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Flapping Wing Trajectory and Lift Mechanism of Insects
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Abstract: Flight parameters of tethered dragonflies (Anax goliathus), Hercules beetles (Allomyrina di-
chotoma), and cicadas (Oncotympane maculaticollis) are measured by insects flight kinematics meas-
urement system. The flapping trajectory of wing tip, deformation of wing are analyzed in the process of
the flapping. The result shows that the wings’ flapping frequency of dragonflies, Hercules beetles, and
cicadas are 2243, 30%5 and 3946 Hz, respectively. Furthermore, the flapping trajectory of dragon-
flies is "8" shape, beetles’s is similar to 8" shape and cicadas’s is ellipse shape. In the process of down-
stroke and supination when insects flapping. the structure of the wing looks like umbrella-shaped. The
umbrella-shaped mode can raise the lift force effectively. The study of insects’ wings flapping mode can
inspire the design of man-made micro-air vehicle(MAV).
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Fig.1 Measurement system of insect flight kinematics
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(d) Pronation

HRAEGE 45 R T S BE A S5 b gl 1A 2
ISR 2928 45. 5 ms $hEIR Ny 2243 Hzo MSE
AR IE T U6 T Fh = Rl A2 20. 9 ms. IR 5 38 i 48
PR AR Y 1 LR I 2R e £ 57 R 5 ms,
B DR & M2 1509 ms, JF 13 B 58 AR 5
S Y 1 2R A Tl 2 e B 29 107, 3% B BUIR e AE 1Y
3.7 ms, JUAANE BTN L LIt E Dy 33. 3 ms,
Fh B ANy 3045 Hz, MBI 17. 3 ms. SR )5
I SE AR 55 3 O 114 3% £ 10 il R e e 24 157 %A
JiE B BEIS 6] g 2. 3 ms. 3%H BB BIFER 12 msF
TR B L 2 T S I 2 S AR 2 G 3 1 e £k
B 30° IFE] g 1.7 ms. NGNS MR T SRS 1 A
]2 25.6 ms 7247 M S AR 3946 Hz, M5E
WA BETF U6 T Fh B AR LY 11 ms, SR )5 3 55 Sg
AR5 2 1) 3 2R Al 2k e B 2 107, I )AL 2 2
ms, 5 EAEG BB 11 ms 5135 5w a4, 0F 11 3
% G2 I AR 5 3 2 11 3 2k Y il 2 e e 20° 25 A 5 I (]
1.6 ms, 209 3 FEHCKATINS0 1A JH
AR PR AN AW | LA AR E 4 A B B2 i) i
I B . F1e 2 np . 3 Bl B A AT LAY T M B
Bt [a] 2o b A% B Bt E] . B RRAE T A A
EEORRMT W RS AR B R
HUPEFI I 1 Fp 7= A T T B ) R T A 4
TR IR SR A B A B A RS R T T
FRATIRES o I3 —Jr 1« B HUARE B B [ s ok T
ARFIE [ BE IS I6] 53 n] DL fef B L RE RS 72 QAT I fif— 4
SR BB B VR n S B AT LA R Bt
Je IG5 T F R A D L A B T B B 32 B s AR
TIRER BT VLA™ o i 28 3 B ) AR T 4RF 8 By B 48
K.

x2 ERIEINMBERAHESL

Tab. 2 Percentages of the four processes during insects flap-

ping wings %
25 5] T¥b o ¥ iyrd
i 46 11 35 8
£ Al 52 7 36 5
i i i 43 8 43 6

A AL AT I AT & 5 e e T R 1 R
JEE RT3k 82 mm (3 1) . M8 e, i 1 055 08 114 382 Ji 73 531) DAy
62 mm F1 53 mm ., {H & Il A Fh 3255 g /N T
% % (0 PR A E o 1L R O S g D B
Ay 90°4+10°,170°=7°F1 120°+£9°, b
TR AN B AT LA 3 R R L A F 3R A
W 11,28, 3 F1 26 rad/s, 0 Al 01
RUYES S UNRE ST N I = N S S =D



292 &

OB M

PNEIPNIE 5% 50 %

RO SRS . M L B TR B TR AT
IR p 38 A /N B A [ 5 B T AR SR 4
A LAFAERE W W AR T ERE T AS[R] A9 Fh 3R
T+,
2.2 RARHIEH=ZHHIT

I3 BT B IR G AR O L L U R B A AR
FINERF o S I A1 AT — R B LR i A R
MR A AL B A RT F M SE 4 KT 1
OB A A Bl 25 il AT TR AR TR, g g
WAE 5 B B e A P IR B AR 2 A LA L (BT R
A — R W B U X S B I T O 2 B
JELPR) 2 f A () o 3 e L AR 1 3 0 AR O S Y 2
TEREE M 30 030 A7 A2 3 W S 1 22 57 . X PR 22 SR
P B B B AT I B A A R A R B Fh R T
Ao P 35 70501 Sy 5 BE e g ol e e 0 b 3 52
S AT TR = 4P (4% 4 4D, & 35
TR U U Y BRI g <87 T L A Al Sy 2R 87
T o T e ) 3 A T A DU TR . A ] 3R
7 T AR R S 87 P I F b sl B 19 T g de K i 1BTE
BB A B T AR X /N L3 R R s i
F4 Jo i /) » JHG R R R T T AR L e/ L SR 87
B i F 8l 75 n] LA™ A A8 1 T g ok AR S
HOR TRATIRAS o A AU % Jo o A K R T R R 3 T
T FR A i R L R 2R 87 I Y D Bl B - A HE T 05
WE 9 F S AR X AN F 3R T5 3 AT A AR
ARG TE I AR 25 AP RATARAS o g 1
TN B 55 05 B A A Al AT B 22 S PEAR K SR A
RIE 3R AT $h 35 3l AR A B R B3
AT SN T8 I 1 LS o AL N S g S
B R PR 159 JE2 1) 0 28 o R o AR 5 IR B 19 T

z/cm

4
3
%
|
0
|
2
2

z/cm
PO O— WA

W3 I B 3 = 4k Bk
Fig. 3 Wing flapping wing 3D trajectory of dragonflies
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