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ABSTRACT

SMA (shape memory alloys) materials are a kind of smart material that undergoes 
shape changes with respect to temperature variations. In this chapter, the authors 
focus on the microstructure, classifications, fabrication, and future applications 
of these materials in brief. They discuss the four main types of SMA processing 
techniques, which include mechanical, thermomechanical, powder metallurgy, 
and melting route. Finally, its applications in various fields like transportation, 
civil structures, robotics, aerospace, automation, and medical fields will be 
briefly discussed.
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Processing and Applications of Shape Memory Alloys

1. INTRODUCTION

Shape Memory Alloys (SMAs) are a special material that can regain shape when 
the temperature rises (Hu et al., 2005). SMAs are also widely referred to as memory 
alloy, memory metal, muscle wire, and smart metal. These one-of-a-kind materials 
continued to enhance the achievement in accordance with the demand for the 
engineering sector in general; form Because of qualities such as increased strength, 
higher strain recovery, lightweight, high stability, and so on, memory alloys are used 
in heavy engineering (Zhao et al., 2019). Ni-Ti is the most often used SMAs (Liu 
et al., 2014). Ag-Cd, In-Th, and Cu-based alloys are some further examples. The 
sophisticated material called form memory alloy exhibits a shape-memory effect 
and exceptional elasticity. These qualities distinguish them from other materials 
(Li et al., 2016). The shape memory effect is concerned with recovering a distorted 
material to its previous shape during heating; in other words, the material’s capacity 
to restore its shape under thermal load. This feature allows them to restore their 
original shape after being distorted by heating to a crucial temperature (Velvaluri et 
al., 2021). During a mechanical loading and unloading cycle, super elasticity deals 
with non-linear recoverable stresses (Kim et al., 2021). Figure 1 shows the shape 
memory effect’s microscopic phenomenology, and Figure 2 shows the pseudo elastic 
effect connected with microscopic phenomena.

Figure 1. Phenomenology of the microscopic shape memory effect
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