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Abstract— This research is focus on the harvesting the power 

using piezoelectric material. In this paper we model a 

cantilever beam by using piezoelectric material, because 

harvesting a power using piezoelectric material is most 

popular topic in recent year. The analysis of deflection in 

beam by applying different Eigen frequency we calculate the 

voltage and power. It is conclude that simulation of results 

almost agree with analytical prediction of Eigen frequency. 

Key words: Micro Electromechanical Systems (MEMS), 

Energy Harvester, Cantilever, Piezoelectric, Eigen Frequency 

I. INTRODUCTION 

Nowadays, wireless sensing technology has been widely used 

in health monitoring of infrastructure, such as roads and 

bridges. However, traditional wireless sensing devices are 

mostly relying on electrochemical batteries, which greatly 

limit the service life and the size of the devices .With the 

increasing consumption of fossil energy and pollution, it is 

urgent to collect ambient waste energy to power the sensors 

in an environmental-friendly manner for the long term. 

Mechanical energy can provide power for devices 

and bring economic benefits through appropriate collecting 

approaches. Currently, there are three methods to collect the 

mechanical energy: electromagnetic induction, electrostatic 

conversion, and piezoelectricity.  

Electromagnetic induction technology has been 

applied in many energy collectors, but it relies on the relative 

motion of magnet and the coil or the change of magnetic field, 

which makes the application in the wireless sensing systems 

difficult. Electrostatic conversion also has significant 

disadvantages. 

Piezoelectric cantilever beam is an application of the 

piezoelectric materials in infrastructure monitoring, with 

advantages of flexibility and easy encapsulation. Besides, it 

is quite suitable for low frequency condition for the low self-

vibration frequency, such as in pavement and bridges.  

Although there has been great progress in the 

simulation of pavement materials and pavement structures, 

the reliable monitoring results can contribute significantly for 

direct maintenance. Many researchers have studied the 

performance of the piezoelectric cantilever beam. Ferrari et 

al. rectified the output current produced by several 

piezoelectric cantilever beams with different self-vibration 

into the same storage capacity, and improved the overall 

energy conversion efficiency. 

II. BASIC THEORY 

A. Flow Chart 

We describes the flow chart about the steps involved in the 

designing of cantilever geometry. 

All the mentioned steps will be explicated in detail 

in the upcoming sections. 

 

B. Simple Piezoelectric Cantilever Beam 

 
Fig. 1: Piezoelectric Cantilever Beam 

A cantilever beam is shown in figure 1 having one end fixed 

and other ends are free to vibrate. Beam generally may be 

considered as continues system with mass distributed all 

along the beam. 

Here some parameter will discussed, which are given below  

Where 

E = Young’s modulus of elasticity 

I = moment of inertia of beam 

y (x,t) = displacement of beam in y direction 

x = distance from fixed end 

m = mass per unit length 

f(t) = force applied to system at distance L 1 from fixed end 

ρ = material density 

1) Young’s Modulus of Elasticity 

Young's modulus is known as elastic of the modulus, it is a 

measure of stiffness of a solid material. It is a property of 

elastic solid materials. It defines the relationship between 

stress and strain in a material. 
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2) Poisson’s Ratio 

It isthe ratio of the proportional decrease in the lateral 

measurement to the proportional increase in the length in a 

sample of material that is elastically stretched. 

3) Material Density 

Material density, is referred to simply as density, is a 

quantitative expression of the amount of mass contained per 

unit volume. The standard unit is the kilogram per meter 

cubed. Density is sometimes expressed in grams per 

centimeter cubed. 

III. MODELLING THE PIEZOELECTRIC CANTILEVER BEAM 

MEMS cantilever low frequency energy scavengers typically 

have thicknesses in ums. Below table shows the device 

dimensions. It has been reported that the uses of interdigitated 

electrodes placed on the top of the piezoelectric layer harvest 

higher output power compared to top and bottom electrodes. 

This is due to the fact that the separation between the fingers 

is larger than the film thickness. When the cantilever vibrates, 

mechanical stress is induced in the piezoelectric layer if 

enough force is provided by the proof mass. The PZT 

piezoelectric layer then converts the mechanical strain energy 

into electrical energy. 

 
Fig. 2 

 Material Length Width Thickness 

Base Silicon 500 500 500 

Layer 1 Platinum 2500 500 20 

PZT Layer 2 PZT 2500 500 6 

Layer 3 Platinum 2500 500 6 

Proof Mass Silicon 600 500 100 

Table 1: 

 
Fig. 3: 

 Material Length Width Thickness 

Base Silicon 500 500 500 

Layer 1 Platinum 2500 500 20 

PZT Layer 2 PZT 2500 500 6 

Layer 3 Platinum 2500 500 6 

Proof Mass Silicon 600 500 100 

Table 2: 

 
Fig. 4: 

 Material Length Width Thickness 

Base Silicon 500 2500 500 

Layer 1 Platinum 1500 500 5 

PZT Layer 2 PZT 1500 500 5 

Layer 3 Platinum 1500 500 5 

Proof Mass Silicon 500 500 15 

Table 3: 

IV. RESULT & DISCUSSION 

Below figure shows plot between Electrical Potential Vs 

Frequency and Displacement Vs Frequency for different 

material. 

 
Fig. 5: 

Fig.5 shows Electrical potential Vs frequency graph 

for different material. In this maximum voltage15mV at 

resonance frequency of 3800 Hz. 
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Fig. 6: 

Fig.6 shows Displacement Vs Frequency graph for 

different material. In this maximum displacement is 

0.0225um at resonance frequency of 2000 Hz. 

V. CONCLUSION 

The design of piezoelectric cantilever beam for energy 

scavenger done successfully. A finite element analysis was 

performed to investigate the eigen frequency and deflection 

pattern of micro actuator. Several simulations were carried 

out with developed model in COMSOL. The analytical 

results of eigen frequency were compared with results 

obtained from model. There exist a good agreement between 

the simulation and analytical results. It was observed that 

maximum the deflection; more energy conversion can take 

place from vibration energy to electrical energy or vice versa. 

And this is sufficient to drive the ultra-low power applications 

mainly sensor nodes. 
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