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Abstract— Due to the search for renewable and sustainable 

energy sources, a lot of research is currently being carried out to 

develop systems for this purpose. Piezoelectric devices can be 

used in energy harvesting systems through direct piezoelectric 

conversion. In this work, a system was developed to perform 

experimental tests of impact on piezoelectric plates and to 

evaluate the electric energy produced by the piezoelectric 

conversion. Commercial buzzers were used to evaluate the 

system. Tests have shown that buzzers exhibit direct piezoelectric 

activity and can be used to generate low-amplitude electrical 

power and battery charging. 
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I.  INTRODUCTION 

The piezoelectric effect consists of the conversion of 
mechanical into electric energy or vice versa. In the first case, 
it is called a direct piezoelectric effect and is the operating 
principle of energy harvesting systems [1]. In the last decades 
research and the search for new sources of sustainable energy 
have been increasing, as well as the development of studies 
aiming to increase the efficiency of piezoelectric systems. 

At the beginning of the 20th century the piezoelectricity 
applications were made from quartz crystals. In the 1940s, with 
the evolution of the materials sciences, the first polarized 
piezoelectric ceramics of Barium Titanate were developed. 
This advent broadly amplifies the applications of the 
piezoelectric effects because it improves the electromechanical 
conversion factor that in the quartz is of 10% and with the 
BaTiO3 happens to be approximately 40%. 

From the 1950s onwards, piezoelectric ceramics based on 
Lead Zirconate Titanium (PZT) emerge, which further 
increases the electromechanical coupling factor (around 50%). 
Piezoelectric ceramics made from PZT are still commercially 
dominant, although monocrystalline materials (PMN-PT), 
developed at the end of the 20th century, have a much higher 
electromechanical conversion (90%) [2]. 

In recent years there has been a growing scientific 
production on energy harvesting from piezoelectric devices. 
The use of piezoelectric ceramics as elements glued to surfaces 
on which impacts occur has been tested in different 

configurations [3-7]. The piezoelectric ceramics are brittle and 
break when undergoing shear or tensile stress. Aiming to 
extend the possibilities of systems for collecting energy with 
piezoelectric, composite devices were developed, consisting of 
these ceramics mixed with polymeric materials [8-10]. 

Even so, there is a good possibility of using piezoelectric 
ceramics in cases where they ensure perpendicular impacts to 
their surfaces, for example, in floor and shoe applications [11-
13]. 

Currently, there are several commercially available 
materials in the form of disks or boards that can be used to 
make transducers. Among the devices made with PZT the most 
common are the buzzers used as sounders of equipment. Fig. 1 
shows the photo of one of these buzzers. 

Fig. 1. PZT Ceramic buzzer. 

The objective of this work was to construct an experimental 
system capable of impacting piezoelectric plates by controlling 
pressure and frequency. The system was used to evaluate the 
direct piezoelectric conversion performance of commercial 
buzzers to be used as key elements in energy harvesting 
systems. The intention is to obtain results that contribute to the 
development of energy collection systems in floors and 
footwear and that, therefore, operate under mechanical impacts. 

II. DEVELOPMENT

A. Piezoelectric Device 

As shown in Fig. 1, commercial buzzers are composed of a 
thin piezoelectric ceramic glue to a metal plate. The ceramic 
and plate diameters are 25 mm and 35 mm, respectively. They 
are from Murata Co. Further details on the mechanical, electric 
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and piezoelectric characteristics needed for the characterization 
of these devices were not found in the literature. 

The electrodes in which the electric energy is collected are 
arranged on the flat faces of the buzzers. The buzzers, when 
pressed, convert part of the mechanical energy of the impact 
into electrical energy, operating similarly to a pulsed electric 
current source. To increase the current generating capacity, the 
buzzers were stacked to form groups of 4, 6, 8, 10, 12 and 14 
buzzers electrically connected in parallel. The buzzers used in 
the tests were previously selected by frequency spectrum 
similarity identifying the fundamental resonance. The 
frequency spectrum was obtained by means of an impedance 
analyzer HP4294A, with which the resonances and anti-
resonances of each buzzer were verified. Fig. 2 shows a 
schematic of such connections. 

Fig. 2. Schematic of the connection between buzzers. 

B. Hydraulic System 

To analyze the impact suffered by the buzzers a hydraulic 
system was constructed. The schematic of this system is shown 
in Fig. 3. This system produces impacts on sets of buzzers 
previously selected. Tests were carried out with impact 
applications with pressures of 3, 4 and 5 bar and frequencies of 
1 and 2 Hz.  

Fig. 3. Bloc diagram of the system used for providing impacts on buzzers. 

The main element of the hydraulic system is the piston that 
performs impacts on the arrangement of buzzers with pressure 
and frequency controlled by a CLP. Fig.4 shows a photograph 
of the system. 

Fig. 4. Photograph of the piston used to impact the buzzers. 

C. Electric energy storage 

 Every electronic circuit for energy storage is based on a 
full-wave rectifier and a capacitor, as shown in Fig. 5. Each 
impact is generated a current pulse, whose electrical charges 
are rectified and stored in a capacitor. 

Fig. 5. Rectification and energy storage system. 

During impact, the electrical pulses produced can reach 
peak values of tens or even hundreds of Volts. In order to 
establish a comparison in terms of electric power, a voltage 
regulator circuit with 5V output was used. This circuit was 
used by [14] and is shown in Fig. 6. The operation of this 
circuit is based on the operation of an SCR consisting of Q1 
and Q2. With successive impacts on the buzzers, capacitor C1 
starts charging. While the capacitor voltage is less than 9.6V, 
Q1 and Q2 remain open and do not polarize the MAX666 
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integrated circuit. Q2 being open leaves the ground of the 
MAX666 floating, and therefore the output voltage of the 
regulator is zero. 

When the voltage at C1 reaches 9.6V, Q1 and Q2 start to 
drive and polarize the MAX666, which uses the energy stored 
in C1 to supply 5V at the output. Then, C1 starts to discharge, 
and when its voltage reaches 4.5 V, the circuit is turned off. A 
new charging cycle is then initiated and the voltage regulator is 
switched on again when the voltage on the capacitor is 9.6V. 

Fig. 6. Voltage regulator  circuit used (adapted from [14]). 

D. Determining the electric power 

Tests with load resistors of 5 k, 10 k, 50 k and 100 k 
were carried out. The electric power consumed by the load 
resistors were calculated by (1) 

RVP /2 (1) 

where P is the power in W; V is the electric voltage at the 
regulator output and R is the load resistance. A digital 
voltmeter was used to measure the voltage in the load. 

E. Charging a battery 

As one of the objectives is to analyze the applicability in 
portable systems, a battery charging test was performed. For 
this purpose, a Rechargeable Battery was used for AAA 
Rayovac NiMH 1.2 V 750 mAh rechargeable battery with up 
to 300 times recharge capacity and maintained the best 
response conditions with the arrangement of 14 piezoelectric 
materials, frequencies of 2 Hz and variable pressures of 3, 4 
and 5 bar. Battery charging time has been determined. 

The NiMH battery model was chosen for the test because 
its use becomes more effective because it has a high load 
capacity and high energy density. 

The battery was connected to the output of the voltage 
regulator circuit in parallel with C4. The battery had an initial 
charge of 0.6V and its charge was monitored by a digital 
voltmeter. 

III. RESULTS AND DISCUSSION

Figs. 7 and 8 show the loading times as a function of the 
number of buzzers grouped into the sets for the frequencies of 
1 Hz and 2 Hz, respectively, with pressures of 3, 4 and 5 bar. 

Fig. 
7. 

Loading time as a function of the number of buzzers, frequency in 1 Hz and 
pressures in 3, 4 and 5 bar. 

Fig. 8. Loading time as a function of the number of buzzers, frequency in 2 Hz 
and pressures in 3, 4 and 5 bar. 

As expected, the time for the voltage at the regulator output 
to be 5V becomes smaller when the impacts are made in 
clusters with a larger number of buzzers, higher frequency and 
higher pressure. The time spent for sets with 14 buzzers is three 
times lower than for sets with 4 buzzers. 

Fig. 9 shows the calculated powers in the resistive loads 
connected at the output of the voltage regulator. In the 3 cases 

presented, it is verified that the maximum power of 250 W is 

only reached when the load resistance is 100 k. For lower 
resistance values, the capacitor discharge is accelerated and 
higher power values can not be reached. Therefore, the power 
obtained is linked to the electric charge produced in the 
ceramics and stored in capacitor C1. 
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Fig. 9. Powers in the resistive loads connected at the output of the voltage 
regulator in the frequency of 2 Hz and pressure of 3, 4 and 5 bar. 

In Fig. 10 the electric charge voltage curves of the battery 
as a function of time are presented for 3 applied pressure 
levels. It is noted that the battery initially with an electric 
voltage of 0.6 V charges a high rate up to about 1.05 V. For 
higher electrical voltages, the charge rate is decelerated. 

Fig. 10. Voltage of the battery as function of time for impacts of 3, 4 and 5 bar. 

IV. CONCLUSION

An experimental system was developed to evaluate the 
direct piezoelectric conversion of piezoelectric ceramics. The 
system performs impact with controlled pressure and frequency 
that allows emulating impact situations in floors and in shoes to 
be used later in other projects. 

It has been found that the performance of buzzers as 
energy-collecting elements in terms of energy storage time is 
increased when they are arranged in pairs of elements.  

In all the tests performed the power of 250 W was 

obtained in a resistive load of 100 k. Electric loads with 
lower resistors did not reach powers of the same order. The 
powers supplied with impacts of 5 bar were sufficient to charge 
an electric battery in a time of approximately 20 min. Although 
buzzers are not specifically built for power harvesting systems, 
they have exhibited direct piezoelectric activity that may be 

useful in some projects involving powers of the order of W. 
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