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(College of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210096, China)

Abstract: In order to further explore the influence of electrostatic force on nonlinear vibration in
the field of MEMS sensors, this paper takes the electrostatic negative stiffness resonant accelerom-
eter (ENSRA) as the research object to carry out dynamic modeling and experimental analysis.
Based on Hamilton principle, the electro-mechanical coupling nonlinear vibration dynamic model of
ENSRA is established, and the source of its high-order nonlinear stiffness is analyzed. Combined
with experimental phenomena, the influence of electrostatic force on the nonlinear vibration of
MEMS sensor is explored, and the general relationship between driving force and electrostatic
force on the high-order nonlinear stiffness is obtained. The open-loop frequency sweep experiment
shows that when the driving force is reduced from 100mV to 60mV, the nonlinear vibration is op-
timized by 49% , and when the tuning voltage is reduced from 10V to 6V, the nonlinear vibration
is optimized by 44%. The output nonlinearity is reduced by nearly four orders of magnitude, and
the overall performance of the device is greatly improved, effectively improving the stiffness sof-
tening of the resonator and the left deviation of the resonant peak caused by the second-order non-
linear stiffness term.
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Fig. 1 Schematic diagram of ENSRA sensitive structure
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Fig. 2 Simulation of the same and reverse

working modes under ANSYS
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Fig. 3 Equivalent mechanical model and

stress diagram of resonant beam
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Fig. 4 Diagram of double end fixed beam in

first-order mode
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Tab. 1 Calculation of first-order modal parameters of

BiL = 4.73,

double end fixed supported resonant beam
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Fig. 6 Experimental diagram of high order

nonlinear stiffness optimization
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