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Size-dependent analysis of micro-bridge gyroscopes under the combined effects
of instantaneous DC voltage and harmonic base excitations
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The aim of the proposed study is to investigate the size dependent behavior of the micro-bridge
Received 20 August 2017 gyroscopes under the combined effects of instantaneous DC voltage and harmonic base excitation. To
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: ) do so, modified couple stress theory is utilized to model the size-dependent behavior of the micro-
Auvailable Online 05 January 2018

gyroscope. To avoid resonance, viscous damping is used. Hamilton’s principle is then employed to
derive the governing equations of motion. Afterwards, to convert the partial differential equations of

Keywords:

Micro-bridge gyroscopes motion to ordinary differential equations of motion, a Galerkin based single mode approximation is
Pull-in instability made. Then fourth-order Range-Kutta method is used to solve the governing equations of motion. To
Modified couple stress theory check the accuracy of the present model, the results are then validated through comparison with the

Harmonic base excitation available results in the literature and the comparison shows good agreements. In addition to the previous

comparison, the present results are the validated through comparison with the results of COMSOL
simulation. Furthermore, the effects of different parameters on the dynamic pull-in instability and
amplitude of the vibrations are investigated. The observation shows that for the case of the harmonic
base excitation, the system will be excited on two frequencies.
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Table 1 Material properties of the micro-gyroscope

E (GPa) v p (kg/m®) I (um)

169 0.33 2331 0.592
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Table 2 Geometric properties of the problem
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Fig. 3 Undamped stable and unstable time response of the micro-
gyroscope for (a) drive direction and (b) sense direction
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Fig. 5 Variation of non-dimensional dynamic pull-in voltage versus
non-dimensional damping coefficient for three values of area of proof
mass ratio
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Fig. 4 Damped stable and unstable time response of the micro-
gyroscope for (a) drive direction and (b) sense direction
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Fig. 6 Variation of maximum displacement of the proof mass versus
initial angle 8, when the voltage is applied to proof mass only, beam
only and both proof mass and beam for (a) drive direction and (b) sense
direction
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