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A comparison between finite element and separation of variables method in
investigating frequency behavior of Bimorph piezoelectric beam
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In recent years, a variety of analytical methods have been used to calculate the output piezoelectric
Received 17 January 2017 energy, but the use of finite element method using analysis software in a variety circuit connection of
Accepted 23 March 2017 piezoelectric layers is something new in this field. So for the first time in this article it is tried particular

Available Online 29 April 2017 form of numerical analysis method is called separation of variables compared with the finite element

method, to take advantage of these methods in a variety connection of piezoelectric layers is to be

IFfl?e};Vgglredcs{ric determined. The model is a Bimorph beam with two piezoelectric layers and a central elastic layer. This
finite element Bimorph beam starts vibrating at various frequencies as a result of base excitation. First, frequency
energy harvesting behavior of the Bimorph beam is simulated using the separation of variables method. In this method, the
Bimorph beam equations of motion in parallel and series connection of piezoelectric layers are obtained as separate

parameters. The coupled mechanical and electrical equations are derived using the solution of equations
obtained from the separation of variables method. Finally, the output voltage, current and power are
obtained in terms of frequency.

Then, the Bimorph beam is modeled based on finite element method using ABAQUS software. After
the illustrating output voltage, current and power diagrams are illustrated for a certain range of
frequencies and the results of the finite element method and the steady state method are compared to
validate the model.
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Fig. 4 Power FRFs of the Bimorph for series and parallel connections
of the piezoceramic layers for separation of variables method at steady
state
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Fig. 2 Voltage FRFs of the Bimorph for series and parallel connections

of the piezoceramic layers using separation of variables method at

steady state
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Fig. 7 Meshing Bimorph cantilever beam
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Fig. 8 The first three bending modes of Bimorph beam in base
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Fig. 12 Power FRFs of the Bimorph for series and parallel
connections of the piezoceramic layers for finite element method with
the help of Abaqus software

ey (53l50 5 5y Jlail Sl 1 oz (udlS B Gsly @ Jloges 12 JSCi
oL 1810 5 S8 L sguoe ylall gy 4y S xSy

gs“‘i"gb‘" o -4
LG s o be psie gilulas gy 90 5o 50 ondlS 3 L8, o aslsl o
Juail 2l o (29,5 (oS lss 5 Gl Gl wgame pledl () 5
g0 dumlie w2l (5lge 9 (50

o Ul o 35 g 3y S 3 ol 5 713 S 0
e oo 9o Slall g LU cdl> Jdow 6l 1) G pSdlg s Olan

Slye Jlail S o (g3 Sy (il S Euly @b alol o
oldl 5 LL Sl o by gilulazr g, sl SepSlynn Slrao
ol 0 00ls iales 14 SE" o sgase

S Jlal Ao s (el 5 el 2 Al e
ol 5 Ll b s it gjlaliz s, sl |y SoyiSlgpm slaay
POCI "15 Ji;:” JRRTREN

-3
x 10
8 c c c c
------- finite element
" — Separation of variables |
6 [ -

Voltag FRF (V/g)

APTTL L ML T

taran aanep®
2000 3000
Frequency(Hz)
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Fig. 10 Voltage FRFs of the Bimorph for series and parallel
connections of the piezoceramic layers for finite element method with
the help of Abaqus software
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Fig. 11 Current FRFs of the Bimorph for series and parallel
connections of the piezoceramic layers using finite element method in
Abaqus software
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Fig. 16 Variation of the current output of the Bimorph for separation of

variables method at steady state and finite element method for parallel

connection of the piezoceramic layers
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Fig. 17 Variation of the power output of the Bimorph for separation of
variables method at steady state and finite element method for series
connection of the piezoceramic layers
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Fig. 18 Variation of the power output of the Bimorph for separation of
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connection of the piezoceramic layers
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