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The insects conduct the asymmetric wing flapping amplitude to generate rotational
torque to control flight orientation without using a tail rudder. In this study, asymmetry wing flapping a
mplitude control mechanism was a simplified joint link mechanism inspired from the exoskeleton mechanism o
f the Diptera that was controlled by the steering muscle model. The functionality of the steering muscle w
as modeled to control the wing flapping amplitude of left and right wings asymmetrically and independentl
to generate the difference of the dynamic lift generated by left and right wings. There also was a possi
élity gha} the rotational motion of the wing influences the generation of dynamic lift and it was generate

passively.

Although the rotational torque modulation could be generated by controlling the steering muscle model to m
odulate the 2-wing flapping amplitudes asymmetry, it was suggested that 4-wing flapping was efficient to c
ontrol fright orientation.



Micro Air Vehicle MAV
1990
MAV 150-200 mm
10-100g 1 10
km 20 m/s

MAV

MAV

(M

2

3)
PIV

Roll

1< Pitch

* : Generated dynamic lift

Stroke plane

Roll

Rotational force around roll axis

(a) Same wing flapping amplitude  (b) Difference in the wing flapping amplitude

1

(M

Qi 3
Lbase=60

L1:20 L2:60 L3=47 [mm]

2
L[N]
plkg/m’] Vigr [m/s]

S[mz] C
L=(p (Vie")S*C)/2
Vref

Lo Lr
L

L=L-Le=(p(V > VR)S*C,)/2

Brushlessmotor Servomotors
3
6
OPFT-50N-B

3

VENUS3D
3

4

1kHz 250Hz

10



3

[
|

|
AL
N

o]

Analog output
X
li) D/A
Y
z T:::g:e Interface Host PC
4
3) PIV
5
DAINICHI, PORTA SMOKE
PS-2002
Laser Light Sheet WN1000,
PIV
1Hz 10
PHANTOM
MiroeX4(SN9054)
1kHz

Flownizer 2D

PIV Laser
driver

PC

Camera

Acrylic plate

(M

6 Or
P r
T Lot
g‘s [3 ¢
% 1
6 0.2 04 0.6 s;Xinga"glql‘rad] l.‘Z l.‘4 l.‘ﬁ 1.8
6
1.61 rad
1.58+0.005 rad
min 1.72 rad 1.71£0.003 rad
middle 1.83 rad 1.83+0.001 rad
max
7 1
L
L
Down Up

Y " 40 — = Steeringangle: min
. \ ! E —— Siccring angle: middle
0.5 \ 1130 % ;
\ 30 ~— Steering angle: max
..... v

\_/"

Averageof Flapping angular velocity[rad/g
-

N o

@

-10

Flappingcydel]
1
ys
5
middle
min
max
min
8 Mx up

middle



04

Fy[N] Fx[N]

m] My[N m] Mx[N m] Fz[N]

Mz[N

ys[mm]

My

3)

Down Up

Down Up

Down Up
4

A)min B)middle C)max
max
up
middle
Roll
Pitch 8
2
9
Wake capture
(1)

Journal of Aero Aqua Biomechanisms

Leading-edge vortex

Doughnut-shaped
worlexring
= s 1

(M

2
=
Min Max
9
(2)
ISABMEC 2014 3)
2014

Motoki Takagi, Masayoshi Kawabe, Ayumi
Fujita, Adiljan Yimit, Fumihito Nishimura,

Yoshihiro Hagihara, Tasuku Miyoshi:
Asymmetry Control of Wing Stroke
Amplitudes for  Rotational = Torque
Generation, Journal of Aero Aqua

Biomechanisms, Vol.3, No.l, pp.97-102,
2013

25

pp.127-128
2013.1.9-11
Masayoshi KAWABE, Motoki TAKAGI,
Ayumi FUJITA, Adiljan YIMIT, Yoshihiro
HAGIHARA, Tasuku MIYOSHI, Yaw
torque generation using the asymmetry
control of the wing stroke amplitudes,
ISABMEC2012, Proceedings pp.210-215 ,
2012 August 25-28, Taipei

http://www.mech.iwate-u.ac.jp/~miyoshi/index.ht
ml

MIYOSHI, Tasuku



