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ABSTRACT 
NiTinol wire is a type of the shape memory alloy (SMA) family of alloys. Superelastic of NiTinol wire is unique property, capable 
applied NiTinol wire in wide applications, for example, in medicine, automotive, aerospace, etc. In this research, experimental and 
ANSYS v15 software were conducted to study the superelastic (pseudo elastic) behavior for NiTinol wire fully annealed. The 
results obtained from experimental, and ANSYS software are almost near. From experimental test, it was obtained that austenite 
the young modulus (EA) was amount 60.25 GPa and martensit (Em) was 20 GPa. Superelastic data constants used in ANSYS 
software were extracted from the experimental test by applying linear interpolation. These data were σsAS =512 MPa, σfAS =545 
MPa, σs

SA =76 MPa, and σf
SA =57 MPa. The mount of strain is 7 % applied in this test returned to zero, indicating, and the reduction 

of permanent deformation. The start martensit temperature (As) was about 58°C and finish austenite temperature (Af) was about 
70°C. ANSYS software provided good results when compared with the experimental work. 
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INTRODUCTION 

 

NiTinol wire is a metallic alloy consisting of two different materials in mixing ratio (Ni,Ti). It is very 

likable alloy due to its properties for example, superelasticity, resistance to fatigue and corrosion, good 

biocompatibility, in other word, nontoxic, etc. In low temperature, the NiTinol wire is soft and can easily change 

its shape, it has ability to return to its original shape, after activated above finish temperature (transformation 

temperature). Its property is unique only in shape memory alloys, NiTinol wire returns to original shape due to 

transformation from martensite phase low temperature to austenite phase high temperature. These phases are 

different in crystallographic structure, but same in chemical composition. In this research, employed high 

temperature NiTinol wire is employed as illustrated in figure (1). The NiTinol wire has ability to return to prime 

shape after unloading, but this cannot occur unless NiTinol wire is heated above the austenite finish temperature 

(Af). When NiTinol wire is martensitic, the temperature below (As) does not recover to original shape. Where, 

the same limitations prevent the (SMA) return to original shape even if they reach to temperature above (Af). 

This limit is the strain value that should be about 8%, if above this amount, the strain will remain as a permanent 

plastic deformation. This phenomenon has more applications in industry for example, aircraft, automobile, 

orthodontic, stent and SAM spring. When superelasticity accrues, it generates a hysteresis lope and this lope has 

important aim for damping vibration and dissipation energy. Hysteresis is different between the transition 

temperatures upon heating and cooling .This phenomenon is illustrated in figure (2). 
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Superelastic Ni-Ti (NiTinol) is a member of the shape memory alloy (SMA). The physical properties of 

NiTinol are highly dependent on a number of factors, including manufacturing method, subsequent processing, 

operating temperature, and strain rate [1]. 

Generally, these materials can be plastically deformed at some relatively low temperature, and upon 

exposure to some higher temperature will return to their shape prior to the deformation. Materials that exhibit 

shape memory only upon heating are referred to as having a one-way shape memory. Some materials also 

undergo a change in shape upon recooling. These materials have a two-way shape memory [2]. 

In 1997, Ferdinando Auricchio, Robeert L. Taylor and Jacob Lubliner they are studied behavior of 

supereleasticity effect of NiTinol wire size 1.49 mm, they are performed three test types, tensile test, three- point 

bending test and four- point bending test. All these tests applied experimental test and finite element modeling. 

They are concluded, all results in experimental and finite element modeling are good agreement. The 

exponential and the linear models predict similar results [5].       

In 2007, McCummiskey E, etal studied behavior of supereleasticity effect of two NiTinol wire size 1.8 mm 

and 0.28 mm.They are performed tensile test experimental and finite element modeling, they are obtained, the 

physical properties of NiTinol are highly dependent on a number of factors, including manufacturing method, 

subsequent processing, operating temperature, and strain rate [1]. 

In 2011, Fafa Ben, Hatira and Kaouthar Saidane studied a Thermo-Mechanical Behavior Simulation of a 

NiTinol Staple used for the Correction of Idiopathic Scoliosis. They implemented finite element method to 

obtain behavior of NiTinol by modeling a 3D beam subjected to uniaxial load. It was concluded that the three 

dimensional constitutive model is able to reproduce the basic macroscopic features of shape memory material, 

such as the superelasticity, the shape memory behavior, and different response under tension and compression 

[4]. 

 

2. Experimental Work: 

In this research, high temperature about 80°C±10°C NiTinol wire full annealing was employed with straight 

shape, it consisted of (Ni-55%, H-0.001%, O-0.05%, N-0.001%, C-0.05%, Ti-Balance), imported from 

Nexmetal Inc 8780 19th Alta Loma, California 91701.  The wire has a circular cross-sectional area with a 

diameter of 2 mm a length of 100 mm. This wire model was tested with temperature above the austenite finish 

temperature (Af) about (Af+10°C), to reduce the secondary side effects and be sure the wire reached the full 

activation.  

 

2.1 Phase Transformation Temperatures: 

It is very important to calculate the phase transformation temperatures, these included austenite start 

temperature (As) and austenite finish temperature (Af). The idea is to find these temperatures, in order to know 

the range of activation temperatures. At the beginning the activated NiTinol wire applied electric current by 

connecting was subjected to with electric power, NiTinol wire was deformable shape before turn switch on of 

circuit and all devices connection with NiTinol wire,  as shown in figure (3). 

Now, put switch of circuit on, then slowly increase the current of power supply, until the NiTinol wire 

begins to initiate the change, this moment presented start austenite temperature (As) and indicate it’s value about 

58°C±1°C in thermocouple screen type (K-type) and induced in power supply values of current and voltage    (4 

A, 1.6 V)  respectively. After obtained start austenite temperature (Af), continue to increasing current of power 

supply, temperature of NiTinol wire continue to elevate, deformable NiTinol wire begin change its shape 

gradually, until it becomes straight in this moment thermo couple record the temperature of the NiTinol wire 

and its value about 70°C±1°C, power supply indicated amount of current and voltage 6.2 A, 1.7 V, respectively, 

as shown in figure (4). 

 

2.2 Tensile Test Model of NiTinol Wire: 

NiTinol wire is considered to be a superelastic material with recoverable strains of up to 8 % [6, 7].  In this 

research implementation model of NiTinol wire full annealing, straighten shape diameter 2 mm, length 100 mm. 

For tensile model used tensile machine type (WDW-200E) as shown in figure (5). Before beginning test 

connected NiTinol wire with power supply, and install the wire in grips of machine. Open switch of power 

supply and evaluated temperature above of finish austenite temperature (Af) approximately (Af+10°C), to 

ensure in activation case and avoid secondary effects, then start tensile machine with strain rate 0.5 mm/min, as 

shown in figure (6).  

When the displacement of NiTinol wire reaches 7 mm (strain 7 %) stopped machine with remained wire in 

activation, after that turn machine to start again, with unloading case, observed load and displacement begin 

reduced, as shown in figure (7).  
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2.3 Finite Element Modeling: 

The computational model available in commercial FE codes (e.g. ANSYS, ABAQUS, and LS-DYNA) 

spans from the work of Auricchio et al [8] which represents a simplified SMA model. The model in present 

work consists of a wire of diameter 2 mm and length 100 mm, which was then undergo to linear displacement of 

7 mm at one end, while the other end was fully fixed, as shown in figure (8). The model consisted of 9648 

hexahedral elements and 30457 nodes. The model is meshed with 3D structure solid elements of type 186. 

SOLID186 is a higher order 3-D 20-node solid element that exhibits quadratic displacement behavior. The 

element is defined by 20 nodes having three degrees of freedom per node: translations in the nodal x, y, and z 

directions. In figure (9) illustrated element distribution of the model. The superelastic behavior of shape memory 

alloys of the model, initialize the data table using the TB, SMA command's (SUPE) option. The superelastic 

SMA option is described by six constants that define the stress-strain behavior in loading and unloading for the 

uniaxial stress-state, as shown in table (1).  The experimental data discussed previously was used as the input to 

the computational model created in ANSYS v15.0. Experimental data was input into the computational model as 

shown in table (2). These data obtained by applied linear interpolation for the stress-strain curve.  

After applied ANSYS v15.0 for computational model and obtained stress-strain curve of superelastic 

behavior as shown in figure (10). Also can obtain the results of the summation of total displacement as shown in 

figure (11), superelastic behavior presented loading and unloading as shown in figure (12). 

 

 
Fig. 1: NiTinol wire coil used in the present work 

 

 
 

Fig. 2: Stress-strain curve for SMA [3] 
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Fig. 3: Devices connection with deformed NiTinol wire used in present work (before supplying the power. 

 

 
Fig. 4: Devices connection with straighten NiTinol wire used in present work (after supplying the power) 

 

 
 

Fig. 5: Tensile test machine type (WDW-200E)   
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Fig. 6: Tensile test machine type (WDW-200E) with activation NiTinol wire   

 

 
 

Fig. 7: Experimental Pseudo elastic NiTinol wire with 7% total strain 

 

 
Fig. 8: FEM applied load on ends model 
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Fig. 9: FE model geometry and element distribution. 

 
Table 1: Superelastic Option Constants 

Constant Meaning Property 

C1 σs
AS 

 

 

Starting stress value for forward phase 

C2 σf
AS 

 

 

final stress value for forward phase 

C3 σs
SA 

 
 

Starting stress value for reverse phase 

C4 σf
SA 

 

final stress value for reverse phase 

C5 ēL 

 
Maximum residual strain 

C6 α 

 

Parameter measuring the difference between material response in 

tension and compression 

 
Table 2: experimental Superealstic data from stress-strain curve in present work 

Constant values 

C1 512 MPa 

C2 545 MPa 

C3 76 MPa 

C4 57 MPa 

C5 6.1% 

C6 0 

 

 
Fig. 10: FEM Pseudo elastic NiTinol wire with 7% total strain 
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Fig. 11: FEM total displacement in ANSYS  

 
Fig. 12: FEM Von Mises equivalent stress in ANSYS 

 

RESULTS AND DISCUSSION 

 

In this research employed tensile test of NiTinol wire experimental and numerical by applied ANSYS 

software. During the test remained the temperature above austenite finish temperature (Af+10), in all interval of 

test. From experimental test obtained young modulus in austenite case (EA) where its amount 60.25 GPa and 

martensit (Em) amount about 20 GPa. Superelastic data constant used in ANSYS software have got from 

experimental test by applied linear interpolation. These data, σs
AS =512 MPa, σf

AS =545 MPa, σs
SA =76 MPa, 

σf
SA =57 MPa. The mount of strain is 7 % applied in this test return to zero, that give us indication, permanent 

deformation is decline. The values of temperatures, start martensit temperature (As) about 58°C and finish 

austenite temperature (Af) about 70°C. These results were almost found near to previous results [1]. 

 

Conclusions:  

1. Area between loading and unloading curve presented the energy dissipation. 

2. Plastic strain of curve returned to the zero position. 

3. Stress-strain curve closed up in experimental also ANSYS software. 

4. Length of NiTinol wire completely returned to original length after unloading. 

5. Activation of NiTinol wire was done by power supply successfully. 

6. NiTinol wire has a good response to the activation temperature. 

7. NiTinol wire has high recovery strain.  
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