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Longitudinal flight characteristics analysis and control design
for hybrid VITOL UAYV in accelerative transition

WANG Zian', GONG Zheng', CHEN Yongliang',
XU Jinfa*, WANG Sudan'

(1. College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. National Key Laboratory of Science and Technology on Rotorcraft Aeromechanics,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A comprehensive aerodynamic/flight-control problem was studied on a high-
cost hybrid vertical take-off and landing (VTOL) unmanned aerial vehicle (UAV) in the ac-
celerative stage from hovering to cruising. A computational model of the rotor under oblique
inflow was established based on the blade-element momentum theory (BEMT), and its accu-
racy was verified by comparison with the CFD calculation model. It was analyzed that the ro-
tor system caused the aerodynamic focus of the aircraft to move forward, resulting in static
instability effect, and its center should be placed after the center of gravity of the aircraft. By
analyzing acceleration features and the control input margin under different acceleration
strategies, the fixed —5 degree pitch angle and fixed throttle acceleration strategy were de-

termined. Considering the control input redundancy and the different response of the actua-
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tor, the allocation criterion of frequency domain was adopted to realize static allocation. Con-

sidering the modeling error, the L; adaptive attitude control framework was designed to a-

chieve dynamic control stabilization, and the deflection simulation was used to verify its ro-

bustness. Flight test verified the effectiveness of the modeling method, acceleration strate-

gy, and control law framework.

Key words:

hybrid vertical take-off and landing unmanned aerial vehicle;

flight characteristics; blade-element momentum theory;

control allocation; L, adaptive control; flight test
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Table 1 VTOL UAV main parameters
e EA SHME
SR m/kg 120
2% o, WOEL B L/ (kg + m®) 60. 36
L5, R 1,/ (kg - m*) 145. 42
52 o=, B 1/ (kg » m*) 196. 22
2K L/m 6
FHRB LK c/m 0.56
e 12 R/m 0.6
H LR DB T/ (kg + m®) 0. 035
JEFE M H,/m 2. 06
HEH R R, /m 0.48
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