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Abstract— In this study, comparative 
evaluation of piezoelectric energy harvester model 
for wireless sensors is presented. The MATLAB 
simulated analytical models used to characterize 
the Piezoelectric Energy Harvester (PEH) system 
were compared with the simulated results d using 
Autodesk inventor and ANSYS software. Also, the 
results obtained from the PEH presented in this 
study were compared with the results obtained in 
some selected related works conducted by other 
researchers. The results also showed that there is 
a percentage variation in the resonance 
frequencies of the MATAB analytical model and 
the ANSYS simulation; it varied within a span of 
13.2 – 15.9% for the current, voltage and power 
output. The discrepancies were due to the 
differences between the geometrical model, 
analytical parameters and assumptions in both 
MATLAB and ANSYS. In addition, in order to 
produce the oscillating motion, in this study, a 
force of 10.5 N was used to excite the airfoil, 
resulting in an output of 12900 mW, which 
provided clear evidence of a substantial 
improvement in output power over previous 
research efforts. 

Keywords— Piezoelectric, Energy Harvester, 
Wireless Sensors, Lagrange Equation, Autodesk 
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1. INTRODUCTION 

As the global demand for smart systems based on 
Internet of Things (IoT) sensors expands, the need for 
suitable energy sources for the diverse sensor installations 
becomes a running challenge for researchers and 
practitioners [1,2]. Notably, IoT sensors are in most cases 
resource constrained wireless devices with limited battery 
power source [3,4]. In some cases, the battery-powered 
sensors are supported with renewable energy harvesters 
such as solar power, wind power or piezoelectric energy 
sources [5,6]. While solar and wind energy sources are 
widely studied because they can be used to generate energy 
for high energy consuming devices and systems, the 
piezoelectric energy source are also needed for the low 
energy consuming devices like sensor nodes [7,8].  

Piezoelectric energy technology has a significant 
potential in the industrial sector, where they can capture 
electrical energy from vibrations in engines or machines 
that vibrate [9,10]. Industries like oil and gas, as well as 
manufacturing, can benefit from energy harvesting as a 
cost-efficient substitute for wired infrastructure in 
monitoring technology. The piezoelectric energy-based 
sensor technology has the capability to oversee or monitor 
the condition of bridges, oil pipelines and other 
infrastructure thereby enhancing safety in transportation 
and protection of oil installations [11,12]. For example, 
units could be set up on roads or railway systems, 
responding to the movement of vehicles. This generates 
energy that can be utilised for powering light emitting diode 
(LED) and monitoring of traffic conditions such as 
speeding and congestion. Energy harvester can help in the 
fight against climate change and environmental impairment 
by reducing battery usage on low power devices. 
Piezoelectric mechanism can be beneficial in the kitchen as 
an automatic gas lighter thereby eliminating the use of gas 
lighters. It can also be used to take generate energy from 
the vibration of the oil pipeline and such energy can then be 
used to power the oil pipeline monitoring sensor nodes. 
Such energy harvester can completely eliminate the need 
for battery in sensor nodes or it can be used to extend the 
battery lifetime. 

The design of Vibration-based Energy Harvester 
(VbEH) system requires complex mathematical models and 
carefully selected geometric design of the system 
components’ shapes, dimensions and interconnections. 
Remarkably, this paper presents an aspect of an ongoing 
study on piezoelectric energy harvester model. It leveraged 
on the analytical models presented earlier work in [2] and 
another study that focused on the Autodesk inventor and 
ANSYS software-based simulated work on the 
piezoelectric energy harvester model as presented in [13]. 
The focus in this paper is to present comparative evaluation 
of the results obtained from the analytical model in [14] and 
those produced from the simulation models conducted 
using the Autodesk inventor and ANSYS software, as 
presented in [13]. Notably, previous works in this area have 
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4.  CONCLUSION 
This work presents an aspect of an ongoing study 

on piezoelectric energy harvester model. It leveraged on the 
analytical models presented in earlier work in [2] and 
another study that focused on the Autodesk inventor and 
ANSYS software-based simulated work on the 
piezoelectric energy harvester model as presented in [1]. 
The focus in this paper is to present comparative evaluation 
of the results obtained from the analytical model and those 
produced from the simulation models conducted using the 
MATLAB and ANSYS software. The results were also 
compared with those from other authors that worked on 
similar piezoelectric energy harvesters. 

The study showed that there were some little 
discrepancies between the results obtained from the 
analytical model implemented using MATLAB and 
simulated model implemented using ANSYS software. The 
discrepancies were due to the differences between the 
geometrical model, analytical parameters and assumptions 
in both MATLAB and ANSYS. Finally, the piezoelectric 
energy harvester model presented in this research produced 
more power compared to the previous related works. 
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