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Abstract- The ever growing need of power in today's world and the rate at which the conventional sources are being 
consumed, there is an immediate need of non-conventional sources. One such field which is in such need is the electronics 
industry. Electronics have become an integral part of our lives whether its a mobile phone or GPS devices . Due to this the 
R&D's of many industries and institutes have focussed on energy harvesting devices as the alternative to the conventional 
sources. The present work is based on one such application of the piezoelectric effect. piezoelectric effect or piezoelectricity 
is used to convert the mechanical stress induced in piezoelectric materials into electric energy. This paper outlines the use of 
NI labview interfaced with an Arduino UNO to analyse the vibrations of various machines like motor, IC engine, mobile 
phone etc. Further an approach to model a piezoelectric harvester in order to retrieve energy from these vibrations using 
PVDF piezo film is illustrated using a prototype along with which a required circuitry to convert the mechanical energy 
obtained into electrical energy is illustrated. 
 
Keywords—Piezoelectric; Low Frequency Vibrations, NI Labview, PVDF Film 
 
I. INTRODUCTION 
 
The continuous involvement of electronics in  today's 
life whether individual or industrial  have left the 
mankind dependent on them. Electronics have 
become  a necessity and hence are required to be 
economical, both in terms of capital as well as power 
consumption. The later part is of greater concern, as 
the sources of power generation are limited and being 
consumed at an alarming rate.  
 
This search for alternative sources of energy have 
shifted the focus from the limited coal, and fossil 
fuels to the abundant sources like solar, wind, tidal 
etc. These sources which are available in ones 
environment can be used to harvest energy to power 
at least some small equipments with low power 
requirements. It is also beneficial as it will not exploit 
the environment but only utilize what is provided by 
it.  The energy harvested can be stored in 
rechargeable batteries and used later. The means of 
harvesting should not be complicated or expensive, so 
that the practice can be made popular. 
 
The technological advances have made the 
electronics more efficient, light and smaller, hence 
portable. The portability of devices poses a problem 
of power source as the life of batteries is limited and 
replacing them in some cases can be tedious, e.g., 
global positioning system (GPS) tracking devices on 
animals in the wild. hence , the harvesting of energy 
from ones surrounding, utilising the energy which is 
otherwise wasted. 
 
Vibrations are present almost evrywhere in the nature 
is one such source that could be used to harvest 
energy. There are various methods to achieve that i.e, 
by electromagnetic, electrostatic and piezoelectric 
effect. According to various studies peviously  

 
conducted the piezoelectric effect is most suiable as it 
provides  higher energy density and higher flexibility 
to wide applications. (Roundy & Wright, 2004, Anton 
& Sodano, 2007).  
 
Piezoelectric materials are crystalline in nature 
consisting of dipole moments which when strained to 
mechanical vibrations or motion produce electrical 
charge due to distortion of electric dipoles. This 
effect is known as piezoelectric effect. The inverse 
piezoelectric effect deals with conversion of electrical 
to mechanical energy. 
 
Piezoelectric materials belongs to the ferroelectrics 
material class. Ferroelectric materials have  a 
molecular orientation such that the materials exhibits 
a local charge separation, known as electric dipole. 
These electric dipole are randomly oriented but can 
be oriented relative to a electric field by poling. 
Piezoelectric materials are divided into four 
categories based on their structure characteristics as 
shown in Table 1 (Pankhuri Arora et al., 2013).  
 

Table 1: Classification of piezoelectric materials 
based on their structure characteristics (Pankhuri 

Arora et al., 2013) 
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Among the mentioned categories, piezoelectric 
polymers are capable of sustaining much higher strain 
due to their intrinsic flexibility. these polymers are  
better suited for applications where large amount of 
bending or conforming to a curved mounting surface 
exists. also compared to piezoelectric ceramics the 
polymer have poor piezoelectric properties, which is 
due to presence of long intertwined molecules in 
piezoelectric polymers and  ferroelectric grains in 
piezoelectric ceramics.  (Huidong Li et al., 2014). 
The characteristics of the vibration signal sources are 
their peak acceleration and frequency at which that 
peak was generated and hence a piezoelectric energy 
harvester are tuned at these frequencies so that at 
resonance condition it generates maximum power. 
Conventionally, piezoelectric ceramics are used for 
actuating purposes, on the other hand piezoelectric 
polymers are meant for sensing purposes. There are 
also possibilities where piezoelectric ceramics are 
used for both sensing and actuation purposes, for 
instance, in self-sensing actuators (Inman et al., 
1992). But the piezoelectric polymers are employed 
over piezoelectric ceramics when the frequency of 
vibration host is low when the dimensions and weight 
are the constraints (Huidong Li et al., 2014). 
 
This research paper focuses on the modelling and 
design of a piezoelectric energy harvester which can 
be used as a power source for remote area 
applications or in industries for alarming/indicating 
purposes. The selected vibration source has a low 
frequency less than 100 Hz and a piezoelectric 
polymer i.e., PVDF film (cantilever beam type) from 
Measurement Specialities has been used to carry out 
the proposed work.  
 
II. MATERIAL AND METHODS 
 
The piezoelectric polymer used to carry out the 
proposed work is a PVDF film of thickness 25µm of 
cantilever beam configuration.  
 
2.1 Selection of peak frequency 
In this study before developing a piezoelectric energy 
harvester, electric motor with mechanical loading 
arrangement was chosen as the vibration source host 
henceforth measurement of vibration accelerations 
and frequencies was performed and analyzed. So at 
different locations of the motor an accelerometer was 
mounted to capture the motor vibration signal.  
An ADXL345 accelerometer was mounted at 
different locations on the motor and was interfaced to 
NI LabVIEW software via Arduino UNO and hence 
the analysis of the ambient acceleration signal was 
performed.  The acceleration data is stored as a 
function of time and has to be converted to the 
frequency domain. In order to achieve this, the Fast 
Fourier Transform (FFT) algorithm was performed 
which displayed the resonance frequency to which 
the harvester has to be tuned.  

2.2 Experimental set up 
2.1.1. Circuit representation of piezoelectric 
energy harvester 
An equivalent circuit for the cantilever beam 
configuration system is shown in Fig. 1A. The 
mechanical part consists of equivalent inductor, Lm, 
representing the inertia of the harvester; equivalent 
resistance, Rb, representing the mechanical damping 
and equivalent capacitor, Ck, representing the 
mechanical stiffness. The electromechanical coupling 
is modeled as a transformer with n equivalent turns 
ratio (Flynn & Anders, 2002). The capacitance Cb is 
of the piezoelectric material and V is the voltage 
across the piezoelectric device. 
 

 
Fig. 1: (A) Circuit representation of piezoelectric energy 

harvester. (B) Equivalent block diagram of piezoelectric energy 
harvester. 

 
2.1.2. Block diagram of energy harvesting 
piezoelectric circuit 
It consists of a tuned piezoelectric which when 
subjected to vibrations produces mechanical energy 
which can be converted into electrical energy. The 
generated output is alternating in nature which is then 
fed to rectifier to obtain DC output as shown in Fig. 
1B. This resulting DC voltage consists of some 
ripples and AC voltage variations. In order to get a 
constant voltage, the DC output is fed to a voltage 
regulator followed by a capacitor, which gets charged 
by rectifier up to its predefined voltage. When 
predefined voltage is reached at that instant the 
switch closes and capacitor discharges through the 
load. The switch used can be a voltage sensing switch 
or by microprocessor interfacing the operation of 
switch opening/closing can be controlled. In this way, 
the energy can be stored in the capacitor and 
discharged when required. To obtain higher voltage 
ranges a DC-DC (boost) converter can be used to 
extend the voltage level.  
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III. RESULTS AND DISCUSSIONS 
 
To obtain the peak frequency, the accelerometer was 
mounted in two ways. In the first case, an aluminum 
strip of dimensions 200mm X 25mm X 5mm was 
used on which the accelerometer was mounted at its 
end. In the second case, the accelerometer was 
mounted directly on the motor. The mounting 
positions are shown in Fig. 2.  
 

 
Fig. 2: Mounting positions of accelerometer on the motor 

 
An AC series motor of rating 1 HP, 230V, 8A, 
1440rpm was selected as the vibration source for 
carrying out analysis work and motor was loaded 
with different loads. Table 2 shows the obtained peak 
frequency along z- axis for different loading 
conditions and mounting positions: 
 
TABLE 2: Peak Frequencies obtained for various 

cases 

 
 
The peak frequency obtained when the accelerometer 
was directly mounted on the motor was observed 
around 5.34 Hz (Fig. 3A) irrespective of motor 
loading conditions and mounting places, whereas the 
peak obtained for the first mounting was observed 
between 20 Hz and 30 Hz (Fig. 3B). This is the 
frequency range where most of the energy is 
concentrated. It thus necessitates the design of a 
piezoelectric electric harvester that resonates in the 
frequency range of 20 Hz to 30 Hz, where most of the 
energy is available. 

 
Fig. 3: (A) Fundamental frequency of motor = 5.34 Hz 

irrespective of mounting positions and loading conditions. 
 

 
Fig. 3: (B) Peak frequency for the second case of mounting 

position. 
 
A simple energy harvester circuit as shown in the Fig. 
4A was developed and was tested using PVDF film 
from Measurement Specialties which is a cantilever-
type vibration sensor. The voltage developed when 
the film was a given single bending strike was in the 
range 6-30V and is shown in Fig. 4B. It is evident 
from the figure that the piezoelectric material can 
generate voltages even in hundreds of volts range. 
 

 
Fig. 4: (A) Circuit diagram of piezoelectric energy harvester. 
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Fig. 4:  (B) PVDF film output. 

 

 
Fig. 4: (C) Rectifier output. 

 
The voltage developed across the rectifier output 
terminals was in the range of 6-30V as shown in Fig. 
4C. The figure shows three voltage spikes of 
decreasing voltages indicating as the pressure or 
mechanical strain on the film is decreased voltage 
developed across the piezoelectric also decreases. 
 
A capacitor of capacity 1000µF connected across the 
terminals of rectifier developed voltage in increasing 
steps of 1mV at each bending strike. Due to non-
periodic nature of motor vibrations, the time taken to 
develop sufficient voltage across the capacitor is 
more. Hence if the film is constantly strained it can 
develop voltage across the capacitor in the range of 
tens of volts. The LM317 regulator developed voltage 
in the range of 0.7-1.2V which is a sufficient voltage 
required to forward-bias the LED. Hence for such 
cases there is a need of tuned piezoelectric energy 
harvester which generates maximum power at the 
resonant frequency. 
 
In applications other than energy harvesting, a signal 
conditioning circuit can be used to modify output of 
the piezoelectric as per the requirement. Normal 
output voltages from piezoelectric sensors can vary 
from microvolts to hundreds of volts, and signal 
conditioning circuitry requirements vary 

substantially. A voltage mode amplifier was 
developed to study its characteristics as shown in Fig. 
5A.The resistance R1 provides a dc bias path for the 
amplifier input stage. Since the output resistance of 
the piezoelectric material is very high, the input 
resistance of the amplifier also needs to be high. 
Hence the value of R1 selected is 1MΩ. With the 
biasing shown the output of the amplifier will be put 
at ½ Vcc with no input. The output swings above and 
below this dc level (Fig. 5C). The Fig. 5B-C shows 
output of voltage mode amplifier with no input and 
input (PVDF film connected) respectively. 
 

 
Fig. 5: (A) Circuit diagram for voltage mode amplifier. 

 

 
Fig. 5: (B) Voltage amplifier output with no input. 

 

 
Fig. 5: (C) Voltage amplifier output with input. 
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CONCLUSION 
 
In our present daily life, the concept of piezoelectric 
energy harvesting is indeed an interesting one 
attracting the scientists and researchers all over the 
world due to greater demand for energy. By 
efficiently extracting the energy from ambient 
vibrations it can be further stored in a device like 
lithium polymer batteries so that it can be used in 
portable devices such as mobile phones or other hand 
held electrical devices. The components like rectifier, 
voltage regulator, combination of storing capacitor 
and a voltage sensing switch used in the project are 
minimal and hence it is very compact, low cost and 
future changes can be made without much difficulty 
as per the need. 
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