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Introduction

Shape memory alloys exhibit behavior that can seem almost magical at first glance: a bent wire returning
to its original form simply by heating. This phenomenon arises from a reversible phase transformation
between two solid phases known as austenite and martensite. Unlike most materials, which permanently
deform when stressed beyond a limit, SMAs can undergo significant deformation in the martensitic phase
and recover their original shape when transformed back to austenite. The shape memory effect is based
on martensitic transformation, a diffusionless structural change in which atoms shift cooperatively into a
new arrangement. Because this transformation does not involve long-range atomic diffusion, it can occur
rapidly and reversibly. The temperature at which these transformations occur depends on alloy
composition and processing history, allowing engineers to design SMAs for specific operating conditions
[1]. Nickel-titanium alloys, commonly known as Nitinol, are among the most widely used shape memory
alloys due to their excellent corrosion resistance, biocompatibility, and large recoverable strain. These
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properties make Nitinol particularly valuable in biomedical applications such as stents, guidewires, and
orthodontic devices, where materials must function reliably within the human body [2]. Another important
property of shape memory alloys is superelasticity, also called pseudoelasticity. In this phenomenon, the
material can undergo large reversible strains when subjected to mechanical stress at temperatures above
the transformation range. Once the load is removed, the material immediately returns to its original shape
without requiring heating. This behavior is especially useful in applications requiring vibration damping
or flexible mechanical components [3]. Processing and microstructure strongly influence SMA
performance. Heat treatment, thermomechanical processing, and alloying elements affect transformation
temperatures, fatigue resistance, and mechanical strength. Controlling grain size and minimizing defects
are essential to improving durability, particularly in cyclic loading conditions where repeated phase
transformations occur [4]. Recent research focuses on developing new SMA systems with improved
temperature ranges, corrosion resistance, and fatigue life. Copper-based and iron-based shape memory
alloys are being investigated as lower-cost alternatives to nickel-titanium alloys. Advances in additive
manufacturing are also enabling the fabrication of complex SMA components with tailored functional
behavior [5].

Conclusion

Shape memory alloys are a remarkable example of how controlling crystal structure and phase transformations can
produce materials with highly unusual and useful properties. Their ability to recover shape, absorb energy, and
perform mechanical work makes them valuable in medicine, aerospace, and precision engineering. In a deeper
sense, SMAs remind us that even solid metal is not as rigid as it appears—under the right conditions, atoms
rearrange themselves and quietly undo what looked like permanent change, as if the material itself remembered
how it once was.
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