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Electricity-structure-fluid coupled vibration of underwater elastic canti-
lever with partially bonded Macro Fiber Composite( MFC) actuators

GU Ting', LOU Jun-giang"*, YANG Yi-ling', CHEN Te-huan', CHEN Hai-rong', WEI Yan-ding’
(1.School of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China;
2.Key Laboratory of Advanced Manufacturing Technology of Zhejiang Province, Zhejiang University, Hangzhou 310027, China)

Abstract: An electricity-structure-fluid coupled model of an elastic cantilever with partially bonded MFC actuators is proposed,
and the frequency response experiments of the underwater structure with different excitation levels of the MFC are carried out. The
equivalent structural and dielectric parameters of the representative volume element of the MFC actuator are obtained by using the
mixing rules method. Based on the assumed mode method, the segmented first-order normalized mode shapes of the cantilever
with partially bonded MFC are determined. It shows that the displacement at the end of the active deformation section with bonded
MFC actuators is only 3% of that at the tip of the passive deformation section, and the mode shapes of the proposed cantilever
change significantly compared with the cantilever with a uniform cross-section. Then, the electricity-structure-fluid coupled dynam-
ic equation of the proposed structure is established. The internal actuation moment of the actuators, the hydrodynamic load provid-
ed by the surrounding fluids and the vibration behavior of the elastic structure are all considered in the coupled model. Based on the
established set-up, the frequency responses of the underwater elastic structure at different excitation frequencies of the MFC actua-
tors are conducted. Experimental results show that the magnitude-frequency and phase-frequency spectrums of the underwater elas-
tic structure in experiments match well with those of the established model. The effectiveness and feasibility of the obtained coupled

model are demonstrated.

Key words: underwater elastic structure; electricity-structure-fluid coupled; hydrodynamic load; Macro Fiber Composites

(MFC); partially bonded
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