National Conference On Recent Trends And Developments In Sustainable Green
Technologies

Journal of Chemical and Pharmaceutical Sciences ~ www.jchps.com ISSN: 0974-2115

MODELLING AND ANALYSIS OF MEMS BIMORPH
PIEZOELECTRIC ENERGY HARVESTER FOR GREEN ENERGY
SOURCE

*Sunithamani.S, *Lakshmi.P, *Senbagavalli.S
*Department of EEE College of engineering, Anna University, Chennai, India
*Corresponding author: Email: sunithabavi@gmail.com

ABSTRACT

Energy harvesting is the process in which mechanical vibrations are harvested and converted to electric
energy. The purpose of these harvesters is to provide an alternative power source to traditional energy sources used
by remote systems. In this paper we proposed a design and simulation of MEMS Bimorph piezoelectric energy
harvester. Two models with different cross sections are modelled and analysed to evaluate the effect of substrate
thickness on performance of energy harvester. The performance improvements in simulation results obtained in the
MEMS Bimorph piezoelectric energy harvesters show very good scope for MEMS piezoelectric harvesters in the
fields of Green Energy Technology in the near future.
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INTRODUCTION

An energy harvester, harvests waste ambient energy and converts it into useful electrical energy. Ambient
energy is available in the form of vibration, light, temperature gradient etc. Among these energy, mechanical
vibration is the most widespread and wasted energy in the environment. The vibration energy harvesting
technology is a hot research aspect in recent years. It is considered as a promising alternative approach to power
microelectronics and wireless sensor networks. Among the basic transduction mechanisms that can be used for
vibration-to-electricity conversion, piezoelectric transduction has received the most attention in the literature.
Piezoelectric materials are preferred in energy harvesting due to their large power densities and ease of application.
Typically, piezoelectric energy harvesters are cantilevered structures with piezoceramic layers that generate
alternating voltage output due to base excitation. Most of the piezoelectric energy harvesters are in the form of
cantilevered beam with one or two piezoceramic layers. (That is a unimorph or a bimorph). With an external
applied force or load, unimorph and bimorph cantilevers generate charge or voltage on the electrodes. So these
cantilevers can be used as sensing element for an energy harvester. The power produced by energy harvesters are
used to power the wireless nodes. MEMS based energy harvester with different Geometries and different Cross
sections performs better than the energy harvester with a traditional geometry. An optimized length of PZT layer
with different cross section for a unimorph structure has been studied. The substrate to piezoelectric thickness ratio
of unimorph structure affects the performance the energy harvester. Geometry optimization of a MEMS-based
energy harvesting device results in more harvested power. It is shown that the parallel connection of the piezo
layers in a bimorph layout is beneficial. The sensing effects of three piezoelectric cantilever benders subjected to
various external mechanical excitations have been analyzed. A broadband energy harvester with an array/matrix of
piezoelectric bimorphs connected by springs has been designed and analyzed and concluded that the operational
frequency band can be enlarged significantly by carefully adjusting the small end masses, length of the beam and
spring stiffness. Electrical optimization of a designed piezoelectric-based vibration energy harvesting system has
been done.

In this paper we studied the effect of substrate thickness on performance of bimorph piezoelectric energy
harvester through simulation. In order to evaluate the energy harvesting performance of two models, electrical,
frequency, mechanical and load analysis are carried out. In this study thickness of substrate is varied for two
different models namely Modell and Model2 to evaluate its performance using software COMSOL Multiphysics.

BIMORPH PIEZOELECTRIC ENERGY HARVESTER MODELLING

Two Structures for Bimorph piezoelectric energy harvester are modeled using the software COMSOL
Multiphysics. Model 1 shown in Fig. 1 has a rectangular shape cantilever with rectangular cross section. Figure 2
shows Model 2, a rectangular cantilever with trapezoidal cross section. The middle substrate material is made up of
stainless steel and the top and bottom piezoelectric layers are made up of Single-crystal PMN-32, poled along the
thickness direction.

JCHPS Special Issue 7: 2015 NCRTDSGT 2015 Page 258


mailto:sunithabavi@gmail.com

National Conference On Recent Trends And Developments In Sustainable Green
Technologies

Journal of Chemical and Pharmaceutical Sciences ~ www.jchps.com ISSN: 0974-2115

—_—

E::‘.::'_-::::':::::__ T & ——— s
Figure.1.3D Geometry of Model 1 Figure.2.3D Geometry of Model 2
The dimensions of substrate and piezoelectric layer are as follows. The length and width of both PMN and
steel are fixed as 27000pm and 3,000 um respectively. The thickness of piezoelectric material (tp) was fixed at 260
um while the thickness of the substrate material (ts) was varied such that range of ts/tp ratio is between 0.1 to 2.5.
A point load of 0.2 N is applied vertically at the centre of the free end of the bimorph cantilever.
The piezoelectric effect is mathematically explained in the following equation (1) and (2).

S=5ET 4 dE (1)
D=eT E4dT )
Where,

S the mechanical strain vector, S the elastic compliance tensor (P& 1), T the mechanical stress vector
(Vm™*) E the electric field vector (¥ ™*),D the elastic displacement vector (€ %) €" the dielectric permittivity

tensor (F™ - ),d the transverse piezoelectric coefficient tensor (CV - ), The material properties of PMN-32 are as
follows:
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The material properties of stainless steel are as follows: density, p = 7850kg/™ :, Young’s modulus,
E=200Gpa, Poisson ratio, u=0.33.The mechanical connections are made by fixing one end of the cantilever and by
leaving the other end as free. The polarization of piezoelectric material can be accomplished by applying an electric
field at the top and bottom surface of PMN-32, while other faces are of zero charges.
FINITE ELEMENT ANALYSIS BIMORPH PIEZOELECTRIC ENERGY HARVESTER
FEM analysis for Bimorph piezoelectric energy harvester is simulated using COMSOL software. The steps
involved in constructing energy harvester are as follows:
1. Build the geometry of cantilever along with proof mass in 3D geometry.
2. Define the necessary property of piezoelectric material and substrate.
3. Electrical and mechanical connection are applied to bimorph piezoelectric energy harvester.
4. Extremely coarse mesh is applied along the length of cantilever.
5. Analysis such as electrical, frequency, mechanical and load analysis are carried out.
RESULT AND DISCUSSION

Various analyses are carried out to evaluate the effect of thickness ratio on performance of bimorph
piezoelectric energy harvester. The analysis and their results are discussed below.

Electrical and Mechanical analysis: Electrical analysis is carried out to find the maximum voltage produced by
the bimorph piezoelectric energy harvester. In the first simulation study, the effect of substrate thickness on both
the open circuit voltage output and the tip displacement of the energy harvester is analyzed. It is performed with a
point load of 0.2 N applied vertically at the centre of the free end of the cantilever. Fig 3 shows the variation of
open circuit voltage output with varying ts/t, ratio. Where t; is the thickness of substrate, which is varied such that
range of ts/tp ratio is between 0.1 to 2.5 and t;, is the thickness of piezoelectric layer, fixed as 260 um.
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Figure 3 variation of Voltage output with thickness Figure 4 Variation of tip displacement with thickness
ratio ,ts/t, . ratio, ts/tp

The plot shows that for a fixed piezoelectric thickness, there is an increase in output voltage, after a specific
ts/tp ratio output voltage starts decreasing. This is because initially when ts is zero, the neutral axis lies at the center
of substrate layer. In such a condition strain on the top piezoelectric layer would be exactly opposite to that on
bottom layer. Now charge cancellation occurs due to such strain condition and output voltage will be zero. As
substrate thickness is increased, the neutral axis moves gradually out of piezoelectric layer, which results a net
charge. The graph peaks at small thickness ratio ts/t,, this is due to elimination of charge cancellation.

The mechanical analysis has been done to study the behavior of energy harvester for various thickness ratio,
ts/tp . The variation of tip displacement with ts/t, ratio is shown in Fig 4.For small thickness ratio, ts/t,, the substrate
thickness is small and cantilever becomes thin. Hence, the tip displacement is more. But for large thickness ratio,
the substrate becomes thicker and cantilever becomes stiff resulting in small tip displacement. The optimal
thickness is the balance between the mechanical flexibility and large distance between the neutral axis and the
piezoelectric layer.

Frequency analysis: If substrate thickness is zero, the neutral axis is located inside the piezoelectric layer and
power production deteriorates. Now if the thickness of the substrate is increased, it becomes thicker and the
cantilever becomes stiffer and heavier and the net effect is an overall increase in natural frequencies and an increase
in bending stiffness. This Effect of thickness ratio on resonance frequency is shown in Fig 5.
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Figure.5.Effect of thickness ratio on resonance Figure.6.Effect of thickness ratio on Power.
frequency.

Power Analysis: The harvester produces maximum power when it is close to its resonant frequency. As the
harvester’s resistive value is too high in mega Ohm it is ignored and its effective impedance is Z; is computed using
the following equation.
Zi-

1 1

wC_ 2IfC

n™~’ piezo n "’ piezo (1)

Where f, is Harvester’s resonant frequency in Hz, Cpiezo is Harvester’s internal capacitance in F.
The generated power is calculated using following equation,
P =
1 Voz.cz L
2(Z,+2Z.)° @)

Where V.. is Open circuit voltage produced by the harvester in V,Z, is Load impedance in Q and Z; is
Source impedance in Q. Power generation in a cantilevered energy harvester depends on the location of neutral
axis. Thickness of the piezoelectric and substrate affects the location of the neutral axis. Increasing the substrate
thickness from zero moves the neutral axis out of piezoelectric layer and results in a net charge.
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The variation of power with thickness ratio is plotted in Fig 6.The raise in power output at smaller thickness
ratio is due to elimination of charge cancellation. As thickness ratio increased, this elimination of charge
cancellation is reduced and maximum power occurs. This thickness ratio is the optimal thickness ratio for each
structure. Further increase in thickness ratio results in reduced power. This is because the neutral axis moved out of
the piezoelectric layer and net charge is reduced.

Load Analysis: Load analysis is carried out to find variation of power P with load. The maximum power transfer
happens when the load impedance is closely matched with the harvester’s internal impedance. In order to find the
optimal load for the harvester, no mass is mounted on the cantilever and the harvester is excited at its resonant
frequency.
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Figure.7.Load Analysis Plot.

Table.1.Performance Comparison
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The variation of power P with load is calculated using equation (2) and plotted in Fig 7 The optimal loads for
each structure and power transferred to the optimum load are given in Table 1.

CONCLUSIONS

In this paper simulation study on performance of bimorph piezoelectric energy harvester with optimized
substrate to piezoelectric layer thickness ratio is carried out. Two structures have been designed and analysis such
as electrical, mechanical, frequency, power and load analysis are done to evaluate the performance of each
structure. The result shows that the substrate thickness affects the performance of energy harvester and for low
thickness ratio Model 2 performs better than Model 1. This paper gives an idea in selecting optimal parameters
such as thickness of substrate and geometry of cantilever, to predict maximum power harvesting of the bimorph
piezoelectric energy harvester.
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