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HIGHLIGHTS GRAPHICAL ABSTRACT

¢ Derivation of governing equations for
cantilever beam made of shape
memory alloy in contact with fluid.

e Solving the obtained equations by the
differential quadrature method.
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e Investigating the effect of different
problem parameters on the dynamic T ‘
response of cantilever beam.
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ABSTRACT

ARTICLE INFO

In this research, the forced vibration of a cantilever beam made of shape
memory alloy in contact with fluid was investigated. The governing
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equations are derived based on the first-order shear theory and
Hamilton's principle, and the Boyd-Lagodas three-dimensional model was
used to model the behavior of superelastic material. The pressure applied
from the fluid to the beam was obtained by solving Laplace's equation and
satisfying its boundary conditions. Also, in the state without phase change
(pure Austenite), the investigated cantilever beam was analyzed in linear
conditions and compared with the results of other researchers. In the
following, to analyze the vibrations of the cantilever beam made of shape
memory alloy and to solve the equations in the state where the phase
transformation was performed, the method of square differences,
Newmark, and the return mapping algorithm were used. At the end, the
effect of different geometric parameters on the beam is studied. The
results show that the numerical method used to analyze the time and
frequency response of the shape memory alloy beam has high
convergence and predicts well the nonlinear effects of the material due to
phase transformation during motion.
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Introduction

In recent years, Shape Memory Alloys (SMAs) have attracted significant attention due to their
nonlinear mechanical behavior and their ability to recover original shape under changes in
temperature or stress. These materials are widely used in smart structures and adaptive systems.
On the other hand, the dynamic behavior of beams in contact with fluid is of great importance in
various engineering applications such as marine structures, turbine blades, and micro-actuators
operating in fluidic or biological environments. The present study aims to investigate the
dynamic response of a cantilever beam made of SMA interacting with an incompressible fluid,

employing the Differential Quadrature Method (DQM) as a high-accuracy numerical approach.

Methodology

The beam is modeled according to Euler—Bernoulli beam theory, subjected to external forces
and pressure resulting from the surrounding fluid. The governing equations are derived based on
the first-order shear theory and Hamilton's principle, and the Boyd- Lagodas three-dimensional
model was used to model the behavior of superelastic material. The pressure applied from the
fluid to the beam was obtained by solving Laplace's equation and satisfying its boundary
conditions. Also, in the state without phase change (pure Austenite), the investigated cantilever
beam was analyzed in linear conditions and compared with the results of other researchers. In
the following, to analyze the vibrations of the cantilever beam made of shape memory alloy and
to solve the equations in the state where the phase transformation was performed, the method of
square differences, Newmark, and the return mapping algorithm were used. At the end, the

effect of different geometric parameters on the beam is studied.

Results and Discussion

The results show that the numerical method used to analyze the time and frequency response of
the shape memory alloy beam has high convergence and predicts the vibration behavior of the
beam well by considering the nonlinear effects of the material due to the phase change during
movement. The transverse displacement of the SMA beam in contact with the fluid decreases
with the presence of the fluid. This is because the presence of the fluid increases the equivalent
mass of the beam and leads to a decrease in its displacement. With increasing fluid height, the
transverse displacement of the SMA beam increases slightly and further increase in fluid height
does not have much effect on the transverse displacement of the beam. With increasing fluid
density (heavier fluid), the transverse displacement of the beam decreases. This is because the
fluid is assumed to be inviscid and has only inertia that is equivalent to the mass added to the
beam. Therefore, with increasing fluid density, the mass added to the beam increases, which
leads to a decrease in its displacement. The transverse displacement of the beam increases with

increasing excitation load amplitude. Because increasing the load amplitude increases the
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vibration amplitude and increasing the vibration amplitude leads to increasing the transverse

displacement. When the excitation frequency increases, the transverse displacement

amplitude of the SMA beam decreases and the maximum transverse displacement occurs with a

time delay.

Conclusion

The study confirms that the Differential Quadrature Method provides a highly efficient and
accurate tool for analyzing the dynamic response of SMA beams in fluid-structure interaction
problems. The coupling between the fluid domain and the nonlinear thermo- mechanical
behavior of the SMA introduces complexity in the system’s dynamics, but also offers an
opportunity for smart vibration control by tuning temperature or stress. Future work may extend
this approach to doubly clamped beams, two-dimensional SMA structures, or compressible fluid

environments.
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