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Micro Aerial Vehicle (MAV)

® Max dimension: 15 cm

Table 1 MAVY design requirements

Specification Requirements Details

Size <1524 cm Maximum dimension
Weigzht ~ 100 g Obpective GTOW
Range I to 10 km Orperational range
Emdurance alk min Loiter time oay Staiion
Altinede < | 5 m Chperational ceilling
Speed 15 mfs Maximum flight speed
Paylomd Mg Miszion dependent
ot E1A00 Maximum cost

Nominal flight speed: 10 m/s

Reynolds number regime: 10° or lower

— monitoring, surveillance, assessment...
_ |

m Fixed wing
m Rotary wing
m Flapping wing



Discovery 各種飛行模式-1 min.mpg
Discovery 各種飛行模式-1 min.mpg

Fo B A8 1T PF AR VL R (4457, 2004)
"
Zi& 7~8 kmm/h $hE-25~40 km/h
£4#&3F 8~13km/h ¥ ¥ 3 16~30 km/h
#£12 16~20 km/h -] % ¥-19~26 km/h
g3t 20~22km/h + § ¥ 20 km/h
T 18~40km/h  22M ik 10~13 km/h



# 2 = (Biomimicry Flight)
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Maneuverable Flight Strategy of Insects and Design of Insect-like Flight Robots
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Analysis of the Mechanism of the Forward Flight in Japanese
White-eye and Design a Bird-Mimicking Mechanical Flapper
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(c)

X

X

Flapping angle

Folding angle

(d)

.z Twisting angle

Front arm

Sweeping angle of front arm: 6,
X Sweeping angle of wing tip:6;
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# 4 4 = (Biomimicry Flight)

NASA: Marsbee - Swarm of Flapping Wing Flyers for Enhanced Mars Exploration

=5/ SR

Pen: KA PP BRFEFPAFTHAERF T - A FTRBORR
B* O Hc# T BRE (MAV, Micro Air Vehicle, DARPA, 2005)
DARPA, 2011 DARPA Nano Air Vehicle (NAV) program
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* Wing motion

| « abdomen motion

https://www.youtube.com/watch?v=D6WhbyC f8ak
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BEAM Lab

= .?Egtf_‘é'_l}ﬂ}ﬁ- —  UnH -~ S

(a) 7= 0.1 (RM), #/T = 0.8 (upstroke) (b) 7= 0.5 (OP),#/T = 0.8 (uptroke)
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Enhanced thrust and speed revealed in the forward
flight of butterflies with transient body translation (: &)
Y. H. Fei (% 7E )%%) and J. T. Yang* (1 4L ¥ ), Physical Review E, Vol. 92, No. 033004, 2015
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Adding abdominal motion :
w(t) = 172.5° + Al//cos(27r}— 277))

Aerodynamics force

(1) Relative position change between (i) Change of moment of inertia (iii) Generation of inertial moment
COP and COM
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Beam Lab Butterfly-II

size:5cmx 16 cm x 3.5cm
weight: 330 g

abdomen angle: -5°~ 30°
flapping angle: 55°~-10°



Importance of Body Rotation during the Flight of a Butterfly
Y. H. Fei (¥ %) #)and ). T. Yang* (1 & ¥ )

Physical Review E, Vol. 93, 003100, 2016
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Enhanced lift and thrust via the translational motion between the thorax-
abdomen node and the center of mass of a butterfly with a constructive
abdominal oscillation

Sheng-Kai Chang (3= ¢4, Yu-Hslang Lal (i # ), You-Jun Lin (473 %), Jing-Tang Yang (1 &% )*
Physical Review E, 2020 (in press)
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The presented mechanism reveals the effect of abdominal oscillation on coupled
wing-body undulation and the resulting aerodynamic force in the flight of butterflies.
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The restrained wing-pitch angle of butterfly (Tirumala septentrionis) for
Forward Propulsion

You-Jun Lin (++ #), Sheng-Kai Chang, Yu-Hsiang Lali, Jing-Tang Yang (1 & % )*
submitted to J. Royal Society Interface, 2020
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From an analysis of real flying butterflies, we reveal that a butterflygenerallfllesm asmall
amplitude of wing-pitch angle in forward flight as compared with other insects. We conclude that a
butterfly tends to fly with small a, to ensure that the thrust force is not deteriorated.

Right wing

1*=0.60
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damseirly

(https://www.youtube.com/watch?v=knIXTU1R_rE)
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dragonf] & P B
Red Percher
(Neurothemis ramburii)
(a)
Animalia
Arthropoda
Insecta
Odonata UM LLLLLLLLL 11
. e 411_4 FEsE
S e A S G
Anlsoptera Zygoptera
Libellulidae Calopterygidae
Neurothemis Matrona
* Body length : 4.13 cny_N. ramburii M. cyanoptera
* Wing length : 3.27 cm * Body length : 6.24 cm
* Forewing chord length : 0.81 cm * Wing length : 4.19 cm
* Hindwing chord length : 1.11 cm * Wing chord length : 0.94 cm
« Weight:0.16 g « Weight:0.14 g

* Blapping frequency: 33.02 Hz * Flapping frequency: 14.33 Hz
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e Simulation motion of damselfly e Simulation motion of dragonfly

;_L .i
o 0015 003 (m)
00075

00225

Average vertical force produced in a Average vertical force produced in a
stroke cycle = 1.62 mN stroke cycle = 1.46 mN
(about 112 9% weight of damselfly) (about 94 96 weight of dragonfly)
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Flow Structure of Damselfly
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dragonfly

Red Percher

The dragonfly’s shed root
vortex form a strong vortex
structure trapped near the
hindwing, which will impede the
vertical force generation during
the upstroke.

Hovering with high rotation
amplitude and longer wing
rotation phase to help the root

vortex separate from wing surface.

N ¥X — Flight Strategy

danselfly

Formosan Jewelwing

The root vortex of the damselfly
detaches rapidly and little affect
the flow structure generation.

Hovering with higher flapping
amplitude and longer wing
translation phase to obtain steady
vertical force generation.



Effects of phase lag on the hovering flight of damselfly and dragonfly
Pei-Yi Zou (&% 7), Yu-Hsiang Lai (3 ity ), Jing-Tang Yang (# & % )*
Physical Review E, Vol. 100, 063102, 2019 (December)

Y

100.0

back front damselﬂy “,_ 'HW

Up-stroke translation (Normalized time = 0.6125)
& <) LEV  front

/7 /FW
/‘ - B

N -

back

0.0

LEV’W? .

HW

TEV \ FW
dragonfly &&=

back front
Down-stroke translation (Normalized time = 0.1250)

Damselfly Dragonfly

In this work we studied the differences in flight kinematics and aerodynamics that could relate
to differences in wing morphologies of a dragonfly and a damselfly. These species of Odonata
insects developed varied hovering strategies to fit their distinct biological morphologies.



Effect of wing-wing interaction coupled with morphology and kinematic
features of damselflies

Y. H. Laig), Y. J. Lin gr4 ), S. K. Chang =9, J. T. Yang ¢pscs)-
Bioinspiration & Biomimetics, 2020 (in press)

(a) Forewing in lead 0.30 T Forewing in lead 0.70 T

FW
i ‘4. shed direction
shed TEV of FW —
5 ' .
y
. . ‘

LEV

Leading edge
Leading edge (pterostigma)
(pterostigma) Head

Trailing edge

(@)

Wing root Trailing edge

Wing root .
‘ Tail 'ﬂ

Damselfly (Matrona cyanoptera)
Forewing in lead 0.30 T

Damselfly (Euphaea formosa)
Forewing in lead 0.50 T
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BEAM Lab

BEAER
"

» Generate acrodynamic force —

—— Flight control method
« Change inertia of a butterfly — ¥ b

High-speed camera
Phantom v7.3
-Flashli t
m I Experimental chamber |
\ \ —
//
/

High-speed camera
Phantom v310

@ pitching angle

Software: Phantom camera 2
control (PCC) Y,

abdomen motion

Abdomen motion.

Tracking the flight kinematics of butterflies in experiment.
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R1=al1xF1 + a12xF2 + a13xF3 + a14xF4 + a15xF5 + a16xF6
R2=a21xF1 + a22xF2 + a23xF3 + a24xF 4 + a25xF5 + a26xF6
R3=a31xF1 + a32xF2 + a33xF3 + a34xF 4 + a35xF5 + a36xF6
R4 = ad1xF1 + a42xF2 + ad3xF3 + ad4xF 4 + ad5xF5 + a4bxF6
R5=a51xF1 + a52xF2 + a53xF3 + a54xF4 + a55xF5 + aS6xF6
RE6=ab1xF1 + ab2xF2 + ab3xF3 + aB4xF4 + abSxF5 + aboXF6

F1=b11xR1 + b12xR2 + b13xR3 + b14xR4 + b15xR5 + b16xR6
F2=b11xR1 + b12xR2 + b13xR3 + b14xR4 + b15xRS5 + b16xRE
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F5=b11xR1 + b12xR2 + b13xR3 + b14xR4 + b15xR5 + b16xR6
F6=b11xR1 + b12xR2 + b13xR3 + b14xR4 + b15xRS + b16xRE

A matrix B matrix = A"
-0.0000 | -0.0000 | -0.0018 | 0.0000 | -0.0000 0.0001 ‘ 389.5008| 39.5799 33 4608 135 3792 1548 4057 -73.5071
[ 0.0000 | 0.0001 | 0.0000 [ -0.0020 [ -0.0001 [ -0.0000 ] -72.9242 |-66.1096 |-92.7147 237 3003 703 8558 38.50098
-0.0019 [ 0.0000 0.0002 [ 0.0000 [ 0.0004 [ -0.0000 ] -556. 3954 -8.9818 -27 2756 | -9.5606 -323.6446| 84.0214
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