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5 cm
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Slow motion (5x)

20 cm

Body mass = 1.0 mg
Forward speed = 300 body lengths / s 
Angular speed = 1200°/s
Pay load = 100%
Total flight efficiency = 3%
Reaction time = 5-30 ms
Endurance = several hours

1 mm
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SNAPER
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= leading wing edge

= rotational axis x0
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Advanced rotation (backspin)

Delayed rotation (topspin)



Recapture of flow
produced during
preceding half stroke, 
momentum transfer

Time of interaction Stroke reversal

Fluid dynamic
mechanism

Wing configuration Single wing

1st US-European C&W on MAVs, 2005

leading edge 
vortex

translation

wing
rotation

inter-
vortex 
stream

vorticies from previous stroke



Recapture of flow
produced during
preceding half stroke, 
momentum transfer

Time of interaction Stroke reversal

Fluid dynamic
mechanism

Wing configuration Single wing

1st US-European C&W on MAVs, 2005

leading edge 
vortex

translation

wing
rotation

inter-
vortex 
stream

vorticies from previous stroke



Recapture of flow
produced during
preceding half stroke, 
momentum transfer

Time of interaction Stroke reversal

Fluid dynamic
mechanism

Wing configuration Single wing

dorsal sides

LEV induction and 
alteration in wake 
capture

Stroke reversal

Ipsi-contral lateral
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Entire stroke cycle

Fore-hind

LEV desctruction
and fore wing wake 
capture by hind 
wing
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End of upstroke Clap Fling Late fling
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Pre-clap

Clap

Fling
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Force 
augmentation

Nose down pitch 
induction

Aerodynamic
performance 

>1%

Values scaled to performance of 1 wing
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>5°
>6%



* = vortex coreleading wing edge

translational lift 
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yet unknown 

destroying circulation

reattachment of vortex bubble
or wake capture enhancement
or LEV induction

viscous effect
or LEV inductionyet unknown 
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hind wing

fore wing

hind wing

fore wing

25% phase lead of fore wing

25% phase lead of hind wing
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Single wing
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Lift reduction Lift reduction
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Lift reduction

Wake capture!

Lift enhancement
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Wing hinge design:

Wing shape:

Flight control:
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