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Abstract

This study validates a computational simulation of a piezoelectric cantilever beam
undergoing different loads by showing a comparison of its results against theoretical calculations.
The objective of the computational model is to simulate the behavior of a beam made of a
piezoelectric material which can be used as a flow rate sensor due to the ability of the material to
convert a mechanical load into an electrical load. After validating the model, different geometries,
material properties and loads can be simulated to observe the different behaviors and bring the
possibility of selecting the most convenient options according to the needs of the sensor without
having to spend money and time in experimental analysis. The results show the similitude between

the theoretical and computational analysis of the mechanical and electrical response.
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Chapter 1: Introduction

Being able to monitor the flow and predict possible instabilities in systems that involve
compressors can prevent adverse events. Rotating stall and surge are flow instabilities that can
result in a decrease of efficiency, overtemperatures in the burner and turbine, large inlet
overpressures, and decrease the blade life due to increased temperatures and stress produced by
the unsteady flow. Surge is a large axisymmetric flow oscillation of the total annulus averaged
flow through the entire compression system. When rotating stall occurs, cells of stalled flow rotate
around the circumference of the compressor but the annulus averaged flow remains steady. These
instabilities appear when the compressor operating point reaches the surge limit in the compressor
map where the rotational speed, the pressure rise, and the mass flow are related [7, 19]. The
implementation of a rapid response flow rate sensor can provide useful information for the
characterization of the flow, and eventually prevent instabilities. The piezoelectric effect can be
used to design a sensor that allows the required real-time monitoring to avoid reaching an operating
point that leads to negative effects.

The word “piezo” is derived from the Greek word “piezein”, which can mean pressure, to
be pressed or squeezed and thus the word “piezoelectricity” is interpreted as “electricity from
pressure”. This phenomenon is present in some materials that have the ability to generate an
electrical charge when they are subjected to a mechanical load. When a mechanical stress is present
in a solid material, there is also a mechanical strain present which is translated as deformation. The
direct piezoelectric effect is when a material is under these mechanical quantities and it produces
an electrical charge of a proportional magnitude. When the inverse happens, an electric field causes
the piezoelectric material to undergo strain, it is called the converse piezoelectric effect [2, 6, 8].

For the piezoelectric effect to happen, the material must possess polarity. In some cases, the



materials already have polarity because of the symmetry of the crystal class but it is not present in
other crystal classes nor in isotropic bodies. Poling is the process where a strong electric field is
applied to an originally isotropic polycrystalline ceramic to give it the polarity that yields the
piezoelectric properties. Poling is similar to the process of magnetizing a magnet [8].

The first applications of piezoelectric materials appeared in the late 1910s. Throughout the
years, the direct and converse piezoelectric effect has been used in devices for many different
purposes. In some cases, the piezoelectric materials are the main factor of the device but sometimes
just a component. These materials have been used in resonators, watches, crystal and ceramic
filters, SAW filters, delay lines, ultrasonic transducers, underwater acoustic devices, underwater

microphones and speakers, fish-finders and diagnostic acoustic devices [6].

PIEZOELECTRICS
The piezoelectric effect involves mechanical and electrical loads which magnitudes are
dependent of each other. The constitutive equations of piezoelectric materials that relates

mechanical and electrical quantities are given by Eq. (1)

ol=13 il [E] Eq. (1)

Where € is the mechanical strain, D is the electric displacement, ¢ is mechanical stress, E
is the electric field, s is the compliance matrix, k is the matrix of dielectric constants, and d is the
dielectric constants. In this equation, the mechanical strain and the electric displacement are the
outputs obtained when a mechanical stress and/or electric field are present (these are the inputs).
All the variables in Eq. (1) are represented by matrices because their material properties can vary
on the three directions as well as the inputs can be applied in any direction resulting in different

magnitudes for the output in each direction. A more detailed explanation will be presented in

2
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