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CHARACTERISTIC ANALYSIS OF THICKNESS SHAPE ERROR ON
ELECTROSTATIC ACTUATION MICROBEAM RESONATOR”

Liu Cheng'”® Feng Jingjing">*" Hao Shuying'® Zhang Wei’
(1. Tianjin University of Technology, Tianjin Key Laboratory for Advanced Mechatronic System Design and Intelligent Control,
School of Mechanical Engineering, Tianjin 300384, China)
(2.Tianjin University of Technology, National Demonstration Center for Experimental Mechanical and Electrical Engineering
Education, School of Mechanical Engineering, Tianjin 300384, China)
(3. Beijing University of Technology, Beijing Key Laboratory on Nonlinear Vibrations and Strength of Mechanical Structures,
College of Mechanical Engineering, Beijing 100124, China)

Abstract A class of bipolar plate electrostatically actuation microbeam resonator with both clamped ends was
studied. The continuum model was established by considering the influences of neutral surface tension and thick-
ness shape error. The thickness shape error was described by a parameter equation with an error parameter, which
was used to adjust the degree of shape error. The Galerkin method and Newton-Cotes method were used to simpli-
fy the system into a single-degree-of-freedom model. The electrostatic force was simulated and verified by the mul-
tiphysics finite element software COMSOL. Then, the pull-in condition of the system was deduced without thick-
ness shape error. It was found that secondary pull-in appears in the system in certain situations. Furthermore, the
influence of thickness shape error on pull-in condition was analyzed by adjusting the error parameter. The method
of multiple scales was applied to obtain the response of small-amplitude vibrations. The influence of thickness
shape error on equivalent natural frequencies as well as softening and hardening characteristics of the system were

also studied.

Key words microbeam resonator, thickness shape error, static pull-in, multiple scales method, soften-

ing and hardening characteristics
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