% area

Fig. 2 Strain-controlled multi-step cyclic tensile curves (strains: 4%, 6% and 8%) of the annealed NiTi wires with 72% area reduction. (a)
320 �C annealed sample; (b) 360 �C annealed sample; (c) 400 �C annealed sample; (d) 500 �C annealed sample

Fig. 3 Evolution of the upper and lower plateau stresses, and stress hysteresis with the annealing temperature of the 72% area-reduced NiTi
wires during cyclic tensile deformation at different strains. (a) 4%; (b) 6%; (c) 8%
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reduction. It can be seen that the critical stresses of stress-
induced martensitic transformation remain basically unchanged
during the subsequent cyclic deformation in all annealed NiTi
wires after 9% pre-deformation, and there is almost no residual
plastic strain in all samples after unloading. In brief, the
superelastic stability of the pre-deformed NiTi wires is
significantly improved compared to the above annealed sam-
ples. However, the critical stresses of martensitic transforma-
tion (upper plateau stresses) of all samples significantly
decreased after pre-deformation. This is attributed to the plastic
deformation that occurs in the pre-deformation, which leads to
the generation of martensite nucleation points. These already
existing martensite nucleation points reduce the stress required

for martensite transformation. Meanwhile, it is noteworthy that
pre-deformation has almost no effect on the lower plateau
stresses in these samples.

Figure 5 shows the evolution of the upper and lower plateau
stresses, and stress hysteresis with the annealing temperature of
the pre-deformed NiTi wires with 72% area reduction, which
obtained from the tensile curves in Fig. 4. It can be seen that the
upper and lower plateau stresses under all strains increase
linearly with decreasing annealing temperature. Meanwhile, the
stress hysteresis decreases slightly with decreasing annealing
temperature in the temperature range of 320-400 �C, and the
stress hysteresis basically unchanged in the temperature range
of 400-500 �C. In addition, it can be inferred from Fig. 4 and

Fig. 4 Strain-controlled multi-step cyclic tensile curves (strains: 4%, 6% and 8%) of the 9% pre-deformed NiTi wires with 72% area reduction.
The dotted lines are the tensile curve of 9% pre-deformation. (a) 320 �C annealed sample; (b) 360 �C annealed sample; (c) 400 �C annealed
sample; (d) 500 �C annealed sample

Fig. 5 Evolution of the upper and lower plateau stresses, and stress hysteresis with the annealing temperature of the pre-deformed NiTi wires
with 72% area reduction during cyclic tensile deformation at different strains. (a) 4%; (b) 6%; (c) 8%

Journal of Materials Engineering and Performance



5(c) that the occurrence of plastic deformation during pre-
deformation can reduce the sensitivity of stress hysteresis to
annealing temperature or grain size.

The above results (Figs. 2,3, 4, 5) show that plastic
deformation has a significant effect on stress hysteresis of the
NiTi wires with 72% area reduction. The true relationship
between the stress-induced martensitic behavior of these
samples and annealing temperature can be obtained from the
4% strain tensile curve. In order to better present the effect of
pre-deformation on stress-induced martensitic transformation,
Fig. 6 shows the evolution of the stress hysteresis during 4%
tensile deformation and upper plateau strain with the annealing
temperature of the NiTi wires with 72% area reduction. It can
be seen from Fig. 6a that the stress hysteresis and upper plateau
strain of the annealed samples both increase with increasing
annealing temperature. As the annealing temperature increases
from 320 to 500 �C, the stress hysteresis increases from about
280 MPa to about 370 MPa, and the upper plateau strain
doubles from about 3 to 6%. In addition, it should be
mentioned that when the annealing temperature is higher than
400 �C, the upper plateau strain remains essentially unchanged.
For the 9% pre-deformed NiTi wires (Fig. 6b), both the stress
hysteresis and upper plateau strain increase with increasing
annealing temperature. Meanwhile, it can be seen that the stress
hysteresis and upper plateau strain of the pre-deformed samples
are slightly larger than those of the annealed samples at each
annealing temperature. According to the results of Fig. 1 and
Fig. 6, it is obvious that the stress hysteresis increases with
increasing grain size, which shows a reverse effect to the results
reported recently (Ref 7).

3.2 Sample with 35% area Reduction

Figure 7 shows the microstructure analysis of the NiTi wires
with 35% area reduction. From the TEM bright-field image of
the unannealed sample shown in Fig. 7(a), it is seen that the
grains of the sample are elongated and appear in strip shapes.
Meanwhile, the bright-field image reveals high-density dislo-
cations in the sample. Figure 7(b) and (c) shows the corre-
sponding SAED patterns of area A and B in the unannealed
sample, respectively. It can be seen from the diffraction pattern
that area A is B2 austenite grains and area B is B19’ martensite
grains. In the 320 �C annealed sample (as shown in Fig. 7d),

the striped microstructure still exists, but the dislocations are
greatly reduced compared to the unannealed sample. In the
400 �C annealed sample (as shown in Fig. 7e), most of the area
recrystallizes to nanograins, and the average grain size is about
35 nm. In the 500 �C annealed sample (as shown in Fig. 7e),
the recrystallized grains are larger, and the average grain size is
about 80 nm.

Figure 8 shows the strain-controlled multi-step cyclic tensile
curves (strains: 4%, 6% and 8%) of the annealed NiTi wires
with 35% area reduction. It can be seen from Fig. 8(a) that
when annealing at 320 �C, the sample exhibits homogeneous
stress-induced martensitic transformation behavior. This behav-
ior is attributed to the presence of high-density dislocations in
320 �C annealed sample (Fig. 7), and the dislocations act as the
martensite nucleation points during tensile loading. Fig-
ure 8(b)–(d) shows that when annealing at higher temperatures
(360, 400 and 500 �C), the samples experience Lüders-type
stress-induced martensitic transformation. Combined with the
TEM results in Fig. 7, it can be inferred that the grain
morphology and dislocations in the NiTi wires have significant
effect on their deformation behavior. In addition, compared to
the annealed NiTi wires with 72% area reduction, the NiTi
wires with 35% area reduction exhibit superior superelastic
cycle stability. During 4% and 6% cyclic tensile deformation,
the critical stress of stress-induced martensitic transformation of
these samples is basically unchanged, and there is no residual
plastic deformation after unloading. Their critical stress of
martensitic transformation only slightly decreases during 8%
cyclic deformation, and there is only about 0.3% residual
plastic strain after unloading.

Figure 9 shows the evolution of the upper and lower plateau
stresses, and stress hysteresis with the annealing temperature of
the annealed NiTi wires with 35% area reduction, which
obtained from the tensile curves in Fig. 8. It can be seen that the
upper plateau stresses under all strains increase and then
decrease with decreasing annealing temperature. Meanwhile,
the lower plateau stresses under 4 and 6% strains increase with
decreasing annealing temperature, but the lower plateau stress
under 8% strain of decrease when the annealing temperature is
below 360 �C. In addition, the stress hysteresis under all strains
decrease with decreasing annealing temperature, but the rate of
reduction decreases significantly with increasing deformation
strain.

Fig. 6 Evolution of the stress hysteresis and upper plateau strain with the annealing temperature of the 72% area-reduced NiTi wires. (a) The
annealed NiTi wires; (b) the 9% pre-deformed NiTi wires
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Fig. 7 Microstructure analysis of the NiTi wires with 35% area reduction. (a-c) The TEM bright-field image and corresponding SAED patterns
of the unannealed sample; the TEM images of (d) the 320 �C annealed sample, (e) the 400 �C annealed sample and (d) the 500 �C annealed
sample

Fig. 8 Strain-controlled multi-step cyclic tensile curves (strains: 4%, 6% and 8%) of the annealed NiTi wires with 35% area reduction. (a)
320 �C annealed sample; (b) 360 �C annealed sample; (c) 400 �C annealed sample; (d) 500 �C annealed sample
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Figure 10 shows the strain-controlled multi-step cyclic
tensile curves (strains: 4%, 6% and 8%) of the 9% pre-
deformed NiTi wires with 35% area reduction. It can be seen
that the superelastic stability of these NiTi wires is further
improved after pre-deformation compared to the above
annealed samples. The critical stress of stress-induced
martensitic transformation of these samples remain consistent
during cyclic deformation and there is no residual plastic
strain after 8% unloading. However, the critical stresses of
martensitic transformation (upper plateau stresses) of all
samples significantly decrease after pre-deformation. The
disadvantage of pre-deformation is that it will cause a
significant reduction in the critical stress of martensitic
transformation. Therefore, when the deformation strain is less

than 6%, pre-deformation of the NiTi wires with 35% area
reduction is not recommended.

Figure 11 shows the evolution of the upper and lower
plateau stresses, and stress hysteresis with the annealing
temperature of the pre-deformed NiTi wires with 35% area
reduction, which obtained from the tensile curves in Fig. 10. It
can be seen that the upper plateau stresses under all strains
increase and then decrease with decreasing annealing temper-
ature, while the lower plateau stresses under all strains
continuous increase. In addition, the stress hysteresis under
all strains decrease with decreasing annealing temperature.
Compared to the annealed NiTi wires with 35% area reduction
(Fig. 9), the stress hysteresis of the pre-deformed samples is
less affected by the deformation strain.

Fig. 9 Evolution of the upper and lower plateau stresses, and stress hysteresis with the annealing temperature of the 35% area-reduced NiTi
wires during cyclic tensile deformation at different strains. (a) 4%; (b) 6%; (c) 8%

Fig. 10 Strain-controlled multi-step cyclic tensile curves (strains: 4%, 6% and 8%) of the 9% pre-deformed NiTi wires with 35% area
reduction. The dotted lines are the tensile curve of 9% pre-deformation. (a) 320 �C annealed sample; (b) 360 �C annealed sample; (c) 400 �C
annealed sample; (d) 500 �C annealed sample
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Figure 12 shows the evolution of the stress hysteresis and
upper plateau strain with the annealing temperature of the NiTi
wires with 35% area reduction. It can be seen from Fig. 12(a)
and (b) that the stress hysteresis and upper plateau strain of the
annealed and the pre-deformed samples both increase with
increasing annealing temperature. It should be mentioned that
pre-deformation only slightly reduced the stress hysteresis of
the 320 �C and 500 �C annealed NiTi wires, but it has little
effect on that of the 320 �C and 500 �C annealed NiTi wires. In
addition, pre-deformation also has little effect on the upper
plateau strain all annealed samples.

4. Discussion

4.1 Critical Stress of Martensitic Transformation

It is seen in Fig. 2 that the critical stress of martensitic
transformation of the annealed NiTi wires with 72% area
reduction decreased with increasing annealing temperature.
Combined with the TEM results in Fig. 1, it can be concluded
that the martensitic transformation stress of this sample
decreased with the increase of grain size. However, in the
annealed NiTi wires with 35% area reduction, the martensitic
transformation stress increased with increasing annealing
temperature in the temperature range of 320-400 �C (Fig. 8).
TEM results in Fig. 7 show that the dislocation density in the
400 �C annealed sample greatly reduced compared to the

320 �C annealed sample. Shi et al. reported that the martensitic
phase nucleated at the stress concentration areas induced by the
dislocations, and the number of nucleation sites increased with
increasing dislocation density (Ref 7). Therefore, in the samples
with 35% area reduction, the decreasing dislocation density
increased the martensitic transformation stress in the temper-
ature range of 320-400 �C. In addition, at the same annealing
temperature, the 72% area-reduced sample exhibited a larger
martensitic transformation stress compared to the 35% area-
reduced sample, which is attributed to the smaller grain size and
lower dislocation density of the 72% area-reduced sample.

Although the 72% area-reduced samples exhibited larger
martensitic transformation stress compared to the 35% area-
reduced samples, the martensitic transformation stresses of 72%
area-reduced samples significantly decreased during cycling
(Fig. 2). By contrast, the 35% area-reduced samples exhibited
excellent superelastic cycle stability. When the 72% area-
reduced samples had very few dislocations after annealing
(Fig. 1), it can be inferred that there are few martensitic phase
nucleation sites in these samples. After a loading and unload-
ing, there were some martensitic nucleation points in these
samples which were generated during the loading process, and
these residual nucleation points can promote stress-induced
martensitic transformation during the subsequent loading
process, thereby reducing the martensitic transformation stress.
In the 35% area-reduced samples, there were much nucleation
sites induced by the dislocations, martensite was predominantly
formed at these nucleation points during loading process, and

Fig. 11 Evolution of the upper and lower plateau stresses, and stress hysteresis with the annealing temperature of the pre-deformed NiTi wires
with 35% area reduction during cyclic tensile deformation at different strains. (a) 4%; (b) 6%; (c) 8%

Fig. 12 Evolution of the stress hysteresis and upper plateau strain with the annealing temperature of the NiTi wires with 35% area reduction.
(a) The annealed NiTi wires; (b) the 9% pre-deformed NiTi wires
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only a small number of new martensitic nucleation points were
generated, so the martensitic transformation stresses in these
samples were basically unchanged during the subsequent
loading process.

After 9% pre-deformation, it is seen in Fig. 4 and 10 that the
martensitic transformation stresses of 72 and 35% area-reduced
samples both basically unchanged during cycling deformation,
indicating the improvement of superelastic cycle stability by
pre-deformation. This could be mainly attributed to the mass
generation of martensitic nucleation points and the changes of
the shape and orientation of grains during pre-deformation. It
was reported that that the changes of the shape and orientation
of the nanograins would facilitate the formation and growth of
the martensite, and provided the mechanisms for grain shape
accommodation on martensitic transforming (Ref 18). How-
ever, the pre-deformation significantly reduced the critical
stress of martensitic transformation, so pre-deformation is not
suitable for 35% area-reduced samples to improve superelastic
stability.

4.2 Stress Hysteresis of Martensitic Transformation

In the annealed NiTi wires with 72% area reduction as
shown in Fig. 3, the stress hysteresis of martensitic transfor-
mation of monotonically decreased with decreasing annealing
temperature under 4% strain, but the stress hysteresis under 6
and 8% strains increased first and then decreased. These
behaviors are different from the results of NiTi wires reported
recently (Ref 7). In this previous work, the NiTi wires exhibited
a two-stage yielding behavior at two Lüders-type stress
plateaus, corresponding to the R-phase variant reorientation at
the lower plateau and the stress-induced R fi B19’ transfor-
mation at the higher plateau (Ref 7, 15, 23). It had been
reported that the twinning and interphase boundaries in R-
martensite would increase the friction force for the movement
of interphase R fi B19’ boundary, and thus increased the
stress hysteresis (Ref 16). Therefore, we hypothesize that the
increase in stress hysteresis with decreasing annealing temper-
ature in the previously reported work is due to the increase in
R-phase content and twinning interface. In our work, there is no
R-phase variant reorientation plateau during loading (Fig. 2),
and the decreased stress hysteresis can be attributed to the
decrease of energy dissipation during stress-induced martensitic
transformation with decreasing grain size (Ref 8). The
increased stress hysteresis in 320 �C annealed samples under
6% and 8% strains is due to the occurrence of plastic
deformation after Lüders-type martensitic transformation,
which would increase the energy dissipation during loading.

It is seen in Fig. 9 that the stress hysteresis of martensitic
transformation of the annealed NiTi wires with 35% area
reduction decreased with decreasing annealing temperature.
The annealing temperature effect on stress hysteresis is similar
to the results acquired by A Ahadi and Shi et al (Ref 7, 8, 24).
When the number of nucleation sites increased with increasing
dislocation density, the interface between martensite and parent
phases during nucleation and thus the interfacial energy would
also increase (Ref 7). It has been reported that the stress
hysteresis decreases with increasing interfacial energy (Ref 8,
24). Thus, the decrease in stress hysteresis in these samples is
attributed to the increase of dislocation density with decreasing
annealing temperature.

Pre-deformation exhibited a completely different effect on
the stress hysteresis of the two types of samples (35% and 72%

area reduction). For the NiTi wires with 72% area reduction, the
stress hysteresis of pre-deformed samples is larger than that of
the 320 �C, 360 �C and 400 �C annealed samples, as shown in
Fig. 6. The increase of stress hysteresis is mainly attributed to
the introduced dislocations by pre-deformation, which can be
evidenced by the residual plastic strains in Fig. 4. These
dislocations would increase the energy dissipation during
subsequent deformation, and thus the stress hysteresis in-
creased. Differently, pre-deformation has little effect on the
stress hysteresis of the NiTi wires with 35% area reduction.
This is attributed to the presence of dislocations in these
samples prior to pre-deformation. The number of martensitic
nucleation sites and thus the interface between martensite and
parent phases during nucleation basically unchanged after pre-
deformation.

5. Conclusions

The combined effect of annealing temperature and pre-
deformation on the superelastic behaviors of NiTi shape
memory alloy wires were investigated by testing two types of
samples with 72% and 35% area reduction. The experimental
evidence and the discussions present above allow the following
main conclusions:

(1) The annealed NiTi wires with 72% area reduction exhib-
ited larger martensitic transformation stress compared to
the samples with 35% area reduction at the same anneal-
ing temperature. It is attributed to the smaller grain size
and lower dislocation density of the 72% area-reduced
sample.

(2) The annealed NiTi wires with 35% area reduction exhib-
ited superior superelastic cycle stability compared to the
samples with 72% area reduction. It is attributed to the
higher dislocation density and thus the presence of much
more martensitic nucleation points in the 35% area-re-
duced samples.

(3) The stress hysteresis of martensitic transformation de-
creased with decreasing annealing temperature for both
types of NiTi wires with 72% and 35% area reduction.
In addition, the occurrence of plastic deformation during
loading would increase the stress hysteresis of both sam-
ples.

(4) Pre-deformation enhanced the superelastic cycle stability
of both NiTi wires; however, it also led to notable de-
crease in the critical stress of martensitic transformation.

(5) Pre-deformation increased the stress hysteresis of the
NiTi wires with 72% area reduction, but reduced their
sensitivity of stress hysteresis to annealing temperature.
In contrast, pre-deformation has little effect on the stress
hysteresis of the NiTi wires with 35% area reduction.
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