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Abstract  

 The paper focuses on the main applications of shape memory alloys. It can be divided into five 

main sections. The first section focuses on the general introduction of shape memory alloys and their 

applications. This section is followed by discussing biomedical applications. The robotic applications are 

discussed in the third section. The Automotive Applications are discussed in the fourth section. Finally, 

the fifth section reviews the aerospace applications. 
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 1: Introduction 

 In 1932 smart alloy or shape memory alloy was first discovered by Arne Olander [1], while, 

Vernon was the first one described the term shape – memory in 1941 . However, the importance of shape 

memory alloys was not recognized until the shape memory effect was discovered by William Buehler 

and Frederick wang in 1962, when they described it in a nickel – titanium alloys (nitinol) [2]. Since then, 

shape memory alloys have been used for engineering and technical applications in numerous commercial 

fields; for examples, in automotive [3-5] , biomedical [6-9] , aerospace [10, 11], robotics [12-14], 

consumer products and industrial applications [15-17] and fashion [18].  In general, the SMAs 

applications can be divided into four groups depending on their key function of their unique properties, 

which are shape memory effect and superelasticity [15, 19, 20]. Table 1 Shows the types of shape 

memory applications [15]. This review focuses on applications of shape memory alloys particularly 

biomedical, robotic, automotive and aerospace applications. 
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Table  1  Shape memory applications categories [15] 

2: Biomedical Applications 

The materials used for vivo application which are touch with human tissue should have unique 

properties to meet this requirements, for example, these materials must have biological reliability – 

biological compatibility, free toxicity, perfect corrosion resistance, and accuracy of mechanical 

properties [21-23]. 

 Since the discovery of shape memory effect in NiTi alloys in 1962, they proposed to use this 

shape memory alloy in biomedical applications [15, 19, 24]. Due to the unique properties of Ni-Ti shape 

memory alloy (SMA), shape memory effect (SME), shape effect (SE), and a very good corrosion 

resistance, Ni-Ti shape memory alloys are often used as prosthesis materials in the human body[25-27]. 

The application areas available with various size and shape, range from dental arch wire not directly in 

tough with blood flow in the human organism to stents used to stabilize damaged blood vessels as shown 

in figure 1 [15, 22-27]. 

 Furthermore, shape memory alloys are used in medical devices in different areas such as 

orthopedics [22], neurology[22], cardiology and interventional radiology [21, 22]. In addition they are 

used in stents [21], endodontics [28], eyeglass frames [29], guide wires [30], aneurism treatments [31] 

and medical tweezers [32, 33], sutures [32, 33], anchors for attaching tendon to bone [32, 33], implants 
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[32, 33]. Figure 2 shows example of using shape memory alloy in catheter – based surgeries [34, 35]. 

NiTi shape memory alloy coiled spring can be used as a micro – muscle fiber as you can see in figure 3 

[36, 37]. The researchers developed mechanical circulation using shape memory alloys fiber to assist 

patients with heart diseases as you can see in figure 4 [38]. 

 

Figure  1 Potential and existing shape memory alloy applications in biomedical domain 

[15] 

 

Figure  2 Shape memory alloy active catheter [34] 
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Figure  3  Muscle like NiTi shape memory alloy [37] 

 

 

 

 

 

 

 

 

 

Figure  4  Artificial heart support device with shape memory fibre [38] 

3: Robotic Applications 

 Shape memory alloys have been used in robotic application since 1980s [39-43]. However, the 

robots can be divided into several groups depending on their movement techniques and applications, for 

example jumper, crawler, fish, walker, flower, medical and biomimetic robotic hand [13, 14, 44]. Figure 

5 shows the different kinds of shape memory alloys in the robotic applications [13, 14, 44]. Today, 

numerous works carried out on robotics have focused on biologically inspired and humanoid robots [14, 

44]. These robots can be used to solve problems which are challenges for humans, for example can be 
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used in underwater, space, air and land to provide pertinent information from these environments which 

is difficult to get by humans [13, 14, 44]. 

 Recently, sever flying robots with shape memory alloys have been developed, for example Bat 

Robot [45] and BATMAV Robot [46, 47]. A dragonfly shown in figure 6 with a 44 cm length and a 63 

cm wingspan was developed by Festo Group [48]. The dragonfly is known as BionicOpter see figure 6, 

the dragon equipped with four actuators shape memory alloys to control the movement dragonfly tail up 

and down and dragonfly head from side to side [48]. The dragonfly has thirteen degrees of freedom, can 

hover in maneuver in all direction and in mid – air [48].   

Figure  5 Potential and Existing shape memory alloys applications in robotic domain [14] 

 

Figure  6  Festo BionicOpter - inspiration dragonfly flight [48] 

4: Automotive Applications 

Nowadays, the number of sensors and actuators are growing tremendously due to the request for 

reliable, convenient and good performance in modern vehicles [15]. Therefore, these offer a wide range 

for shape memory alloys to use in the automotive industry as shown in figure 7 [5, 49, 50]. 

 There are numerous possibility applications for shape memory alloys in automotive industry 

which have been proposed, but very few of them have been used in practical applications due to the 

limited range of operating temperature compared with shape memory alloy transformation temperatures 

[15]. In addition, there are other limitations for example hysteresis width, stability and lifetime [5, 15, 

49, 50]. 

 However, shape memory alloys can be used in the mirror system in modern vehicles due to the 

versatility of shape memory alloy as shown in figure 8 [51]. Furthermore, figure 9 shows the emerging 

General Motors shape memory alloys applications [52-54]. Recently, several other shape memory alloy 

applications for automotive industry have been developed and they can be found in the literature [55-
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58], for examples, tumble flaps actuator, micro – scanner system, pop – up bonnet and side mirror 

actuator as you can see in figure 10 [55-58].  

 It is well known that the stander transformation temperatures of NiTi shape memory alloy are at 

range temperatures – 40 ◦ C to approximately + 110 ◦ C [19]. In contrast, the stander operating 

temperature range for automotive application is between – 40 ◦ C to approximately +125 ◦ C as shown 

in figure 11 [4, 19, 59, 60]. Therefore, the majority of the practical applications of shape memory alloys 

are covered by NiTi shape memory alloy [19]. 

 However, from the figure 11 and in order to act properly the shape memory alloys should exhibit 

a martensite transformation temperature above maximum operating temperatures as shown in the figure 

11 the red dotted lines. Moreover, there are many kinds of high temperatures shape memory alloys, which 

are available as shown in the figure 11. But these alloys are of high cost for automotive industry [4, 19, 

20, 59-61]. Although, the Cu-Al-Ni shape memory alloys exhibits martensitic transformation 

temperatures up to 200 ◦ C, these materials are unstable, brittle, exhibit low fatigue strength and cannot 

be used for multiple cyclic operations [4, 19, 20, 59-61].             

  

Figure  7  Existing and potential shape memory applications in the automotive domain 

[50]. 

 

Figure  8  EAGLE mirror prototype [51] 
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Figure  9  Emerging General Motors shape memory alloy [54] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure  10  Other shape memory alloys application in automotive domain [58] 



Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020. 

66 

 

 

 

 

 

 

 

 

 

 

Figure  11  Operating temperature range for automobiles applications and the 

transformation temperature for selected commercially available and developed shape 

memory alloys [60] 

 5: Aerospace Applications  

 SMAs have been used in aerospace since 1970s when used in hydraulic line coupling which is 

used in the F-14 fighter jets [62]. Since this time and due to the unique properties of SMAs many 

aerospace researchers have proposed to use this material for solving engineering issues in the aerospace 

manufacture[6, 11, 63-65]. 

 In the 1990s, numerous works carried out on aerospace industry such as Advanced Research 

Projects Agency (DARPA) program for aircraft smart wings [66], the Smart Aircraft and Marine 

Propulsion System Demonstration (SAMPSON) program for jet engines[67] and another program can 

be seen in literatures [68-73]. The Boeing company has improved an active device based on SMA 

technology programs which is VGC, a variable geometry chevron on a 77-300 ER with GE90-115B jet 

engine, this device has the ability to minimize noise through take- off, figure 12 shows Boeing variable 

geometry chevron [71-73]. Then, after the VGC success, many companies such as Boeing, DARPA, 

NASA and other have been introduced more SMAs based on technology programs in order to use SMAs 

in aerospace industry [71-73].Figure 13 shows the possibility SMAs applications in the aerospace 

industry [10, 62]. 
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Figure  12  Boeings variable geometry chevron (VGC) [71] 

 

Figure  13  Existing and potential shape memory alloys applications in the airspace 

domain [62] 

6- Conclusions  

1- This review has demonstrated that shape memory alloys can be successfully used in several 

applications particularly (biomedical, airspace, robots and automotive). 

2- The applications of shape memory alloys can be divided according to their memory element such as 

shape memory effect and superelasticity. Shape memory effect can be used to generated force or 

motion or both. Superelasticity can be used to store energy. 

3- The demand for shape memory alloys is increasing especially in the biomedical applications. 

4- Several shape memories alloys have a good shape memory property to use at high temperatures, but 

they are relatively of high costs for automotive applications.    

Conflicts of Interest 

The author declares that they have no conflicts of interest. 



Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020. 

68 

References  

[1] A. Ölander, "AN ELECTROCHEMICAL INVESTIGATION OF SOLID CADMIUM-GOLD 

ALLOYS," Journal of the American Chemical Society, vol. 54, pp. 3819-3833, 1932/10/01 1932. 

[2] W. J. Buehler, J. Gilfrich, and R. Wiley, "Effect of low‐temperature phase changes on the mechanical 

properties of alloys near composition TiNi," Journal of applied physics, vol. 34, pp. 1475-1477, 1963. 

[3] M. D. Hager, S. Bode, C. Weber, and U. S. Schubert, "Shape memory polymers: past, present and 

future developments," Progress in Polymer Science, vol. 49, pp. 3-33, 2015. 

[4] D. J. Leo, C. Weddle, G. Naganathan, and S. J. Buckley, "Vehicular applications of smart material 

systems," in Smart Structures and Materials 1998: Industrial and Commercial Applications of Smart 

Structures Technologies, 1998, pp. 106-116. 

[5] Z. Zeng, M. Yang, J. P. Oliveira, D. Song, and B. Peng, "Laser welding of NiTi shape memory alloy 

wires and tubes for multi-functional design applications," Smart Materials and Structures, vol. 25, p. 

085001, 2016. 

[6] J. Van Humbeeck, "Non-medical applications of shape memory alloys," Materials Science and 

Engineering: A, vol. 273, pp. 134-148, 1999. 

[7] L. Sun, W. M. Huang, Z. Ding, Y. Zhao, C. C. Wang, H. Purnawali, et al., "Stimulus-responsive shape 

memory materials: a review," Materials & Design, vol. 33, pp. 577-640, 2012. 

[8] L. Petrini and F. Migliavacca, "Biomedical applications of shape memory alloys," Journal of 

Metallurgy, vol. 2011, 2011. 

[9] T. Duerig, A. Pelton, and D. Stöckel, "An overview of nitinol medical applications," Materials Science 

and Engineering: A, vol. 273, pp. 149-160, 1999. 

[10] C. Bil, K. Massey, and E. J. Abdullah, "Wing morphing control with shape memory alloy actuators," 

Journal of Intelligent Material Systems and Structures, vol. 24, pp. 879 -898 ,2013.  

[11] L. M. Schetky, "Shape memory alloy applications in space systems," Materials & Design, vol. 12, 

pp. 29-32, 1991. 

[12] J. Ruiz-del-Solar, E. Chown, and P. G. Plöger, RoboCup 2010: Robot Soccer World Cup XIV vol. 

6556: Springer Science & Business Media, 2011. 

[13] M. M. Kheirikhah, S. Rabiee, and M. E. Edalat, "A review of shape memory alloy actuators in 

robotics," in Robot Soccer World Cup, 2010, pp. 206-217. 

[14] M. Van der Wijst, P. Schreurs, and F. Veldpaus, "Application of computed phase transformation 

power to control shape memory alloy actuators," Smart Materials and structures, vol. 6, p. 190, 1997. 

[15] J. M. Jani, M. Leary, A. Subic, and M. A. Gibson, "A review of shape memory alloy research, 

applications and opportunities," Materials & Design (1980-2015), vol. 56, pp. 1078-1113, 2014. 

[16] P. Kumar and D. Lagoudas, "Introduction to shape memory alloys," in Shape memory alloys, ed: 

Springer, 2008, pp. 1-51. 

[17] A. Hautcoeur and A. Eberhardt, "Eyeglass frame with very high recoverable deformability," ed: 

Google Patents, 1997. 

[18] V. L. Lieva and H. Carla, "Smart clothing: a new life," International Journal of Clothing Science 

and Technology, vol. 16, pp. 63-72, 2004. 

[19] D. E. Hodgson, W. Ming, and R. J. Biermann, "Shape memory alloys," ASM International, Metals 

Handbook, Tenth Edition., vol. 2, pp. 897-902, 1990. 

[20] D. Stöckel, "The shape memory effect-phenomenon, alloys and applications," California, vol. 

94539, pp. 1-13, 1995. 

[21] C. Song, "History and current situation of shape memory alloys devices for minimally invasive 

surgery," The Open Medical Devices Journal, vol. 2, 2010. 

[22] N. Morgan, "Medical shape memory alloy applications—the market and its products," Materials 

Science and Engineering: A, vol. 378, pp. 16-23  ,2004.  



Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020. 

69 

[23] L. Machado, "savi MA. Medical applications of shape memory alloys," Brazilian Journal of Medical 

and Biological Research, vol. 36, pp. 683-691, 2003. 

[24] W. Huang, "On the selection of shape memory alloys for actuators," Materials & design, vol. 23, pp. 

11-19, 2002. 

[25] D. Mantovani, "Shape memory alloys: Properties and biomedical applications," Jom, vol. 52, pp. 36-

44, 2000. 

[26] W. J. Buehler and F. E. Wang, "A summary of recent research on the nitinol alloys and their potential 

application in ocean engineering," Ocean Engineering, vol. 1, pp. 105-120, 1968. 

[27] J. Ryhänen, M. Kallioinen, J. Tuukkanen, J. Junila, E. Niemelä, P. Sandvik, et al., "In vivo 

biocompatibility evaluation of nickel‐titanium shape memory metal alloy: Muscle and perineural 

tissue responses and encapsule membrane thickness," Journal of Biomedical Materials Research: An 

Official Journal of The Society for Biomaterials, The Japanese Society for Biomaterials, and the 

Australian Society for Biomaterials, vol. 41, pp. 48 1-488 ,1998.  

[28] S.-R. Oh, S.-W. Chang, Y. Lee, Y. Gu, W.-J. Son, W. Lee, et al., "A comparison of nickel-titanium 

rotary instruments manufactured using different methods and cross-sectional areas: ability to resist 

cyclic fatigue," Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 

vol. 109, pp. 622-628, 2010. 

[29] R. B. Zider and J. F. Krumme, "Eyeglass frame including shape-memory elements," ed: Google 

Patents, 1988. 

[30] G. Lim, K. Park, M. Sugihara, K. Minami, and M. Esashi, "Future of active catheters," Sensors and 

Actuators A: Physical, vol. 56, pp. 113-121, 1996. 

[31] R. S. Maynard, "Distributed activator for a two-dimensional shape memory alloy," ed: Google 

Patents, 1999. 

[32] J. M. Dahlgren and D. Gelbart, "System for mechanical adjustment of medical implants," ed: Google 

Patents, 2009. 

[33] R. Pfeifer, C. W. Müller, C. Hurschler, S. Kaierle, V. Wesling, and H. Haferkamp, "Adaptable 

orthopedic shape memory implants," Procedia Cirp, vol. 5, pp. 253-258, 2013. 

[34] Y .Haga, Y. Tanahashi, and M. Esashi, "Small diameter active catheter using shape memory alloy," 

in Proceedings MEMS 98. IEEE. Eleventh Annual International Workshop on Micro Electro 

Mechanical Systems. An Investigation of Micro Structures, Sensors, Actuators, Machines and 

Systems (Cat. No. 98CH36176, 1998, pp. 419-424. 

[35] A. T. Tung, B.-H. Park, D. H. Liang, and G. Niemeyer, "Laser-machined shape memory alloy sensors 

for position feedback in active catheters," Sensors and Actuators A: Physical, vol. 147 ,pp. 83-92, 

2008. 

[36] S. Kim, E. Hawkes, K. Choy, M. Joldaz, J. Foleyz, and R. Wood, "Micro artificial muscle fiber using 

NiTi spring for soft robotics," in 2009 IEEE/RSJ International Conference on Intelligent Robots and 

Systems, 2009, pp. 2228-2234. 

[37] L. Stirling, C.-H. Yu, J. Miller, E. Hawkes, R. Wood, E. Goldfield, et al., "Applicability of shape 

memory alloy wire for an active, soft orthotic," Journal of materials engineering and performance, 

vol. 20, pp. 658-662, 2011. 

[38] A. Yamada, Y. Shiraishi, T. Sugai, H. Miura, T. Shiga, M. Hashem, et al., "Preliminary design of 

the mechanical circulation assist device for fontan circulation using shape memory alloy fibers," in 

World Congress on Medical Physics and Biomedical Engineering May 26-31, 2012 ,Beijing, China, 

2013, pp. 119-121. 

[39] H. Fujita, "Studies of micro actuators in Japan," in Proceedings, 1989 International Conference on 

Robotics and Automation, 1989, pp. 1559-1564. 

[40] K. Kuribayashi, "Millimeter-sized joint actuator using a shape memory alloy," Sensors and 

actuators, vol. 20, pp. 57-64, 1989. 

[41] D. Caldwell and P. Taylor, "Artificial muscles as robotic actuators," in Robot Control 1988 

(Syroco'88), ed: Elsevier, 1989, pp. 401-406. 



Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020. 

70 

[42] K. Kuribayashi, "A new actuator of a joint mechanism using TiNi alloy wire," the International 

journal of Robotics Research, vol. 4, pp. 47-58, 1986. 

[43] D. Honma and Y. Miwa, "Iguchi, 1985,‘‘Micro Robots and Micro Mechanisms Using Shape 

Memory Alloy to Robotic Actuators,’’," J. Rob. Syst, vol. 2 ,pp. 3-25. 

[44] M. Sreekumar, T. Nagarajan, M. Singaperumal, M. Zoppi, and R. Molfino, "Critical review of 

current trends in shape memory alloy actuators for intelligent robots," Industrial Robot: An 

International Journal, vol. 34, pp. 285-294, 2007. 

[45] J. Colorado, A. Barrientos, C. Rossi, and K. S. Breuer, "Biomechanics of smart wings in a bat robot: 

morphing wings using SMA actuators," Bioinspiration & biomimetics, vol. 7, p. 036006, 2012. 

[46] S. J. Furst, G. Bunget, and S. Seelecke, "Design and fabrication of a bat-inspired flapping-flight 

platform using shape memory alloy muscles and joints," Smart Materials and Structures, vol. 22, p. 

014011, 2012. 

[47] G. Bunget and S. Seelecke, "Actuator placement for a bio-inspired bone-joint system based on 

SMA," in Active and Passive Smart Structures and Integrated Systems 2009, 2009, p. 72880L. 

[48] N. Gaissert, R. Mugrauer, G. Mugrauer, A. Jebens, K. Jebens, and E. M. Knubben, "Inventing a 

micro aerial vehicle inspired by the mechanics of dragonfly flight ",in Conference Towards 

Autonomous Robotic Systems, 2013, pp. 90-100. 

[49] F. Butera, "Shape memory actuators," Advanced Materials and Processes, vol. 166, pp. 37-40, 2008. 

[50] R. W. Johnson, J. L. Evans, P. Jacobsen, J. R. Thompson, and M. Christopher" ,The changing 

automotive environment: high-temperature electronics," IEEE transactions on electronics packaging 

manufacturing, vol. 27, pp. 164-176, 2004. 

[51] T. Luchetti, A. Zanella, M. Biasiotto, and A. Saccagno, "Electrically actuated antiglare rear-view 

mirror based on a shape memory alloy actuator," Journal of materials engineering and performance, 

vol. 18, pp. 717-724, 2009. 

[52] G. Motors, "Chevrolet debuts lightweight “smart material” on corvette," Corporate Newsroom. 

Available at: http://media .gm. com/media/us/en/gm/home. detail. 

html/content/Pages/news/us/en/2013/Feb/0212-corvette. html, 2013. 

[53] A. L. Browne, P. W. Alexander, N. Mankame, P. Usoro, N. L. Johnson, J. Aase, et al., "SMA heat 

engines: advancing from a scientific curiosity to a practical reality," Smart materials, structures and 

NDT in Aerospace. Montreal, Quebec, Canada: CANSMART CINDE IZFP, 2011. 

[54] R. Gehm, "Smart materials spur additional design possibilities," Automotive engineering 

international, pp. 46-7, 2007. 

[55] A .Bellini, M. Colli, and E. Dragoni, "Mechatronic design of a shape memory alloy actuator for 

automotive tumble flaps: a case study," ieee transactions on industrial electronics, vol. 56, pp. 2644-

2656, 2009. 

[56] J. Strittmatter, P. Gümpel, and H. Zhigang" ,Long-time stability of shape memory actuators for 

pedestrian safety system," J. Achiev. Mater. Manuf Eng, vol. 34, pp. 23-30, 2009. 

[57] E. A. Williams, G. Shaw, and M. Elahinia, "Control of an automotive shape memory alloy mirror 

actuator," Mechatronics, vol. 20, pp. 527-534, 2010. 

[58] D. Brugger, M. Kohl, U. Hollenbach, A. Kapp, and C. Stiller, "Ferromagnetic shape memory 

microscanner system for automotive applications," International Journal of Applied 

Electromagnetics and Mechanics, vol. 23, pp. 10 7-112 ,2006.  

[59] A. Molotnikov, R. Gerbrand, Y. Qi, G. P. Simon, and Y. Estrin, "Design of responsive materials 

using topologically interlocked elements," Smart Materials and Structures, vol. 24, p. 025034, 2015. 

[60] W. Yan, C. H. Wang, X. P. Zhang, and Y.-W. Mai, "Effect of transformation volume contraction on 

the toughness of superelastic shape memory alloys," Smart materials and structures, vol. 11, p. 947, 

2002. 

[61] R. Gorbet, K. Morris, and R. Chau, "Mechanism of bandwidth improvement in passively cooled 

SMA position actuators," Smart Materials and Structures, vol. 18, p. 095013, 2009. 

http://media/


Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020. 

71 

[62] D. J. Hartl and D. C. Lagoudas, "Aerospace applications of shape memory alloys," Proceedings of 

the Institution of Mechanical Engineers, Part G: Journal of Aerospace Engineering, vol. 221, pp. 

535-552, 2007. 

[63] O. J. Godard, M. Z. Lagoudas, and D. C. Lagoudas, "Design of space systems using shape memory 

alloys," in Smart Structures and Materials 2003: Smart Structures and Integrated Systems, 2003, pp. 

545-558. 

[64] K. Singh, J. Sirohi, and I. Chopra, "An improved shape memory alloy actuator for rotor blade 

tracking," Journal of intelligent material systems and structures, vol. 14, pp. 767-786, 2003. 

[65] K. Singh and I. Chopra, "Design of an improved shape memory alloy actuator for rotor blade 

tracking," in Smart Structures and Materials 2002: Smart Structures and Integrated Systems, 2002, 

pp. 244-266. 

[66] J. N. Kudva, "Overview of the DARPA smart wing project," Journal of intelligent material systems 

and structures, vol. 15, pp. 261-267, 2004. 

[67] D. Pitt, J. Dunne, E. White, and E. Garcia, "SAMPSON smart inlet SMA powered adaptive lip design 

and static test," in 19th AIAA Applied Aerodynamics Conference, 2001, p. 1359. 

[68] M. Mieloszyk, M. Krawczuk, A. Zak, and W. Ostachowicz, "An adaptive wing for a small-aircraft 

application with a configuration of fibre Bragg grating sensors," Smart Materials and Structures, vol. 

19, p. 085009, 2010. 

[69] A. Sofla, S. Meguid, K. Tan, and W. Yeo, "Shape morphing of aircraft wing: Status and challenges," 

Materials & Design, vol. 31, pp. 1284-1292, 2010. 

[70] U. Icardi and L. Ferrero, "Preliminary study of an adaptive wing with shape memory alloy torsion 

actuators," Materials & Design, vol. 30, pp. 4200-4210, 2009. 

[71] J. K. Strelec, D. C. Lagoudas, M. A. Khan, and J. Yen, "Design and implementation of a shape 

memory alloy actuated reconfigurable airfoil," Journal of Intelligent Material Systems and 

Structures, vol. 14, pp. 257-273, 2003. 

[72] S. Oehler, D. Hartl, R. Lopez, R. Malak, and D. Lagoudas, "Design optimization and uncertainty 

analysis of SMA morphing structures," Smart Materials and Structures, vol. 21, p. 094016, 2012. 

[73] D. Hartl, J. Mooney, D. Lagoudas, F. Calkins, and J. Mabe, "Use of a Ni60Ti shape memory alloy 

for active jet engine chevron application: II. Experimentally validated numerical analysis," Smart 

Materials and Structures, vol. 19, p. 015021, 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of University of Babylon for Engineering Sciences, Vol. (28), No. (2): 2020. 

72 

 

 

Zuheir.t.k@gmail.com 

 

 

mailto:Zuheir.t.k@gmail.com

