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Energy harvesting from laminated composite beam with a piezoelectric layer

under forced vibrations

Hossein Vahdanifar® Ali Hajnayeb®, Reza Mosalmani'”, Afshin Ghanbarzadeh®

1-Department of Mechanical Engineering, Faculty of Engineerring, Shahid Chamran University of Ahvaz, Iran
*P.0.B. 43337-61357, Ahvaz, Iran, mosalmani@scu.ac.ir

Keywords Abstract

Piezoelectric

Composite beam

Forced vibration
Electromechanical coupling

Nowadays, piezoelectric transducers are widely applied because of their capability to convert
environmental energies (e.g. mechanical vibrations) into the electrical energy. In an energy harvester
structure, not only piezoelectric characteristics but also properties of the non-piezoelectric part of the
energy harvesting structure are highly important. Therefore, in the present research, electrical energy
generation from forced vibrations of a composite beam with the piezoelectric layer is considered. For this

purpose, firstly, the governing equations of the system are obtained using Euler-Bernoulli beam theory.
Then, Kantorovich method was used to calculate the output voltage for a composite beam with the
piezoelectric layer. To verify the analytical method, the results were compared to the finite-element
modeling results. Furthermore, the effects of fiber orientation angle and layup arrangement in the
composite beam with piezoelectric layer on the amount of harvested energy were investigated. According to
the obtained results, by increasing the elastic modulus of the composite beam and its effect on the damping
ratio of the structure, considerably higher energy is harvested. Then, the effects of composite beam
dimensions, the ratio of composite beam thickness to the piezoelectric layer thickness, the concentrated
mass, and the damping ratio on the amount of harvested energy were studied. The results show that using
the composite materials and by proper design of layup and fiber orientation angle in each layer, it is
possible to get different equivalent elastic modulus in the composite beam, and consequently alter natural

frequency of the system and output voltage amplitude of the circuit.
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Table 3 The mechanical properties of piezoelectric layer [15]
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Table 4 The Maximum output voltage ratio excitation amplitude

[V.sec?/m] for first three vibrational modes for layup [0/90], by
analytical and numerical methods
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Fig. 5 The output voltage circuit based on frequency for [45/—45]
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Fig. 6 The output voltage circuit based on frequency for [0/+45/90]
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Fig. 9 The effect of beam length [mm] on the output voltage
for [0/90], layup
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Fig. 12 The effect of layup on the energy harvesting amount for

[0/445/90]; layup.
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Table 5 The geometry dimensions of the bimorph beam
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Fig. 13 The output voltage of bimorph composite beam with [0/90]
layup
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Fig.10 The effect of damping coefficient on output voltage for [0/90],
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