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Measuring Deformation of Dragonfly Wing Using Projected Comb-fringe

SONG De-giang WANG Hao ZENG Li-jiang YIN Chun-yong

State Key Laboratory of Precision Measurement Technology and Instruments

Tsinghua University — Beijing 100084
Abstract In this paper a novel method for measuring the deformation of dragonfly wing based on comb-fringe projection is

introduced as well as relative experiments. The result shows that there is concernful elastic deformation on the flapping wing.
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Fig.1 System configuration
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Table 1 Calibrated result of the system
The normal directions of the fringes have totally 19 columns from 9 to +9 there is only a part in the following table
The coordinate/mm The normal directions of the fringes
CCD Fpp -5 -4 -3 -2 -1 0
X -13.0 164.0 -0.098 -0.106 -0.115 -0.120 -0.126 -0.133
Y 45.7 175.0 0.772 0.784 0.797 0.808 0.819 0.830
Z 820.4 217.7 -0.628 -0.611 -0.593 -0.577 -0.560 -0.541
S =98452 Unit pixel.
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Fig.2 CCD imaging principle
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Fig.4 3D reconstructed wing
The arrow indicates the leading edge
a up-stroke with a flapping angle + 1

b down-stroke with a flapping angle + 1
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Fig.5 Reconstructed camber deformation of the wing

a camber deformations with different flapping angles at 50% of the
leading edge. A B C up-stroke with the three flapping angles are —
26° 1° 16° respectively. D E F down-stroke with the three flapping
angles are 26° 1° — 19° respectively b torsion and camber
deformations at different position of the wing down-stroke with a flapping
angle 26°. A B C are with different positions at 25% 50%

and 75% of the leading edge respectively

5 a

A B C

- 26°1°16° D E F

26° 1° — 19°
5%

26°
25% 556 A

75% 556



480

28

L. Zeng H. Matsumoto K. Kawachi. A fringe shadow method
for measuring flapping angle and torsional angle of a dragonfly
wing. Meas. Sci. and Technol. 1996 7 776 ~ 781

A. P. Willmott C. P. Ellington. The mechanics of flight in
the hawkmoth manduca sexta | . Kinematics of hovering and
forward flight. J. Exp. Bio. 1997 200 2705 ~ 2722

R. Dudley C. P. Ellington. Mechanics of forward flight in
bumblebees. | . Kinematics and morphology. J. Exp. Bio.
1990 148 19~52

A. P. Willmott C. P. Ellington. Measuring the angle of
attack of beating insect wings Robust three-dimensional
reconstruction from two-dimensional images. J. Exp. Bio.
1997 200 2693 ~ 2704

H. Zhang M. J. Lalor D. R. Burton. Spatiotemporal phase
unwrapping for the measurement of discontinuous objects in
dynamic fringe-projection hpase-shifting profilometry. Appl.
Opt. 1999 38 16 3534 ~3541



