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Development of a Flapping-type Wing by Using 4-Bar Linkage
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Fig. 1 Dickinson's experimental model, ‘Robofly’
(Ref. 4)
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Fig. 2 Wing translation and rotational velocities
for ‘Robofly' in hovering phase (Ref. 4)

Pos. for leading and trailing edge

o0
* i g
* o .
* g o
® *
+
3- : :
E |e te
- ¢
£ slee ¢ e
<< ‘e
*i®
4
Py *
. e
4
+ z N
&. 9 [3-3 081 0.6z 9483 0.64 8% 0.66 58T 088 0.69
time

Fig. 3 Leading edge(circle) and Trailing edge
(diamond) displacements based on 2-D
flapping wing analysis (Ref. 8)
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Fig. 4 Description for displacement analysis
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Fig. 5 Relation between phase difference and
pitching angle
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Fig. 6 Angular position of leading edge(solid
line), trailing edge(dotted line) and
pitching angle(dashed line) in two periods
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Fig. 7 Wing position graph for wasps, Drosophila
4. 2 B

 A7AME 44 JIE o] &3t Fefd
el MAVE g7 248 A, 2o

A 5 EAL zAsEY AL YA
g M= Gy F O 584 E FHE
A FEI R4S Yeue AE & F A
Ak =23, 2 2d7 HdxA 299 &F8H
Mg B39 2/ & @] aAAY AYLER
= (connecting-rod)7t 7}XE Zeolg& ZA3td,
AA 2} FAR EEE BEY ¥ F YeE F

R g

ilal
ok

Ty

1) Ellington, C. P., "The Novel Aerodynamics
of Insect Flight: Applications th Micro-Air
Vehicles”, J. Exp. Biol, 202, pp. 3439-3448

2) Maxworthy, T., "The Fluid dynamics of
Insect Flight”, Annual Review of Fluid
Mechanics, Vol. 13, pp. 329-350

3) Ax4d, €93 “Fling-clapping®+ %<& &
WAHA SN BHAGETEAT, FFTYFTE
Fe3]%], A 234, A 3%, 1995, pp. 25-32

4) Dickinson, M. H. Lehmann, F. O. and
Sane, S, “Wing ~ rotation and the
aerodynamic basis of insect flight”, Science,
Vol. 284, pp. 1954-1960

5 Will J. Maybury and Fritz-Olaf Lehmann,
"The fluid dynamics of flight control by
kinematic phase lag variation between two
robotic insect wings”, J. Exp. Biol, 207, pp.
4707-4726

6) Singh, B. Ramasamy, M. Chopra, I,
Leishman, J. G. “Insect based flapping
wings for Micro Hovering Air Vehicles:
experimental investigations”, American
Helicopter Society International Specialists
meeting on Unmanned rotorcraft, Chandler,
AZ, January 18-20, 2005

7) Weis-Fogh, T., "Quick estimates of flight
fitness in hovering animals, including novel
mechanisms for lift production”, J. Exp. Biol.
59, pp. 169-230.

8) Kurtulus, D. F.,, Farcy, A., Alemdaroglu, N.,
“Unsteady Aerodynamics: of Flapping Airfoil
in Hovering Flight at Low Reynolds
Numbers,” AIAA, 2005, pp. 2005-1356,

9) Steven N. Fryl, Rosalyn Sayaman, M. H.
Dickinson, "The aerodynamics of hovering
flight in Drosophila”, ]J. Exp. Biol. 208, pp.
2303-2318



