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Fig. 1 Schematic diagram of the experimental platform
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Fig. 2 Diagram of VTOL aircraft flight principles
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Fig. 3 Basic configuration of the aircraft flight
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Fig. 4 The principle of closed-loop feedback control of aircraft
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Tab. 2 Relationship between load, power and hover time
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65 23.0 —6.0 122 141.5
70 24.5 —3.9 100 140.0
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Tab. 5 Flight state of the aircraft with a 20. 0 N load

R/ (m/s) LA/ % WA fa /D
4 55 —8.4
5 55 —9.0
6 60 —9.5
7 63 —9.8
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Fig. 9 State at 8 m/s wind speed with different power configurations:
(a)insufficient power configuration; (b)adequate power configuration
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Fig. 10 Wind shear actuator control information and pitch state diagram
TRAT R NG XUP) AR Y 4 R S e AT —— Al
i KA RRAE L A S0 S A1 T 1 Bh A HE ] —
A 7 DR 735 FF 0T B 1 0 s D i e e—
AT ST F B F L L HL 3D 30 DLIE 1/ '
REHT 09 AT FRBE . 12 92 5 7T X A5 W6 AT B st |aemi | avsee  |aoss
S i o s = O o) B R < W 1 = =)
S KUY o R S B I VR R R AT 2R B | '[
F1A Jey B RATHE i R B S B0 3 AT TR AT A 5'1-_ ]
Ay 5 W AT 0 2 05 0w 01 i monr ot A
B 25 FR B, 56 3 TRAT A 0 R E T 4R A 1] b
P DU B HC A S A5 R R AT M RE i | | | , ,
M“TSE 0 25 50 75 100 125
° KATI /s
3 ZEig AL R e

Fig. 11  Output chart of force sensor
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Research on integrated ground experimental study of
VTOL aircraft dynamics and control

MU Lijia**?*, DENG Li', TIAN Ao*, YANG Jianting'

(1. Faculty of Civil Aviation and Aeronautics, Kunming University of Science and Technology, Kunming 650500, Yunnan, China;
2. National Key Laboratory of Aircraft Configuration Design, Xi”an 710072, Shaanxi, China; 3. School of Aeronautics, Northwest
Polytechnical University, Xi’an 710072, Shaanxi, China; 4. Mile Haoxiang Technology Co. . Ltd. , Kunming 652300, Yunnan, China)

Abstract: Due to the high risk and cost associated with conducting flight experiments on aircraft,
ground-based wind tunnel experiments that simulate actual flight conditions based on the principles of
relativity are an essential research method. This paper presents the design of an integrated wind
tunnel test platform that combines dynamics and control, capable of real-time monitoring of the
aerodynamic characteristics of an aircraft. It provides equivalent feedback on changes in position,
attitude, and velocity, thereby simulating actual flight conditions. Using the F450 aircraft model as
the experimental subject, this study investigates its performance, determining the relationship
between different motor powers and payload with endurance time during hovering, finding the optimal
flight efficiency range under various flight speeds, and establishing the maximum flight speed
equivalent to the maximum crosswind limit through specific payload varying wind speed tests.
Additionally, the aircraft’s handling characteristics under wind shear conditions are examined. The
results indicate that this platform effectively observes and analyzes flight efficiency, limits, control,
and crosswind resistance, offering an efficient, low-cost, and low-risk testing solution for flight
performance studies, significantly reducing the cost and risk of actual flight experiments.

Keywords: experimental mechanics; VTOL aircraft; ground-based experiments; integration of

dynamics and control



