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Abstract
This paper presents various designs of the cantilever based piezoelectric energy harvester, which is excited using

mechanical vibrations at the fixed end. By varying the geometries of the cantilever beam; higher stress, strain and

consequently higher voltage and power could be attained from the same piezoelectric material. The analysis of energy

harvesters were done using COMSOL Multiphysics 5.3a. The stress, strain and frequency response of the beams were

verified by analytical, numerical and experimental methods. The result shows that the inverted taper in thick and width and

inverted taper in width types of beams generated 47.39% and 21.31% more power compared to the rectangular cantilever

beam. The resonant frequency of the inverted taper in thick and width beam is 53.3% less than the rectangle beam.

1 Introduction

Energy harvesting is the process of self-feeding power to

run low power electronics devices. By using this method,

the dependency of applications on batteries and external

power sources can be eliminated. Vibration is the

mechanical source of energy and piezoelectric material is

used to convert mechanical energy into electrical energy.

Currently, wireless devices (Damya et al. 2018) gained

more attention in the electronic devices; most of these

devices are designed to run on batteries and external power

sources. In remote areas, external power source availability

is sparse. Due to the miniature size of the electronic

devices, dismantling and assembling is difficult along with

the frequent replacement of depleted batteries (Chan-

drakasan et al. 1998; Roundy and Wright 2004). To over-

come this, an alternative method is energy harvesting.

Mechanical vibration attracts the researchers as it is con-

sidered a potential source of power for the wireless and low

power electronics devices (Md Ralib et al. 2011). Elec-

tromagnetic, electrostatic and piezoelectric generators are

used to convert mechanical vibrations into electrical energy

(Roundy et al. 2003). Among these generators, piezoelec-

tric has the capability to produce more energy density.

Geometrical factors of energy harvester have a signifi-

cant effect on power production. The cantilever beam is

mostly used in an energy harvester to place piezoelectric

materials (Mossi et al. 2005). The ratio of the piezoelectric

layer to the substrate has a significant effect on energy

harvesting (Kim et al. 2005). By optimizing the geometry

of the cantilever beam there is a chance to increase the

power production of piezoelectric materials. Mateu and

Moll (2005) analytically studied the strain on a rectangular

and triangular cantilever beams. From the work, it could be

inferred that the triangular beam has the capacity to pro-

duce higher strain and power than a rectangular cantilever

beam. Rectangular cantilever beam has uneven strain dis-

tribution under load but trapezoidal cantilever beam pro-

duces almost even strain throughout the beam under load

and increasing the power by 30% per unit volume (Baker

2005). Jin et al. (2017) introduced a truncated triangle

beam, which can produce more power than trapezoidal and

rectangular cantilever beam. Baker et al. (2005) analysed

the variable thickness beam with a mass at the free end has

the ability to increase harvester performance by a factor of

3.6 and its semi-analytical model was developed by Ray-

leigh–Ritz (R–R) method and validated using numerical

simulations. Tapered cantilever beam with short wide beam

has no significant effect on output power, but tapered with

long slender has a positive effect on the performance of

energy harvester (Matova et al. 2013). Hosseini and
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Hamedi (2016a, b) developed analytical method to find the

resonant frequency of V-shaped trapezoidal and triangular

cantilever beam. By increasing the base of the V-shaped

trapezoidal beam, the maximum resonant frequency could

be achieved, which was calculated using the R–R method

(Rouhollah Hosseini 2015). The same was analysed using

numerical simulations (Hosseini and Hamedi 2016c).

Hosseini and Hamedi (2015) introduced an analytical

method to derive the output voltage of the V-shaped

bimorph trapezoidal cantilever beam with uniform thick-

ness. Hosseini and Nouri (2016) introduced optimization

techniques to reduce the resonant frequency of V-shaped

trapezoidal cantilever energy harvester. Zhou et al. (2018)

analysed the effect of changing the length of piezoelectric

material over the simply supported beam, from the exper-

iment authors found that optimizing the length of piezo-

electric material would improve the output of energy

harvesting performance. Hosseini et al. (2018) studied the

strain distribution over the rectangle, triangle and trape-

zoidal beam; from the finite element simulation, authors

found that triangle beam produce two times more strain

than rectangular cantilever beam. Goldschmidtboeing and

Woias (2008) introduced curvature of homogeneity to the

proof mass and found that shape of the beam has an only a

slight effect on the energy harvesting performance but it

has enormous influence on the excitation of amplitude and

frequency. Salmani et al. (2015) derived an analytical

expression for an exponentially tapered beam and the

results were verified by comparing numerical with exper-

imental methods. Hosseini et al. (2017a, b) derived an

analytical solution to calculate the generated power of

partially covered piezoelectric material on the cantilever

beam. Paquin and St-Amant (2010) improved the perfor-

mance of the energy harvester by varying the slope angle of

the beam. From the experiment, authors found that the

slope angle of 0.94� of the beam produce 71.94% more

power compared to uniform thickness beam. Park et al.

(2012) used MATLAB to optimize the geometry of energy

harvester, which takes input from ANSYS. From the

optimization, authors found that their optimum design

could produce 160% more power than rectangular can-

tilever beam where rotary motion is used to excite the

beam at the free end. Rosa and De Marqui Junior (2014)

developed a mathematical model for tapered and reverse

tapered beam and the model has a close agreement with

experimental results. From the literature survey, it was

found that the investigations on irregular geometries of

beams are limited.

In this paper, the comparison is made between the var-

ious geometry of beam for energy harvesting by analysing

the stress, strain, frequency response of the beam by ana-

lytical, numerical and experimental methods. The power

generation of the proposed energy harvesters are discussed

by comparing voltage, power, frequency and input

impedance.

2 Geometries of beam considered
for energy harvester

The geometries of the beam considered for energy har-

vesting are Rectangle (REC), Triangle (TRI), Taper in

width (TAP W), Taper in thick (TAP T), Taper in thick and

width (TAP TW), Inverted taper in width (INTAP W),

Inverted taper in thick and width (INTAP TW) are shown

in Table 1.

2.1 Stress and strain analysis

The deformation of the piezoelectric material is based on

the deformation of the cantilever beam, so it is essential to

know the stress and strain of the beam. A 1 N of the load is

applied at the free end. Aluminium is chosen as the

material with a density of 2700 kg/m3 and Youngs mod-

ulus of 70 GPa.

The maximum stress r of the cantilever beam was cal-

culated using the bending moment Eq. (1).

r ¼ My

I
¼ M

I=y
ð1Þ

where M = bending moment, I = moment of inertia,

y = distance of neutral axis from the surface.

The maximum strain e of the cantilever beam can found

by Eq. (2)

e ¼ r
E

ð2Þ

where E = Youngs Modulus.

Using the above equations, the maximum stress and

strain for the rectangular beam is analytically found to be

60 N/mm2 and 8.57 9 10-4 respectively.

The stress and strain for the rectangular beam was

determined numerically using COMSOL Multiphysics

5.3a. Solid mechanics physics was used along with sta-

tionary study. Normal triangular mesh was used; the min-

imum and maximum element size were about 1.8–10 mm

respectively. Figure 1 shows the maximum stress and

strain of the rectangle cantilever beam. The maximum

stress and strain of rectangular beam obtained analytically

was in close agreement with the numerical result. Hence,

the same methodology was followed for the numerical and

analytical analysis of other beams considered in Sect. 2 and

the results are tabulated in Table 2. The deviation between

numerical and analytical methods are found to be very

minimal.
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Table 1 Proposed geometries of energy harvester

Geometry Nomenclature with dimensions

Length(l) mm 9 width(b) mm 9 thick(h) mm

Rectangle (REC)

l = 100

b = 10

h = 1

Triangle (TRI)

l = 100

b1 = 10

b2 = 0

h = 1

Taper in width (TAP W)

l = 100

b1 = 10

b2 = 5

h = 1

Taper in thick (TAP T)

l = 100

b = 10

h1 = 1

h2 = 0.5
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From Table 2, it can be found that the maximum devi-

ation between the analytical and numerical result is 2.42%

only. The placement of piezoelectric material on the beam

has the most influence on power production, so it is

essential to know the strain over the length of the beam

(Liao and Sodano 2012). Figure 2 shows the strain over the

length of the beams under consideration which was

obtained numerically through COMSOL Multiphysics

5.3a.

The strain over the length of the REC beam is constantly

decreasing which is followed by TAP W and TAP T beam.

The TRI beam produces almost constant strain over the

length of the beam. The strain produced in TAP TW and

INTAP W beam is similar to TRI beam, but the amplitudes

are higher. The INTAP TW beam produces higher strain

near the fixed end compared to the other beams as shown in

Fig. 2. This is due to more self-mass at free end and the

strain concentration at the fixed end of the cantilever beam

are induced by the inertial mass.

2.2 Frequency response of the beams

The piezoelectric energy harvesters are mostly used to

power low power electronic devices and hence it is

Table 1 (continued)

Geometry Nomenclature with dimensions

Length(l) mm 9 width(b) mm 9 thick(h) mm

Taper in width and thick (TAP TW)

l = 100

b1 = 10

b2 = 5

h1 = 1

h2 = 0.5

Inverted taper in width (INTAP W)

l = 100

b1 = 5

b2 = 10

h = 1

Inverted taper in width and thick (INTAP TW)

l = 100

b1 = 5

b2 = 10

h1 = 0.5

h2 = 1
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essential to produce high power at a lower frequency. It is

difficult to analyse the frequency response of all the con-

sidered beams for energy harvesting by analytical and

experimental methods. In order to validate the methodol-

ogy of numerical analysis, two simple beams made of

aluminium (Al) and copper (Cu) with the dimensions as

shown in Table 3 were taken. The first mode of natural

frequency was determined using analytical, numerical and

experimental methods.

The deflection z(x) function of rectangular cantilever

beam along the length of the beam can be calculated by

Eq. (3) (Hosseini and Hamedi 2016c)

zðxÞ ¼ 2Fx2ð3Lbm � xÞ
EbmWbmT

3
bm

ð3Þ

where Lbm, Wbm, Tbm are the length, width and thickness of

the cantilever beam as shown in Fig. 6. F force applied at

the free end of the beam, Ebm Youngs modulus of the

beam, x distance from the fixed end.

The Eq. (10) is used to find the resonance of the rect-

angular cantilever beam with the mass of the

accelerometer.

If the cantilever beam is subjected to free vibration, then

the system is to be considered as a continuous system in

which the mass of the beam is considered as distributed

along with stiffness of the beam. The equation of the

motion can be written as (Hosseini and Hamedi 2016c).

d2y

dx2
EIðxÞ d

2yðxÞ
dx2

� �
¼ x2mðxÞYðxÞ ð4Þ

where E Young’s modulus, I moment of inertia, Y(x) dis-

placement in y direction at the distance of x. x natural

frequency of the beam, x distance from fixed end, m mass

per unit length, m = qA(x), q the density of the material.

The natural frequency x of the cantilever beam from the

equation of motion is given by (Khurmi and Gupta 2005)

Fig. 1 Stress and strain of the rectangular cantilever beam

Table 2 Analytical and numerical value of stress and strain of the beam

Geometry of the beam Volume (mm3) Stress (N/mm2) Deviation % Strain (no unit) Deviation %

Analytical Numerical Analytical Numerical

REC 1000 60 59 0.01 8.57 E-4 8.43 E-4 0.01

TRI 500 60 60.6 0.01 8.57 E-4 8.46 E-4 0.01

TAP W 750 60 60 0 8.57 E-4 8.34 E-4 0.02

TAP T 750 60 61.3 0.02 8.57 E-4 8.53 E-4 0.01

TAP TW 583.3 71.1 71.4 0.01 1.01 E-3 1.02 E-3 0.01

INTAP W 750 115 115.9 0.77 1.65 E-3 1.61 E-3 2.42

INTAP TW 583.3 450 449 0.22 6.41 E-3 6.35 E-3 0.93
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x ¼ a2n

ffiffiffiffiffiffiffiffiffi
EI

mL3

r
¼ a2n

ffiffiffiffiffiffiffiffiffiffiffi
EI

qAL4

s
ð5Þ

where an = 1.875.

The natural frequency of the cantilever beam with the

mass of the accelerometer xa can be written as

xa ¼
ffiffiffiffiffiffiffiffi
k

meff

s
ð6Þ

with k ¼ 3EI
L3
.

Here the beam is considered as mass-less with stiffness

k, meff discrete effective mass at the free end, which pro-

duces the frequency as a continuous beam without tip mass.

From which effective mass at the tip is given by

meff ¼
3EI

L3xa

ð7Þ

with xa ¼ 1:8752
ffiffiffiffiffiffiffiffi
EI

qAL4

q
¼ 1:8752

ffiffiffiffiffiffi
EI
mL3

q

meff ¼
3EI

L3
mL3

1:8754EI
¼ 3

12:359
m ¼ 33

140
m: ð8Þ

By considering, the mass of accelerometer macc at the

free end of the beam and then the total mass MT at the free

end will be

MT ¼ meff þ macc: ð9Þ

The natural frequency of the discrete beam after con-

sidering the mass of the accelerometer can be written as

xa ¼
ffiffiffiffiffiffiffi
k

MT

r
¼

ffiffiffiffiffiffiffiffiffiffiffi
3EI

L3MT

r
: ð10Þ

The analytical result for the first natural frequency of Al

and Cu beam with the mass of the accelerometer using the

equations was shown in Table 4.

The numerical analysis was done through COMSOL

Multiphysics 5.3a. The first mode was found using Eigen

frequency study. The boundary conditions were the same

as in stress and strain analysis in Sect. 2.1. The tip mass

considered was the mass of the accelerometer, which is

about 0.001 kg. Figure 3 shows the first mode of Al and Cu

beam with mass of the accelerometer, which are 107.16 Hz

and 17.261 Hz respectively.

2.3 Experimental setup

The following experimental setup was used to determine

the first mode of the beam experimentally. An electrody-

namic shaker with the control unit as shown in Fig. 4 is

used to provide the base excitation in a sine wave to the

beam. LabVIEW software is interfaced with NI DAQ 9234

along with an accelerometer (PCB-356A01) that is placed

on the beam to determine the vibrating frequency of the

beam.
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Fig. 2 Strain over the length of

the proposed beams

Table 3 Dimensions and

properties of Al and Cu beam
Material Dimension l 9 b 9 h (mm3) Density (kg/m3) Youngs modulus (GPa)

Aluminium 150 9 49.73 9 3.05 2700 68.9

Copper 121 9 23.4 9 0.51 8900 110
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The experimental results for Al and Cu beam using

LabVIEW is plotted in Fig. 5, which shows the resonant

frequency of Al and Cu beams in first mode. The numerical

result has good agreement with analytical and experimental

results as shown in Table 4. Hence, the same methodology

was applied for numerical analysis of the beams considered

in Sect. 2 to determine the first mode.

The first mode of natural frequency for the considered

beams of energy harvesting were obtained numerically,

which is shown in Table 5.

From Table 5, it could be found that INTAP TW beam

reaches resonance at a lower frequency, which is followed

by INTAP W, REC, TAP T, TAP W, TAP TW and TRI.

The variation in frequency of the beams are based on the

stiffness and mass of the beam.

3 Power generation of piezoelectric
materials

The next step is to determine the power generation of

piezoelectric materials for considered beams. The dimen-

sions of the considered beam for energy harvesting are

tabulated in Table 6. Figure 6 shows the rectangle can-

tilever beam with a piezoelectric material. The size of the

Lead Zirconate Titanate-5A (PZT-5A) is 10 mm in length,

10 mm in width and 0.5 mm in thick respectively. The

PZT-5A is placed near to the fixed end of the beam as

shown in Fig. 6.

The aluminium is chosen as the substrate. The material

properties of Al and PZT-5a are shown in Table 7.

The analytical Eq. (11) used to calculate the generated

open circuit (OC) voltage from a rectangular cantilever

piezoelectric energy harvester.

The voltage generated by the piezoelectric material can

be calculated by Eq. (11) (IEEE 1996)

V ¼ g31Tpzrpz ð11Þ

where V is the voltage generated by a piezoelectric mate-

rial, g31 is the piezoelectric coefficient, Tpz is the thickness

of the piezoelectric material, rpz applied stress on the

piezoelectric material during poling.

When the piezoelectric material and substrate are sub-

jected to external force, the induced piezoelectric material

strain epz can be expressed as (Eggborn 2003; Nabavi and

Zhang 2017)

epz ¼
rpz
EPz

ð12Þ

rpz ¼ epzEPz ð13Þ

where Epz is the Youngs modulus of the piezoelectric

material.

The average strain on the piezoelectric material and the

top surface of the beam can be written as (Eggborn 2003)

epz

¼ � 6MEbmTbmðTpz þ TbmÞ
Wpz½E2

pzT
4
pz þ E2

bmT
4
bm þ 2EpzTpzEbmTbmð2T2

pz þ 3TpzTbm þ 2T2
bmÞ�

ð14Þ

where M is the actuating momentum, Ebm is the Youngs

modulus of the beam, Tbm is the thickness of the beam, Tpz
is the thickness of the piezoelectric material, Wpz is the

width of the piezoelectric material.

Fig. 3 First mode of the Al and Cu beam using numerical method. a Al beam. b Cu beam

Table 4 Frequency response of aluminium and copper beam

Beam 1st mode (Hz) with tip mass

Analytical Numerical Experimental

Aluminium 108.55 107.16 108.54

Copper 17.40 17.26 16.98
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The actuating momentum M of the piezoelectric energy

harvester can be found by

M ¼ Ebm � Ibm � R ð15Þ

where I moment of inertia, R radius of curvature, which can

be found by Macaulay’s method (Timoshenko 1940)

R ¼ 1

Ebm � Ibm � Lpz
� qpz � g� volpz
� �

�
L2pz

2
� ðLpz � aÞ3

6
� ðLpz � bÞ3

6

 !
ð16Þ

where Lpz length of the piezoelectric material, qpz density
of piezoelectric material, g gravity, volpz volume of

piezoelectric material, a distance of starting of piezoelec-

tric material from the fixed end of the beam, b distance of

ending of piezoelectric material from the fixed end of the

beam as shown in Fig. 6.

The actuating momentum M can be calculated by sub-

stituting (16) in (15)

M ¼ Ebm � Ibm � 1

Ebm � Ibm � Lpz
� qpz � g� volpz
� �

�
L2pz

2
� ðLpz � aÞ3

6
� ðLpz � bÞ3

6

 !

ð17Þ

M ¼ 1

Lpz
� qpz � g� volpz
� �

�
L2pz

2
� ðLpz � aÞ3

6
� ðLpz � bÞ3

6

 !
ð18Þ

The generated OC voltage can be calculated by com-

bining (14) and (13) in (11)

V

¼ � 6Mg31TpzEpzEbmTbmðTbm þ TpzÞ
Wpz½E2

pzT
4
pz þ E2

bmT
4
bm þ 2EpzTpzEbmTbmð2T2

pz þ 3TpzTbm þ 2T2
bmÞ�

ð19Þ

Shaker control unit 

DAQ 

Beam  

Shaker 

PC with LabVIEW 

PZT-5A 

Accelerometer Fig. 4 Experimental setup used

to find the first mode of the Al

and Cu beam
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Fig. 5 Experimental result for first mode of Al and Cu beams

Table 5 First mode for the considered beams of energy harvesting

Type of the beam First mode (Hz)

REC 83.0

TRI 168.7

TAP W 101.8

TAP T 90.0

TAP TW 108.8

INTAP W 66.8

INTAP TW 30.6
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The generated OC voltage can also be written as

V ¼ � 6Mg31Jð1þ KÞ
Wpz � Tpz½1þ J2K2 þ 2Jð2þ 3K þ 2K2Þ� ð20Þ

where J ¼ EbmTbm
EpzTpz

; K ¼ Tbm
Tpz

:

Using the above equations, the OC voltage generated for

rectangular beam is found to be 25.92 V and it is shown in

Table 8.

For numerical study, solid mechanics, electrostatics and

electrical circuit are the physics used along with the fre-

quency domain study in COMSOL Multiphysics 5.3a. 1 g

of body load is applied to energy harvester. The isotropic

mechanical damping loss factor of 5% was considered for

beam and PZT-5A. The model were run for different mesh

types with minimum and maximum element size for coarse

(2.8–15 mm), normal (1.8–10 mm), fine (1–8 mm) and

finer (0.4–5.5 mm). From the different mesh analysis, it

was found that normal triangular mesh produce better

result at less time step along with the step frequency of

0.25 Hz.

The numerical result of OC voltage for REC cantilever

energy harvester is shown in Table 8. The numerical result

is in close agreement with the analytical result with a

deviation of 7.9%. The same numerical methodology was

applied to other energy harvesters. Figure 7 shows the open

circuit peak-to-peak (p–p) voltage of different energy

harvesters obtained numerically.

From Fig. 7, it can be seen that INTAP TW produces

more voltage at a lower frequency, which is followed by

INTAP W, REC, TAP T, TAP W, TAP TW, TRI. From

this, it can be found that the peak OC voltage at the res-

onant frequency for different energy harvester. The reso-

nant frequency for energy harvesters are used to find the

optimum load. The maximum power transfer could be

achieved by a piezoelectric material when the optimum

load is matched with the energy harvesters internal impe-

dance. The optimum load was found by keeping the reso-

nant frequency constant for different beams and the

auxiliary sweep was made with different load resistance in

COMSOL Multiphysics 5.3a. Figure 8 shows the charac-

teristics of power (P) with respect to the different load

resistance varying from 10 kX to 10 MX.

Table 6 Dimensions of the considered beam for energy harvesting

Type Dimension (mm3)

Length(l) 9 width(b) 9 thick(h)

REC 100 9 10 9 1

TRI 100 9 12–0 9 1

TAP W 100 9 11–5 9 1

TAP T 100 9 10 9 1–0.5

TAP TW 100 9 11–5 9 1–0.5

INTAP W 100 9 10–15 9 1

INTAP TW 100 9 10–15 9 0.5–1

Fixed end 
Fig. 6 Rectangle beam with the

piezoelectric material

Table 7 Material properties of

Al and PZT-5A
Properties PZT-5A Aluminium

Young’s modulus (GPa) 61 70

Density (kg/m3) 7750 2700

Piezoelectric coefficient, g31 (9 10-3 Vm/N) - 11 –

Piezoelectric constant (C/m2) - 5.7 –
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Figure 8 shows the INTAP TW and TAP W beam

produce 0.7 and 0.07 mW of maximum power at 1 MX.
INTAP W, REC, TAP T and TAP WT beam produce 0.6,

0.3, 0.1 and 0.09 mW of maximum power at 0.56 MX. The
TRI beam produce 0.1 mW of maximum power at

0.31 MX.
The maximum power P, generated by the piezoelectric

energy harvester can be determined by (Rami Reddy et al.

2016)

P ¼ V2

4RL

ð21Þ

where RL ¼ 1
xCv

is the impedance of the piezoelectric

material, x is the natural frequency, Cv is the capacitance

of the piezoelectric material.

From the auxiliary sweep of load resistance, the opti-

mum load was calculated for each energy harvester. Fig-

ures 9 and 10 show the voltage and power obtained

numerically with respect to frequency under the optimum

load.

Figure 9 shows INTAP TW and INTAP W beam pro-

duce 44.3 and 20.5% more voltage than REC beam. TAP

T, TAP W, TAP TW, TRI beam produce 34.6, 40.2, 51.5

and 61.7% less voltage than REC beam, which are shown

in Table 9.

Figure 10 shows INTAP TW and INTAP W beam

produce 45.14 and 37% more power than REC beam. TAP

T, TRI, TAP TW, TAP W beam produce 57.2, 73.9, 76.5

and 80% less power than REC beam. The operating range

of energy harvesters are REC (72–115 Hz), TRI

(115–196 Hz), TAP W (109–133 Hz), TAP T

(83–112 Hz), TAP TW (108–133 Hz), INTAP W

Table 8 Analytical and numerical comparison of open circuit voltage

Energy harvester Analytical Numerical Deviation %

REC beam 25.92 Vp–p 23.85 Vp–p 7.9
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(60–107 Hz), INTAP TW (31–57 Hz). In the above said

operating range, each energy harvester can produce mini-

mum output power of 5 lW. The voltage and power

characteristics with respect to frequency under the opti-

mum load are shown in Table 9.

In the considered beams of piezoelectric energy har-

vester, INTAP TW and INTAP W beam produce 47.39 and

21.31% more power per unit volume than REC beam. TAP

T, TRI, TAP TW and TAP W beam produce 45.31, 58.3,

62.5 and 75% less power per unit volume than REC beam.

The excitation frequency of INTAP TW and INTAP W is

53.3 and 11.1% less than REC beam. TAP T, TAP W, TAP

TW and TRI beam have 4.7, 22.4, 22.5 and 46.5% more

than REC beam.
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Table 9 Voltage and power characteristics under the optimum load

Beam Volume (mm3) Frequency (Hz) Optimum load (M X) Voltage (V) Power (mW) P/mm3 (lW)

REC 1000 94.25 0.563 14.71 0.384 0.384

TRI 625 176.25 0.316 5.63 0.100 0.160

TAP W 800 121.5 1 8.80 0.077 0.096

TAP T 750 99 0.562 9.62 0.164 0.210

TAP TW 625 121.75 0.562 7.13 0.090 0.144

INTAP W 1250 83.75 0.563 18.50 0.610 0.488

INTAP TW 958.33 44 1 26.42 0.700 0.730
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4 Conclusion

• Various geometries of beams were considered for

energy harvester.

• The stress and strain analysis of various geometries of

piezoelectric energy harvesters were analytically and

numerically discussed. The INTAP TW and INTAP W

beam produce more strain at the fixed end compared to

other beams.

• The frequency response of the considered beams were

numerically analysed. The INTAP TW beam reaches

resonance at a 53.3% lower frequency than the REC

beam.

• Optimum load was determined using auxiliary sweep in

COMSOL Multiphysics. By placing the optimum load

maximum power generation could be achieved at the

resonance frequency. INTAP TW beam produced

47.39% more power per unit volume at a lower

frequency than the REC beam.

• Among the proposed piezoelectric energy harvester,

INTAP TW piezoelectric energy harvester has the

ability to produce more power at the lower excitation

frequency.
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