MEC-24-002

6 HHE N o — 2B 2 BAELIHEE
M TN, KRR, A S CGRRURY)

Wind disturbance force estimation of a 6-DOF UAV
Manto Kamiya*, Sakahisa Nagai, Hiroshi Fujimoto (The University of Tokyo)

The wind disturbance force estimation and compensation method which uses the information of the counter torque of the UAV’s

propeller motor is proposed in this study. In addition, the effectiveness of the method was verified with wind tunnel experiments

using a propeller bench.
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Fig.1: Type classification of fully actuated UAVs.
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Fig.2: Velocities and force acting on propeller blade element.
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Fig.5: Block diagram of the airflow velocity V,, estimator.
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Fig.6: Angular sensitivity of propellerl (Wind velocity: 5m/s).
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Tablel: Parameter definition.

Symbol Description Value
B Viscosity coefficient of propeller 1 1.9 x 1075 Nms/rad
By Viscosity coeflicient of propeller 2 1.7 x 107 Nms/rad
B3 Viscosity coeflicient of propeller 3 2.2 x 107> Nms/rad
B Viscosity coefficient of propeller 4 6.0 x 107 Nms/rad
B Viscosity of UAV in simulation 0.1kg/s
By Desired viscosity of UAV in simulation ~ 0.1kg/s
B, Nominal viscosity of UAV in simulation  0.1kg/s
Cri234 Thrust coefficient of propeller 1 to 4 0.05
Cy Wind force coefficient 1.0
dl Step size of optimization of velocity 1.5x1073
d2 Step size of optimization of angle 7.5x107°
Dy1234 Propeller diameter 0.43m
Jot Inertia moment of propeller 1 2.0 x 10~* kgms?
Jun Inertia moment of propeller 2 4.9 x 107 kgms?
Juwi Inertia moment of propeller 3 2.0x 107 kgms2
Ju2 Inertia moment of propeller 4 55%x 107 kgms
K3 Torque constant of propeller 1 and 3 1.0 x 107" Nm/A
Ky4 Torque constant of propeller 2 and 4 30.2 x 1073 Nm/A
M Mass of UAV in simulation 5kg
Mgy, My, Desired mass of UAV in X,Y 3kg, 1kg
M, Nominal mass of UAV in simulation S5kg
S Drone surface 0.05 m?
Te Coulomb friction of motor 1 3.6x102Nm
T Coulomb friction of motor 2 38%x 10> Nm
T3 Coulomb friction of motor 1 57x102Nm
m Coulomb friction of motor 2 1.5% 10 Nm
P Air density 1.2kg/m?
o Angle between two propellers 90 deg
.\'
b 4 N}
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Fig.9: Set up of HILS of admittance control.
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Table2: RMSE of the estimation and admittance control

W/ (Prop.) W/oc (Conv. 1) Sensor (Conv. 2)

F; 0.07N 0.68N 0.04N
Position 19.8 m 3.49 x 10°m 322m
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