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Abstract: To enhance the control strategy of tiltrotor takeoff and landing, a takeoff and landing controller
was designed to be validated through flight experiments. Based on the nonlinear dynamic equations of the
aircraft, the effects of nonlinear factors associated with generalized forces and attitude coupling on the sta-
bility of the takeoff and landing controller were studied. The coupled state equations, which contain the
product terms of generalized forces and attitude, were linearized to obtain the feedback gain matrix for sys-
tem control optimization. For the actual takeoff and landing process, the aircraft’s attitude, acceleration,
and flight altitude were independently measured by using a measurement device composed of an onboard in-
ertial measurement unit and an ultrasonic ranging unit. The measured flight altitude from the takeoff and

landing controller was compared with the simulation of the linearized state equations, and the effects of the
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designed controller on attitude and flight altitude, as well as the effectiveness of linearizing the coupled

state equations, were analyzed. The experiments show that the average measured flight altitude differs

from the simulated value by —2 mm, with a maximum difference of 8 mm, and that the trend of variation

in the measured flight altitude is consistent with the simulation, indicating that the designed takeoff and

landing controller meets the requirements for system control stability. The takeoff and landing controller

and method studied in this work can effectively control the aircraft’s takeoff and landing, demonstrating

practical application value.
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Fig.4 Experiments and TBRUAV components used to

test the controller
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Tab.1 TBRUAYV parameters

Parameters Symbols and values
Mass my,=0.76 kg
Rotor shaft spacing L=0.525m
Wing section S=10.0053-m”

I,=0.000 11 kg-m®
I,,=0.008 8 kg:m*
I.=0. 008 3 kg-m’
J,=0. 000 45 kg'm®

Moment of inertia tensor

(Diagonal elements)

Height of fuselage 0.64 m
Initial value for altitude measure- X=0.015m
Y=0.05m
ment Z=0.01m

%2 TBRUAV#ESH
Tab.2 TBRUAYV physical parameters

Parameters Symbols and Values
Air density 0. =1.225kg/m’
Gravity acceleration g=9.80m/S*
Thrust coefficient Cr,=0.1

C,=0.004, @v,,,=0.015m/S

Air drag coefficient

3 3 B AR D BB B ST A 37 TR AR A
P 0] F2 B2 5T (Inertial Measurement Unit, IMU) ,
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Fig.5 Angular values of the TBRUAV attitude in the

takeoff/landing experiments
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Fig.6 Comparison of testing data to those of simulation
for the flight height of the TBRUAYV in the take-

off/landing experiments
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