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The research on three-dimensional transition corridor of tilt-propulsion UAV

XIA Jiyu, ZHOU Zhou™, WANG Zhengping, WANG Rui

(Northwestern Polytechnic University, Department of Aeronautics, Xi'an 710072)
*E-mail: zhouzhou@nwpu.edu.cn

Abstract In this paper, a three-dimensional transition corridor establishment method suitable for tilt-propulsion kind UAV is
proposed to solve the problem that the dynamic characteristics are ignored and the angle of attack information is missing in
the traditional transition corridor, which makes it difficult to be directly used in transition path planning. This method limits
the boundary of flight speed and tilt angle from the perspective of physical constraints, the boundary of lift characteristics of
the whole aircraft from the perspective of flight mechanics, and the power boundary of propulsion system from the
perspective of energy allocation, so as to establish the three-dimensional transition corridor about flight speed, tilt angle and
angle of attack. Then, a comprehensive performance function is designed to describe the performance of each flight path point
in the corridor. Finally, based on this three-dimensional transition corridor, the Pigeon-inspired optimization algorithm is used
to complete the search of the optimal transition path. The results show that the three-dimensional transition corridor could
describe the available flight envelope more specifically, which includes not only the flight speed and tilt angle of the
traditional transition corridor, but also the angle of attack and performance index information, and provide a basis for the
transition path planning. The optimal transition path makes the UAV have a good flight effect, the throttle lever of the
propulsion system is adjusted smoothly and the amplitude is small, which proves the feasibility of using the three-dimensional
transition corridor to guide the transition flight and plan the transition path.

Key words Tilt-propulsion UAV; aerodynamic model; flight envelope; three-dimensional transition corridor; Pigeon-inspired
optimization algorithm; optimal transition path
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V.(t)=V,(t—1e ™ +rand -

(Xgoest = Xi(t—=1)) (20)
X;(t) = X;(t=-D+V,(1)
Arf, ROVMBER T, rand NEAELE 0 3] 1 Z A ABEILEL, AT AIREL X o N E—

ARG i IF A

2) HhbRH T
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C e+ M O A3 R B 57 U1 R 6 F M AR S 7 b AR TR st (21, 22
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NNZ(U X, (1) fitness(X;)
X cente (1) = == Ny (D
Ny () > fitness(X;)
i=I
NN(t_l)
2
X, ()= X,(t-1D+rand[
(X g = X (t=1))
XA, Ny AR FRSE. BT IENERENGT, SHTAHEE S PRAKG MmN
B ar, Xoge (V) HEE tRBIRG T IHAE T O E,  fitness % BT (6 A7 B 10&E BB R 3. 9 H
TEH RBOE R C, L KJE, RSHE AL S 4
A 3% R 5 AR T 1 3 0 L 3 e R A R D TRV BEAT, ARSI S e B fitness 45 45 R BE SR
s BRI HUAH R

(21)
NN (t) =

fitness, , = {\/(Vk (k; DG4 } o)

Hh M SRR a s B, dERaS=(V,,¢,), TELST=V,¢y)  &EMNEREHE
N EGF . W 1

® 1 FEG
Table 1 Pseudocode of algorithm

8% 1 ETEFACEZINSRUETEREER

Input:
M: Dimension of solution space
N: Population size
R: Map and compass factor

C Con Maximum number of iterations

1max ?
Map: Three-dimensional transition corridor
Output:

Best_path: The optimal  fitness
Procedure Main
1.Initialization
2. Map and compass operations
while C<C, __ do
Find the best X,
Update the V., X,
end while
3.Landmark operations
while C-C, <C,  do
Abandon the half pigeons according their fitness
Find the X ..
Update the X
Find the best X,

end while

4.Output

end Procedure

T VR % A AR 2 ) 24 BN ) R FORE R 2 il B M =30,N =50, 3 AR B IR T i
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Fig.15 The convergence result of fitness value
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Fig.16 Optimal transition path (flight speed - tilt angle plane)
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Fig.17 Optimal transition path based on three-dimensional transition corridor
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Fig.18 The throttle variation of propulsion system
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