Abstract

This dissertation work investigates various geometric design strategies for increasing the en-
ergy output of micro-electro mechanical systems (MEMS) cantilever based piezoelectric en-
ergy harvesting (PEH) devices along with the development of a novel lead-free environment
friendly piezoelectric composite material (PVDF-TrFE/KNN). The design and configura-
tion of the introduction of a simple geometric notch in a traditional rectangular cantilever
beam for energy harvesting is investigated through parametric study, where a conventional
rectangular cantilever beam with proof mass is compared with half-sine arc-shape notched
cantilever beam via finite elemental simulations and also devices are fabricated as a proof of
concept. The effect of the position, length, and depth of the arc on the performance of the
device is studied and documented. Maximum stress, beam bending, frequency, electric out-
put power and surface charge of the two designs are compared. For the designed cantilever
beam, results showed a 9.2 % decrease in maximum stress, which translates into ~ 47.72 %
increase in the harvested power with a slight decrease of 2.12% in the resonant frequency
of the fabricated structure. As a proof of concept, PVDF-TrFE polymeric piezoelectric ma-
terial was employed for the cantilever based energy harvesting device fabrication and the
fabricated devices were characterized simultaneously.

Additional concepts of physical mechanical coupling of the cantilever beams in a linear
configuration was employed using long and thin spring like structures to increase the band-
width has also been studied in the context of broadband energy harvesting. The outcomes

of designing uni-beam, dual-beam, tri-beam, and quad-beam coupled energy harvesters are
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compared using COMSOL. Simulation results indicated that quad-beam coupled energy har-
vesters had a bandwidth of 11 Hz. Physical devices were fabricated as a proof of concept.
Similarly, circular symmetry for mechanical coupling has been investigated using finite ele-
ment simulations.

In the end, a novel lead-free piezoelectric composite material comprising of sodium potas-
sium niobate (KNN) sol in an organic piezoelectric polymer (PVDF-TrFE) has been devel-
oped for application in energy harvesting and a flexible energy harvesting device has been
demonstrated. The composite material characterized using piezoresponse force microscopy
(PFM) measured an electromechanical coupling coefficient of d33=100pm/V. The purpose
of adopting KNN sol instead of highly piezo-active KNN ceramic powder has been discussed
in detail with material characterization as a function of loading ratio. The current study
demonstrated the possibility of application of this composite by fabricating a flexible en-
ergy harvesting device which generate (V,.=2.2V) when compared to PVDF-TrFE based
devices (V,.=0.05V). The addition of piezoactive amorphous KNN sol in moderate amount
to piezoelectric polymer PVDF-TrFE tends to enhance the physical and chemical properties
of the composite to a certain extent. The addition of KNN contributes towards higher film
stiffness (Youngs’ mod composite = 165.68 MPa and PVDF-TrFE = 161.8 MPa) and better
piezoelectric coupling coefficient (d33=100pm/V for composite and d33=28 pm/V for PVDF-
TrFE), but also increases surface roughness and adhesion force (0.23nN for composite and
0.15nN for PVDF-TrFE). Further, the developed composite material performed better when
compared with the literature.

In summary, the present dissertation work contains the design, fabrication, and testing of
traditional and notched cantilever energy harvester. In the course of this work the concept
of coupled beam energy harvesters has been explored both experimentally and by simulation
methods. The exploration and characterization of a low-temperature, lead-free piezoelectric
composite materials has been performed and a flexible energy harvesting device have been

fabricated as a part of this dissertation.
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