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Simplified analysis of interactions between water waves and
flexible piezoelectric membrane structure

YANG Wenyu, LIU Chunrong

(School of Civil Engineering and Architecture , Xiamen University of Technology,361024 Xiamen, China)

Abstract ; Piezoelectric materials can be used to capture ocean wave energy, converting it directly into e-
lectricity. The combination of piezoelectric membrane and flexible membrane to form a submerged break-
water structure can be used as a new type of wave energy conversion device,which has the dual functions
of wave energy generation and wave dissipation. In this paper,the dimensionless motion equation of the pi-
ezoelectric flexible membrane system was derived, and the interaction between the wave and the flexible
piezoelectric membrane structure was studied by the numerical wave flume based on the potential flow the-
ory. A method for predicting the additional mass of the flexible piezoelectric membrane was presented , and
the main control parameters which affect the motion response of the flexible piezoelectric membrane were
discussed. The response of the flexible piezoelectric membrane under wave action satisfied the nonlinear
vibration differential equation,and the nonlinear term was controlled by the dimensionless elastic modulus

E™ of the membrane. The resonant period of the flexible piezoelectric membrane was obtained ,and the fit-
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ting formula of the dimensionless additional mass of the flexible piezoelectric membrane was given. When

the dimensionless initial tension T, ranges from 1.31 x10 > ~6.33 x 10 *  the critical control parameter

E" is given. The results can provide theoretical basis for the design and engineering application of flexible

piezoelectric membrane structures.

Key words: flexible piezoelectric membrane; resonance period; added mass; wave energy dissipation;

wave energy
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To/(N-m™") IR T/ Ty
30 1.25 1.31x107°
40 1.15 2.43x10°°
50 1.05 4.50 x10 3
60 0.95 7.83x10°°
70 0.88 1.24 x107*
80 0.80 2.08x107*
90 0.70 3.98 x107*
100 0.64 6.33x107*
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