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Design and D ynam ic Character istics Study
of M ‘icro Actuator of FlappngW ngM AV
HOU Yu, FANG Zong-de, L U Lan, FU W eiping, WU L i-yan
(M echanical Engineering D epartment, N orthw estern Polytechnical U niversity,
Xian 710072, China)

Abstract: Flgpping-w ing M icro A ir V ehicles (MM AV ) are nev conceptual air vehicles
They surpass the research fieldsof traditional airplane design and aerodynam ics in relation to gp-
plication technologies, and initiate the gpplicationsof M BM S technologies to aviation fields The
design, fabrication and dynam ic characteristics of micro flgpping actuator are the keysof FMAYV
designing Thispaper studies amicro flgpping mechanisn based upon insect thorax and actuated
by electrostatic force B ecause there are strong nonlinear couplings betw een the two physical do-
mains, electrical and mechanical, the dynam ic characteristics of this systen are very complicated
In thispaper, the stable propertiesof equilibrium points are analyzed, the nonlinear dynam ic char-
acteristics of the system w ithout danping and w ith damping are studied in the phase ace, and
the effectsof original conditions and danping on thepull-in voltage are discussed  In addition, dy-
namic reponsesof the gystam to different voltage signals are analyzed T he reaults are helpful to
the design, fabrication and gpplication of themicro flgpping actuator.
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Fig 1 M icro electrostatic flapping mechanisn

based upon insect thorax
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Fig 2 Dynamicmodel of micro actuator
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Table 1 Equilibriun pontsand the eigenvalues of its Jacobimatr ix

1

Jacobi

n different voltages

A yi (G0 (G 0.1
20.0 0. 031 44 + 0.967 Oi - 0.1+ 0.961 8i
25.0 0.051 20 + 0.944 5i - 0.1+ 0.939 2
30.0 0. 078 09 + 0.911 4i - 0.1+ 0.905 9i
35.0 0. 115 47 + 0. 859 6i - 0.1+ 0. 853 8i
40.0 0.172 19 + 0. 764 2i - 0.1+ 0. 757 6i
42.0 0. 206 74 + 0.691 9i - 0.1+ 0. 684 6i
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Fig 3 Phase aceorbitsof systen without danping in different original conditions
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Fig 6 Systen characteristics in sjuare signal
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