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Fig. 1.1: A bird-like robot “SmartBlrd" developed by FESTO®)

000000000400000000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000DJIO0O000
0 “Phantom 4 Pro”® 00 00O

00000000000000000000000000000000000
0000000000000 0000000000000000000D0O0O000
0000000000000 00000000000000000000000
00000000000000000000000000D0D0DOO0D0000000
00000000 ®0000000000000000000Oo0oooooagog
00000000000 RyzeTechO O “TELLO"M 0D OO0OO

00000000000 0000000000000D000000000000
0000000000000000000000000000000000000
000000000000 00000000000000000000D0DDOO
0000000000000000000000000000000000000
00000000000000000000000000 FESTO “SmartBird”(0
1.1)0000

ggbbobooooobobooon

000000 EVOOOUOOOOoOobObOoobboooobooboooboo
gooooobbooouobobobbboooooooboooon

0000000000000000000000000000®0000000
goggboboooguobobodoboooobbboooubbooooboonoo
0000 Aerofex O Hoversurf O 0 00 0O OO Malloy AeronauticsD 00000
OEhangD 00000 O00D0ODOO0ODDO0OO0OODOOOODOOOOOODODOOO
goobooobbbodoobobboooubboooobbboooboboboo
000000000000000000000000000000WYWoOo000
000000000000 b00O0bO0obO0oDOoDbO0obOobOoboono*sukuy”



Fig. 1.2: A flying car “Vahana” developed y Airbus®?”
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Fig. 1.3 An autonomous unmanned helicopter “FAZAR R” developed by
YAMAHA@?)
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Fig. 1.4: An autonomous unmanned multicopter “YMR-08" developed by
YAMAHA@)
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Fig. 1.5: A quadrotor to carry products “Amazon Prime Air” developed by Amazon®®
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Rotor 2

Fig. 3.1: Structure of a tilted type quadrotor with a fixed-wing and the definition of
coordinates

Fig. 3.2: Side view of a tilted type quadrotor with a fixed-wing
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Fig. 3.5: Translational motion in Z-axis direction
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Fig. 3.6: Rotational motion in 6 angle
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Fig. 3.7: Rotational motion in v angle
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Fig. 3.8: Relationship among inputs and tilt angles for controlling v
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Table 3.1: Parameters of the UAV with four tiltable rotors

Parameter | Description Value Unit
g Gravitational acceleration | 9.80665 m/s
m Mass 0.8 kg
l Distance 0.4 m
I, Roll inertia 0.3 kg - m?
I, Pitch inertia 0.2 kg - m?
I, Yaw inertia 0.4 kg - m?
J, Rotor inerta 3.4x 1075 | kg - m?
b Thrust factor 0.000029
d Drag factor 0.0000011
12
10
E 8 — X [m]
g O y[m]
z 4 Z[m]
£ 2
0
-2
0 30 60 90 120 150
Time t[s]

Fig. 3.10: Controlled position
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Fig. 3.11: Controlled attitude
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Fig. 3.12: Controlled tilt angle
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Fig. 3.13: Controlled position
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Fig. 3.14: Controlled attitude
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Fig. 3.15: Controlled tilt angle
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Fig. 4.2: NACA4412-il-200000 airfoil
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Fig. 4.3: Relationship between the angle of attack and the lift coefficient
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Fig. 4.4: Relationship between the angle of attack and the drag coefficient
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Table 4.1: Parameters of the airframe

Parameter | Description Value Unit
g Gravitational acceleration 9.80665 m/s
m Mass 2.0 kg

[ Distance 0.4 m
I, Roll inertia 0.080 kg -
I, Pitch inertia 0.036 kg -
I, Yaw inertia 0.067 kg -
J: Rotor inerta 0.000034 | kg -
b Thrust factor 0.000029

d Drag factor 0.0000011

by Wing width 0.6 m
Cw Length of the cord wing 0.2 m

S Wing area 0.12 m

a Distance from leading edge to aerodynamic center 0.05 m

h Distance from leading edge to center of gravity of aircraft | 0.07 m

p Air density 1.205 kg/m®
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Table 5.1: Parameters of the airframe

(5.32)
(5.33)

Parameter | Description Value Unit

g Gravitational acceleration 9.80665 m/s

m Mass 2.0 kg

[ Distance 0.4 m

I, Roll inertia 0.080 kg - m?
I, Pitch inertia 0.036 kg - m?
I Yaw inertia 0.067 kg - m?
J, Rotor inerta 0.000034 | kg - m?
b Thrust factor 0.000029

d Drag factor 0.0000011

by Wing width 0.6 m

Cw Length of the cord wing 0.2 m

S Wing area 0.12 m?

a Distance from leading edge to aerodynamic center 0.05 m

h Distance from leading edge to center of gravity of aircraft | 0.07 m

p Air density 1.205 kg/m®
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Table 5.2: Control gains for a tilted quadrotor with a fixed-wing in the case of Y-axis
control

| Gain | Value | Gain | Value |

ke 105 [k |17
ks |10 |k |15
ks |45 | ke |20
k|18 |k |10
ke |10 | ko |20
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ki |05 | ky |05
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kys |02 |k | 038
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Table 5.3: Control gains for a tilted quadrotor without a fixed-wing in the case of level
flghit mode

| Gain | Value | Gain | Value |

ks 110 [k |15
ks |45 | ks |20
ky |18 | ks |10
ko |01 | ke |03
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