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Abstract

This paper is allocated to the modeling and analysis of a nano plate self-powered sensor
based on the electromagnetic concept. Harvesting energy directly from the environment in
nano and micro scales is a promising alternative for batteries in order to provide sustainable
power for minuscule devices, and powering tiny sensors. In addition, energy harvesting in
high frequency can be utilized for very small mass sensing. The nano scale self-powered
sensor, proposed in this paper, consists of a moving miniature permanent magnet mounted
on a nanoplate, and a stationary electromagnetic coil. The vibration characteristics of the
nano plate is described for cases where the plate is rested on a linear and nonlinear (Winkler)
foundation. The vibration equation of the plate is discretized and solved using Galerkin
approach. The electromagnetic component is modeled using analytical and finite element
approaches to predict induced voltage, regenerated power and electromagnetic damping
force. A good agreement is shown between the analytical and finite element models. Using
the developed models, the power capacity of the nano device in linear and non linear cases is
investigated under different excitations. The results indicate that the device has a primary
resonance frequency of 330 MHz, and for a gap (distance between permanent magnet and
coil) of 1.5 nm, the nano device is able to provide 1.7 and 2.24 mW/cm3 for linear and
nonlinear cases respectively. At a given excitation condition, the induced voltage and the
generated power depends on the mass of the particle, added to nano resonator. Thus, the
voltage variation due to added particle, can be used to identify the particle’s mass.
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1. INTRODUCTION

One of the most accessible and plentiful energy sources in real world phenomena is
kinetic energy due to the random vibrations in the mechanical systems. In particular, vibra-
tions with frequencies from Hz to MHz bring the potential to obtain energy density within
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