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investigating frequency behavior of Bimorph piezoelectric beam
Saied Irani’, Mojtaba Farrokh, Meisam Pashna, Sina Heydari Someeh

Faculty of Aerospace Engineering, Khaje Nasir Toosi University, Tehran, Iran
*P.0.B. 16569-83911, Tehran, Iran, irani@kntu.ac.ir

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.1 Bimorph piezoelectric energy harvester configurations with (a)
series connection of piezo ceramic layers, (b) parallel connection of
piezoceramic layers
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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. 7 Meshing Bimorph cantilever beam
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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
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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
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