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ABSTRACT: Mechanical structures are always exposed to unwanted vibrations and this can greatly
affect system performance. The energy from this vibration can be used as a source to generate voltage.
Therefore, the use of a vibration absorber that can minimize the vibrations of the structure and at the
same time be used as an energy harvesting has been very important. In recent years, the use of intelligent
materials capable of generating voltage has made significant progress in various fields. In the present

study, a continuous beam with a layer of magnetoelectroelastic materials has been used as a dynamic
absorber. This absorber helps to reduce the vibrations of the system by one degree of freedom and
extracts energy from it. The best performance of this absorber will occur at the resonant frequency.

Keywords:

) ) Dynamic absorber
The general absorber equations were extracted and the effect of different beam parameters on energy E h .
. . . . . . . . . Nner, arvestin;

harvesting was investigated. Using the optimization method, appropriate values were obtained to achieve & €
both goals. The studies were performed in the first three modes of the Bernoulli Euler beam. the highest

energy harvesting occurred in the first mode and in the frequency range of 10 to 40 Hz. The vibrations

Magneto-electro-elastic materials

Genetic algorithm

of the main structure also decreased by about 65%.

1- Introduction

The initial idea of a dynamic absorber, which consisted
of a mass, a spring, and a damper, was invented by Farham
in 1911 [1] to reduce the vibrations of the ship’s cabin. Over
time, energy harvesting from the dynamic absorber was also
considered and many studies were conducted in the field of
intelligent materials for energy harvesting from mechanical
systems. Piezoelectric materials have the most development
and study among intelligent materials. These materials deform
in the presence of an electric field and conversely, produce an
electric charge when they are deformed [2]. Recently, in the
field of materials science, there has been a great deal of interest
in intelligent materials with piezoelectric and piezomagnetic
properties. A special feature of these materials, called
Magneto-Electro-Elastic (MEE), is the relationship between
electric polarization and magnetic field [3]. MEE materials
possess a coupled field behavior between the elastic, electric,
and magnetic field variables. This interaction provides new
possibilities for electronic devices.

In energy harvesting research, this device has only been
used to generate electrical energy or only piezoelectric
materials have been used in the absorber. In this research,
the mechanism of the energy harvesting device is combined
with the dynamic absorber, and magneto-electro-elastic
materials are used as the main material in energy harvesting.
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In this case, the energy harvester acts as a dynamic vibration
absorber and in addition to generating electrical energy, the
unwanted vibrations of the system can be reduced.

In the present study, by combining the energy harvesting
device and the dynamic absorber in the form of a Bernoulli
Euler beam containing a layer of magneto-electro-elastic
material, a system has been designed to reduce the vibration
of a single degree of freedom system under force excitation.

2- Configuration for MEE Energy Harvesting Systems
And Mathematical Model

To begin this process, a mathematical model for
generating voltage was provided by a cantilevered beam with
MEE layers based on the assumptions of a Bernoulli Euler
beam. This beam is connected to the main structure of a
single degree of freedom consisting of a mass, spring, and
damper which is excited by force, as schematically shown in
Fig 1. The MEE material is used for energy harvesting in the
31 modes; meaning that the mechanical stress or strain acts
in the 1 direction and the electrical and magnetic fields act in
the 3 direction (i.e. the material is poled in the 3 direction).

The governing differential equation of motion for
the transverse vibrations of a cantilever beam within the
framework of the Euler- Bernoulli theory with tip mass is:

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
o NG is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

251



Z. Rajaei and A. ShooshtariAmirkabir J. Mech. Eng., 54(6) (2022) 251-254, DOI: 10.22060/mej.2022.20669.7291

Fig. 1. The main structure with a vibration absorber.
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For an anisotropic and three-dimensional linear MEE
solid, the MeM coupled constitutive equations can be written

as [4]:
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According to Egs. (1) to (4), and Gauss and Faraday’s law
obtain the generated voltage.

The beam has a layer of magneto-electro-elastic so it will
be affected by both electric and magnetic fields. Resistance
R, is located in the electric field and resistance R, in the
magnetic field. ¥, is the amount of voltage generated in
the electric field and ¥, is the amount of voltage generated
in the magnetic field. By changing the beam parameters,
the amount of voltage generated in these two fields was
investigated. Also, the effects of Beam Geometry Parameters
on its natural frequency are investigated. The effect of these
changes on the first natural frequency is considered because
the highest displacement and output voltage is generated at
this frequency.

Therefore, to optimize, we went to the genetic algorithm
and used an appropriate cost function to achieve this goal.
The two-objective cost function became a one-objective cost
function. Thus, the problem became the minimization of the

new objective function.
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Fig. 2. The voltage generated in the magnetic field with
optimized values.
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Fig. 3. The voltage generated in the electric field with
optimized values.

The response surface methodology is used to design
the experimental space and find the relationship between
the variables and the objective functions. The type of RSM
considered in this paper is Box-Behnken with 5 factors which

generated 46 experiments.

3- Results and Discussion
In the sensitivity analysis, the effect of several different

parameters on the output voltage was investigated and the
five parameters that had the most impact were selected for
optimization. The parameters considered for optimization
are R, t, L, M, and b, and other beam parameters were
considered fixed. The values of the output voltage in the first
mode with the optimal parameters are shown in Figs. 2 and 3.

4- Conclusion
In the present study, a vibration absorber with the ability

to harvest energy from motion was presented. This absorber
is composed of intelligent materials with piezoelectric and
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piezomagnetic properties. First, the equations of motion
of the primary system with the harmonic excitation force,
connected to a two-layer Bernoulli Euler beam, with a layer
of intelligent material and tip mass at the end were extracted.
The Bernoulli Euler beam acts as an energy harvester, and if
its resonant frequency is equal to the excitation frequency, the
energy harvester will act as an absorber. the results showed
that the maximum power is in the first mode. Therefore,
the analysis of the beam energy harvesting system was
performed in the first mode and the main frequency of the
beam. Sensitivity analysis was performed for different
beam parameters and the results showed that the length and
thickness of the beam layers have the greatest effect on its
natural frequency while the changes in beam width on the
frequency are very imperceptible. Also, increasing the tip
mass on the beam also reduced the frequency. The voltage
and power generated were also evaluated by sensitivity
analysis. Parameters whose increase was directly related to
the increase in voltage and power included the length of the
beam, the tip mass, the number of coil turns, the density of
the layers, and the resistance of the electric field. However,
by increasing the resistance of the electric field to the range of
10° ohms, the voltage also increased and then decreased. The
highest voltage with a resistance of 10° ohms was recorded

in the electric field equal to 71.41 Vs*m and in the magnetic
field 1.2 Vs?/m. Placing a mass at the free end of the beam
significantly increases the amount of strain created, which
in turn increases the output power. After examining the
sensitivity analysis, to achieve the final goal, optimization
was performed and the desired parameters were obtained
based on the genetic algorithm.
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Fig. 1. The main structure with vibration absorber.
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Table 1. Material properties and geometric dimensions of the beam [3].
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Fig. 3. The generated voltage from electric and magnetic field in reference[3].
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Fig. 4. The generated voltage from electric and magnetic field in the present study.
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Fig. 5. Effect of resistance R1 on the generated voltage in reference [3].
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Fig. 6. Effect of resistance R1 on the generated voltage in the present study.
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Fig. 7. Effect of the tip mass attached to the beam on natural frequency.
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Fig. 9. Effect of beam length on natural frequency.
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Fig. 10. Effect of Thickness of the substrate layer on natural frequency.
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Fig. 11. Effect of Thickness of the MEE layer on natural frequency.
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Fig. 12. The harvested voltage from the electric field by changing the tip mass of the beam.
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Fig. 13. The harvested voltage from the magnetic field by changing the tip mass of the beam.
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Fig. 14. The harvested voltage from the electric field by changing the width of the beam.
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Fig. 15. The harvested voltage from the magnetic field by changing the width of the beam.
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Fig. 16. The harvested voltage from the electric field by changing the length of the beam.
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Fig. 17. The harvested voltage from the magnetic field by changing the length of the beam.
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Fig. 18. The harvested voltage from the electric field by changing the thickness of MEE layer.
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Fig. 19. The harvested voltage from the magnetic field by changing the thickness of MEE layer.
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Fig. 20. The harvested voltage from the electric field by changing the thickness of substrate layer coil turns N.

0.6 T T T T T T T

05

047

03[

02T

Voltage [V/(omegaZ‘XO)]

01

Tt onw 393 gti U ommblie (ylase 1 oudCully p 5Wg im0 7Y JSUS

Fig. 21. The harvested voltage from the magnetic field by changing the thickness of substrate layer coil
turns N.
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Fig. 22. The harvested voltage from the piezoelectric section by changing the resistance of the electric field
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Fig. 23. The harvested voltage from the piezomagnetic section by changing the resistance of the electric field.
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Fig. 24. The harvested voltage of the piezoelectric section at the first natural frequency.
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Fig. 25. The harvested voltage of the magnetic section at the first natural frequency.
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Table 2. Optimization variables and goals
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Table 3. Optimized parameter values.
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Fig. 26. Fitness function in each generation.

180

80

07T

D
(=]
T

3

B
(=}
T

W
o
T

0 15 20 25 30 35 40 45 50 55
frequency [Hz]

60

D0 gy 23l b (S I (slase 45 0w gi 5Ly (yl5me YV SIS

VYgo

200

Fig. 25. The voltage generated in the electric field with optimized values.
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Fig. 28. The voltage generated in the magnetic field with optimized values.
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Fig. 29. The displacement of the primary system with optimal values.

el



WEA B AVYY docio VF) Jlo & oyl OF 093 «pueS prol CSilSlo wnbies &y yui

platform structure, Journal of Sound and Vibration,
389 (2017) 73-88.

[6] Z. Yan, M.R. Hajj, Energy harvesting from an
autoparametric vibration absorber, Smart materials and

structures, 24(11) (2015) 115012.

[71 VR. Challa, M. Prasad, F.T. Fisher, A coupled
piezoelectric—electromagnetic energy harvesting
technique for achieving increased power output through
damping matching, Smart materials and Structures, 18(9)
(2009) 095029.

[8] Y.-W. Zhang, S.-L. Wang, Z.-Y. Ni, Z.-W. Fang, J. Zang,
B. Fang, Integration of a nonlinear vibration absorber and
levitation magnetoelectric energy harvester for whole-
spacecraft systems, Acta Mechanica Solida Sinica, 32(3)
(2019) 298-309.

[9] H. Shorakaei, A. Shooshtari, Analytical solution and
energy harvesting from nonlinear vibration of an
asymmetric bimorph piezoelectric plate and optimizing
the plate parameters by genetic algorithm, Journal of
Intelligent Material Systems and Structures, 29(6) (2018)
1120-1138.

[10] H. Shorakaei, A.R. Shoshtari, H.R. Karami, Analytical
Solution and Optimization for Energy Harvesting from
Nonlinear Vibration of Magneto- Electro- Elastic Plate,
AUT Journal of Mechanical Engineering, 3(1) (2019)
63-76.

[11] 1. McNeil, A. Abdelkefi, Nonlinear modeling and
vibration mitigation of combined vortex-induced and
base vibrations through energy harvesting absorbers,

Communications in Nonlinear Science and Numerical

Simulation, 95 (2021) 105655.

[12] M. Vaezi, M. Moory-Shirbani, A. Hajnayeb, Free
vibration analysis of magneto-electro-elastic microbeams
subjected to magneto-electric Loads, Physica E: Low-

dimensional Systems and Nanostructures, 75 (2015).

[13] S.S. Rao, Mechanical Vibrations Laboratory Manual,
Edition Addison-Wesley Publishing Company, New
York., 1995.

yYey

2 0y Sl s 5 ol e ulS)3 og) 1y b npiti p
S9) e pr piIB pimen Cunl (pguinel Jluw (55 )
by oad Mg olgs g SWg b dalg S8 (Eal el 5oy
leyielly (85 JE ) 3y90 Cuplas JIUT L j eauseuls,
Jels 2l e stbaly Sl 5 W il L g Ll oS
S e i bt IS bl e g 30
5Wg pal Ve? godgazme b SopSUl like cglie yiol38l b adl Laing
55 5Wy oupmde )8 <8l ol 5l an g ad lse GRIEIL 5
$ o VV/EIWVST/m bl (SOl clige 5o pal Vo® Caglio b
el 3 py K ool s e V/YVST/ M bl i
) ool (5,0 auie (sll & o dlool i5,ST ljae oaiiScuibly ol
I 35 2 9 o s 4 o ooy LIl e B e <
Jlis 4 Gun @ iy slp Camlas 3BT oy 5l a8 o I
9 bl 3Wy cdlyy fyide HUS ) (ol pie ©lils)) aile,
2 u9ﬂa.o Lgl.m)ml)b 9 M) d)l‘“’w &‘7» 4 ‘_;us)_v Lgb..\»fw‘.))_v

el Cawd & S wiayo3) ol

&be
[1] H. Farham, Patent and Tradmark Office, in, Washington,
DC: US, 1911.

[2] X. Shan, J. Deng, R. Song, T. Xie, A piezoelectric energy
harvester with bending—torsion vibration in low-speed

water, Applied Sciences, 7(2) (2017) 116.

[3] M. Shishesaz, M.M. Shirbani, H.M. Sedighi, A.
Hajnayeb, Design and analytical modeling of magneto-
electro-mechanical characteristics of a novel magneto-

electro-elastic vibration-based energy harvesting system,

Journal of Sound and Vibration, 425 (2018) 149-169.

[4] C. Madhav, S.F. Ali, Harvesting energy from vibration
absorber under random excitations, IFAC-PapersOnLine,
49(1) (2016) 807-812.

[S] C.-Y. Lee, J.-H. Lin, Incorporating piezoelectric
energy harvester in tunable vibration absorber for

application in multi-modal vibration reduction of a



o3 £yl o ol 4 g
Z. Rajaei, A. Shooshtari, Modeling and Optimization of Vibration Absorber Beam Combined

with Magneto-Electro-Elastic Energy Harvester, Amirkabir J. Mech Eng., 54(6) (2022) 1223-
1248.

DOI: 10.22060/mej.2022.20669.7291

\YEA




	Blank Page - EN.pdf

