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All four-winged 'X' type clapping designs
however, use electromagnetic motors, gears,
linkages and crank-rocker mechanisms, that are
difficult to fabricate and have poor efficiency at
the sub-millimeter scale.Piezoelectric actuators,
however, are attractive because they have high
power density, and high efficiency.This research
presents the first piezoelectrically driven four
winged clapping wing nano air vehicle.
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Figure 8: Photograph of fabricated wings
Flexure hinges are created by spacing a 6 cm x 200 pm
x 600 um stainless steel wing support and 100 um Al
foil wing frame 150 pym apart on stretched 12.5 pm thick
Figure 2: Early prototype of a four winged clapping nano mylar sheets. Wings are cut and bond to the stroke
air vehicle Figure 9: End view of fabricated T-beams ~amplification mechanism shown in figure 7.
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Conclusion ¢
A novel mechanism for producing clapping wing motions in a four winged NAV using Figure 12: (a) Average lift force versus Figure 13: (a) NAV in the closed position (b) NAV in the
piezoelectric T-beam actuators has been designed, fabricated and tested. Stroke (= G ([ EEpmED e eenipcsticlshoninolssidedieeslotiiappiioliciaton
4 o R q q q q sinusoidal applied field with amplitude 0.7 in response to a sinusoidal applied field with amplitude
amplitude of ~30° is obtained at 9Hz with 0.7 V/um and 0.1 V/m DC bias. Flexure hinges Vipm with 0.1 V/um DC bias and (b) low- 0.7 Vium with 0.1 V/um DC bias and frequency range
on the wing allow ~30° of passive rotation during the flap cycle. The NAV produced 1.34 pass filtered time signal of lift force at 25.5Hz from DC to ~9.5Hz

mN of thrust at 25.5 Hz.
Future work

To improve lift, rotation and flapping frequency must be predictable and increased. In the
next design iteration, a MEMS wing process will be designed to reduce effective mass of
the wing frame and ensure precise flexure length. Rigid glass mounting and carbon fiber
center beams will improved boundary conditions.

Figure 14: Five strobed photographs at different stages of a flapping cycle, D
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