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Abstract

As the world is advancing through environment-friendly solutions to all the big prob-
lems, need for the technology to address the concern is the priority for researchers,
scientists etc., working in different areas. One such technology that has been in focus
for the past few decades is energy harvesting from ambient or structural vibration. The
technology requires the use of smart materials like piezoelectric to convert mechanical
stimuli into electrical output. The electrical output can be voltage, power etc. As
the vibrations are always present in mechanical, civil or aerospace structures, the tech-
nology utilizes these vibrations to power different sensors and micro electromechanical
devices thus reducing the cost of installation and maintenance of a large number of
batteries. These mechanical-to-electrical signals can also be used for monitoring the
condition of machines and structures. As the technology was well established during
previous decades, researchers are now more focused on the parameters and the causes
which affect the performance of energy harvesting. These parameters either affect the
stiffness or inertia of the structure. It is not possible to develop prototypes for every
geometrical or material modification to analyze the energy harvesting characteristics,

the task of numerical modelling of these harvesters becomes very important. This the-
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sis presents the numerical modelling of a piezolaminated composite energy harvester.
The use of curvilinear fiber composite has been greatly explored by researchers in the
efficient design of the composite structures and tailoring the characteristics of the struc-
ture for different applications like aerospace, marine etc. The use of curvilinear fiber
in piezolaminated composite energy harvester is explored in this thesis work and it has
been found that the curvilinear fiber possesses the potential to tailor make the energy
harvesting characteristics of the bimorph variable stiffness laminated composite (VSCL)
energy harvesters. The variation in the angle of fiber path throughout the panel makes it
a continuously varying stiffness structure. This varying stiffness tailors the resonance or
tuning frequency and power harvesting characteristics. Thus fiber path variation brings
a unique method of tailoring the characteristics without the addition of any inertia or
mechanism attachment. Due to this, composite structures are widely used in weight-
sensitive applications like aerospace, marine structures etc. The analysis is performed
in the frequency domain, as it is the steady-state response which is the closed-to-reality
measure of power output from structures subjected to periodic ambient vibration. The
characteristics that have been reported are voltage Frequency response function (FRF),
Power FRF, and Motion FRF for fundamental resonance conditions. The effect of fiber
path in laminate and aspect ratio of the plate on these characteristics are also studied.
The composite structures and energy harvester can be made to operate in environmental
conditions which are different from the normal ambient conditions. In such a situation,
elevated moisture and temperature conditions can affect the performance of piezolami-
nated composite structure. It has been observed in the study that, due to exposure to
elevated temperature and moisture conditions, the stiffness of the composite structure
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decreases. Thus it affects the resonance frequency and harvesting characteristics like
Voltage, Power and Motion FRFs. A detailed study has been presented in the thesis.
The results are shown for both plate and shell panels subjected to elevated hygrothermal
conditions. The variation of these FRFs with external resistance when the structure is
excited at short and open circuit conditions is also studied. One more issue that has
been widely reported in laminated composite structures is the presence of delamination
in the interface of laminae. Delamination affects the vibration response of the struc-
ture. In the present work, the effect of delamination size and location on the energy
harvesting characteristics is investigated. The study also reveals the importance of using
curvilinear fiber for the improved performance of a delaminated energy harvester. The
location of delamination also affects the response of the energy harvester significantly.
These responses can be used to detect the presence of delamination in the structure thus
allowing preventive measures before the catastrophic failure of the structure.

There is a growing trend of utilizing the properties of the meta structures like auxetic
honeycomb structures for better durability of structure as well as the desired vibration
response. The research in this field can be categorized as a modification of structure
for tailored responses. In the current study, the energy harvester is modelled with an
auxetic honeycomb as a core covered with the VSCL facesheets. The VSCL facesheets
provide additional scope to further tailor the energy harvester characteristics for bet-
ter performance. The effect of unit cell geometry of auxetic honeycomb core combined
with the fiber path of VSCL facesheets is investigated. Throughout the work, the finite
element method based on the first-order shear deformation theory (FSDT) is used to
model the harvester. The theory is computationally efficient with fair accuracy for the
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