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EFFECT OF STRAIN GRADIENT ON THE PULL-AN VOLTAGE
OF MICRO-BEAM ACTUATED BY ELECTROSTATIC FORCE
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Abstract The governing equation of the micro-beam actuated by electrostatic force was derived based on the strain gradient
theory with the aid of variational principle. The reduce model was obtained based on the Rayleigh-Ritz method. The pull-in
voltage was solved by the Newton-Raphson method. Effects of the strain gradient on the pull-in voltage were investigated. The
results show that the dimensionless pull-in voltage increases significantly with the dimensionless micro-beam thickness decreasing
showing a significant size effect. When the intrinsic material characteristic length increases the size effect of the dimensionless
pull-in voltage is more significantly indicating that the effect of the strain gradient on the micro-beam pull-in voltage is
remarkable. When the dimensionless micro-beam thickness decreases the effect of the residual stress on the dimensionless pull—
in voltage is significant. The size effect of the normalized pull-n voltage is weakened when the residual stress increases
indicating the residual stress can decrease the effect of the strain gradient on the pull-in voltage. The effect of the mid-plane
stretch on the pull-in voltage is reduced markedly when the strain gradient is considered. The results can prove the reference in
the design of micro structures in MEMS ( micro-electrical-mechanical system) .
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Fig. 1  Structure diagram of the clamped-clamped
micro-beam actuated by electrostatic force
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Fig.2  Effect of normalized thickness on the normalized pull-in voltage
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Fig.5 Effect of micro-beam thickness on the change rate of pull-in voltage
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