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ABSTRACT

The present research is an unique attempt to model a piezoelectric energy harvester by
Variational Asymptotic Method (VAM). Vibration based energy harvesting has been an
exciting topic of research over the last decade. The main motivation behind this research is low
power electronics and also utilization of daily unused energy. The major challenge in research
of modeling of piezoelectric transducers lies in capturing the coupling effects both
electromechanical coupling as well as structural coupling. Full scale 3D FEM based analysis
is capable of doing a coupled field analysis but they are computationally expensive on the
contrary reduced models like the present one, makes a balance of computational efficiency,
simplicity and 3D level accuracy. Piezoelectric materials are preferred over all other materials
because of their ease of application and large power densities. The most typical type of
piezoelectric energy harvesters are bimorph type cantilevers which generates voltage output
for a base excitation. The present work initiates with developing a theory based on Variational
Asymptotic Method (VAM) for modeling a piezoelectric sensor under static and dynamic load.
The three dimensional electrical as well as mechanical field variables are recovered and
validated with the 3D FEM based solution. The validation shows the accuracy and efficiency
of VAM based dimensional reduction for a multiphysics analysis like a sensor model. The
theory was further extended to incorporate an independent electrical variable in the cross
sectional model itself. Improved constitutive model provided a strong platform for modeling
and analysis of an energy harvester. A bimorph cantilever energy harvester model with a tip
mass was studied. Apart from being able to capture the electromechanical coupling correctly

structural coupling was also captured, which is overlooked in most of the literatures.



Closed form expressions were developed for voltage, tip velocity, power and current. The
response obtained were validated with the experimental work from past literatures. The initial
harvester model was studied on Euler-Bernoulli assumption, which is quite valid for slender
harvester model. For comparatively thick beam harvester or to capture the shear mode we need
to model the harvester based on Timoshenko beam theory. Shear mode harvester shows a shear-
bending coupling at the cross sectional level. Both transverse and shear harvesters were
modelled and a comparative study was performed based on the theory. Shear mode harvester
shows a better power output as compared to transverse mode. Optimisation of load resistance
and damping ratio are some of the key factors which influence the performance of both type of
energy harvesters. Some of the parametric studies such as material parameters and geometric
parameters were performed to study the influence of them on performance of energy harvester.

This gives an overall complete study on piezoelectric based energy harvester modeling.
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