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ABSTRACT

Shape Memory Alloys shortened as SMA’s are examples of smart materials. They
sense and respond to changes in environmental conditions or stimuli, such as chemical,
electrical, mechanical among others. This review, discusses the concept of SMA'’s,
including their engineering effects and innovations in SMA'’s research. Similarly, the
uses and applications of SMA’s in engineering and related fields such aerospace,
biomedical, chemical, civil, electrical, and mechanical engineering are reviewed briefly
including the merits and demerits of using SMA'’s.
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1. INTRODUCTION

Shape Memory Alloys shortened as SMA’s belong to a group of engineering materials referred
to as smart materials [1]. These are materials that exhibit the ability to adjust themselves with
respect to changing load conditions [2,3]. SMA’s are materials with intelligent behaviour of
changing their shape with respect to varying external conditions. The deformed shape can
attain its initial state due to some external stimulus, such as mechanical, electrical, chemical,
thermal and electro-magnetic [4-8]. Nitinol and copper base alloys [9], are two common
examples of shape memory alloys. SMA’s have wide applications in many areas Of
engineering [10-12] with respect to their unique properties [13]. Among these includes
applications such as automotive, aerospace, oil and gas, biomedical and robotics [14]. This
brief review aims at discussing some of the trends in SMA usage in engineering and
biomedical engineering with respect to the merits and demerits of using the smart materials.
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2. BASIS OF SHAPE MEMORY EFFECT

The SMA deformation usually occurs at a relatively low temperature but the material
remembers (shape memory) upon heating [9]. This occurs as a result of a diffusionless
martensitic phase transformation that accompanies the reversion back to the original size/shape
[9].

The two mostly used behaviors of the materials are the shape memory effect, SME and
super elasticity, SE also known as pseudo elasticity. The initial shape can be recovered through
heating of the shape memory effect and unloading of the pseudoelasticity, respectively. The
reversible martensitic transformation is induced by stress for superelasticity and temperature
for shape memory effect [4,15,16].

Polymer materials also can exhibit shape memory behavior and are known as shape memory

polymers, SMP’s. SMA’s and SMP’s are two major shape memory materials being widely
studied [17-19].

3. ENGINEERING APPLICATION

The benefits of crystallographic phase change of Shape Memory Alloys have been explored
over the years in various areas including aerospace, civil, mechanical among others [20].

3.1. Aerospace Engineering

SMA’s usage in aerospace will improve the efficiency of the aircraft through reduction in
weight and operational cost [21]. Since the application of shape memory technology in the
aerospace industry on F-14 hydraulic tubing coupling in the early 70s till the present time,
much researches utilizing shape memory effects has increased [20, 22].

The deformation of the SMA’s can help to lower the aerodynamic load with respect to the
required condition [23]. Also, there is lack of structural rigidity by the lifting components of
the aircraft [21]. SMA is useful in morphing aircraft. A shape memory alloy can be used to
morph the flap of airplane [24]. Bashir et al. compared a morph flap with a conventional
mechanical flap and observed that the morphed flap is better than conventional flap in terms of
lift/drag ratio. Thus replacing a conventional mechanical flap with a morph flap can help to
achieve a more efficient flight level [25]. The Smart and Aircraft and Marine Propulsion
(SAMPSON) system demonstration project [26, 27], among others, are aimed at identifying
novel material with shape compliant structures for aircraft [25].
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Figure 1 Morphing devices application on aircraft [28].
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A mesh washer utilizing a pseudoelastic property of shape memory alloy proposed by Kwon
et al. [29] is useful in reducing some of the problems associated with the launch of an aircraft
[25]. SMA’s application in a spacecraft is concerned with solving problems associated with the
launch of a spacecraft or it operation [25, 30].

3.2. Biomedical Engineering

SMA’s application in biomedical engineering covers the circulatory system (Vascular Field),
dentistry (Orthodontic Field and implantology), Brain treatment (Neurosurgical Field), Bone
fracture treatment (Orthopaedic Field), among others [4, 31, 33].

Li et al. added copper as alloying element in a Ti-Ni SMA to produce a ternary alloy of Ti-
Ni-Cu which can help to prevent bacterial infections on medical implants [32]. SMA usage in
orthodontics helps to provide a homogeneous distribution of constant force as compared to
stainless steel braces [31]. Bone plates based on the shape memory effect implanted between
two broken bones aid quick recovery of mobility as compared to the conventional surgical

approaches [31].
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Figure 2 Orthopedic staple [33, 34].
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Figure 3 SMA bone plates: (A) plates in use, (B) Plate and screw details [33, 35].

3.3. Chemical Engineering

Liu et al. showed the usage of iron based SMA pipe couplings successfully in chemical plants,
oil field and underground water to prevent corrosion and leakage [36]. This may help to reduce
the problem of oil spillage in the petroleum industry.

3.4. Civil Engineering

Shape Memory Alloys have been used in engineering structures. Wen-Shao and Y oshikazu
observed that the SMA’s developed by an EU-funded Istech project [37] comprising SMA
wires of nickel-titanium can be used to prevent building collapse or extensive deformation of
slender buildings, depending on how the SMA is attached to the building [38].
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Figure 4 SMA device developed in the Istech project [37, 38].

SMA is also useful in seimic regions when installed in buildings [39]. Buildings and bridges
fail in regions prone to earth quake due to extensive lateral displacement leading to damages
[39]. Thus, installing SMA’s as reinforcement material in such structures in seismic regions,
would help to regain much deformation [40].

Another SMA used in civil engineering includes shear frame structures with a multi degrees
of freedom, SMA’s bars used for highway bridges, re-centering wire made of SMA’s for civil
structures, among others [41-43].

3.5. Electrical and Computer Engineering

SMA’s have found applications in electronics, power, telecommunication, and computer. Jose
Macques et al. developed and tested a rotary motor that was driven by Ni—Ti SMA mini springs
and observed that the system produces higher torque to motor weight ratio, and energy density
index, when compared with other similar motors [44]. SMA’s can also be used as
micromanipulator, which was developed using SMA wire as driving material and the substrate
being a spring steel [45].

Other applications encompasses the development work of a microcomputer code lock to
improve lock reliability and security, which was actuated by a SMA spring [46]; in Fuze-Safety
System [47]; in mobile communication system as in telephone antenna utilizing the super
elasticity principle [21,48 ,49].

Figure 5 Telecommunication phone antenna based on superelastic behaviour [49]. (Courtesy of
Fujitsu Corp.)
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3.6. Mechanical Engineering

Nitinol SMA’s are widely used in automobile. Modern cars use SMA actuators which are useful
in providing drivers comfort and improving drivers’ safety [21]. SMA’s can be utilized in heat
engines [21]. Engine mechanical power can be generated from a SMA made of Ni-Ti [50]. This
can be achieved through the expansion of the Ni-Ti SMA wire wound over the engine and
depending on whether hot or cold air is passing through the SMA based on the shape memory
effect [50, 51].

Jaronie et al. reported the possible applications of SMA’s in a car with respect to their areas
of functionality [52].
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Figure 6 Possible applications of SMA in an automobile [52-55].

Other uses can be seen in naval operations and commercial water ways [21, 56]; in internal
electric resistance feedback as actuators [21, 57]; for soft actuating materials in robotic glipper
application [21, 58]; to mention but few.

In addition, SMAs find application in houshold devices [21]. For instance, it can be used in
rice cooker as excess steam is expelled out through the opening of the pressure control valve of
the rice cooker by the spring of the shape memory alloy [59].

SMA Spring
Biag Spring

Figure 7 SMA used in rice cooker [59].
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SMA’s application in air conditioner helps in moving the flap of the air conditioner [21].
SMA spring changes the direction of the louver to upward when cooling and downward when
heating in an air conditioning system [59].
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Figure 8 SMA used in Air Conditioner [59].

SMA is also useful in coffee maker [21]. Boiled hot water is being poured over the coffee
beans by the spring of the SMA [59].

Figure 9 SMA used in coffee maker [59].

4. CONCLUSION
This brief review is concluded by discussing some of the merits and demerits of using SMA’s.

4.1. Merits of SMA’s

e SMA'’s have capabilities of providing sufficient actuation stress through a wide strain
range.

e A SMA single component can be enough in terms of providing actuation as compared
to a hydraulic or an electromechanical actuator with an advantage of weight reduction.

e SMA’s aid in the production of very flexible actuation components as they can actuate
in three dimensions [30].
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4.2. Demerits of SMA’s
e Fatigue of SMA’s remain a challenge due to repeated load cycles.

e SMA’s have low actuation effieciencies which pose a challenge when a SMA is used
on spacecraft with limited power [30].
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