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Fig. 1. The laminated structure of magnetostrictive/

piezoelectric.
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Fig. 3. The model of magnetoelectric composite struc-

ture.
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Fig. 4. Distribution of variables in magnetoelectric composites: (a) The stress distribution of magnetostrictive layer;

(b) the stress distribution of piezoelectric layer; (c) the strain distribution of magnetostriction layer; (d) the strain

distribution of piezoelectric layer; (e) displacement distribution; (f) potential distribution.
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tostrictive curve of magnetostrictive layer; (c) the free end displacement; (d) piezoelectric layer voltage.
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Abstract

Based on the finite element analysis software COMSOLS5.0, a three-dimensional (3D) model of cantilever beam
composed of magnetostrictive/piezoelectric/magnetostrictive laminated composites is established using the piezoelectric
module and magnetic field module. The magneto electro coupling coefficient amp of the composite is analyzed. The
effect of geometrical parameter on magnetoelectric coefficient is studied, and the geometrical parameters are optimized.
Firstly, the stress, strain, displacement and potential distributions of the magnetoelectric layered structure are analyzed
by the steady-state solver. The stress and strain concentrate on the fixed terminal while the maximum displacement
exists in the free end of the structure. As a result, the potential appears between the upper and lower surface of the
piezoelectric layer and the voltage distribution is not uniform. The output voltage in the fixed terminal is larger than
that in the free end, which is about 49 V compared with 42 V in the free end. And the dynamic distributions of
various variables in magnetoelectric composite structure are analyzed by transient solution. Secondly, the resonance
frequency of the structure and the influence of the bias magnetic field on the output voltage are studied by small signal
analysis in frequency domain. The results show that the output voltage decreases with the increase of Hg.. Also, the
maximum output voltage is about 3.36 V at the second-order resonance frequency, which is far higher than the voltage
at the first-order resonant frequency in the condition of bias magnetic fields H4qe = 200 Oe and alternating magnetic
fields Hac = 1 Oe. The reason is that the composite structure has a larger deformation at the second-order resonance
frequency. Furthermore, the effect of thickness ratio between magnetostrictive and piezoelectric layers tm/tp on coupling
coefficient is analyzed by changing the thickness of magnetostrictive layer and piezoelectric layer, respectively. The
results show that the magnetoelectric coefficient increases with the augment of the thickness ratio, but the increasing
rate decreases gradually. The research also shows that it has a greater influence on magnetoelectric coefficient to change
tp rather than t,,. Finally, the variations of magnetoelectric coefficient with the area of composite structure and the
aspect ratio are analyzed. The results show that the magnetoelectric coefficient increases gradually with the augment
of magnetoelectric composite area, but the increasing rate declines gradually. With the constant composite area, the
magnetoelectric coefficient first increases and then drops with the increase of aspect ratio L/W, demonstrating the
existence of an optimized value. Besides, the width W acts more importantly than length L because strain concentrates

on the fixed terminal along the width direction.

Keywords: laminated composite materials, magnetoelectric effect, piezoelectric effect, magnetoelectric

coeflicient
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