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Figure 1 (Color online) Simplified model of the V/STOL aircraft
propulsion system.
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Table 1 Parameters of V/STOL aircraft
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Figure 2 The lift, drag, and pitching moment coefficients.

551



(ZL b S = W SE R SIE IV W RS

Az, B 020 735 mA KR M B A (KR
iR, MR BB, T, T, 720 552 MBI
AL FR B B S AL R F FINEDAA R 2 (1 A1 A 7 460 5 Fe
(A5 R idiE), nr

cosa sina

0
T,=| 0 1 0 | (14)
—sina 0 cosa
cosé 0 sind
T,=| 0 1 0 | (15)
0

—sind cosf

2.3 V/STOL WHLHh T 52y f Y

WFFEV/STOL KL R RS X, 320 75 0T Hb i 49 5
B BOdEAT B ARE. AT X AL AR A v SR A T A AL 2R,
EIANZE e Lo e, ELRE A TR RE RO — 1
FER BN B R R BT 10 i, B3R AT EE A
TR BRI TR 52 AR
B3, N AN, 3 il 2 i v 42 F0 32 e V& 42 52 3
FR L THT S A5 05 MMM 7 5905 T RS Vi 2R A0 32 v 20
A R SEAREATR D g b TH] BE 1 R A (AR SCH e = 0.02).
MM, TR
M; = —Fi(z¢ =200 ~ Fiezr = 21p)
TR (O —x ) T F (6 = Xp)
HFres: - (¢ ~Xpes) T Ny(xp — X, )c0s0
TNy, - (xp = xp)8ind + M, — L - x¢cosa
+D - zcosa, (16)
My, =—Fin(zy = 28) ~ Firdzy, —21p)
HF (0, =X ) LR, —Xpp)
+tFres: * (X5 ~Xpes) ~ Nyl —xy)cosd
—N; - (xp = xp)sind + M, — L - x,cosa

+D -z, cosa. (17)
SNV aALR
F_+m-g—L<0, (18)

A CHLE L, BISZHF 71N AN, 35250.

2.4  V/STOL HLPATHA Bh AL

R LAIEH L V/ISTOL HLR 74N dil &, BARHS
2.
AL, RN BE R O AR 0 AT AR A O,

552

Bl 3 FEERE KB 2 R

Figure 3 Ground force model during the short take-off phase.
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Table 2 Control variables of V/STOL aircraft
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Figure 4 (Color online) Decomposition of short take-off to conven-
tional flight process of V/STOL aircraft.
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Optimization of take-off strategy for vertical/short take-off and
landing aircraft

YANG MingYuan', ZHU JiHong’, YANG Yunlie’, DU ZhiHui’, WANG XiangYang' & LIU LuJin’

: Institute for Aero Engine, Tsinghua University, Beijing 100084, China
2 Department of Precision Instrument, Tsinghua University, Beijing 100084, China
3 Tianjin Research Institute for Advanced Equipment, Tsinghua University, Tianjin 300300, China

Vertical/short take-off and landing (V/STOL) aircraft possess the capability to take off from confined areas and deploy rapidly,
demonstrating broad application prospects. However, research on optimal short take-oft strategies for such aircraft remains limited.
Existing studies fail to comprehensively account for the constraints of short take-off strategies, exhibit insufficient strategic
advantages, and lack quantitative analysis of influencing factors. To address this, this paper designs a comprehensive optimization
method for solving the optimal short take-off strategy. First, a longitudinal aircraft dynamics model and a ground force model are
established, accounting for actuator dynamics. Then, based on the minimum lift-off speed obtained via a trim algorithm, a fixed-value
take-off strategy is derived through theoretical calculation to serve as the initial value for dynamic optimization. The optimal short
take-off problem is transformed into a nonlinear programming problem, incorporating both actuator constraints and system state/
performance constraints. A numerical optimization approach is employed to solve the dynamic optimization take-off strategy. Finally,
a sensitivity analysis is conducted on factors affecting take-off distance—thrust-to-weight ratio, thrust split ratio, center of gravity
positio, and aerodynamic coefficient, revealing that take-off distance is most sensitive to the thrust-to-weight ratio. Simulation results
demonstrate that the short take-off strategy generated by the proposed method effectively reduces take-off distance and enhances the
rapid deployment capability of this class of aircraft.

V/STOL aircraft, short takeoff, nonlinear model, actuator dynamics, trajectory optimization, sensitivity analysis
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