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APRESENTAÇÃO

A obra “Engenharia, Ciência e Tecnologia” aborda uma série de livros de publicação 
da Atena Editora. O volume III apresenta, em seus 11 capítulos, conhecimentos 
relacionados a Gestão Energética relacionadas à engenharia de produção nas áreas 
de Gestão de Recursos Naturais e Produção mais Limpa e Ecoeficiência.

A área temática de Gestão Energética trata de temas relevantes para a geração, 
manutenção e gerenciamento de assuntos relacionados à energia elétrica. As análises 
e aplicações de novos estudos proporciona que estudantes utilizem conhecimentos 
tanto teóricos quanto tácitos na área acadêmica ou no desempenho da função em 
alguma empresa.

Para atender os requisitos do mercado as organizações precisam levar em 
consideração a área de Gestão Energética, sejam eles do mercado ou do próprio 
ambiente interno, tornando-a mais competitiva e seguindo a legislação vigente.

Aos autores dos capítulos, ficam registrados os agradecimentos do Organizador 
e da Atena Editora, pela dedicação e empenho sem limites que tornaram realidade 
esta obra, que retrata os recentes avanços científicos do tema. 

Por fim, espero que esta obra venha a corroborar no desenvolvimento de novos 
conhecimentos de Gestão Energética e auxilie os estudantes e pesquisadores na 
imersão em novas reflexões acerca dos tópicos relevantes na área de engenharia de 
produção.

Boa leitura!

Luís Fernando Paulista Cotian
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VIBRATIONAL ENERGY HARVESTING TO ELECTRIC 
TRANSDUCTION IN A HIGH EFFICIENCY ELECTRIC VEHICLE

CAPÍTULO 9
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ABSTRACT: The high efficiency vehicles 
are those utilizes very small quantities of fuel 
to travel as longer as possible distances. To 
accomplished the target, it is necessary many 
efforts to improve mechanical and electrical 
solutions. This work is related to a project to 
enhance electrical source in three prototype 
vehicles projected by Federal Technological 
University of Paraná in Pato Branco. In the 

vehicle, the electrical energy is used in lights, 
sensors, displays and motor. The propose of 
this work is to use an energy harvesting system 
based in vibration to transduce the induced 
vibration from the floor and from the engine 
to the vehicle into electricity to supply the 
electrical demands of the vehicle and extend 
the car battery life. Coupled to the harvester it is 
proposed a controller project to drive the energy 
harvesting system to an optimized interaction 
between the external vibrational excitation and 
harvester resulting in an improved transduction 
result. It is expected an increase of the vehicle 
autonomy and a better result in the competition.
KEYWORDS: Energy Harvesting, Telemetry, 
High Efficiency Vehicle, Battery Extension.

1 |  INTRODUCTION

At the Federal Technological University 
of Paraná, Campus Pato Branco, there are 
3 teams dedicated to the development of 
prototypes vehicles of high efficiency with 
different guidelines. These teams and projects 
have something in common, they all utilizes 
an auxiliary battery, responsible for providing 
power to the electronic systems in the prototype, 
such as headlight, brake light, controllers, 
communication systems and telemetry.

This work deals to this competition teams 
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providing a possible solution to enhance their battery life and extend autonomy and 
results. The purpose is use an energy harvesting system based in vibration to transduce 
mechanical energy coming from the vehicle during their movement into electrical output 
power to extend the battery life. 

Using vibration to supply electrical power through energy harvesting is a recent 
exploration for sustainable electrical source and can be accomplished by electrostatic, 
electromagnetic and piezoelectric means [1]. Nevertheless, energy harvesting systems 
can use small thermal gradients, solar radiation and wind power [2] as potential source 
to electrical transduction, is the piezoelectric technology the most promised direction 
for an efficient result [1-4].

The energy harvesting systems presented a not efficient resulting output power 
because their low transduction, nevertheless for this research it is proposed a controller 
based on Linear Matrix Inequalities (LMI) for vibration maximization according optimum 
control .

There will be numerical analysis to elaborate an optimized distribution of 
piezoelectric plates in the vehicles and will be an experimental evaluation to verify the 
numerical results.

It is expected an increase of battery life and an improvement of vehicle results in 
terms of efficiency distance overpass related to energy available.

2 |  NUMERICAL ANALYSIS

The mathematical model referring to piezoelectric plates coupled to an output 
voltage will be analyzed according to the mathematical model of input vibration in the 
systems as exogenous excitation. The model for piezoelectric material coupled to a 
output voltage is given by [5] as shown in equation (1):

Where the state variable are  position,  velocity and  acceleration. The constants 
are  damping,  piezoelectric mechanical coupling,  resistance voltage,  reciprocal 
of time constant to load the capacitor,  is piezoelectric electric coupling and  is the 
exogenous excitation.

The space state of given energy harvesting system model can be set changing 
variable as ,  e , giving [6]: 
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3 |  RESULTS AND DISCUSIONS

In this project, the total power generated is satisfactory, greatly increasing the 
battery’s usage time. The simulated Controller in the MatLab application is able to 
make the controller amplify the voltage and output enough to make it useful for the 
system, so according to James Clerck Maxwell and Michael Faraday’s studies, electric 
motors are not perfect, that is, an energy that is injectable is not totally used, a small 
portion and dissipated. From that energy, a portion dissipated through the vibration to 
produce an energy production system and cause the developed system to achieve 
increased energy efficiency.

4 |  CONCLUSIONS

This project provides a great future perspective because it presents a simple way 
to transform the mechanical energy that is being diffused by the vibration, in electric 
energy.

After analysis and experiments, it was verified that the PZT grid connected to the 
motor together with the controller shows a great improvement in the generated energy 
levels.

5 |  AUTHORIZATIONS / RECOGNITION

By submitting the work, the authors become responsible for the entire content of 
the work.

6 |  ACKNOWLEDGMENT

The authors would like to thanks to Federal Technological University of Parana 
(UTFPR) and UNESP - Univ. Estadual Paulista for support. To Fundação de Amparo 
à Pesquisa do Estado de São Paulo (FAPESP Process No. 2014/16807-3) and 
Conselho Nacional. de Desenvolvimento Científico e Tecnológico (CNPq Process No. 
301769/2012-5) for funding. To Fundação Araucária and CAPES for scholarship and 
funding.

REFERENCES
S. Roundy, P. K. Wright, J. Rabaey, A study of low level vibrations as a power source for wireless 
sensor nodes, Computer Communications 26 (2003), 1131–1144.

A. Harb, Energy harvesting: state-of-the-art. Renewable Energy 36 (2011), 2641-2654.



Engenharias, Ciência e Tecnologia 3 Capítulo 9 140

V. Raghunathan, A. Kansal, J. Hsu, J. Friedman, M. Srivastava, Design considerations for solar energy 
harvesting wireless embedded systems, IEEE (2005), 457-462. 

H. A. Sodano, D. J. Inman, Comparison of piezoelectric energy harvesting devices for recharging 
batteries, Journal of Intelligent Material Systems and Structures 16 (2005) , 799-807.

Erturk, A. and Inman, D., “Broadband piezoelectric power generation on high-energy orbits of the 
bistable duffing oscillator with electromechanical coupling”, Journal of Sound and Vibration, Vol. 330, 
No. 10, (2011), pp. 2339-2353.

D. C. Ferreira, F. R. Chavarette. Linear Matrix Inequalities Control Driven Applied to Bimorph 
Piezoelectric Energy Harvesting. Proceeding Series of the Brazilian Society of Applied and 
Computational Mathematics, Vol. 2, N. 1, (2014). DOI: 10.5540/03.2014.002.01.0027.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




