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Abstract Article Info. 

Nitinol (NiTi) is used in many medical applications, including hard tissue 

replacements, because of its suitable characteristics, including a close elastic 

modulus to that of bones. Due to the great importance of the mechanical properties 

of this material in tissue replacements, this work aims to study the hysteresis 

response in an attempt to explore the ability of the material to remember its 

previous mechanical state in addition to its ability to withstand stress and to obtain 

the optimal dimensions and specifications of the manufacturer of NiTi actuators. 

Stress-strain examination is done in a computational way using a mutable 

Lagoudas MATLAB code for various coil radii, environment temperatures, and 

coil lengths. The computational methodology was done by varying the dimensions 

and the ambient temperature for the simulated NiTi spring actuator. The hysteresis 

loop is studied by increasing the external stress for a reversible martensitic 

transformation. The coil radius, spring height, and wire radius affect the spring 

force and deformations. In the same way, these parameters affect the strain and 

stress point values. These changes are shown through the martensite and austenite 

start and finish values. The NiTi hysteresis loop narrows with increasing ambient 

temperature or initial spring height. At a higher temperature, the force supplied to 

the actuator must be less for the same deformation; therefore, a higher ambient 

temperature provides more efficiency for the shape memory devices and a longer 

lifetime for the actuator.  
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1. Introduction 
Nitinol, nickel titanium equiatomic alloy (NiTi), is a unique material that exhibits 

the shape memory effect and superelasticity [1-12]. These properties make the NiTi 

material valuable for various industries, such as biomedical devices, aerospace 

engineering, and robotics [13]. One of the critical characteristics of Nitinol is its 

hysteresis loop, which is a graphical representation of the material’s response to 

changes in temperature and stress. Nitinol has two phases: austenite and martensite, 

which have completely different crystal structures. It undergoes a reversible 

transformation between the two phases. Nitinol undergoes phase transformation, leading 

to changes in shape and mechanical properties. The hysteresis process is a unique 

behavior that happens in materials through the loading and unloading path differences. 

Understanding the hysteresis loop of Nitinol is critical in designing and developing 

devices. In this regard, researchers are continually exploring new ways to leverage 

Nitinol’s behavior to create innovative and efficient products.  

There are many applications based on the elasticity of shape-memory alloys 

where large recoverable deformations are required. Most applications based on 

superelasticity are in biomedical applications [14-29]. 

Shape-memory alloys (SMAs) can be used as actuators. Actuators are used as 
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thermal switch-control coolants in automobiles, as a flap control for controlling airflow 

in air conditioners, as air dampers for multi-function electric ovens, and as a thermal 

mixing valve in faucets. Also, they are used in various aerospace applications and 

microrobots [30-35]. Actuators work with a large force generated by a constrained 

shape memory alloy with element recovery. It utilizes the shape memory effect to 

generate force and motion. 

Developments in the thermo-mechanical constitutive modeling of shape memory 

alloys were done by Boyd and Lagoudas (1996) [36] and motivated by Dimitris et al. 

(2012) [37]. Their model improved the smooth transition between the thermal and 

mechanical responses, resulting in a computationally efficient and accurate analysis tool 

within a thermodynamically consistent mathematical framework. They introduced a 

model that captures the behavior of SMAs under three-dimensional thermo-mechanical 

loading paths with good accuracy. Waldemar et al. (2013) [38] found that the conducted 

tests showed that the SMA wire is a strongly non-linear and hysteretic object, and the 

use of resistance as feedback in positioning systems built based on thin SMA wires is 

better than temperature feedback.  

The thermo-mechanical behavior of pseudoelastic shape memory alloy helical 

springs was also discussed by Soren et al. (2016) [39] through a constitutive description 

of the shape memory alloy based on the framework developed by Lagoudas and co-

workers, incorporating two modifications related to hardening and sub-loop functions. 

The spring model takes into account both bending and torsion of the spring wire, thus 

representing geometrical nonlinearities. The experiments considered different deflection 

amplitudes, frequencies, and ambient temperatures that influence spring behavior. 

Weirich and Kuhlenkötter (2019) [40] evaluated possible applications for SMAs based 

on the requirements in the field of aircraft interiors. They gathered requirements 

regarding industry standards through detailed literature research and user interviews. 

They found their solutions through a detailed analysis of the requirements and 

certification standards for electromechanical systems and verified that SMA-based 

actuation has many possible applications in aircraft interiors. Nevertheless, there are 

still some critical requirements for SMA, and the above-proposed solutions lay the 

foundation for further research. 

In hysteresis processes, permanent plastic strain remains in the material [41-45]. 

The additional permanent strain associated with each consecutive cycle gradually 

decreases until it practically ceases to accumulate further. The hysteresis behavior 

(hysteresis loops) occurs when the SMA is subjected to a cyclic thermal load. When the 

SMA transforms from the austenite phase to the martensite phase and the SMA 

completely changes shape, a small, unrecoverable strain remains. After a large number 

of cycles, all the accumulated strain recovers its original shape. That means the material 

does not recover its original shape after thermal expansion and strain; it takes time to 

return to its original shape. This hysteresis behavior leads to a decrease in the efficiency 

of the actuator. The actuator lifetime is particularly critical since it limits the usability of 

shape memory actuators in applications requiring many thousands of activation cycles. 

Cyclic mechanical loading of the material leads to classical material fatigue due to crack 

formation and growth, also known as structural fatigue [36].  

For all the above reasons, this study sheds light on the stability of the Nitinol 

shape memory alloy and the factors affecting the Nitinol actuator's performance, 

represented by the actuator's dimensions and the ambient temperature. The variations in 

mechanical and thermal properties were investigated by changing the simulated Nitinol 

spring actuator dimensions and the ambient temperature. The hysteresis loop was 

studied by increasing the external stress for a reversible martensitic transformation. The 
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hysteresis loop appears during SMA material training, where training is the process of 

repeatedly loading and unloading the material until its response becomes consistent. 

 

2. Methodology 
In this study, simulations for an actuator of NiTi wire of 50% Ni and 50% Ti 

(equiatomic) where used. The constitutive description of the shape-memory alloy is 

based on the framework developed by Boyd and Lagoudas [36]. The NiTi wire makes a 

helical spring. Any helical spring has dimensioning parameters of initial coil radius r0, 

assumed constant, wire radius C, initial height h0, N number of windings, and finally the 

wire being assumed to be of constant length [43], where: 

  √  
   2                                                                                                                          

The geometrical properties of Nitinol springs are given as follows: 

C =0.25 𝑚𝑚,   𝑟𝑜  1.25 𝑚𝑚, ℎ𝑜  6 𝑚𝑚, N= 6 

The force of spring is given by [33]:  

  
2  

3  
       π 

  2                                                                                                        

where:    is the initial pitch angle,   ,   is the shear stress and strain, respectively, 

while     represents the strain before deformation.   

The stress 𝜎 is given by [46, 47]: 

𝜎  
 

2 𝑟 
                                                                                                                                            

         (
ℎ 

2  𝑟 
)                                                                                                                     

and   is the pitch angle:  

        (
 

 
      )                                                                                                                 

where u is the spring displacement (deformation) and h is the spring height. 

The strain (   is given by:  

  
 

 
                                                                                                                                                     

The superelasticity Lagoudas model reported by Hartl et al. (2010) [48] was 

adopted to investigate the effect of ambient temperature on the actuator’s continuity and 

the shape of the stress-strain hysteresis loop. In this case, the Lagoudas model is based 

on macroscopic observations (variables), including spring temperature, stress, and 

strain. Also, the effect of spring length, spring radius, and wire length on the actuator’s 

performance was studied via the hysteresis loop analysis. 

The Lagoudas model determines the actuator's displacement (deformation) due to 

the effect of applied force; hence, the hysteresis loop is a deformation function of 

applied force. Stress and strain equations were added to the model to plot the regular 
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hysteresis loop, which represents strain as a function of stress. The Lagoudas model was 

used to find the required variables in this research. 

 

3. Results and Discussion 
Studying the NiTi actuator, the variations in mechanical and thermal properties 

were investigated by changing the simulated Nitinol spring dimensions and ambient 

temperature. The hysteresis loop was studied by increasing the external stress for a 

reversible martensitic transformation. The hysteresis loop appears during SMA material 

training, where training is the process of repeatedly loading and unloading the material 

until its response becomes consistent.  

The hysteretic response of the Nitinol material was studied due to the effects of 

changing the coil radius r0, keeping the wire radius   0.25   , ambient 

temperature   25o
C, initial spring height ℎ  6   , and number of coils N=6 fixed. 

Fig. 1 shows the hysteresis loops of the 50% Ni NiTi-shaped memory alloy for a 

coil radius of 1.25 mm. There are two types of hysteresis loop curves: the force-

deformation hysteresis loop and the stress-strain hysteresis loop. The coil radius 

affected our simulated equiatomic NiTi actuator, where the coil radius was (1.25 mm, 

1.3 mm, 1.35mm, 1.4 mm, and 1.45mm). 

Fig. 2 shows the deformation-spring force hysteresis loop. The points of 

transformation determined by the tangent line, where the transformation starts and ends, 

primarily increased during the loading cycle (upper plateau) and decreased during the 

unloading cycle (lower plateau). At the upper plateau, the point of Martensite start (Ms) 

was of a deformation equal to 6.667 mm and a spring force equal to (6.121 N). These 

values increased along the upper plateau to become the martensite finish point (Mf) of a 

deformation equal to (19.19mm) and a spring force equal to 8.089 N. At the lower 

plateau, the austenite start point (As) has a deformation of 14.55 mm and spring force of 

4.748 N. These values decreased along the lower plateau to become the austenite finish 

point (Af), with deformation equal to 3.434 mm and spring force equal to 1.973 N. 
 

 

Figure 1: Deformation-spring force hysteresis loop with coil radius     .      . 
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Figure 2: Stress-strain hysteresis loop with coil radius     .      . 
 

For different values of coil radius (1.3, 1.35, 1.4, and 1.45) mm, 20 hysteresis 

loops were obtained, from which the transformation points (Ms, Mf, As, and Af) values 

were determined and listed in Tables 1 and 2. The size of the hysteresis loops in these 

cases was the same, but the points of transformation (Ms, Mf, As, and Af) changed with 

the increase in coil radius. The same behavior appeared in the stress-strain hysteresis 

loops. The size of these loops became narrow; this means that the size of the hysteresis 

loop depends on the coil radius. 

 
Table 1: The effect of coil radius on the deformation and force parameters 

       ,           .       ,            ,              

Spring force (N) Deformation(mm) Coil radius 

r                                
2.111 4.748 8.689 6.121 3.838 14.55 19.19 6.667 1.25 

1.904 4.352 8.099 5.798 3.636 14.14 19.39 6.869 1.3 

1.716 4.071 7.666 5.503 3.434 13.94 20 7.071 1.35 

1.544 3.824 7.174 5.233 3.232 13.74 20 7.273 1.4 

1.385 3.555 6.743 5.067 3.03 13.33 20 7.879 1.45 

 

 
Table 2: The effect of coil radius on the stress and strain parameters. 

   .       ,           ,        ,           

Stress  (N/m
2
) Strain Coil 

radius 
r (  )                         

3.387 10  1.015 10  1.761 10  1.156 10  437.7 2525 3232 875.4 1.25 

3.33 10  8.707 10  1.534 10  1.072 10  538.7 2492 3266 1077 1.3 

2.997 10  6.918 10  1.332 10  9.436 10  572.4 2256 3300 1111 1.35 

2. 707  10  6.046 10  1.165 10  8.343 10  606.1 2222 3333 1145 1.4 

2.282 10  5.314 10  1.021 10  7.477 10  572.4 2189 3333 1212 1.45 

 

where 𝑀𝑠, 𝑎𝑛𝑑 𝑀𝑓 represents the martensite start and finish values, respectively. 

While 𝐴𝑠  𝑎𝑛𝑑 𝐴𝑓 represents austenite start and finish values, respectively. 
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 Fig. 3 (A) shows the change in the transformation points with increasing the coil 

radius. While Fig. 3(B) shows the spring force points decrease with the increase of the 

coil radius.  

20 hysteresis loops of the 50% Ni NiTi shape memory alloy were determined for 

different spring heights that affected our simulated equiatomic NiTi actuator of (6 mm, 

8mm, 10 mm, 12 mm, and 14 mm). The points of transformation are (Ms, Mf, As, and Af) 

were determined by the tangent line. The behavior of these points is similar to the 

previous case, where it increased on the high plateau and decreased in the low plateau, 

as shown in Tables 3 and 4. The size of each loop became smaller as the initial spring 

height increased. 

 

Figure 3: (A) Represents the effect of coil radius on the deformation, (B) Represents the 

effect of coil radius on the spring force. 

 

Table 3: The effect the initial spring height on the deformation and force parameters. 

                  .                            .      

Spring force (N) Deformation(mm) Springheight

      )                         

1.973 4.476 8.637 5.594 3.434 13.74 18.99 5.05 6 

1.9 4.54 8.689 5.673 3.232 13.94 19.19 5.253 8 

1.838 4.933 9.573 5.835 3.03 14.55 20 5.455 10 

1.763 5.116 9.945 5.956 2.828 14.75 20 5.657 12 

1.662 5.314 10.35 6.076 2.626 14.96 20 5.859 14 

 
Table 4: The effect of the initial spring height on the stress and strain parameters. 

   .        ,        .         ,        ,           

Stress (N/m
2
) Strain Spring

       
        

                        

3.387 10  8.992 10  1.719 10  1.224 10  437.7 2256 3030 1044 6 

3.565 10  9.558 10  1.842 10  1.222 10  353.5 1768 2424 756.6 8 

4.055 10  9.59 10  1.906 10  1.204 10  343.4 1394 1939 565.7 10 

4.072 10  9.622 10  1.992 10  1.198 10  286.2 1145 1633 454.5 12 

4.088 10  9.955 10  2.089 10  1.152 10  245.3 995.7 1414 346.3 14 
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Fig. 4(A) shows the spring height effect on the deformation martensite and 

austenite starts and finish points. While Fig. 4(B) shows the effect of the spring height 

on the spring force martensite and austenite start and finish points, for the 20 hysteresis 

loops, deformation points (Ms, Mf, As, and Af) changed with increasing the spring height, 

while the spring force points(Ms, Mf, As, and Af) decreased.  

The austenite points (As and Af) and martensite points (Ms and Mf) were 

determined, as the wire radius C was changed between (0.25-0.45) mm, keeping the 

other variables fixed, as shown in Tables 5 and 6. 
 

 
 

Figure 4: (A) Represents the effect of spring height on the deformation, (B) Represents the 

effect of spring height on the spring force. 

 

 

Table 5: The effect of the wire radius on the deformation and force parameters. 

                                        .        
Spring force (N) Deformation(mm) Wire radius  

C                              

2.043 4.476 15.72 5.884 3.636 13.74 20 5.859 0.25 

3.503 7.95 15.72 10.25 3.434 13.74 18.59 5.o51 0.3 

5.56 7.95 25.85 16.86 3.434 13.54 17.58 4.848 0.35 

5.638 12.95 39.62 24.78 2.02 11.72 16.36 4.04 0.4 

6.631 27.99 56 35.34 1.818 11.52 14.55 3.636 0.45 

 

 
Table 6: The effect of the wire radius on the stress and strain parameters. 

          ,        .        ,        ,           

Stress (N/m
2
) Strain Wire     

radius 

   ) 
                        

4.162 10  9.672 10  1.815 10  1.17 10  606.1 2424 3333 909.1 0.25 

7.621 10  1.699 10  3.225 10  2.115 10  639.7 2391 3131 875.4 0.3 

1.092 10  2.685 10  5.267 10  3.39 10  538.7 2290 2929 774.4 0.35 

1.454 10  3.746  10  7.999 10  5.049 10  471.4 1987 2694 673.4 0.4 

1.658 10  5.991 10  1.11 10  7.08 10  370.4 1987 2323 572.4 0.45 

 

The size of the hysteresis loops remained the same as the wire radius values was 

changed (0.25 mm, 0.3 mm, and 0.35 mm), but at wire radius values of 0.4 mm, and 0. 

45 mm, the loops became narrow. Fig. 5(A) shows that the (Ms, Mf, As, and Af) 



Iraqi Journal of Physics, 2023                                                                            Zina A. Al Shadidi, et al. 

 71 

deformation points decreased with increasing the wire radius. Fig.5(B) shows that spring 

force points (  𝑠,   𝑓 , 𝐴𝑓 ,      𝐴𝑓  increased with increasing the wire radius. Our results 

agree with those of Auricchio et al. [49]. 

 

 
Figure 5: (A) Represents the effect of wire radius on the deformation, (B) Represents the 

effect of wire radius on the spring force. 
 

The authors focused on examining the dependence of the actuator’s characteristics 

on temperature to observe the decrease in its efficiency due to thermoelastic martensitic 

transitions that may occur when the stress associated with the forward transformation is 

totally recovered through the reverse transformation. The results of changing the 

temperature while keeping the other variables fixed are shown in Tables 7 and 8.  

The temperatures used to study its effect on our simulated equiatomic NiTi 

actuator were (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, and 55) 
o
C. 

Figs. 6 and 7 show the deformation-spring force and stress-strain hysteresis loops 

at 5
o
C. The loop was large area and did not form a closed orbit. The same happened at a 

temperature of 10
o
C. The loop's behavior was asymptotic at temperatures of 15

o
C, 20

o
C, 

and 25
o
C; the loops were of a closed form and narrow. As the temperature increased, 

the hysteresis loops continued to narrow until reaching a temperature of 55
o
C. The size 

of the hysteresis loops, due to changes in temperature, increases at low temperatures and 

becomes narrower at high temperatures. Our results agreed with those of Soren et al. 

[39] and Toptas et al. [50]. 
 

Table 7: The effect of the temperature on the deformation and force parameters. 

   .       ,        .       ,                    
Spring force (N) Deformation(mm) 

Temperature(
o
C) 

                        
-0.434 2.194 6.007 2.406 3.03 15.35 19.8 2.02 5 

0.333 3.297 6.714 3.137 3.838 16.16 20 2.626 10 

0.9957 4.125 7.488 3.744 4.04 16.36 20 3.03 15 

1.651 4.955 8.2 4.184 4.242 16.57 20 3.262 20 

2.3 5.788 8.91 5.01 4.444 16.77 20 4.04 25 

3.003 6.623 9.618 5.53 4.848 16.97 20 4.242 30 

3.64 7.46 10.32 6.113 5.051 17.17 20 4.646 35 

4.406 8.301 11.02 6.68 5.657 17.37 20 5.051 40 

5.036 9.144 11.72 7.499 5.859 17.58 20 5.657 45 

5.732 9.991 12.41 8.085 6.263 17.78 20 6.061 50 

6.578 10.68 13.1 8.659 7.071 17.98 20 6.465 55 

 

 

https://link.springer.com/article/10.1007/s11665-014-0883-1#auth-Ferdinando-Auricchio-Aff1
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Table 8: The effect of the temperature on the stress and strain parameters 

   .        ,        .         ,        ,           

Stress (N/m
2
) Strain 

Temperature(
0
C) 

                        

-

4.1 
10  

4.649 
10  

1.235 
10  

5.145 
10  

707.1 2593 3333 370.4 5 

1.062 
10  

6.3116  
10  

1.38 
10  

6.39 
10  

774.4 2626 3333 437.7 10 

2.623 
10  

7.977 
10  

1.525 
10  

7.627 
10  

875.4 2660 3333 505.1 15 

3.996 
10  

8.52 
10  

1.671 
10  

8.524 
10  

909.1 2694 3333 538.7 20 

5.337 
10  

9..683 
10  

1.815 
10  

9.683 
10  

942.8 2727 3333 606.1 25 

6.706 
10  

1.3 

 10  

1.959 
10  

1.08 
10  

976.4 2761 3333 673.4 30 

8.043 
10  

1.406 
10  

2.103 
10  

1.31 
10  

1010 2795 3333 841.8 35 

9.366 
10  

1.636 
10  

2.2453 
10  

1.406 
10  

1044 2828 3333 875.4 40 

1.068 
10  

1.805 
10  

2.387 
10  

1.528 
10  

1077 2862 3333 942.8 45 

1.211 
10  

1.975 
10  

2.528 
10  

1.647 
10  

1145 2896 3333 1010 50 

1.355 
10  

2.145 
10  

2.666 
10  

1.764 
10  

1212 2929 3333 1077 55 

 

 

Figure 6: Deformation-spring force hysteresis loop at 5℃. 
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Figure 7: Stress-strain hysteresis loop at 5℃. 

 

For every (force-deformation) hysteresis loop, the points of transformation 

increased primarily during the loading cycle (upper plateau) and decreased during the 

unloading cycle (lower plateau). At 5℃: for the upper plateau, the point transformation 

   starts with deformation equal to 2.02 mm and spring force equal to 2.40 6 N; these 

values increase along the upper plateau to become  𝑓  which has deformation equal to 

19.8mm and spring force 6.007 N, respectively. At the lower plateau, the point 

transformation    has a deformation of 15.35 mm and a spring force equal to 2.194 N. 

These values decreased along the lower plateau to become the point transformation   , 

which has deformation equal to 3.03mm and spring force equal to -0.4839 N. The same 

behavior was also noticed for the stress- strain hysteresis loops because of the direct 

relationship between stress and force and the direct relationship between strain and 

deformation.  

Stress increases with increasing force, and strain increases with increasing 

deformation in hysteresis loops. From Fig.8 (A and B), the transformation points of 

deformation and spring force increased with increasing ambient temperature because of 

the hysteresis loop shift, which indicates that nitinol earned thermal energy. 
 

 
Figure 8: The effect of temperature on the points of transformation of (A) deformation, (B) 

spring force respectively. 
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4. Conclusions  
The environmental temperature affects the hysteresis amount within the NiTi 

material. The width of the hysteresis loop indicates the effect of changing the 

environmental temperature on the material’s energy gain. From (5 to 55) 
o
C the 

hysteresis loop narrows with increasing temperature. This indicates that the amount of 

stress stored in the NiTi alloy during the austenite to martensite transformation will be 

less when the environmental temperature is higher. Also, the required stress that starts 

the reverse transformation is less at higher temperatures due to the thermal energy 

gained from the environment. The narrower hysteresis loop causes a lower shape 

memory effect. When changing the coil radius, the size of hysteresis loops did not 

change, but the transformation points changed with an increased coil radius. The size of 

the loop did not depend on the coil radius. This behavior for the Nitinol actuator shows 

that the actuator’s efficiency increases with increasing temperature and spring height. 

The deformation point increased with increasing temperature, while the spring 

force required for the transformation to start or finish decreased with increasing 

temperature because materials gained energy. The (Ms, Mf, As, and Af) deformation 

points decrease with increasing wire radius. While the spring force points (Ms, Mf, As, 

and Af) increase with increasing wire radius. The transformation point changes with 

increasing coil radius, while spring force points decrease with increasing coil radius. 

Deformation points (Ms, Mf, As, and Af)  change with increasing spring height. While 

spring force points (Ms, Mf, As, and Af)   decrease with increasing spring height.  
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 والتأثٍر البٍئً على خصبئص المشغل NiTiببض تأثٍر أبعبد ن
 

زٌنة عبذ الامٍر الشذٌذ
1

،
 

احمذ كبظم فبلح
2 

مهذي حسن سهٍل ،
1 

و سهى سبلم حٍذره
3

 
 وٍٍخ اٌّأِْٛ اٌجبِؼخ، ثغذاد، اٌؼشاق لسُ رمٍٕبد الأشؼخ ٚ اٌسٛٔبس،1

 جبِؼخ اٌفشاٍ٘ذي، ثغذاد، اٌؼشاقاٌىٍٍخ اٌطجٍخ اٌزمٍٕخ،  لسُ رمٍٕبد الأشؼخ ٚ اٌسٛٔبس،2
 جبِؼخ اثٍٓ، اثٍٓ، آٌٍّ لسُ اٌفٍضٌبء، وٍٍخ اٌزشثٍخ،3

 

 لخلاصةا
ٌسزخذَ إٌٍزٍٕٛي فً اٌؼذٌذ ِٓ اٌزطجٍمبد اٌطجٍخ، ثّب فً رٌه ثذائً الأٔسجخ اٌصٍجخ ، ثسجت خصبئصٗ إٌّبسجخ، ثّب فً رٌه 

ٍّ٘خ اٌىجٍشح ٌٍخصبئ  اٌٍّىبٍٔىٍخ ٌٙزٖ اٌّبدح فً ثذائً الأٔسجخ، رّذ دساسخ اسزجبثخ ِؼبًِ اٌّشٚٔخ اٌٛثٍك ٌزٍه اٌّٛجٛدح فً اٌؼظبَ. ٌلأ

اٌزجبطؤ فً ِحبٌٚخ لاسزىشبف لذسح اٌّبدح ػٍى رزوش حبٌزٙب اٌٍّىبٍٔىٍخ اٌسبثمخ ثبلإضبفخ إٌى لذسرٙب ػٍى رحًّ الإجٙبد، ٌٍحصٛي ػٍى 

 Lagoudasٌزُ إجشاء فح  الإجٙبد ٚالأفؼبي ثطشٌمخ حسبثٍخ ثبسزخذاَ وٛدوّشغً.ٌّٕبسجخ لاسزخذاَ ٔبثض حٍضًٚٔ إٌزٕٛي أثؼبد االا

MATLAB  أٔصبف ألطبس اٌٍّف اٌّخزٍفخ ٚدسجبد حشاسح اٌجٍئخ ٚأطٛاي اٌٍّف ػٓ طشٌك رغٍٍش. 

  . رّذفزشاضًالا NiTi ٌّحشن ٔٛاثض رُ اٌزحمٍك فً اٌزجبٌٓ فً اٌخصبئ  اٌحشاسٌخ ػٓ طشٌك رغٍٍش دسجخ حشاسح اٌّحٍظ

ػىسً. ٌؤثش ٔصف لطش اٌٍّف ٚاسرفبع اٌضٔجشن  ٕسبٌذدساسخ حٍمخ اٌزخٍفٍخ ػٓ طشٌك صٌبدح اٌضغظ اٌخبسجً ِٓ أجً رحٛي ِبسر

ٚٔصف لطش اٌسٍه ػٍى لٛح اٌضٔجشن ٚاٌزشٛ٘بد. ثٕفس اٌطشٌمخ، رؤثش ٘زٖ اٌّؼٍّبد ػٍى لٍُ الإجٙبد ٚاٌضغظ. رظٙش ٘زٖ اٌزغٍٍشاد ِٓ 

 .ِٓ ثٍٓ ٘زٖ اٌمٍُ، ٍِض اٌجبحث أْ أوثش اٌّؼٍّبد رأثشاً ٘ٛ ٔصف لطش اٌسٍه Martensite ٚ Austenite إٌٙبٌخخلاي لٍُ اٌجذاٌخ ٚ

ػٍى دسجخ اٌحشاسح اٌّحٍطخ، ٚرضٍك حٍمخ اٌزجبطؤ ِغ صٌبدح دسجخ اٌحشاسح. ػٕذ  NiTi ٌؼزّذ حجُ حٍمخ اٌزخٍفٍخ فً اٌّشغً

 .صاد اٌزشٖٛ؛ ٌزٌه ، رٛفش دسجخ اٌحشاسح إٌّخفضخ ػّشًا أطٛي ٌٍّشغًدسجخ حشاسح أػٍى صادد اٌمٛح اٌّضٚدح ٌٍّشغً ٚ

 

 .حٍمخ اٌٙسزشح ،ِبرلاة ،ِشغً ،إٌزٕٛي ،ّشٚٔخ اٌفبئمخٌاالكلمبت المفتبحٍة:  

 
 

 


